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After 18 years of association with
GRCS/DIVERSITY, Deborah Strauss

has decided to pursue other career inter-
ests and as of September 1 is no longer on
the staff. On behalf of the Board of Direc-
tors, I extend our best wishes for continued
success in her new endeavors.

John A. Pino
President, GRCS Board of Directors

Dear Friends:
I have decided that the time has come for

me to move on from the day-to-day grind of
relentless deadlines—both editorial and
fundraising—in order to pursue interests
and endeavors that such a schedule never
did—and would never—allow for. Of all
the words I’ve written for and about
DIVERSITY since Bill Brown and I began
our maverick journey almost 20 years ago,

these are surely the most difficult and bit-
tersweet to have to put on paper.

As you can appreciate, summoning the
courage to make this decision was not an
easy task; in large part, because I never
viewed my work for DIVERSITY and the
genetic resources community as simply “a
job.” Probably because it wasn’t “a job,”
but rather a mission. That is pretty much
how it was presented to me by Bill and the
other exceptional individuals who served as
my mentors in those early days before the
term “biodiversity” was even coined and
the word “germplasm” did little but scare
people (including me!). The enthusiasm and
dedication they exhibited was intoxicating,
and soon their mission became mine.

Thank you for letting me to be a part of
this extraordinary journey. Like all jour-
neys, there are many forks in the road, and
for now I must choose to take one. But

always know that I am with you for the
long haul and will be happy to contribute
in any way to ensuring that Bill Brown’s
dream becomes a reality. I know he would
be proud of how far we have all come. His
highest form of praise would be a soft-spo-
ken “good job,” followed almost immedi-
ately by coaxing questions about how we
were going to get to the next plateau. So to
you, my dear friends and respected col-
leagues, I say “Good job!” and urge you
on to the next plateau. I look forward to our
crossing paths along the way. Until then,
I remain

Your devoted friend and colleague,

Deborah Strauss
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On September 7th, Kenneth M. Quinn, pres-
ident of the World Food Prize Foundation,
announced that this year’s $250,000 award
would go to biochemist Evangelina Villegas of
Mexico and plant geneticist Surinder K. Vasal
of India. The two collaborated for over 15 years
and overcame numerous obstacles to develop a
maize (known in North America as corn) that
contains nearly twice as much usable protein as
other maize grown in the tropics, yields 10%
more than other hybrids, and has desirable agro-
nomic characteristics.

Unlike conventional maize varieties, Quali-
ty-Protein Maize (QPM) contains substantial
amounts of lysine and tryptophan, two essential
amino acids that humans and animals must
obtain from food. In the developing world,
farmers grow conventional maize on an esti-
mated 100 million hectares and several hundred
million people rely on it as their principal daily
food—a dangerous reliance that contributes to
malnutrition, which the World Health Organiza-
tion links to almost half of the 10 million annu-
al deaths of children under age five. In countries
such as China, Colombia, Ghana, and Peru,
QPM has restored children to health and
improved farmers’ incomes.

“I know our enhanced protein maize
will not solve all of the world’s

nutrition problems, but it is a major
improvement.”—Evangelina Villegas

“Maize means survival for hundreds of mil-
lions of people in Africa, Asia, and Latin Amer-
ica,” said Timothy Reeves, director general of
Centro International de Mejoramiento de Maiz
y Trigo (CIMMYT, the International Maize and
Wheat Improvement Center), where Villegas
and Vasal began their collaboration in the early
1970s. “These remarkable new varieties look
and taste like normal maize, but the nutritive
value of their protein is nearly equivalent” to
that of cow’s milk. “[QPM] provides the poor
with a way they can improve their diet,” agreed
Villegas. “It is easier and less expensive to con-
vert to more nutritious varieties of maize than to
change or supplement the diet. … I know our
enhanced protein maize will not solve all of the
world’s nutrition problems, but it is a major
improvement.”

One million hectares of QPM are currently
under cultivation in 11 countries, and econo-
mists expect that by 2003, the number of

hectares sown with QPM will triple to approxi-
mately 3.5 million hectares. “After three
decades of work, we are ready to spur a revo-
lutionary change in maize production around
the world,” said Vasal. According to Reeves,
CIMMYT is “promoting QPM varieties for
nearly every hectare of land now sown to maize
in developing countries. We are not promoting
one variety of maize with one genetic back-

ground, but dozens of varieties that have the
QPM trait. This serves to protect QPM maize
from pests and diseases that might become sig-
nificant threats to a single variety grown over
large areas.”

Norman E. Borlaug, Nobel laureate and
World Food Prize founder, hailed Villegas’ and
Vasal’s achievement, saying it has “resulted in
significant inroads to alleviating malnourishment
and poverty in developing countries. What they
have done has inspired other gut-fighting teams
of scientists who labor to serve human beings,
not just as an academic exercise.” Former U.S.
President Jimmy Carter, a member of the World
Food Prize Council of Advisors, concurred,
adding: “Their efforts to teach and train others
in furthering QPM adoption are exemplary.”

Evangelina Villegas was born in 1924 in
Mexico D.F., Mexico and began her career in
1950 as a chemist at the Instituto Nacional de
Nutriologia. In 1967, she joined CIMMYT, and
became head of its General Service Laboratory
in 1972. There, she was responsible for the eval-
uation, development, and adaptation of chemical
methodology that could be used to efficiently
screen large numbers of small samples for
industrial wheat quality and maize protein qual-
ity. During her years at CIMMYT, Villegas also
served as a consultant to numerous developing
countries, and both helped establish their
national quality laboratories and trained many
of their young scientists. She retired from
CIMMYT in 1989, and has since served as a
consultant for Sasakawa-Global 2000, an inter-

national organization working to spread
improved farm technology in Africa. The recip-
ient of various other honors, Villegas also is the
first woman to win the World Food Prize.

Born in 1938, Surinder K. Vasal grew up in
Amritsar, Punjab, India. After launching a
research and teaching career in India, Vasal
joined the Rockefeller Foundation Agricultural
Program in Bangkok, Thailand, where he began
studying maize. In 1970, he moved to CIMMYT
and began working on QPM with Villegas. Dur-
ing the mid-’80s, he launched a hybrid-maize
development program and served as maize pro-
gram germplasm coordinator. As a result of

these programs, most of CIMMYT’s maize
germplasm was characterized for heterotic pat-
terns (i.e., hybrid vigor) and combining ability
(genotypes of superior combining ability give
superior hybrid performance when crossed in
all combinations), and several hybrid-oriented
source populations and heterotic groups were
formed. As head and coordinator of CIMMYT’s
Lowland Tropical Maize Program, Vasal led
both population and hybrid research, and in
1997 he was promoted to the rank of distin-
guished scientist and assumed a new role as
team leader of CIMMYT’s Asian Regional
Maize Program in Thailand. A proponent of
training and regional programs, he has strength-
ened regional hybrid research activities in the
region and coordinates the Tropical Asian Maize
Network (TAMNET).

Since 1986, the World Food Prize has hon-
ored outstanding individuals who have made
vital contributions to improving the quality,
quantity, or availability of food throughout the
world. Previous laureates have come from
Bangladesh, India, Switzerland, the United
Kingdom, and the United States. U.S. business-
man and philanthropist John Ruan has spon-
sored the prize since 1990.

—RB

For further information, see Noel Vietmeyer’s arti-
cle at p. 29 about the long, tortuous process of devel-
oping and testing QPM. Or visit www.worldfood
prize.org or www.cimmyt.cgiar.org.
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Villegas and Vasal Win World Food Prize 
for Developing Quality-Protein Maize

Tenacious CIMMYT
scientists Evangelina Villegas

and Surinder Vasal
collaborated for decades 

and overcame 
numerous obstacles 

to develop QPM.
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International negotiators meeting in Tehran
in August scored an important breakthrough in
the often-contentious debate on trade policy
related to agriculture and environment. Dele-
gates to the Third Intersessional Meeting of the
Contact Group of the Commission on
Genetic Resources for Food and Agricul-
ture (CGRFA) were said to have made
“significant progress” in negotiating
revisions to the International Undertaking on
Plant Genetic Resources (IU). They reached
provisional agreements on most of the disputed
issues still awaiting negotiation, including intel-
lectual property rights (IPR) protection as it
relates to IU efforts to facilitate access to tech-
nology and the sharing of commercial benefits.

Participants noted that the Tehran meeting,
which took place from August 26-31, was the
first to consider IPR questions in depth.
Although some delegates questioned the IU’s
competence and mandate to address IPR issues,
others noted that bodies such as the World
Trade Organization’s TRIPs (Trade-Related
Intellectual Property Rights) Council did not
necessarily have expertise on issues relating to
plant genetic resources important to food and
agriculture (PGRFA). Consequently, discus-
sions of IPR within the context of the IU could
provide useful technical input and influence
legislation and interpretation of IPR affecting
access to plant genetic material.

Possible Compromise Reached on
Technology Access and Benefit Sharing

The IPR debates centered on provisions
within Articles 13 and 14 of the current negoti-
ating text, which deal with Facilitated Access to
PGRFA and Commercial Benefit Sharing,
respectively. On the latter, a small group of
negotiators hammered out a package of compro-
mise text on the two key provisions being debat-
ed. These provisions address: 1) the terms for
transfer of technologies to developing countries
for the characterization, evaluation, and use of
PGRFA; and 2) the sharing of royalties result-
ing from any patented product derived from
material accessed under the Multilateral System
(MS) of open access to plant genetic resources,
which will be established under the revised IU.

The compromise provides for access and
transfer of technology to developing countries
on “favorable” terms—including on “preferen-
tial and concessional” terms where mutually
agreed between parties—but further states that

these will be consistent with the protection of
IPR. With respect to royalties, the compromise
requires holders of any type of IPR or commer-
cial protection that restricts further use of mate-
rial accessed under the MS to pay royalties to an

international fund. For non-restrictive IPR and
commercial protection, parties are to encourage
rights holders to pay royalties voluntarily. This
arrangement is to be reviewed after five years to
assess the possibility of making the voluntary
payments mandatory.

Developing-country delegates agreed to the
compromise text. Several developed countries
agreed in principle with the provisions, but
some also observed that final approval extend-
ed beyond their negotiating mandates and fur-
ther consultation within their governments
would be required.

Although negotiators made progress on IPR
issues within the provisions of Article 13 on
Facilitated Access to PGRFA, they ultimately
failed to reach consensus on final language for
two key provisions under discussion. On one—
designed to prevent recipients of genetic mater-
ial under the MS from claiming IPR or other
commercial protection that would limit access
to unimproved plant genetic resources—dele-
gates put forward alternative versions for future
consideration. One version, largely supported
by developing countries, incorporates specific
references to IPR and the “genetic parts and
components” of plant genetic resources. The
version favored by some developed countries
refers to “plant varietal or patent protection”
rather than IPR and mentions only PGRFA, not
their genetic components.

Negotiators reported that they were close to,
but could not achieve, consensus on a provision
concerning access to plant genetic resources
already protected by property rights. A develop-
ing country proposed requiring parties to the IU
to take measures to facilitate access to such
material on “concessional and preferential”
terms, so that the flow of materials under the
MS would be unrestricted. A developed country
supported access on “fair and favorable” terms
but resisted the notion that governments should
get involved in pressuring companies to sell
their genetic material at lower rates.

Delegates also discussed provisions on

access to in situ PGRFA and access to PGRFA
for non-parties to the IU. Initial discussions
were held on financial provisions, including a
funding strategy.

Overall, participants characterized the meet-
ing, which amounted to the last chance to
move forward before the November
2000 deadline for completing negotia-
tions, as the most successful Contact

Group deliberations to date. Based on this
progress made in Tehran, delegates urged that
momentum be maintained and negotiations be
brought to a swift conclusion. A final negotiat-
ing session is scheduled for November 13-17 in
Switzerland.

Annex I Crop List Still Problematic

The principal obstacle in the path ahead is
generally thought to be the finalization of the
list of crops to be included in Annex I of the
revised IU, i.e., plants for which access to
genetic resources would be expanded. Propos-
als put forward by different regional country
groupings vary widely, from a low of nine crops
to a high of 287. Proponents of a small list of
Annex I crops characterized it as a “trial sam-
ple,” which could be used to build trust between
countries and gain experience before expanding
the list to include more crops. Some delegates
expressed concern about the larger lists’ inclu-
sion of crops that are not directly related to food
security.

Overall, participants characterized 
the meeting, which amounted to the
last chance to move forward before 

the November 2000 deadline for
completing negotiations, as the 
most successful Contact Group

deliberations to date.

Negotiations on revising the IU have been
ongoing since late 1994. The impetus for the
revision was the establishment of the Conven-
tion on Biological Diversity (CBD) and recog-
nition of the central role played by the CBD in
determining policy on plant genetic resources.
The revised IU will feature a more rational
structure as well as the addition of several inter-
pretive annexes. The November 2000 deadline
for the completion of negotiations coincides
with the meeting of the 119th Council of the
United Nations’ Food and Agricultural Organi-
zation (FAO).

Tehran CGRFA Meeting Buoys Hopes of Agreement 
on Guidelines for the International Flow of Plant Genetic Resources



Members of the high-level Advisory Com-
mittee on Agricultural Biotechnology (ACAB),
meeting in Washington, DC on July 26-27, were
sharply divided on recommendations
to the United States Department of
Agriculture (USDA) concerning
licensing of the genetic seed-steriliza-
tion technology referred to as Termi-
nator. Opinion split along fairly predictable
lines within the committee, whose 43 members
represent a broad range of stakeholder interests,
including farming, industry, environmental
organizations, consumer groups, and academia.

Participants described the discussions on
Terminator licensing as contentious, and the
magnitude of the divide between members on
this issue became apparent for the first time at
the meeting, the committee’s second. However,
in the view of ACAB member and University of
Florida economics Professor Jeffrey Burkhardt,
the discussions were useful in that they laid the
groundwork for future, potentially productive
discussions on the nature of USDA collabora-
tion with private-sector researchers.

Committee members opposed to commer-
cialization of the Terminator technology—
which can prevent germination of an engineered
plant’s seeds—expressed disappointment with
what emerged as the narrow scope of advice
sought by USDA. They also were frustrated
with what they characterized as a lack of clarity
on the agency’s part in communicating these
limits from the meeting’s outset.

USDA holds patents for Terminator jointly
with a private firm, Delta Pine Land Company
(DPL), and the agency’s position is that it is

legally obligated under the terms of a coopera-
tive research and development agreement
(CRADA) with DPL to proceed with licensing

of the technology. The agency sees
very little latitude within the CRADA
to place limits on the technology’s
licensed uses.

Iowa State University agriculture
Professor Neil Harl proposed that any royalties
or licensing fees received by USDA be used for
research on Terminator’s socioeconomic
impacts and environmental and health risks, and
the idea was supported by many of his fellow
committee members.

Continuing ACAB discussions are expected
on the role of the USDA in agricultural research
and development. Some committee members
have said that USDA should be more circum-
spect in entering into research agreements that
could damage farmers’ interests or pose signifi-
cant environmental and health risks. They have
asked USDA to convene a stakeholder task
force to examine the role of publicly funded
agriculture research in an era marked by shifts
away from public research and toward private-
sector, commercially oriented research, and say
that the recommendations of such a task force
should be used to develop new systems for
evaluating the consistency of proposed cooper-
ative research projects with the agency’s public
mission.

In light of the divisions in opinion within the
committee on licensing Terminator, ACAB
Chair Dennis Eckart invited members to submit
written comments, which will be presented to
Agriculture Secretary Dan Glickman. (See box

for further information on one set of comments
signed onto by nine ACAB members.) USDA
official and ACAB Executive Secretary
Michael Schechtman said that though ACAB
will revisit the issue, there are no plans to do so
at the next committee meeting in November.

Data Needs, Collaborative Public
Research, and Funding Priorities

In addition to discussions on Terminator
licensing, USDA sought advice from ACAB on
priorities for: expanded data collection and
analyses of agricultural statistics related to
biotechnology; collaborative research with the
National Academy of Sciences; and allocations
within the agency’s FY2002 budget.

On data needs, members assigned highest
priority to more in-depth analysis of the struc-
tural changes in agriculture being brought about
by the production of transgenic crops.
Burkhardt, who served on the data work group,
noted the need for more information on the
socioeconomic impacts of transgenic crops,
especially varieties currently on the market or on
the verge of commercialization. For example,
according to Burkhardt, there currently is no
solid evidence to support the anecdotal claims
about the benefits and risks of crops such as Bt
cotton or RoundUp®-ready soybeans.

Harl proposed that any royalties or
licensing fees received by USDA be
used for research on Terminator’s

socioeconomic impacts and
environmental and health risks.

A second priority area identified by ACAB
was the need for increased disaggregation of
data collected as part of the USDA’s Agricultur-
al Resource Management (ARM) study. ARM
tracks farmers’ resource usage and costs and
monitors farm financial conditions. The first
year’s data from this study are only broken out

U.S. Advisory Committee on Agricultural
Biotechnology Confronts Terminator
Licensing—and Public-/Private-Sector Tensions

The Contact Group that met in Tehran was
formed in 1999 to address the most controver-
sial issues being debated within the current
round of negotiations on IU revisions. The
group consists of 41 countries selected for bal-
anced regional representation. Seventy-eight
delegates from 36 countries as well as observers
from four international organizations attended
the Tehran meeting.

Established by FAO, the IU dates to 1983.
Its objective is to ensure that PGRFA—espe-
cially species of present or future economic
and/or social importance—are explored, col-

lected, evaluated, and made available for use in
plant breeding and other scientific purposes.
Currently, 113 countries adhere to the non-bind-
ing IU. Key exceptions include Brazil, Canada,
China, Japan, and the U.S. The present consen-
sus is that, when the IU is successfully revised,
adherence to the agreement should be binding
internationally.

The intergovernmental CGRFA was estab-
lished by FAO in 1983 and is currently com-
posed of 166 countries, including the European
Community. Its role is to coordinate, monitor,
and oversee the development of the Global Sys-

tem for Conservation and Utilization of Plant
Genetic Resources for Food and Agriculture,
which includes both the IU and the Global Plan
of Action and International Fund for Plant
Genetic Resources.

—KH

For further information, visit http://www.iisd.ca/
biodiv/cgrfa2000a/ (the Linkages service of the Inter-
national Institution for Sustainable Development).
Official UN documents related to the meeting can be
obtained at http://www.fao.org/ag/cgrfa/docscg3.htm.
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by crop, and ACAB members recommended
broadening the study to allow analysis by other
parameters, such as state or crop trait.

Meeting participants also highlighted a need
to disseminate information to farmers about
requirements for and restrictions on marketing
transgenic crops in foreign countries.

Another ACAB work group assessed priori-
ties for future cooperative research between the
USDA and the National Academy of Sciences
(NAS) to evaluate the scientific issues associat-
ed with the applications and impacts of biotech-
nology. (Earlier this year, NAS established a
Standing Committee on Biotechnology, Food
and Fiber Production, and the Environment to
provide such evaluations to USDA. One study,
focusing on the environmental impacts of the
commercialization of transgenic crops, is
already underway.) The committee assigned the
highest priority to examination of the safety
issues associated with the next generation of
transgenic plants and plant products, but also
endorsed the importance of studies on the
potential ecological consequences of the release
of large numbers of sterile organisms into the
environment and the food safety and allergenic-
ity of transgenic plants.

A third ACAB work group considered
USDA budget priorities for FY2002, but failed
to reach consensus. Participants generally sup-

ported increased budget allocations for risk-ben-
efit assessment of agricultural biotechnology
and research addressing the socioeconomic
implications of these technologies. The discus-
sion will resume at the next ACAB meeting,
scheduled for November 14-15, 2000.

Once finalized, the agenda for the Novem-
ber meeting will be posted on the ACAB Web
site. In addition to continued discussion of bud-
get priorities, the agenda is said to include dis-
cussion of public plant breeding priorities and

the implications of the ongoing shift from pub-
licly to privately funded breeding research. Min-
utes and transcripts from the July meeting also
will be posted.

—KH

For further information, visit the ACAB Web site at
www.usda.gov/agencies/biotech/acab.html. For the
nine ACAB members’ comments to USDA on Termi-
nator, visit the UCS home page www.ucsusa.org and
follow the links to the Agriculture and Biotechnology
page.

Members Follow Up With Written Comments on Terminator

One set of comments submitted in late August was signed by nine ACAB members, includ-
ing representatives of several environmental and consumer groups. The Union of Concerned
Scientists (UCS), which coordinated the drafting effort, provided a copy to DIVERSITY and
said that the comments would be posted on that organization’s Web site.

The nine ACAB members urged USDA to abandon the Terminator patent, and argued that,
contrary to USDA’s interpretation, the agency is legally able to terminate its obligations to license
the technology under the terms of the CRADA with DPL. However, in the event that USDA
does proceed to license the technology, the group recommends several restrictions on its uses.

First, Terminator technology should not be licensed to companies controlling a national mar-
ket share of more than 40% for a given food or fiber crop. Also, Terminator should not be
licensed at all for crops capable of outcrossing with wild or cultivated neighboring plants. More-
over, the group advised that any licensing agreement should explicitly require a full permitting
process—including preparation of an environmental impact statement—prior to all field testing
and commercial release of products developed using the Terminator technology. The group also
urged USDA and DPL to agree not to enforce Terminator patent rights in developing countries.

On July 11, seven academies of science
from around the world issued “Transgenic
Plants and World Agriculture,” which outlines
the potential of biotechnology to feed the
world’s hungry and malnourished while pre-
serving the environment. The white paper calls
for concerted global efforts to assess the health
and environmental effects of genetically modi-
fied (GM) crops, technology-sharing between
the private and public sectors, increased fund-
ing for public research, and judicious applica-
tion of intellectual property rights (IPR) laws
and conventions.

Generally supportive of biotechnology but
written to address public concerns, the white
paper was prepared by a working group of mem-
bers from the Royal Society of London, the
national academies of science of Brazil, China,

India, Mexico, and the United States, and the
Third World Academy of Sciences. “The obvi-
ous concern is that the recent backlash against
GM technology will completely overshadow all
the promise that the technology offers,” said
Bruce Alberts, president of the U.S. National
Academy of Sciences and a member of the
working group. “Our group concluded that the
revolution in molecular biotechnology provides
the developing world with some important new
tools for feeding and caring for its people. It
will be critical to use the best science to make
wise choices with respect to the application of
these technologies.”

However, says the paper, most GM technol-
ogy was developed for large-scale agriculture in
the developed world, not for poor farmers in the
developing world. It concludes that the technol-

ogy is the world’s best hope for feeding all of its
citizens without further degrading the environ-
ment, and urges greater research into meeting
the special needs of developing countries.
These include: increasing the yield of lesser-
known crops; modifying crops to confer greater
nutritional benefits and/or incorporate pharma-
ceuticals and vaccines; and reducing the envi-
ronmental impact of agriculture.

Researchers are already working on some
such new crops. For example, say the authors, a
salt-tolerance gene from mangroves (Avicennia
marina) has been transferred to other plants,
and the gutD gene from Esherichia coli has
generated salt-tolerant maize; such crops could
increase yield in marginalized lands, a major
concern. Work also is progressing on the med-
ical front: potatoes and bananas have been 
bioengineered to include vaccines against infec-
tious diseases, and researchers are anxious to
use GM technology to increase the yields of
medicinal substances naturally found in plants.
The paper cautions, though, that transgenic
plants must be stable and their effects upon

White Paper on Transgenic Plants Asserts 
that Poor Nations Need Biotech, Too
Report is Part of a Wave of Support for GM Technology 
in Response to Public Opposition



CORRECTION
In Vol.16, Nos.1&2 of DIVERSITY, the

box on p. 11 entitled “The Formation of the
USGA” incorrectly stated that the United
States Golf Association was formed after the
golf clubs of Newport (Rhode Island) and St.
Andrew’s, Scotland each declared the winner
of its tournament the amateur champion of 

golf. The St. Andrew’s in question was a U.S.
golf club located in New York state, not the
legendary St. Andrew’s of Scotland. Still
prominent in the New York metropolitan
area, St. Andrews was one of the first 18-hole
courses established in the U.S. We regret this
error and any confusion it may have caused.

ACKNOWLEDGMENT
In that same special-focus turfgrass issue,

we neglected to acknowledge the contribu-
tion of former Associate Editor Linda Wor-
thington. In cooperation with Contributing
Editor Ardeshir B. Damania, Worthington
laid the groundwork for the turfgrass issue.
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human health and the environment must be
thoroughly explored.

Taking the “When in Rome” Approach
to Advancing the Common Good

The working group observes that while fun-
damental research is still being carried out in
the public sector, the development of strategic
applications has largely shifted to the private
sector—a trend “that needs to be reversed.”
Saying that “governments should fully recog-
nize that there will always be public interest/
goods research requiring public investment,”
the paper urges increased funding of the Con-
sultative Group of International Agricultural
Research (CGIAR) centers and national
research institutions in particular.

The report goes on to say that “innovative
and vigorous forms of public-private collabora-
tion are urgently required,” and asserts that such
relationships are necessary to build research
capacity in developing nations, facilitate the
free flow of knowledge and best practices, and
implement biosafety guidelines or regulations.

IPRs should “be narrowly tailored … so as
not to impede continuing research, innovation,
and development,” and should “facilitate the
maximum possible innovation in development
of beneficial new crop varieties through individ-
ual, public, and corporate sources.” Both com-
mercial and public interests would be served,
say the authors, if, for example, molecular tools
were licensed more freely or provided pro bono
in the developing world and poor farmers were
allowed to save and re-use GM seeds. Noting
that the private sector benefits from the research
and/or products of the public sector, however,
the authors suggest that the latter secure its IPRs
in order to better negotiate with the former—for
the common good.

Val Giddings, vice president of the Biotech-
nology Industry Organization and a member of
the Board of Directors of GRCS/DIVERSITY,
affirmed that the private sector is willing to
engage in collaborative relationships with the
public sector and pointed out that public/private
sharing is already underway. Among other
things, he cited private companies’ waivers of
rights for materials/processes used in develop-

ing beta carotene-rich “golden” rice and virus-
resistant papaya and sweet potatoes. Giddings
also said, though, that it is “not fair to look to
the private sector to solve all the problems of
international assistance” and that governments
need to increase their own funding of agricul-
tural biotechnology.

GM Supporters Urge 
Responsible Use of Technology

The public backlash against GM technolo-
gy—particularly strong opposition in Europe—
has created its own backlash of sorts. Since the
white paper was issued, a number of interna-
tional leaders have spoken out for continuing,
responsible review and use of the technology.
Kenyan President Daniel T. arap Moi and Nige-
ria’s Minister of Agriculture and Rural Devel-
opment Hassan Adamu have called for its use 
in developing countries, and Canada’s Roy
Romanow, premier of Saskatchewan, resound-
ingly endorsed biotechnology at the 6th Inter-
national Symposium on the Biosafety of GMOs
(held in Saskatoon in July).

A number of other organizations/assemblies
also have publicly proclaimed their support for
the responsible use of GM technology. Partici-
pants in the 25th Food and Agriculture Organi-
zation (FAO) Regional Conference for Asia and
the Pacific issued a supportive conference
report at the close of the five-day meeting in
early September, and in late August Joachim
von Braun, the incoming president of the Inter-
national Association of Agricultural Economists
(IAAE), told members assembled at IAAE’s
24th congress that, “Both the land and the indi-
vidual farmers can greatly profit from the two
great future technologies—biotechnology and
information technology.” The Executive Com-
mittee of the International Society for Plant
Pathology issued a similar statement from Bei-
jing at the end of August.

Also, late this summer the European Com-
mission moved to end its unofficial 18-month
moratorium on GM foods, fearing that legal
challenges could force approval of GM prod-
ucts under inadequate existing regulations and
that the European Union (EU) would lose out in
the world market to the U.S. The proposed fast-

track authorization for such products would
include, among other things, tighter controls
governing the labeling and traceability of GM
crops and time-limited authorizations. The new
rules must be approved by the European Parlia-
ment (which is expected to happen by mid-Feb-
ruary 2001) and ratified by the national
parliaments of the 15 EU nations (which could
take 18 months). Not surprisingly, the proposal
was greeted with criticism: Irish Green Party
Member of the European Parliament Patricia
McKenna said that rushing legislation is an
insult to European consumers who are legiti-
mately concerned about GM products.

French Environment Minister Dominique
Voynet, a GM opponent, could exercise consid-
erable influence over the debate during France’s
current EU presidency and has made her posi-
tion clear: Earlier this summer she told reporters
that “The new directive … is not strong enough
for us to lift the moratorium.” In a policy paper
drawn up before an informal meeting of EU
farm ministers held in Biarritz in September,
France called on governments “to slow down or
stop this mad dash for production.” Italy strong-
ly concurred, and its Farm Minister Alfonso
Pecoraro Scanio is an outspoken critic of GM
crops. Reuters reported, though, that Belgium,
Germany, the Netherlands, and the United King-
dom (UK) urged a more balanced approach.

However, if recent events in England,
France, and Italy are any indication, the Euro-
pean public is not likely to embrace GM crops
anytime soon. In late September, Lord Melchett
(head of Greenpeace UK) and his team of sabo-
teurs were cleared of criminal responsibility for
admittedly destroying GM maize in Norfolk.
The Daily Express Leader opined, “What was
really on trial here was GM. No jury is going to
convict protesters when they too share concerns
about such produce being grown in this country.
… [The British government] must learn a sharp
lesson from this verdict, rethink its policy, and
ban GM testing—at least until the risk of cross-
contamination can be eradicated.”

—RB

“Transgenic Plants and World Agriculture” is avail-
able online at www.nap.edu/html/transgenic.
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Newly identified varieties of high-beta caro-
tene sweet potatoes could help save the lives and
sight of tens of thousands, especially children
living in remote African villages, according to 
a recently completed study. Scientists from
Kenya, Uganda, and the Peru-based Internation-
al Potato Center (CIP) conducted ten years of
field research and consumer testing to identify
the new varieties and demonstrate their ability
to accommodate local tastes and compete agro-
nomically with the best traditional varieties.

Vitamin A deficiency, which affects an esti-
mated 250 million children worldwide under the
age of five, can lead to blindness and ultimately
death from increased susceptibility to infection.
Produced only by animals, vitamin A is often
absent from the diets of low-income households
in developing countries, since animal-based
foods usually are too expensive for such house-
holds to buy or produce. People living in the
remotest villages are sometimes beyond the
reach of conventional supplementation pro-
grams providing vitamin A capsules, as bad
roads and limited infrastructure make it impos-
sible to establish and maintain reliable distribu-
tion. The human body does manufacture vitamin
A from beta carotene, which many plants pro-
duce—but seasonal shortages of fresh vegeta-
bles mean that beta carotene also is lacking in
poor people’s diets at various times of the year.

Adding small amounts of sweet potatoes to
the family diet is often the cheapest, most effec-
tive way to provide a year-round supply of the
required amounts of pro-vitamin A to rural house-
holds, especially in Africa. A South American
native, sweet potatoes are easy to grow and have
become a staple in many Africans’ diets. Sweet
potatoes are harvested on a piecemeal basis and
thus can be eaten by farming families through-
out the year, including in the African dry season.

Building a Better Sweet Potato

However, development experts have long
believed that Africans would not accept beta
carotene-rich, orange-fleshed varieties of sweet
potatoes, which are moister and sweeter than the
traditionally favored white-fleshed varieties con-
taining little or no beta carotene. The CIP scien-
tists claim to have selected varieties that can
pass African consumer taste tests while retain-
ing high beta carotene content, which is geneti-
cally linked to orange flesh. Promising clones

were selected from the germplasm collection
held in trust at CIP and put through a “clean up”
process to eliminate viruses and pathogens.
According to CIP scientist Zhang Dapeng, these
clones fall into two principal categories:
improved varieties from the breeding programs
of CIP and cooperating centers, and identified
high-yielding landraces from Peru and Africa.

Depending on a given variety’s beta caro-
tene content, 100 grams or less of sweet potato
flesh may provide the daily requirement for
vitamin A for children up to 10 years of age.
Varieties containing 2,100-2,400 micrograms of
beta carotene per 100 grams of fresh weight
would supply sufficient amounts of the vitamin
A precursor. Some varieties tested by the CIP
scientists contained up to 8,000 micrograms per
100 grams.

CIP and its partner organizations are now
turning their attention to a regional research and
training program known as VITA to expand the
use of beta carotene-enriched sweet potatoes

among the poorest and most remote African
households. The program will focus on eastern
and southern Africa, where vitamin A deficien-
cy is greatest. (In West Africa, the use of red
palm oil in cooking provides sufficient beta
carotene to meet nutritional needs for vitamin
A.) Top priority will be given to Burundi, the
Democratic Republic of the Congo, Ethiopia,
Kenya, Rwanda, South Africa, Tanzania, and
Uganda. Working with local women’s groups in
difficult-to-reach places, the program will pro-
vide extension services and training for the
development of small, on-farm enterprises
related to sweet potato processing and sweet
potato-based food products.

African farmers produce seven million tons
of sweet potatoes annually, but their yields are
comparatively low (only five tons per hectare,
or less than a third of Asian yields). Thus, the
potential for raising yields via the use of
improved technology and varieties appears to
be substantial. Over 95% of the global sweet
potato crop is produced in developing countries,
where it is the fifth most important food crop.
Cultivation is concentrated in countries with
low per capita incomes, especially within the
poorer regions of such countries.

A Low-Tech Solution 
to a Persistent Problem

High-beta carotene sweet potatoes would
meet the same dietary needs as “golden rice,”
i.e., rice that has been genetically transformed
to produce beta carotene in the grains. (Beta
carotene is found naturally in the leaves of the
rice plant, but not the grains.) Researchers at
CIP believe that orange-fleshed sweet potatoes
may be more readily accepted by poor, remote
households in many parts of Africa than would
golden rice, in part because Africans are already
accustomed to growing and eating sweet pota-
toes. CIP scientists also say that golden rice
may contain smaller amounts of convertible
beta carotene per gram than sweet potato, and
bioavailability may also be lower.

“We have been hearing a lot about high-tech
agriculture lately,” commented CIP Deputy
Director General for Research Wanda Collins.
“This project demonstrates that research geared
to promoting grass-roots changes on the farm
and in the family kitchen can provide a straight-
forward solution to a serious problem. Some-
times it’s the simple solutions that work the
best.”

CIP’s partners in research on high-beta
carotene sweet potatoes are the Kenyan Agri-
cultural Research Institute, the Uganda Nation-
al Agricultural Research Organization, and the
International Center for Research on Women.
One of 16 international research and training
centers supported by the Consultative Group on
International Agricultural Research (CGIAR),
CIP maintains the largest genebank of potato
and sweet potato genetic resources in the world.
The CIP sweet potato collection was begun in
1985 and now encompasses 6,500 samples,
including wild accessions, farmers’ varieties,
and breeding lines.

—KH

For further information, visit the Web sites of the
International Potato Center http://www.cipotato.org
or Future Harvest http://www.futureharvest.org.

New High-Beta Carotene Sweet Potato 
Varieties Fight Blindness, Save the Lives 
of African Children
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In recent years, IPR (intellectual property
rights) and the CBD (Convention on Biological
Diversity) have taken center stage at most
genetic resources-related gatherings. But those
acronyms moved aside earlier this year in
Malaysia, where researchers gathered on June
12-16 to focus on RFLPs (restriction fragment
length polymorphisms), GIS (Geographic
Information Systems), and other scientific
issues. The technical focus of the “International
Conference on Science and Technology for
Managing Plant Genetic Diversity in the 21st
Century” (SAT 21) was considered a critical
necessity, especially since the Food and Agri-
culture Organization (FAO)’s 1996 Leipzig
conference in Germany, originally billed as a
technical forum, was dominated by policy and
politics (see DIVERSITY, Vol.12, No.3, pp. 7-
12). The impressive turnout for the Malaysia
meeting—more than 250 scientists from over
60 countries came to Kuala Lumpur—seemed
to indicate that scientists appreciated the oppor-
tunity to address “their” issues. The conference
was organized by the International Plant 
Genetic Resources Institute (IPGRI) and the
Malaysian Palm Oil Board.

The most notable theme of the weeklong
meeting was the expressed consensus that there
is a crucial need to learn more about the genet-
ic resources that are already in collections. For
more than 20 years, the genetic resources com-
munity has responded to the crisis of genetic
erosion by sending scientists to collect threat-
ened material from remote corners of six conti-
nents. In his keynote address, Jack Hawkes, the
eminent plant collector and Birmingham, UK
professor (see DIVERSITY, Vol.9, Nos.1&2, pp.
37-39 and Vol.11, Nos.1&2, pp. 109-111), com-
mented on the thoroughness of these efforts,
saying, “Most of what is collectible has been
collected.” While this accomplishment has been
a factor in the diminishing number of collecting
expeditions undertaken in recent years, IPGRI
Public Affairs Director Ruth Raymond noted
that the trend also can be attributed to “the CBD
and an uncertain policy climate that have made
it more difficult to collect in certain countries.”
Whatever the reason for the changing focus,
however, scientists from around the world
agreed that developing information about the
six million or so accessions already in
genebanks must now become a top priority.
Without good information, they stressed, the
resources being maintained will continue to be

underutilized, something that both classical
plant breeders and molecular geneticists agree
would be a monumental waste.

New Tools for 
The “Millennium of Biology”

While there was consensus that more infor-
mation is necessary, new genetic and digital
information technologies have exponentially
increased the forms that information can take.
Technological tools such as molecular markers,
micro arrays, and GIS, and areas of study such
as comparative genomics, can now augment
traditional passport and evaluation data. Aus-
tralian Jim Peacock, former chair of the IPGRI
Board of Trustees, captured the group’s imagi-
nation with a keynote presentation focusing on
cutting-edge technologies and their role in what
he called the “millennium of biology.” Peacock
predicted that robots could be used to view all

of a plant’s genes and display information in
“micro libraries” in order to quickly identify
whether or not certain genes were present. Such
advancements, he argued, “could create totally
new breeding objectives.” He cited the possibil-
ity of developing, for example, hemoglobin-
producing rice and industrial oil-producing
plants by using genepools from plants, animals,
or microorganisms—undertakings that are
beyond the scope of traditional breeding.

Angela Karp (UK) and Steve Kresovich
(USA) underscored this vision of a new era in
biology and genetics. Karp predicted that genet-
ic libraries would provide “powerful techniques
for finding information about genebank collec-
tions,” and that, in the future, genebanks would
actually store and utilize individual genes rather
than genetic resources. According to Karp, indi-
vidual genes, particularly those of tropical
plants with recalcitrant seeds, could be main-
tained in BAC (bacterial artificial chromo-
somes) libraries.

Kresovich said he could envision future
plant explorers who would never leave their
labs. Instead, they would “explore the nooks
and crannies of the genome,” taking advantage
of the similar genomic sequences or synteny
between different plant species and the work
that has already been done on the rice genome.
Kresovich—one of the most recognized public-
sector scientists working in genomics today—
strongly urged the genetic resources community
to stay current with the scientific and techno-
logical advances taking place in related fields,
including the work being done on the human
genome. Michael Jackson, director of the Inter-
national Rice Research Institute’s genebank,
echoed this notion, asserting that “The train has
already left the station, but we can still catch the
last car.” Still, Kresovich warned against jump-

ing to use new, expensive technologies “just
because they are exciting.” Instead, he urged sci-
entists to “ask the right questions, and use new
technologies in a predictive way, rather than just
using them to describe what is already known.”

Environmentalists have been using GIS,
another popular information technology, for
some time to identify “biodiversity hot spots”
around the world. GIS uses various computer-
ized map overlays to compare different vari-

Gathering of Genetic Resources Scientists in
Malaysia Called a “Watershed” Conference

The eminent plant collector Jack Hawkes, shown here with some of his former students, was honored at
the conference. Photo by Anne Marie Ruff.
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ables such as distribution, climate, soil erosion,
genetic variance, etc. Such visual representa-
tions can be used to predict the location of tar-
get species, or help decisionmakers determine
the best locations for in situ conservation or pri-
ority collecting. Stephanie Greene (USA) has
been using GIS data to predict genetic differen-
tiation of clover species to aid in collection trips
to the Caucasus Mountains. K.N. Ganeshaiah of
India demonstrated how the same technologies
could be used to identify conservation hotspots
for rattans in his country. Luigi Guarino
(IPGRI) presented the “eye candy” of the ses-
sion: a virtual-reality computer model based on
GIS data that could display the topographical
features of a proposed in situ reserve. The
demonstration impressed the crowd, and
spurred suggestions for a “genetic resources
video game.”

Have Data, Will Collate

“Biological science is more and more about
information sciences,” mused IPGRI Board
Chair Marcio de Miranda Santos (Brazil), and
the genetic resources component of that science
is no exception. Participants acknowledged the
already-massive amount of molecular and geo-
graphic data available on plants ranging from
coconut to corn. The challenge now, they
agreed, is to collate information in ways that
allow it to be easily accessed and compared,
and, perhaps, presented in visually meaningful
ways as well. The task may not sound so diffi-
cult—but when amplified by the hundreds, if
not thousands, of related databases around the
world, it becomes daunting.

An entire session was devoted to “bioinfor-
matics,” highlighting the increasing importance
of this once-ancillary field’s work in making
sense of the profusion of data. Siegfried Harrer
of Germany presented a paper outlining an
attempt to link several of his country’s databas-
es through an Internet-based query system. (The
system also would be able to retrieve informa-
tion from the U.S. Department of Agriculture
(USDA)’s GRIN (Germplasm Resources Infor-
mation Network) system.) Harrer noted that the
system was designed for use on a national,
rather than international, scale; the latter would
require some form of data standardization.
While Harrer called the IPGRI descriptor lists
“a good start,” he noted that standards for mol-
ecular and genomic data, or the more anecdotal
data related to traditional knowledge, have yet
to be established.

It is clear that bioinformatics specialists are
becoming essential to the genetic resources
community, a situation that will require a seri-
ous investment of additional resources. The

genetic resources community will have to
“compete” with the Human Genome Project
and the private sector to attract the skilled spe-
cialists required for such work. Steve Kresovich
gave one vivid and sobering illustration: The
bioinformatics staff in his USDA Agricultural
Research Service lab earn nearly twice the
salary of the molecular biologists.

One participant cautioned that technological
advances, as exciting as they are, can never
replace some low-tech means of generating
information. For instance, accurate passport
data relating to location and growing conditions
remains crucial, since such data cannot be gen-
erated after collections are taken out of the field.

Whether Ex Situ or In Situ, Collections
Will Always Be Essential

That participant is not the only observer who
worries that these dynamic new technologies
could overshadow some of the less glam-
orous—but no less essential—aspects of genet-
ic resources conservation. Florent Engelmann
(IPGRI) highlighted the need for more research
to develop better low-input technologies for
conserving germplasm in developing countries
and to improve cryopreservation and in vitro
techniques for recalcitrant seeds. Theo van Hin-
tum (the Netherlands) brought up the controver-
sial idea of improving collection management
by lumping or splitting accessions. Genetic,
operational, or economic considerations could
justify lumping (storing accessions together as a

Policy Issues Limited To a Cameo Role At SAT 21
IPGRI Director General Geoff Hawtin was so intent on ensuring that SAT 21 maintain its

focus on science and technology that he warned that policy issues would be discussed “only over
my dead body.” He relented a bit by allowing organizers to schedule an evening panel discus-
sion on policy and PGR. Interest in the topic was high, and a substantial number of participants
listened intently even as the discussion ran over the scheduled time.

Marcio de Miranda Santos outlined the present status of various global PGR-related nego-
tiations. The CBD has mandated that two unresolved issues be decided by the United Nations’
FAO: farmers’ rights and the status of pre-CBD collections of PGR. Six years of negotiations
on these two controversial issues have yielded one draft agreement on farmers’ rights (placing
them in the purview of national governments) and several “points of agreement” regarding the
pre-CBD collections. Negotiators have agreed that a multilateral system of access and benefit-
sharing “is more desirable” than bilateral systems, and that the list of crops that should be cov-
ered by such a multilateral system would be determined based on (1) the interdependence of
countries for PGR of a specific crop and (2) a specific crop’s significance in terms of food secu-
rity. The thorny issue of how to establish a universally accepted benefit-sharing mechanism
remains unresolved, and ideas regarding an international fund, an IPR tax, and individual coun-
try contributions have been tabled.

The process is taking so long, according to Lim Eng Siang (Malaysia), because negotiators
must reconcile the CBD with World Trade Organization (WTO) rules. Given that the CBD and
WTO involve two entirely different sets of negotiators, this is proving to be a daunting task.
Lim predicted that countries might be willing to agree to a short list of crops to be covered, and
if that system worked well, the list could be expanded in the future. Kent Nnadozie (Nigeria)
cited the extreme sense of urgency concerning resolution of these issues expressed at the recent
meeting of the Fifth Conference of the Parties to the CBD (see DIVERSITY, Vol.16, Nos.1&2,
pp. 2-3), where nearly 50 countries were reported to be developing national legislation on genet-
ic resources access and benefit sharing. (The third Intersessional Meeting of the Contact Group
of the Commission on Genetic Resources for Food and Agriculture took place in Tehran in
August; see article at p. 3.) Most of this legislation does not take into account the special case
of PGR for food and agriculture, according to Nnadozie. FAO’s Mahmud Duwayri opined that
these negotiations would conclude soon—and then added the caveat “I hope.”

Bridging community and international genebanks:
Gheeta Rani of the M.S. Swaminathan Foundation
and G.T. Scarascia-Mugnozza.

Photo by Anne Marie Ruff.
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single accession) or splitting single accessions
into multiple, distinct samples. Although several
scientists warned that lumping could negatively
affect an accession’s characteristics, the fact
that such an unorthodox idea was even raised at
all in such a meeting underscores the great need
for better techniques to help genebank man-
agers manage their often-massive collections.

Two new genebanks—a national one in
Saudi Arabia and a regional one in Fiji—were
highlighted at the conference. The Fiji-based
genebank, which will focus on taro and yam,
intends to take advantage of in vitro and cryo-
preservation techniques rather than establishing
field collections, which are more prone to dis-
ease and genetic erosion.

Scientists from around the world
agreed that developing information

about the six million or so accessions
already in genebanks must now

become a top priority.

In situ conservation, on the other hand, con-
tinues to “emerge” (some would say “re-
emerge”) as a high priority, mainly due to the
fact that most of the plant genetic resources
unrepresented in genebanks are tropical tree
species (70% of which, scientists estimate, pro-
duce recalcitrant seeds). Uma Shaanker (India)
presented a paper outlining how in situ forest
genebanks could be used as “sinks” for genetic
diversity. He argued that by infusing an area
with genetic diversity (pollen, seeds, or vegeta-
tive material) from other areas, more of the
global population’s diversity can be maintained
than if the area included only the genetic diver-
sity already present.

Setijati Sastrapradja (Indonesia) emphasized
the need to conserve genetic resources within
the context of “agroecosystems.” Arguing that
the CBD recognizes agricultural biodiversity as
worthy of conservation, she challenged the
group not to forget the stated objective of the
CBD and other leading institutions, such as the
Consultative Group on International Agricultur-
al Research, of using genetic resources to
improve the lives of poor farmers.

Raising the Profile of 
Plant Genetic Resources

As many others have before them, these
researchers called for increasing public aware-
ness regarding the value and importance of
plant genetic resources (PGR). Developing sci-
entific indicators is one means of succinctly
communicating to policymakers and potential
users alike the severe economic and environ-
mental effects of losing PGR. Just as the mea-

surement of CO2 has served as an indicator of
global warming, Anthony Brown (Australia)
suggested, statistics-based indicators (such as
the number of conserved accessions, number of
landraces, and frequency and distribution of
use) could illustrate the danger of losing partic-
ular genepools.

In a similar vein, a whole session was devot-
ed to promoting the wealth of underutilized
crops that exist today. Stefano Pardolusi
(IPGRI) urged scientists to work in partnership
with farmers and marketers to focus on under-
utilized crops that could have more than one use.

Participants noted that a great deal of anec-
dotal information is necessary if such efforts are
to succeed, as crops consumed in one region
may have toxic variants in another region and
markets must be developed simultaneously
with improved varieties.

The Wider World

Of course genetic resources conservation
doesn’t take place in a vacuum; economics,
industry, and politics all affect the work. Poli-
cies stemming from the CBD and the FAO
International Undertaking on PGR are still neb-
ulous (see box), making the collection and
exchange of germplasm increasingly more dif-
ficult. While a few scientists said they had no
difficulty receiving any germplasm that they
had requested from other countries for their
work, the majority—especially collectors—said
they had seen a distinct decrease in scientific
networking and collaboration because of the
added difficulty of trying to decipher the atten-
dant policy and economic issues (see DIVERSI-
TY, Vol.15, No.4, pp. 6-7). Brad Fraleigh,
Canada’s genebank director, said he was sur-
prised and chagrined over the extent to which
“the air has become so intoxicated with ideas of
genetic resource ownership, that mistrust has
prevented duplication of collections within
other countries.”

The discussions in Malaysia left no doubt
that the “elephant in the living room” having the
greatest impact on the PGR community is the
biotechnology industry. While some scientists
expressed their disappointment over the failure

of the biotech industry to support germplasm
conservation, others argued that industry offers
opportunities for both direct support and
advances in technology. Though cutting-edge
technologies are expensive, Kresovich argued,
“rather than further dividing the pie to pay for
these technologies, using them can actually
increase the size of the pie to include PGR
research and conservation, by sparking interest
in potential collaborators from industry.” Pea-
cock underscored this idea, saying, “I don’t
expect all of this work would fall to the PGR
community.” For example, he said, “The
macadamia nut industry paid for our molecular
work on macadamias.” And Karp advised PGR
scientists to look to “research and breeding
communities to come up with some of the
genetic sequences.”

The Way Forward

Noting the diverse disciplines and distant
points of the globe represented at SAT 21,
Brown referred to it as “a watershed confer-
ence.” Discussions were lively, with scientists—
from India, Kenya, and Vietnam, especially
—challenging presenters to clarify their ideas
and discuss those ideas’ relevance to real-world
conditions. The conference was deemed so suc-
cessful that IPGRI Director General Geoff
Hawtin announced at the closing session an
interest in the possibility of establishing some
type of an international scientific society for the
genetic resources community. “Because a cer-
tain momentum has been achieved, and there
are a certain set of expectations, we would like
to move ahead with the process of developing
an international society and scheduling a fol-
low-up conference in two to four years.” Two
people were chosen to steer that process: Moise
Houssou of Benin and Brad Fraleigh of Canada.
Houssou lamented that while the conference
had been extremely informative, “There was
work [that] scientists from developing coun-
tries, especially African countries, were doing
that wasn’t represented.” He suggested that in
addition to global conferences, regional confer-
ences in Africa and Latin America would be
very useful.

While no one disputes that genetic erosion
still is occurring at a dangerous rate, the high
priority placed on stemming it over the past two
decades seems to have abated a bit, and scien-
tists are now turning their focus to more sophis-
ticated research into already-conserved genetic
materials and the potential for their use. The
community as a whole seems to interpret this
shift as an encouraging sign.

—AMR

Moise Houssou 
of Benin, working
with Canada’s 
Brad Fraleigh, will
coordinate follow-up
activities aimed at
capitalizing on the
momentum generated
by the conference.
Photo by Anne Marie Ruff.



by Miguel Altieri

The Consultative Group on Internation-
al Agricultural Research (CGIAR)—the key
international body charged with research
related to food production in developing
countries—is now poised to launch a new
Green Revolution (GR) aimed at combat-
ing the hunger remaining in the wake of the
original GR. And with the support of the
Ford Foundation, CGIAR’s Non-Govern-
mental Organizations Committee (NGOC)
is initiating a process to encourage key
actors in civil society (e.g., NGOs, farmers’
organizations, and environmental, policy
advocacy, and consumer groups) to partic-
ipate in the discussions and debates about
the future directions of the CG system and
to influence the system’s research agenda.

CGIAR is committed to engaging
people representing those the new
Green Revolution aims to help—

such as nongovernmental, 
small-farmer and community-

based organizations in 
developing countries—in 

the planning process.

The CG system was the incubator for
the new crop varieties that underpinned the
GR, which succeeded in boosting food-
crop yields in many developing countries
but was far less successful at reducing
hunger, yet alone rural poverty. This is not
surprising, given that the GR was con-
ceived as a natural-science-based approach
to solving major problems that had consid-
erably more complex causes. The proposed
new GR would address this flaw by taking

a more holistic approach. Though the key
tools will again be based on the natural sci-
ences (primarily biotechnology and soil-
fertility management), the difference this
time is that those tools will be embedded in
a policy package that includes trade liber-
alization and partnerships with the private
sector. CGIAR is committed to engaging
people representing those the new GR aims
to help—such as nongovernmental, small-
farmer and community-based organizations
in developing countries—in the planning
process.

In order to do so, the NGOC is organiz-
ing an electronic conference (the first in a
series of planned activities) in which a
broad group of civil-society actors will dis-
cuss issues related to international agricul-
tural research. The conference will lay the
groundwork for a similar (but face-to-face)
workshop that will be held in May 2001 in
South Africa, prior to CGIAR’s Mid-Term
Meeting. At that workshop, civil-society
representatives will be able to engage in
dialogue with donors and members of the
CGIAR and its Technical Advisory Com-
mittee (TAC) on the new research agenda
aimed at alleviating poverty and the
CGIAR’s future mission, structure, and
governance. The electronic conference and
the subsequent workshop will provide
excellent opportunities for NGOs to help
ensure that the evolving CGIAR structures
for determining and coordinating the
research agenda allow a balanced influence
by civil society, scientists, academics, and
the private sector.

Some key questions to be addressed 
at the preparatory electronic conference
include:
■ How can the research agenda, structure,

and governance of the CGIAR be
improved so that agricultural research
can address more effectively the chal-
lenges of poverty alleviation, food secu-
rity, and natural-resource conservation?

■ How can better dialogue be achieved
between civil society and the CGIAR on
these fundamental challenges, and how
can common ground for joint action be
found?

■ How can the role played by the NGOC
in these respects be improved, and how
can better use be made of the resources
available to it? Would an alternative
structure (i.e., other than the NGOC) 

be more effective
in conveying civil-
society input into inter-
national agricultural research for devel-
opment? If so, what would the alterna-
tive be and how could it be set up?

■ Through what mechanisms could the
NGOC interact better with other struc-
tures to influence international agricul-
tural research? How could a coordinated
strategy be developed with NGOs and
other civil-society organizations that are
not represented directly in the NGOC?

■ What should constitute the NGOC’s
plan of action, which it will implement
in the coming years in partnership with
all members of civil society interested in
joining the effort?
Another major subject of discussion is

the growing prevalence of partnerships
between publicly financed international
research centers and private-sector biotech-
nology companies and the attendant intel-
lectual-property-rights issues. Many mem-
bers of civil society are concerned that as
more CG centers enter into partnerships
with private corporations, serious ethical
questions emerge about what type of
research is carried out and who owns the
research results. There is a danger that
research in the CG centers could increas-
ingly reflect the interests of privately fund-
ed organizations, at the expense of
public-goods research, and one of the goals
of the electronic conference and subse-
quent workshop is to envision a strategy to
ensure that publicly funded international
agricultural research primarily addresses
the interests of poor farmers.

The electronic conference will take
place from January 8-19, 2001 and be
coordinated by RIMISP (International Net-
work on Methodology of Farming Systems
Research) in Santiago, Chile. Interested par-
ties who would like to participate and can
take an active part in the discussions during
the full two-week period should contact the
author for further information.   

For further information, contact: Miguel Altieri,
Co-Chair, CGIAR-NGOC, University of Califor-
nia-Berkeley, ESPM-Division of Insect Biology,
201 Wellman-3112, Berkeley, CA 94720-3112.
Tel: (510) 642-9802. Fax: (510) 642-7428. E-mail:
agroeco3@nature.berkeley.edu.
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ALERT: CGIAR Welcomes Civil Society’s Input on New Directions 
for Agricultural Research Policy, Invites Participation 
in a January 2001 Electronic Conference

Miguel Altieri, a professor in the Department
of Environmental Science, Policy, and Man-
agement’s Center for Biological Control at the
University of California-Berkeley, also serves
as: the technical advisor to the Latin American
Consortium on Agroecology and Development
in Santiago, Chile; general coordinator for the
United Nations Development Program’s Sus-
tainable Agriculture Networking and Exten-
sion Program; and co-chair of the CGIAR’s
NGO Committee. He has written numerous
books and articles on agroecology, sustainable
agriculture, and, most recently, the ecological
risks of agricultural biotechnology.



by K.V. Raman, 
Ewa Zimnoch-Guzowska, and
Nadezhda Zoteyeva

Nikolai I. Vavilov, the famous Soviet
geneticist and plant collector, hunted plants
in more than 50 countries during the 1920s
and 1930s and collected numerous speci-
mens of potato and its wild relatives in
expeditions to South America. In 1921 he
paid his first visit to Cornell University,
where he met Prof. R.A. Emerson, who
offered him several corn germplasm acces-
sions for use in Russia.

One of Vavilov’s greatest contributions
to plant genetics and plant breeding was his
development of the concept of centers of
origin for cultivated plants, geographic
locations where the plants are genetically
most diverse. He mapped eight centers of
diversity on the planet that identified where
various crops most likely originated. One
region of one of those areas—the Andean
highlands and Chile—is the likely center of
origin of the potato.

Arrested and charged by Stalin’s regime
for espionage and efforts to harm agricul-
ture, Vavilov died in a gulag in 1943,
reportedly of starvation. His contributions
were finally acknowledged after the Stalin
era ended. In 1967, the Institute of Plant
Industry in the city then known as
Leningrad (now St. Petersburg) was named
in his honor. Since Vavilov directed the
Institute from 1927-40, it was a particular-
ly fitting tribute to his legacy.

The N.I. Vavilov All-Russian Scientific
Research Institute of Plant Industry (VIR)
now holds one of the largest known plant
germplasm collections, consisting of
approximately 334,000 accessions of more
than 2,000 species. (This collection, started
by Vavilov, was the inspiration and the
model for similar collections in Great
Britain, Peru, and the United States.) The
former Soviet Union’s range of climatic
zones made it possible to maintain the col-
lections of many genera of cultivated
plants under natural conditions, and VIR

had experimental stations in each climatic
zone of the country. These stations ranged
from the north (Kolsky Peninsula) to the
south (Abhazia in the Caucasus and
Ukraine’s temperate continental and sub-
tropical Crimean regions), and from the
west (St. Petersburg region) to the east
(Turkmenistan and Uzbekistan in Central
Asia). In the 1990s, VIR lost some of the
experimental stations, such as those in
Abhazia, Turkmenistan, Ukraine, and
Uzbekistan. The remaining experimental
stations are sufficient to continue work on
the collection of various species.

Lest We Forget: The Old Story
Merits Retelling

In particular, the collection contains
several cultivated and wild potato species
that are used in Russia and around the
world. Both DIVERSITY (Vol.7, No.4, pp.
10-13) and the American Potato Journal
(Vol. 52, 1975, pp. 65-69) have related how
Russian scientists saved the potato collec-
tion from German air raids and shelling of
the area in which it was planted (near
Pavlosk). Despite these threats, scientists
harvested pea-sized tubers from several
wild and cultivated potato varieties. They
then succeeded in convincing their com-
manding officer that the loss of the potato
collection would inflict a blow to the nation
equal to defeat in a decisive battle. With the
commander’s help, a truck was secured
and the collection sent to the basement of a
building located at 87 Moika Embank-
ment. Scientists like A.J. Kameraz went
back to the plots and brought back, in
sacks, the tubers of other important potato
varieties, walking from the burning
Pavlosk to Leningrad.

But the collection in the Moika Embank-
ment basement still was threatened, now
by severe frost and rats. Olga A. Voskre-
senkaya was solely in charge of the collec-
tion, and as bread rations were reduced,
hunger finally weakened this courageous
woman. She could have kept herself alive
by eating some of the tubers located in the
basement, but Voskresenkaya didn’t avail
herself of one single potato. The very
thought was blasphemous. Due to her dete-
riorating health, she had to be convinced to
leave, and Vadim S. Lehnovicz became the
safekeeper of the collection.

During the cruelest period of the first
winter of the siege, Lehnovicz was out of
fuel and temperatures in the basement fell

to perilous levels. The small stove used to
warm the place persistently demanded fuel.
Lehnovicz pleaded with soldiers, orderlies,
and wounded attendants in the first floor to
share firewood. They felt sorry for him and
gave him small bits of broken-up furniture.
But this was not enough, and he needed
more heat to save the collection. Amidst
the brutal bombardment, Lehnovicz
obtained plywood and hauled firewood
from the October district committee. Other
workers winter-proofed the doors and
caulked all the cracks with wadding, rags,
and bags. Scientists also identified the
holes from which rats launched their raids
on the bags of potatoes, and then sealed the
openings with bricks.

Throughout that harsh winter the tem-
perature in the basement did not once fall
below freezing. Finally winter ended, and
this unique potato collection had been
saved. In the spring, the scientists consid-
ered themselves lucky to be able to plant
the collection in Sovkhoz “Lesnoye” (a
Soviet collective farm), preserving it for
science and for all countries.

Sounding the Alarm Again
The survival of VIR’s potato germ-

plasm collection is once again threatened,
this time by deteriorating economic condi-
tions in Russia. The Cornell-Eastern
Europe-Mexico (CEEM) International
Collaborative Project in Potato Late Blight
Control arranged for 45 scientists from 15
countries to visit VIR during July 1998,
and the group sounded alarms about the
impending loss of genetic diversity. VIR’s

K.V. Raman is executive director of the CEEM
Project and professor of plant breeding at Cor-
nell University. Ewa Zimnoch-Guzowska
directs the Mlochow Research Center of the
Plant Breeding & Acclimatization Center in
Poland. Nadezhda Zoteyeva serves as curator
of VIR’s Wild-Species Germplasm Collection
in Russia.

T he Vavilov Research Institute’s Potato Collection Survived the Siege 
of Leningrad—Will It Survive 21st-Century Economic Restructuring?
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The lack of funding and maintenance is taking its
toll on VIR’s St. Petersburg headquarters.

Photo by Patrick Russo.



funds were being cut, personnel were being
laid off, and the lack of resources meant
that potato accessions could not be replant-
ed as often as needed to properly maintain
the collection.

During a 1997 CEEM-sponsored study
visit to VIR, it had become clear that the
condition of some of the potato collections
is deteriorating. In the autumn of 1990
there had been a fire in the building where
many true-seed-potato accessions were
stored, and a major part of this collection
lost its ability to germinate due to the high
temperatures that occurred in the building.
Copies of seed potatoes of these accessions
stored in the central repository in VIR’s
Kuban Experimental Station are very old
and must be regenerated by sowing and
reproduction. If samples are not regenerat-
ed, genebanks such as VIR’s can become
gene morgues. It would be a great irony if
the collection that survived the siege of
Leningrad were to succumb to mere fund-
ing shortfalls; what would be worse, should
such a loss in fact occur, is that it would
significantly reduce the pool of potato
germplasm available for resistance breed-
ing. VIR is in dire need of financial and
technical assistance for the regeneration,
evaluation, and development of in vitro and
virus-indexing procedures for the preserva-
tion of potato germplasm in its collection.

Another CEEM-supported study, done
in 1999, determined that the provision of
essential supplies and reagents would
enhance the analysis and cataloguing of
VIR’s potato germplasm accessions. A
well-analyzed and well-catalogued potato
collection will enable breeders to develop
the high-yielding, pest- and disease-resis-
tant varieties needed to meet the ever-
increasing global demand for food.

The Absence of Potato Diversity 
Can Lead to Disaster

History teaches that the lack of potato
genetic diversity can have grave conse-
quences. In mid-nineteenth-century Ire-
land, monoculture rendered the potato crop
extremely susceptible to the potato late-
blight pathogen (Phytophthora infestans).
In 1845, the disease struck, and the ensuing
famine became the worst disaster since the
medieval plagues. The famine killed one
million in Ireland and Europe, and nearly
two million people emigrated from the
Emerald Isle before farmers diversified
their agriculture.

It was a tragic lesson in genetic vulner-
ability.

Attempts to maximize yields, if they also
have the effect of narrowing genetic diver-

sity, can put entire crops at risk of being
wiped out by a new disease or pest. New,
aggressive strains of the Irish-potato-famine
fungus now threaten potato crops in many
parts of the world, including many regions
of Eastern Europe. The potato collections
maintained at VIR and elsewhere can serve
as a source of useful genes for resistance
against aggressive late-blight pathogen
strains, as well as other valuable traits.

Preserving the Potato Genetic
Diversity at VIR

According to a 1997 CEEM-supported
study, the VIR potato collection, presently
headed by L. Kostina, consists of approxi-
mately 10,000 entries. Of these, about

6,000-7,000 are planted in the field and
approximately 3,000 are stored as true
seeds. In the past, the collections were
evaluated for resistance to major potato
diseases and pests; but due to a shortage of
funds, these procedures are no longer being
done. Until recently, the potato team had
not been able to check for the presence of
viruses and the potato spindle tuber viroid
(PSTV) because they lacked the essential
equipment for detection.

The collection is grouped into six dif-
ferent categories:
■ Primitive cultivated species; 700 acces-

sions of 11 species, of which many may
contain resistance genes to major dis-
eases such as potato late blight, bacterial
rot, and viruses. Curated by S. Palekha;

■ Potato cultivars; nearly 1,900 acces-
sions, including 190 Russian cultivars.
Some of these may contain resistance to
potato late blight, scab, bacterial, and
viral diseases. Curated by L. Kostina;

■ Wild species; nearly 2,500 accessions
belonging to 70 species. Some are
unique and not duplicated in other col-
lections; a few of them may contain
resistance to late-blight pathogen, virus-
es, blackleg, wart, and other potato
pathogens. Curated by N. Zoteyeva;

■ S. andigena; 2,600 accessions, 300 of
which were collected by the Russian

expeditions. These 2,600 accessions—
conserved as true seeds (2,200) and
tubers (400)—may be a valuable source
for breeding for resistance to late blight
and nematodes and for high starch con-
tent. Curated by S. Kiru;

■ Primitive cultivars from Chile; 120
accessions. Part of this collection is
maintained in vitro; and

■ Interspecific hybrids developed by the
late K.Z. Budin. Parental lines have
been created in this group, which breed-
ers can use as a desired source of resis-
tance to potato late blight and potato
virus Y (PVY).
There are major difficulties in preserv-

ing the collection. It is a challenge to 

multiply materials under greenhouse con-
ditions without a proper watering system,
air conditioning, and soil-fumigation pro-
cedures. Researchers have been unable to
test the in vitro collection for contamina-
tion with pathogens such as PSTV. Condi-
tions for storing potato tubers are
inadequate (electric heaters and ventilation
are needed). The Russian government’s
support no longer covers operating costs,
and it is no longer possible to maintain the
buildings. Staff wages—when paid at all—
are extremely low.

The CEEM-IHAR-VIR
Collaboration

VIR has appealed to the international
community to take immediate action to
improve the safety of the collections (in
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Deteriorating greenhouses
make it difficult to properly
preserve VIR’s collections.

Photos by Patrick Russo.



particular, those of vegetatively propagated
crops such as potatoes) and to establish an
International VIR Consultative Group.
This group, which would consist of experts
from relevant public and private institu-
tions, would oversee the restructuring of
the Institute.

CEEM—whose objective it is to lessen
the problem of late blight through selected
activities in Eastern Europe, Mexico, and
the U.S.—has answered this call to support
VIR. In light of the enormity of the late-
blight problem, CEEM recognizes that suc-
cess requires a collaborative effort among
institutions and scientists worldwide. Each
collaborator plays an important—and non-
duplicative—role. CEEM strives to facili-
tate the sharing of information and
biological materials and technology that
might help solve the late-blight problem.

CEEM also recognizes that the potato
accessions maintained at VIR are essential
to the improvement of the potato crop.
Despite VIR’s repeated requests to both
national and international donor agencies,
support for maintenance and documenta-
tion of the potato collection has been min-
imal, and some scientists are concerned
that any future funding might be used for
priorities other than potato research.
CEEM’s challenge, therefore, was to con-
vince interested donors of the urgency of
saving the potato collection by preserving
some of its more strategically important
potato accessions. With initial support
from the Wallace Genetic Foundation, the
United States Department of Agriculture’s
Foreign Agricultural Service (USDA-
FAS), and an anonymous donor, a few
strategic projects are being implemented.

For example, promising potato cultivars
at VIR are now undergoing a virus-eradi-
cation procedure. Many of VIR’s potato
accessions are infected with potato patho-
gens and in most cases an accession’s indi-
vidual health status is not known. Thus,
researchers worldwide were unable to
access them due to phytosanitary regula-
tions. In collaboration with CEEM, scien-
tists at the Mlochow Research Center of
the Plant Breeding and Acclimatization
Institute in Poland (IHAR) tested 90 sam-
ples of potato cultivars for contamination
with PSTV, and found that 15% of the sam-
ples were infected. VIR’s Darya Frolova
was trained at IHAR to use reliable diag-
nostic techniques and to dissect apical
meristems to produce virus-free potato
plants through micro-propagation, and in
1999 IHAR provided ELISA kits that
allowed VIR to test approximately 10,000
samples for the main potato viruses.

Thanks to these collaborative efforts, VIR
now is able to maintain a part of its cultivar
collection virus-free, which will facilitate
the exchange of germplasm with potato
breeders from Russia and elsewhere.

Also, in March 1999 Patrick Russo, a
Cornell University plant pathologist, con-
ducted a training program at VIR. Russo
delivered several detection kits to identify
particular diseases (such as potato leaf roll
virus and potato viruses A, X, and Y) and
shared techniques to extend the testing
capacity of detection kits such as ELISA.
(For example, kits designed to test 500 sam-
ples could be modified to do 4,000 sam-
ples). These procedures and kits are now
regularly used by VIR scientists to improve
the health of their potato collection.

Another important project is the rescue

of the wild-species collection stored at
VIR’s Kuban station. Nadezhda Zoteyeva,
curator of VIR’s wild-species germplasm
collection, is conducting this study in col-
laboration with scientists at the Mlochow
Research Center in Poland. Now in her
third year of work, Zoteyeva has started the
long process of rejuvenating the accessions
from old true seed potatoes. Many of these
seeds had been stored for several years and
there is no guarantee that they will germi-
nate. From 1998-2000, old true seeds of
305 accessions of wild species stored at
Kuban were sown at Mlochow for multi-
plication; 57% of these germinated and
were planted, in both the greenhouse and
the field. The planted material was tested
for the presence of PSTV and 25 plants of
each accession were bulk pollinated. In
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Table 1.

CEEM’S ACTIVITIES IN SUPPORT OF VIR (1996-2000)

Activities Outcomes

Identification of Two VIR scientists attended the strategic planning conference on potato 
research priorities late blight at Cornell University and provided input for projects at VIR.

Assessment of current Consultancy visit identified details: 45 scientists from 15 countries 
status and needs conducted an on-site review of VIR’s facilities.

Rescue of VIR wild Important germplasm was regenerated and tested for health status at 
potato species IHAR, Poland.

Training opportunities VIR scientists were trained in Poland on the use of molecular tools.

A Cornell scientist conducted a special course at VIR on using ELISA,
and ELISA kits were donated to VIR.

A VIR scientist was trained at the U.S. potato genebank at Sturgeon
Bay, Wisconsin in the use of molecular tools.

Several VIR scientists received fellowships for training in potato
breeding for resistance to pests/diseases.

VIR staff participated in international conferences in Poland, the U.S.,
and India.

Funding for publications A Russian/English manual on the methods and techniques used in
potato breeding is in progress.

Table 2.

THE VIR POTATO PROGRAM’S ONGOING NEEDS

Item Description Needs

Greenhouses Installation of water system, air-conditioning, sprayers, refrigerator, and
shading system; renovation of in vitro facilities and artificial-light and
laminar chambers

Laboratories Virus-detection equipment, ELISA roller press, ELISA readers,
microplate readers, water-distillation system, UV lamps, laminar
chamber, air conditioning, controlled-environment chambers, electric
generator, microscope, cabinets for potato herbarium, refrigerator

Experimental Fields Cultivator, bed former, ridger, mover, field nets, irrigation system, scales

Storage Electric heaters with ventilation, sprayers, fumigators, spare parts for
existing equipment

Literature Subscriptions to major potato journals



Peru is an important global center of
biodiversity, thanks to its abundant wild
species and its concentration of native-crop
diversity. After the Russian scientist and
collector N.I. Vavilov (see p. 12) identified
the Andes as a center of diversity, this
mountain region became known for its sig-
nificance in the domestication of the bean
(Phaseolus spp.) and the tomato (Lycoper-
sicon spp.). Many endemic crops, including
quinoa (Chenopodium quinoa) and olluco
(Ullucus tuberosus), have their center of
origin in the Andes and remain important
staple foods in Andean countries.

The potato, or papa (Solanum spp.), is
another commonly consumed crop that was
domesticated in Peru, and the Lake Titica-
ca region (a major center of potato diversi-
ty) alone harbors close to 120 wild species.
Potato germplasm diversity, in particular, is
threatened by the spread of improved vari-
eties, farmers’ inability to obtain native
seed, and declining production knowledge.
There is, however, a strong desire to con-
serve native potato diversity in Peru, and
there still are individual farmers who con-
serve as many as 200 varieties of potatoes

in single plots—not only to ensure their
own subsistence, but to safeguard their rich
heritage as well. Many can recite from
memory over 100 folk names for potato
varieties, which reflect not only the physi-
cal aspects of the potato but also place of
origin and local humor. Examples include
varieties such as “Rodilla de Vieja” (“Old
person’s knee”), “Guancaina” (a place

name), and “Peruanita,” which boasts the
colors of the Peruvian flag.

While international organizations have
been involved in the conservation of Peru’s
crop diversity, many national nongovern-
mental organizations (NGOs) have under-
taken efforts to support conservation on a
local scale. These organizations encourage
the continued production and use of native
varieties by reinforcing the cultural value of
traditional crops in rural communities, sup-
porting local systems for the exchange of
knowledge and crop germplasm, and seek-
ing alternative means of “adding value” to
native crops. The distinct approaches of
three of these Peruvian NGOs might serve
as models for biodiversity conservation on
a local and regional scale.

CIED-EDAC “Markets” Local
Varieties by Selling Them

In the past, market forces—which tend
to integrate and assimilate local communi-
ties into larger commercial and socio-cul-
tural circles—has been counted among the
many factors contributing to the loss of
crop genetic diversity. This socio-econom-

Grassroots Biodiversity Conservation, Peruvian Style

1998 and 1999, true seeds were collected
from 91 accessions and tubers were har-
vested from 76 accessions. (The material
planted in 2000 has not yet been harvest-
ed.) All of the reproduced true-seed sam-
ples have been sent to VIR and are also
held at IHAR-Mlochow; these are avail-
able to researchers upon request. The res-
cued accessions were screened for
resistance to the late-blight pathogen and
viruses (PVX and three strains of PVY),
and many promising VIR materials have
been identified.

Training and other CEEM-supported
activities continue. For example, Nadezhda
Zoteyeva and Stepan Kiru participated in
the 1999 Global Conference on the Potato
held in New Delhi, India, and Kiru also
participated in a training program at the
potato germplasm center at Sturgeon Bay,
Wisconsin (U.S.). (For additional details
on CEEM’s role in strengthening collabo-
rative projects involving VIR, see Table 1.)

The support of donors and scientists
around the world has been critical in
renewing VIR’s work. Important reagents,
books, and a computer for use in maintain-
ing essential data on potato germplasm

have been donated to VIR, and the collab-
orations with Poland’s Plant Breeding Cen-
ter, Cornell University, and Sturgeon Bay
have proven invaluable. But a great deal
remains to be done (see Table 2). CEEM
and VIR recently submitted a research pro-
posal to modernize techniques for main-
taining the potato collection and screening
accessions for resistance to late blight. This
project would significantly enhance
research and technology transfer in potato
conservation and utilization.

It would be a great irony if the
collection that survived the siege
of Leningrad were to succumb 

to mere funding shortfalls.

Despite the daunting challenges they
face, Russian scientists in charge of the
potato collection continue to perform their
duties. Many students participate in semi-
nars and workshops, which suggests that a
new generation of Russian scientists will
carry on VIR’s work. Although it is possi-
ble that even large amounts of funding may
not salvage the entire VIR collection—in

fact, many important potato accessions
already may have been lost—it is impor-
tant to conserve as much of the collection
as possible. By modernizing and becoming
a cost-efficient organization that adheres to
the highest scientific standards, VIR aims
to restore its status as one of the most
important genebanks in the world.   

For further information, contact: K.V. Raman,
Executive Director, Cornell-Eastern Europe-Mexi-
co Potato Late Blight Project, 266 Emerson Hall,
Cornell University, Ithaca, NY 14853-2801. Tel:
(607) 255-6357. Fax: (607) 255-8186. E-mail:
kvr1@cornell.edu. Or Ewa Zimnoch-Guzowska,
Head of Center, Mlochow Research Center of the
Plant Breeding & Acclimatization Center, 05-831
Mlochow, Poland. Tel: (4822) 729-9248. Fax:
(4822) 729-9247. E-mail: e.zimnoch-guzowska@
ihar.edu.pl. Or Nadezhda Zoteyeva, Curator, Wild-
Species Germplasm Collection, N.I. Vavilov All-
Russian Scientific Research Institute of Plant
Industry, 190000, Bolshaya Morskaya, 42, St.
Petersburg, Russia. Tel: (7812) 314-4848. Fax:
(7812) 311-8762. E-mail: nz@vz6091.spb.edu. Or
visit the Web sites of CEEM at www.cals.cornell.
edu/dept/plantbreed/CEEM/, IHAR at www.ihar.
edu.pl, and VIR at www.dainet.de/genres/vir/.
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A campesina sells jams, juices, and wines made
from native fruits such as poro poro (Passiflora
mollisima) at the monthly ecological fair in Caja-
marca city. Photo by Amanda King.



ic integration, which often results in the
loss of cultural traditions, knowledge, and
local seed, threatens the continued produc-
tion of local varieties.

Recently however, Centro del Investi-
gación, Educación, y Desarrollo (CIED)
has been attempting to turn the market into
a tool for the conservation of biological
diversity, by using it to build incentives for
the continued production of local cultivars.
(For 25 years, CIED has promoted sustain-
able agriculture and rural development in
the Peruvian departments of Cajamarca,
Lima, Arequipa, and Puno.) CIED’s local
branch in Cajamarca, the Equipo de Desar-
rollo Agropecuario de Cajamarca (EDAC),
is developing alternative market products
that draw upon the rich diversity of native
fruit and vegetable crops, as well as other
local resources.

On the first Saturday of every month, a
group of small businesses from six
provinces in Cajamarca holds an ecologi-
cal market, offering products certified by
CIED/EDAC’s scientific team to have been
produced using ecologically sound meth-
ods. These include the use of organic fertil-
izers, biological pest control, and diversi-
fied production systems that involve
combinations of crops, the intensive use of
space, and conservation of resources such
as soil and water. Products sold at the mar-
ket include both unprocessed goods (such
as papa; mashua (Tropaeolum tuberosum),
an Andean tuber crop used in local dishes;
and other garden vegetables) as well as
processed goods (including cheese, yogurt,
juice, jam, and wine made from various
types of native fruits and vegetables, such
as sauco (Sambucus peruvianus) and
tomatillo (Physalis peruviana)). Some of
these crops have long been part of Andean
farm ecosystems but have traditionally
served other functions. (For example,
sauco is a tree fruit, and in the past the trees
were mainly used for plot borders, which
both served as barriers and helped produce
comfortable microclimates.)

The ecological market has several
important effects. First, it draws recogni-
tion to the practice of agroecology as a
viable and beneficial production system. It
also encourages the continued production
and consumption of native fruits, vegeta-
bles, and tubers, which—because they
have high nutritional value and can grow in
marginal environments—are valuable sub-
sistence crops. These crops represent an
important part of the crop diversity that is
found in Peru, as they are specifically
adapted to the pests, climate, and soils of
the Andean ecosystem. By supplying a

market for these crops, CIED/EDAC
makes their continued production prof-
itable for local farmers, ensuring that they
will continue to provide an economically
significant alternative to improved and
imported varieties. Furthermore, the eco-
logical market reacquaints urban con-
sumers with traditional crop varieties and
stimulates public interest in, and support
for, innovative crop products and sustain-
able production methods.

Centro IDEAS’ Agricultural Fair 
Is a Real Winner

Agricultural fairs support the continued
production of crop diversity in crucial
ways, particularly by reaffirming local cul-
ture and crop-related knowledge and facil-
itating the exchange of information and
germplasm. Often linked to local holidays,
fairs provide a chance for farmers to gather
and celebrate, as well as to share experience
related to the cultivation of local varieties.
Centro de Investigación, Documentación,
Educación, Asesoria, y Servicios (Centro
IDEAS), an NGO active in the departments
of Piura, Cajamarca, Amazonas, and Lima,
has spent 20 years promoting sustainable
development, gender equity, and social jus-
tice in Peru. Centro IDEAS has adopted the
familiar venue of the agricultural fair to
support the conservation and exchange of
seed, as well as to identify the local vari-
eties of various crops and the farmers
involved in their conservation.

In San Marcos, Cajamarca, Centro
IDEAS convenes an annual seed fair known
as the Feria de Cultivos Alto-Andinos y de
Alpaca. Farmers gather for two days to par-
ticipate in competitions relating to the num-

ber of native-crop varieties they maintain
and the quality of their livestock, as well as
their agricultural skills (such as alpaca
shearing) and cultural and artistic skills
(e.g., storytelling and weaving). The win-
ners of the competitions are awarded prizes
(usually, agricultural implements, yarn, or
high-quality tools) and treated to a round of
applause from community members.

In addition to participating in the com-
petitions featuring varieties of native
Andean tuber and grain crops—including
papa, mashua, olluco, quinoa, and oca
(Oxalis tuberosa)—farmers are ranked in
the number of garden vegetable, herbal,
and flower crops they maintain. A member
of Centro IDEAS records the names of
varieties represented, their producers, and
communities of origin; this yields an annu-
al record of locally maintained varieties.
Competition is fierce: some farmers have
demonstrated as many as 200 varieties of
papa, over 30 varieties of oca, and nine
varieties of quinoa.

By using fairs as part of a larger project
aimed at managing and conserving local
resources, Centro IDEAS is able to both
support farmers involved in the production
of native varieties and develop a network
of in situ conservationists. Furthermore,
the fairs provide an opportunity for the
public to celebrate local biodiversity. Cen-
tro IDEAS plans to expand these initial
attempts at documenting local varieties
into a more systematic project that will
conserve, in situ, native cultivars and wild
relatives. Centro IDEAS will collaborate
with partners such as the Instituto Nacional
de Investigación Agraria (INIA) to collect,
describe, and characterize native varieties,
as well as teach farmers techniques that
will allow them to monitor the diversity on
their own plots.

ANDES: Indigenous Peoples 
Hone Their Networking Skills

While in many areas the threats to crop
biodiversity stem from environmental
causes, the loss of native cultivars can also
be attributed to policy and social factors,
including the loss of cultural knowledge,
the breakdown of community cohesion,
and, increasingly, the actions of outside
organizations that introduce new varieties
or appropriate community knowledge and
seed. Legislative proposals have recently
been introduced in Peru that would protect
the collective knowledge of indigenous
peoples and access to genetic resources via
intellectual property rights. In order for
communities to benefit from their own
knowledge and genetic resources, they
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Campesinas enter their quinoa, oca, and vegetable
crops in a competition for native-crop diversity
(the Feria de Cultivos Alto-Andinos y de Alpaca) in
the district of San Marcos.

Photo by Amanda King.



would be required to register local varieties
with Instituto Nacional de Defensa de la
Competencia y de la Protección de la
Propiedad Intelectual (INDECOPI). Unlike
the resource-related legislation passed by
Bolivia and the Philippines, the Peruvian

law recognizes that indigenous peoples’
knowledge is collective property. Howev-
er, many indigenous peoples have been
critical of the law, since their role in policy
development is limited.

For the last six years, the Asociación
Quechua-Aymara para Comunidades
Sostenibles (ANDES) has worked in the
departments of Cusco and Apurimac, pro-
viding technical support and capacity
building to the indigenous communities
responsible for the management and con-
servation of a rich center of Andean crop
diversity. In light of the recent legislation,
ANDES has begun working with commu-
nities to find out how local concepts of
rights can be integrated into the develop-
ment of frameworks to protect local
knowledge and resources. The goal is to
help indigenous peoples collectively define
principles that are based on customary laws
in order to guide their participation in agro-
biodiversity conservation. ANDES hopes
to use this type of local consultation to
shape the creation of the new Peruvian law
governing the protection and conservation
of Andean crops.

One of the unique aspects of ANDES’
projects is their form of local networking, in
which communities form study groups to
familiarize themselves with their rights, the
nature of their customary laws, and cultural
norms related to the regulation of genetic
resources. These study groups not only
reaffirm the importance of traditional crops,
but also reinforce the knowledge and man-
agement practices that contribute to the

maintenance of local varieties. ANDES
acts as a facilitator for the development of
local protocols for the management of bio-
diversity, engaging the community through
focus workshops, personal interviews, and
the dissemination of research results

among community mem-
bers. Communities that
interact with external
agents seeking access to
local resources can use
these protocols as negoti-
ating tools.

The protocol-devel-
opment process itself
helps indigenous peoples
and local communities
reaffirm the cultural val-
ues that relate to the
management of genetic
resources. In addition,
the protocols will assist
ANDES in its plans to
develop an Andean “bio-
diversity corridor” that

will link sites of high cultural and biologi-
cal significance under a conservation plan
developed and managed by indigenous
groups from seven Andean countries.

Conservation from the Ground Up
As demonstrated by the work of these

organizations, many important initiatives
for biodiversity conservation are currently
taking place in local communities in Peru.
There are numerous ways to rebuild or
reinforce the cultural values, market incen-
tives, and systems of information and crop
exchange that support the continued pro-
duction and conservation of native-crop
varieties. Ecological markets, seed fairs,
and community-based protocols are just
three means of supporting the social sys-
tems and traditional knowledge underlying
agricultural production. The activities of

CIED, Centro IDEAS, and ANDES illus-
trate the importance of promoting conser-
vation from the ground up.

While much progress is being made by
independent NGOs working to support
local conservation efforts in Peru, there is a
great need for increased inter-agency col-
laboration. Collaboration is essential if peo-
ple are to share practical methodologies,
collate and expand upon patchy knowledge
regarding local crop diversity, and build
upon existing projects for the exchange and
conservation of native-crop varieties.
Building upon the three approaches high-
lighted here—for example, by sponsoring
inter-district seed fairs, developing “repop-
ulation projects” to help reestablish native
crops in areas where they have been lost,
and encouraging the exchange of conserva-
tion models and protocols for the support
of community rights—could exponentially
decrease genetic erosion and allow both
communities and NGOs to collectively
benefit from the wealth of experience that
has been accrued in recent years.

The efforts of CIED, Centro IDEAS,
and ANDES are essential pieces of the puz-
zle of how to begin to conserve local crop
diversity. Fitted together, their strategies
form a basis for an effective and empower-
ing conservation plan.   

—AK

For further information, contact: Juan Sanchez
(Lima) or Ruben Figueroa (Cajamarca), CIED/
EDAC, Las Casuarinas F-3-340, Urbanización El
Ingenio, Cajamarca, Peru. Tel: 51-14378327
(Lima), 51-44823429 (Cajamarca). E-mail: juan@
ciedperu.org. Or Miguel Renteria, Centro IDEAS,
Los Sauces 453, Urbanización Los Rosales, Caja-
marca, Peru. Tel: 44858091 (Cajamarca), 4230645
(Lima). E-mail: ideascaj@jfs.limaperu.net. Or
Alejandro Argumedo, ANDES, Calle Ruinas 451,
Cusco, Peru. Tel: 245021. E-mail: andes@andes.
org.pe. Or visit INDECOPI’s Web site at http://
www.indecopi.gob.pe.

B I O ■ P O L I C Y

Vol.16, No.3, 2000 D I V E R S I T Y 17

ANDES helps build family-managed greenhouses, such as this one in
the community of Cuyo Grande, Cusco, in order to improve food secu-
rity and access to medicinal plants. Photo by Amanda King.

JOBS, MEETINGS, LINKS—THEY’RE ALL AT www.diversitymag.org

In order to better serve the genetic resources community, GRCS/DIVERSITY is
expanding its Web site. The site now features information about GRCS, DIVERSI-
TY Magazine, and the William L. Brown Award, as well as job postings, meetings
notices, and information resources.

If you have non-commercial information that you would like to post on our Web
site, please e-mail it to info@diversitymag.org. All submissions will be posted
promptly.

In the future, we plan to add other features and services. So please visit regular-
ly to see what’s been added, and let us know what type of information and features
you would find most useful. Help us make www.diversitymag.org YOUR clearing-
house for genetic resources information and ideas!



At the base of Europe’s “Black Trian-
gle”—where the former East Germany,
Poland, and the Czech Republic come
together to form the continent’s most pol-
lution-choked region—lie the Sudety
Mountains. The highest peaks (about 1,300
meters) of the Sudety form the border
between Poland and the Czech Republic.
The vegetation of the peaks is tundra-like,
similar to that of northern Scandinavia, and
a relic of the earlier post-glacial period.

On the northern, Polish side of the bor-
der, the land drops away rapidly, and the
Karkonosze National Park—famous for its
fantastically shaped metamorphic rock out-
croppings and its numerous cascades and
waterfalls—forms a long, narrow strip from
elevations of about 200 to 1,300 meters. On
the Czech side, a plateau slopes to the south-
west. Prior to World War II, the forests of the
Sudety contained lush stands of both native
and introduced Norway spruce, larch, and
Scotch pine combined with a rich mixture of
broad-leaved species. By 1990, even as Cen-
tral Europe exulted in the heady atmosphere
of political change sweeping the region,
the montane forests of the Sudety were
reeling from four decades of heavy blows.

A GEF biodiversity project being
designed today would likely

involve much closer cooperation
with NGOs and the private sector

in project preparation and
implementation.

Forests had begun declining in Poland,
Czechoslovakia, and Germany as early as
the 1950s and ’60s. Industrial air pollution
was a major culprit: Within a relatively
small area of the “Black Triangle,” 16 large
coal-fired power plants and smelters dis-
gorged a toxic stew of sulfur dioxide, nitro-
gen oxides, and other damaging emissions.
By 1990, an estimated annual average of
five tons of sulfur emissions per square
kilometer blanketed Polish forests, with
half of these woodlands showing signs of
pollution-related decline.

Particularly affected were the mountain-
ous forests of southwest Poland. Within ten
years, sulfur deposition had lowered the
pH of mountain soils from 3.2 to 2.6. Some
26,000 hectares of forests at the highest
altitudes—more than 10% of the total for-

est area of the Sudety—were dead. Accom-
panying this high-altitude forest death was
extensive deforestation at mid-elevations
and weakened stands at lower elevations.

The Newly Formed GEF 
Intervened to Stem the Destruction

Into this challenging terrain stepped the
Global Environment Facility (GEF), an
international fund established in 1991 and
charged with supporting global environ-
mental protection, including the conserva-
tion of biodiversity.1 One of its first pilot
projects was an initiative, negotiated over
the course of 1991 between World Bank
and Polish officials, aimed at protecting
Poland’s forest-based biodiversity. The
project was both the first GEF-funded pro-
ject implemented by the World Bank and
the first operation of any kind undertaken
by the World Bank in Poland.

The project sought to protect the most
important of Poland’s disappearing forest
treasures, a major source of germplasm for
the afforestation of the rest of Europe. In
addition to the dying forests of the Sudety
Mountains in southwest Poland, the project
targeted the Bialowieza Primeval Forest
(BPF), located in northeastern Poland
along the border with Belarus. Also a
threatened area of international biological
importance, the BPF is the last remnant of
any significant size of the vast lowland for-
est that once covered northern Europe. The
forests of the Sudety and the BPF remained
intact because their fauna had been the
quarry of royal hunters from the tenth cen-
tury. (Indeed, the facilities used as park
headquarters within the BPF were built in
the late 19th century by the czars of Russia
as a hunting lodge.) While the royal hunters
have long since exited the scene, the bio-
logical resources of Poland’s forests have
become valuable to a broader constituency.
They are among Europe’s largest remain-

ing expanses of natural forests and the only
sites in which some genetic material of
importance to renewable resource manage-
ment and the restoration of pollution-
damaged natural systems can be found.

Unlike the Sudety forests, the BPF was
not faced with immediate destruction. It
was beginning to show some signs of stress
from local air- and water-polluting indus-
tries, but the primary threat was unsustain-
able timber production in the managed
areas surrounding it, which cast a pall over
the future of the biological resources of the
BPF. Containing relict and endemic fauna
and flora such as the European bison, lynx,
wolf, moose, masked shrew, and numerous
orchid varieties, the BPF had been desig-
nated a national park in 1921 and a World
Biosphere Reserve and World Heritage Site
in the late 1970s. Multiple-use forest man-
agement was essentially unknown in
Poland in the early 1990s, and only a core
zone of fewer than 5,000 hectares within
the Bialowieza Forest was protected (the
BPF). The remaining 53,000 hectares of
forest on the Polish side of the border were
managed as commercial forest solely for
timber production.

A Diversity of Approaches to
Protecting Biological Resources
Given the very different nature of the

threats in the Sudety and at Bialowieza,
two quite different approaches were taken.
In the former case, the project carried out
ex situ measures to collect unique plant
genetic resources before these resources
disappeared altogether and preserve these
resources for eventual use in restoration of
damaged forest areas. At BPF, the empha-
sis was on in situ conservation of the forest
ecosystem, particularly in the tracts sur-
rounding the protected core.

Nearly five years have gone by since the
books were closed on GEF’s Poland Forest
Biodiversity Protection Project in Decem-
ber 1995. What impact did the project have
on the status of and outlook for Poland’s
endangered forest-based biodiversity?
What lessons were learned?

Moreover, it has been nearly ten years
since GEF first opened its doors. The fund
has moved well beyond the three-year pilot
phase originally envisioned, and currently
is financing a total of 650 projects, about
half of which are related to biodiversity
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1In addition to biodiversity protection, GEF’s pilot
phase also included projects to mitigate climate
change, protect international waters, and reduce
depletion of stratospheric ozone.



conservation, in 140 countries. GEF has
provided more than $3 billion in conserva-
tion financing and leveraged an additional
$5 billion in co-financing, with about one-
third of total funding allocated to biodiver-
sity projects. What impact did this pilot
initiative in Poland have on the GEF’s cur-
rent approach to protecting biodiversity?
How would things be done differently if
the project were being launched today?

By Focusing on the Trees, a Cutting-
Edge Facility Misses the Forest
One of the most tangible legacies of the

project is the establishment of a modern
genebank and associated nurseries at
Kostrzyca in southwestern Poland. Over
the course of the project, the design of the
facility was expanded significantly in
response to the interest of the Polish State
Forest Administration (SFA) in using the
genebank for broader, national purposes,
including those of a complementary World
Bank loan-supported Forestry Develop-
ment Project. This expansion, a year-long
government freeze on construction, and
rapid inflation boosted the genebank’s cost
from an estimated $3.5 million to $6 mil-
lion. This rise in turn propelled project
costs from an initial estimate of $6.2 mil-
lion all the way to $8.35 million. Of this
amount, the GEF grant supplied $4.5 mil-
lion, while Austria provided $300,000 in
bilateral support. In order to cover the cost
of the expanded genebank, the Polish gov-
ernment’s share of the costs escalated from
$1.4 million to $3.6 million.

Despite the delay in construction, the
staff of the Kostrzyca genebank has since
developed considerable expertise in the
maintenance of perennial plant germplasm.
Large quantities of genetic material from
commercial tree species have been collect-
ed and stored. For instance, cones have
been collected from spruce stands ranging
in age from 80-90 years to 160 years, and
from altitudes ranging from a low of about
500 meters to a high of 1,050 meters.
According to Polish government statistics,
stands covering about 240,000 hectares are
now managed specifically for conservation
of forest genetic resources.

However, experience with the genebank
has highlighted one important lesson emerg-
ing from the project: the need for clearer
and more operationally relevant objectives,
targets, and timetables for this and subse-
quent projects developed in GEF’s early
days. Project evaluators repeatedly point to
an over-emphasis on trees and a seeming
lack of appreciation for the project’s holis-
tic, ecosystem-wide objectives for collec-

tion, analysis, and protection of genetic
material. One illustration of this phenome-
non is the limited collection (and improper
storage, according to one biodiversity spe-
cialist who assessed the project) of seeds,
buds, and shoots from Sudety’s non-tree and
non-commercial species during the project’s
implementation period. At times seed-stor-
age facilities have been inadequate and a
number of collections have been grown in
the bare-root nursery and in a series of
plastic greenhouses near the genebank.

Another weakness of the project, by cur-
rent standards, is the underdeveloped links
between the ex situ preservation of genetic
material and eventual in situ restoration of
forest areas affected by pollution dieback.
It was not until the project’s final year that
a pilot ecological restoration project was

undertaken. Using native seeds from local
sources, foresters established mixed hard-
wood and conifer stands to replace the tim-
ber-oriented plantations of the late 19th and
early 20th centuries. The restoration pro-
gram continues today in the Karkonosze
National Park, drawing upon material
made available by the genebank.

Poland Enters the Brave New World
of Multiple-Use Forest Management

The project components aimed at pro-
tecting the genetic resources of the BPF
were judged more successful. The GEF
project funded a large amount of high-
quality research that confirmed the forest’s
biological value at the genetic, species,
association, and ecosystem levels. The pro-
ject also brought new technologies such as
GIS (Geographic Information Systems)
into use for land-use planning and forest
management, including to areas beyond the
original target sites. This research, together
with an array of sociological analyses,
planning, public outreach, and capacity
building within the SFA, helped promote
the expansion of the national park at
Bialowieza. The forest area under strict

conservation more than doubled to 10,500
hectares, and surrounding areas were for-
mally designated as buffer zones.

In essence, the project helped broaden
the range of forestry policy in Poland. Tra-
ditionally, Poland’s forestry agency had
been a part of the Ministry of Agriculture
and its primary emphasis was on produc-
tion. In 1990, the agency was transferred to
a newly reorganized Ministry of Environ-
mental Protection, Natural Resources, and
Forestry. The following year, a new forestry
law with a more environmentally sustain-
able approach to forest management was
enacted. Additional policy statements
issued in 1995 and 1997 echoed the impor-
tance of the multi-functionality of forests,
further solidifying multiple-objective forest
management by incorporating considera-

tions of ecosystem health, biodiversity,
recreation and tourism, education, partici-
patory decisionmaking, and small-scale
sustainable economic activities.

One example of progressive forest man-
agement is the establishment of ten Forest
Promotion Areas, special zones of sustain-
able forest development. Within these
zones, SFA places extra emphasis on pro-
tecting the forest environment and involv-
ing the public in forest-management
decisions. The government also adopted a
national afforestation program, which aims
to convert about 700,000 hectares of aban-
doned agricultural land to forest by 2020.

However, controversy remains over the
management of the buffer zones at the
BPF. Follow-up on the implementation of
measures to limit damaging activities in the
buffer zones has been limited to date. Envi-
ronmental groups, skeptical about the
impact of multiple-use objectives in the
buffer zone and generally mistrustful of
SFA management, have exerted pressure to
place the entire forest area within the pro-
tection of national-park boundaries. Mean-
while, local communities fear that extension
of the park area will further interfere with
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timbering and other economic develop-
ment in the region. The overall economic
development level is much lower in the
Bialowieza region than in the Sudety, and
the marshy, sandy soils have little agricul-
tural potential.

Stakeholders Learn to 
Cooperate (or Else …)

In an effort to reconcile conflicting
views, the Environment Ministry issued a
“Contract for the Bialowieza Forest” in
December 1998. The contract features a
regional economic development program,
to be funded by Denmark, based on sus-
tainable use of its natural resources. Forest
residents will receive financial and other
support for socioeconomic development
that is consistent with sustainable forest
management, while the boundaries of the
national park will be extended to encom-
pass the whole of the forest.

The evolution of such cooperative
approaches between the SFA and environ-
mental groups and local communities rep-
resents another important lesson learned.
When the project was initiated, forestry
officials, like all Polish government offi-
cials, had spent their entire careers in a
socialist, statist, command-economy sys-
tem. Most were accustomed to bureaucrat-
ic practices and procedures and ill prepared
for new participatory decisionmaking
processes involving trust building, coopera-
tion, and compromise with a wide range of
stakeholders. Likewise, in the early days of
the project, nongovernmental organizations
(NGOs) showed little willingness to coop-
erate and many local institutions were quite
resistant to outside technical assistance.
This resistance lessened somewhat, and by
the project’s end, some 15 local NGOs
directly supported it. The project exposed
the SFA to new ideas about reaching deci-
sions on publicly owned resources, and
agency officials now seek out professional
public-relations advice, conduct opinion
surveys, and provide senior agency staff
with specialized public-relations training.

Reflecting these trends, a GEF biodiver-
sity project being designed today would
likely involve much closer cooperation
with NGOs and the private sector in project
preparation and implementation. NGOs
might well carry out discrete project activ-
ities, in an effort to take advantage of these
groups’ substantive contributions and polit-
ical support, as well as to build in some
independence for the project from the cen-
tral government.

Today’s standards also dictate that a
GEF project contain a much more pro-

active and systematic public education and
outreach effort. The project as implement-
ed was criticized by one observer for not
having done more to “instill a local entre-
preneurial spirit” so that local communities
would come to see protection of the BPF as
an economic asset rather than as a liability
requiring compensation.

Learning the Hard Way
The rapidly changing political milieu of

Central Europe in the early 1990s had impli-
cations for the work of project scientists as
well as that of policy analysts. Research
funding in formerly socialist countries tends
to be concentrated in the national acade-
mies of sciences, which are oriented toward
purely academic research rather than the
problem-solving, applied research that is
usually favored by development organiza-
tions. Consequently, research results did not
advance project operations to the degree
envisioned by the World Bank and GEF.

Observers complained of poor sequenc-
ing of research, training, and land-use plan-
ning activities that often inhibited
realization of the full potential of the
research. Researchers lacked an apprecia-
tion of the “big picture,” so that biological
analyses and GIS work sometimes focused
on trees rather than on the forest ecosystem
as a whole. International exchanges between
researchers working on the Poland project
and investigators working on complemen-
tary GEF forest biodiversity projects in
Belarus (the Belovezhskaya Forest border-
ing the BPF) and the Czech Republic (the
montane forests on the southern slopes of
the Sudety) have for the most part not shed
any light on operational issues. (As men-
tioned earlier, GEF project preparation
now places much greater emphasis on the
operational relevance of project objectives,
targets, and milestones.)

Another disappointment was the failure
(attributed to poor performance by a sub-
contractor) of a planned project subcompo-

nent on ecological agriculture. This com-
ponent of the project was to have provided
the estimated 450 small farmers operating
within the BPF with technical assistance
and cash incentives that would have helped
them move away from the use of agrichem-
icals. Agricultural biodiversity remains a
strong interest within GEF, which recently
developed a new operational program on
agrobiodiversity (see DIVERSITY, Vol.16,
Nos.1&2, p.5).

The Project’s Ultimate Success
Remains to be Seen

In today’s GEF terminology, the Poland
project is described as a “barrier-removal”
project, i.e., an effort aimed at tearing down
specific obstacles to the protection of glob-
ally important environmental resources. In
this case, the barriers were attitudes and
entrenched practices in Poland’s forestry
sector that vastly favored timber produc-
tion over other forest uses and values.

The project did significantly help
improve what GEF terms the “enabling
conditions” for the successful, ongoing
conservation of biodiversity, such as: an
enhanced base of scientific knowledge
about the resources; greater managerial and
technical-staff capacities; establishment of
genetic stock that will facilitate eco-
restoration; institutional and legal supports
for conservation; mechanisms for sharing
information nationally and internationally;
and higher levels of public awareness and
support for conservation, among others.

What remains to be seen is the extent to
which material from the Kostrzyca gene-
bank is successfully used in habitat restora-
tion, as well as how disputes over forest
management in the BPF and elsewhere are
resolved. Relations between the govern-
ment and NGOs continue to be uneasy, as
an international campaign to secure a total
ban on logging old-growth stands around
the BPF is now in its sixth year. Environ-
mentalists also are concerned about the
potential impact of the development of ski-
ing facilities in the montane forests of the
Sudety, especially the construction of ski
lifts and downhill runs in fragile areas
above the tree line. Officials of the BPF
persuaded local authorities in Bialowieza
village to switch from a coal-fired heating
system to a cleaner, oil-fired plant that will
reduce forest-damaging air pollution, but
have yet to score similar successes in other
nearby, larger towns. Only time will tell if
the accumulation of small victories is suffi-
cient to win the war against biodiversity
loss in Poland’s forests.

—KH
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by Marjorie E.F. Bender, 
D. Phillip Sponenberg, and
Donald E. Bixby

Waterfowl are important sources of
meat, eggs, feathers, and agricultural ser-
vices around the world, and have tradition-
ally been a historic component of
agricultural poultry on diversified North
American farms. Until the middle of the
20th century, geese were used widely to
manage spring weeds in small fruit crops
and to glean wheat fields after harvest in
the fall. Since ducks and geese have not
been the subject of heavy commercial pro-
motion or substantial market penetra-
tion in North America, they have not
suffered the vertical integration seen
with chickens and turkeys. As North
American agriculture recognizes the
need for more sustainable production
systems, waterfowl deserve a more
prominent role.

The American Livestock Breeds
Conservancy (ALBC) has just com-
pleted a census of domestic ducks
and geese, which identified breeders
of domestic waterfowl, breeds being
bred, numbers of breeding birds and
flocks being maintained, and relative
genetic health of the breeds. The
results are alarming: Six breeds of
ducks and four breeds of geese are
critically endangered, placing them
in the ALBC Critical category, and
an additional thirteen breeds fall into
the ALBC Rare, Watch, and Study
categories (see box on p. 22).

A periodic census of livestock and poul-
try breeds—one of the primary tools
ALBC uses to assess the overall health of
pure breeds as genetic resources for Amer-
ican agriculture—is a first and powerful
step in identifying changes in breeding
populations. Census numbers may show
upward trends reflecting a breed’s increas-
ing population and relative popularity, or
downward trends reflecting a breed’s loss
of popularity or loss of commercial utility.
Without intervention, the latter trend can

lead to extinction. The number of breeders
working with a given breed is also an indi-
cator of the breed’s genetic well-being: The
more breeders, the more likely it is that
there are multiple strains available to
enhance a breed’s genetic health.

How the Survey Was Conducted
Survey forms were sent to 72 U.S. and

Canadian hatcheries that advertised domes-
tic ducks and geese for sale; 55 completed
the survey. The survey asked respondents:
which breeds of ducks and geese they sold;
which breeds they bred; the number of
breeding females and males maintained for

each breed; the number of breeding flocks
maintained; their breeding goals; and
breeding selection criteria. In order to iden-
tify resellers and determine the relative
genetic breadth of each breed, the survey
asked for the source of stock if the hatchery
did not breed its own. An abbreviated sur-
vey was sent to members of the Interna-
tional Waterfowl Breeders Association,
and data on research flock populations held
by university and U.S. Department of Agri-
culture (USDA) research facilities were
obtained from the 1999 publication Avian
Genetic Resources at Risk, which docu-
mented 1995 populations. Four institutions
listed research flocks of domestic water-
fowl.

Data were collected on standard,
domestic waterfowl. The number of breed-
ing birds and the number of primary flocks
of each breed, regardless of variety, were

tallied, and the breeding populations were
determined by summing all of the varieties
of a given breed. (This approach is consis-
tent with ALBC’s work with livestock con-
servation, since the genetic differences are
small among varieties as compared to
those between breeds.) Based on this infor-
mation, each breed was assigned to a con-
servation category.

Where the Breeds Landed In 
ALBC’s Conservation Categories
Four breeds were found to be in no dan-

ger of extinction: the Pekin duck and the
Embden goose (the primary production

waterfowl breeds in North America)
and the Muscovy and Mallard ducks
(both breeds have significant wild and
domestic populations). However, as
noted above, the census showed that
23 breeds of ducks and geese fall into
the Critical, Rare, Watch, and Study
categories. (See box on p. 23 for the
parameters of the ALBC categories.)

Critical
Several breeds of ducks, including

the Ancona, Magpie, Saxony, and
Silver Appleyard, have populations
of fewer than 150 breeding birds and
one or no primary breeding flocks. If
they are to survive, each of these
requires prompt conservation efforts,
including the development of addi-
tional primary flocks. Experienced
breeders are strongly encouraged to
consider working with these breeds.

The Aylesbury and Welsh Harlequin
ducks and the American Buff, Pilgrim,
Pomeranian, and Roman geese are all also
critically endangered. The Welsh Harle-
quin duck and American Buff goose have
only one primary breeding flock each; the
Aylesbury duck, Pomeranian, and Roman
geese have only two. The Pilgrim goose
lies near the Critical/Rare dividing line
based on the 504 breeding birds found in
the hatchery survey. It jumped to 664
breeding birds when individual breeders
are included, yet it has only four primary
breeding flocks. Each of these breeds is in
immediate need of conservation, and needs
more breeders to raise small flocks.

Rare
The Buff and Cayuga ducks and the

Sebastopol goose are classified as Rare, all
having more than 500 and fewer than 1,000
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T aking Stock of Waterfowl: The Results of the American 
Livestock Breeds Conservancy’s Domestic Duck and Goose Census

Several breeds of ducks have populations
of fewer than 150 breeding birds and 
one or no primary breeding flocks.

Pomeranian geese, such as this flock kept by breeder Dave Hold-
erread, are critically endangered. The ALBC study identified only
228 breeding birds in North America.

Photo by D. Phillip Sponenberg; courtesy of ALBC.
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SPRING 2000 CENSUS TOTALS

Number of Number of 
Breeding Birds Primary Number of Conservation Agricultural 

Duck Breeds (Male & Female) Flocks Breeders Category History

Ancona 128 1 4 Critical Y

Australian Spotted 30 0 1 Study Y–pest control & eggs
Note: Bantam with unique agricultural attributes.

Aylesbury 282 2 8 Critical Y–meat
Note: Elite meat bird in Europe until mid-1920s or early ’30s.

Buff (a.k.a. Orpington) 793 5 11 Rare Y–eggs

Campbell 2,613 9 19 Watch Y–eggs

Cayuga 1,013 7 22 Rare Y–meat

Crested 164 1 6 — N
Note: Skeletal problems & other deformities are common among crested birds.

East Indies 135 1 6 — N
Note: Bantam version of a Cayuga.

Golden Cascade 12 0 1 — Y
Note: Very recent creation from Campbell, Pekin, and Crested.

Magpie 126 1 7 Critical Y–eggs & meat

Muscovy 2,791 6 15 — Y–meat
Note: There was some confusion about whether or not the Muscovy was to be included in the census, so data were not consistently gathered. The

Muscovy, however, is a common duck globally, existing as domestic, feral, and wild populations. While of agricultural importance, it is not
presently in danger of extinction.

Pekin 23,171 14 24 — Y–meat
Note: Many more are estimated to be in hatcheries with no public access.

Rouen 5,043 16 31 Watch Y–meat 
Note: Data include two distinct populations: the production birds and the larger exhibition birds.

Runner 2,916 12 26 Watch Y–eggs 

Saxony 57 0 4 Critical Y–meat

Silver Appleyard 128 1 5 Critical Y–meat

Swedish 1,823 8 16 Watch Y–meat

Welsh Harlequin 188 1 5 Critical Y–eggs 
Number of Number of 

Breeding Birds Primary Number of Conservation Agricultural 
Goose Breeds (Male & Female) Flocks Breeders Category History

African 2,561 9 22 Watch Y–meat
Note: Two very different types are known as Africans. The large, dewlapped birds (which reflect the original phenotype and are exceptional meat

birds) are of more significant conservation interest. The smaller African likely has been influenced by the Chinese goose. The data include
both populations.

American Buff 395 1 14 Critical Y–meat

Chinese 3,825 8 21 Watch Y–meat
Note: Developed from the same wild foundation stock as the African, this is a smaller bird developed in China for a special barbeque dish.

Embden 5,265 10 19 — Y–meat
Note: Many more are estimated to be in hatcheries with no public access.

Gray 18 0 2 Study Y–meat
Note: This goose is described by one breeder as the “old farm goose often wrongly called the commercial Toulouse. It is mostly descended from

the old English Gray Goose.” Additional clarification is needed to learn the difference between this goose and the non-dewlapped Toulouse.

Pilgrim 664 4 23 Critical-Rare Y–meat

Pomeranian 228 1 11 Critical Y–meat

Roman 434 2 10 Critical Y–guard

Sebastopol 645 3 10 Critical-Rare Y–meat

Shetland 28 0 2 Study Y–meat

Toulouse 3,238–654 14–6 primary 18 Watch Y–meat
reported as flocks w/
“Gray with dewlap,

dewlap” 8 flocks
w/o dewlap

Note: The standard Toulouse is a large, dewlapped bird that is raised for its fatty liver, which is used to make foie gras. This is the bird of
particular conservation interest. There is also a smaller Toulouse goose that is a productive agricultural meat bird. It is more numerous than
the large dewlapped Toulouse, but still requires genetic conservation. Exhibition Toulouse have exaggerated dewlaps. The data reflect all
three populations.

West of England 6 0 1 Study Y–meat



breeding birds or fewer than seven primary
breeding flocks. Cayuga ducks barely
exceeded the 1,000 mark when the six indi-
vidual breeders breeding a total of 53 birds
were added to the 960 breeding ducks
managed by 16 hatcheries. The Cayuga is
in a good position to rapidly increase in
number with little effort. The Sebastopol,
however, has only three primary breeding
flocks among eight hatcheries and two
individual breeders. Additional primary
breeding flocks are needed to conserve all
of these breeds.

Watch
The Campbell, Rouen, Runner, and

Swedish ducks and the African, Chinese,
and Toulouse geese are all in the Watch cat-
egory, with populations of more than 1,000
and fewer than 5,000 breeding birds or
fewer than ten primary breeding flocks.
The Rouen breeding population is just over
5,000, so it remains on the list to prevent its
losing the ground it has gained. The
Swedish, Campbell, and Runner ducks (in
that order) and the large African geese need
relatively more conservation work because
of their smaller breeding populations. The
3,204 Toulouse geese are the sum of the
three types (described below), which clear-
ly places them in the Watch category. The
survey data, however, show only 654 stan-
dard Toulouse, and only six primary breed-

ing flocks. Thus, the standard Toulouse
belongs in the Rare category and needs
immediate attention.

Study
Four breeds have been placed in the

Study category. One is the Australian Spot-
ted duck, a bantam that is proving itself in
pest control and egg production.

Another is the Gray goose, which one
breeder says is often wrongly called the
“commercial Toulouse.” Additional clarifi-
cation is needed to understand how this
goose differs from the non-dewlapped
Toulouse.

The Shetland goose is a recent import to
the United States. Only a few flocks are
known to exist globally, and additional
documentation is required to determine its
genetic status and agricultural history.

The individual survey turned up a small
flock of West of England geese. This breed
is related to the Shetland and is a precursor
to the Pilgrim.

Implications For 
Breed Genetic Health

Of the 55 hatcheries surveyed, 28 hatch-
eries maintain breeding stock. Twenty-
three hatcheries—42%—breed all of their
own stock. Seventeen—nearly a third—do
not breed any of their own stock. Of the 28
hatcheries that breed, 11 hatcheries provide
stock to other hatcheries for resale. This
means that only 20% of the hatcheries sur-
veyed are the source for the majority of the
stock sold in North America, and one
hatchery provided stock to at least twice as
many hatcheries as the others. While the
data do not provide conclusive evidence,
the limited number of sources supplying
stock to the majority of hatcheries raises
questions about the genetic diversity with-
in the waterfowl breeds. The data clearly

indicate, however, that the stock available
to farmers essentially comes from the
genetic resources of 28 hatcheries.

The data from individual breeders are
less conclusive, because only 35 surveys of
the 4,000 that were distributed were
returned. We suspect that swap meets
account for a significant quantity of stock,
and that our survey methods were not
effective in reaching this group.

Four university and USDA research
facilities held only four different breeds.
Therefore, these sources cannot be relied
upon to provide the genetic diversity nec-
essary to maintain healthy breeds of water-
fowl in North America.

Finally, many breeds have four or fewer
primary breeding flocks. While the data do
not provide the answer, it clearly raises the
question of the relative genetic health of
these breeds. Are some of the breeds expe-
riencing inbreeding depression because of
a narrow genetic base? Only additional
interviews and on-site visits by experts can
answer this question.

Nomenclature Presents 
Additional Challenges

Breed names are developed and used to
identify a specific genetic package: a
named breed is of one genetic type. Unfor-
tunately, the real world is not always this
neatly compartmentalized. Several water-
fowl breeds are known by multiple names
in hatchery catalogs and among poultry
people. For example, the Buff duck is also
known as the Buff Orpington. (ALBC has
listed this duck as the Buff, in accordance
with the American Poultry Association’s
classification.) The Runner duck also is
known as the Indian Runner duck. The
Khaki Campbell was the original variety of
the Campbell duck and most catalogs list it
as such, but the breed name is Campbell,
which is how ALBC has listed it.

Also, for several waterfowl breeds the
same name is used to designate more than
one type. This makes both the promotion
and the conservation of these breeds more
challenging. To be effective, conservation-
ists need to know the differences among
the types, and their historic agricultural
purposes.

The Rouen duck has two distinct popu-
lations. The smaller Rouen has historically
been used for meat production and is read-
ily available from hatcheries; the larger
Rouen is a highly prized exhibition bird but
not an agricultural production bird.

The large, dewlapped African goose—
an exceptional meat bird—reflects the orig-
inal phenotype, and as such is of special
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ALBC CONSERVATION CATEGORIES

ALBC has developed categories to describe
the degree to which breeds are endangered
and to set priorities for conservation action.
The categories are based on the population of
breeding animals and the number of primary
breeding flocks. A primary breeding flock 
is defined as 50 or more birds, male and
female, (assuming an appropriate sex ratio for
the species), that are kept at a single site as a
breeding unit. The conservation priority cate-
gories are defined as follows:

Critical: Fewer than 500 breeding birds
(males and females) or five or fewer primary
breeding flocks.

Rare: Fewer than 1,000 breeding birds (males
and females), or seven or fewer primary
breeding flocks.

Watch: Fewer than 5,000 breeding birds
(males and females), or ten or fewer primary
breeding flocks.

Study: Breeds that are of genetic interest but
lack historical or genetic documentation or
definition.

Recovering: Breeds which were once listed in
one of the other categories, and have exceed-
ed Watch category numbers but are still in
need of monitoring.

The Buff duck—also known as the Buff Orpington
—is classified as Rare.

Photo by Donald E. Bixby; courtesy of ALBC.



conservation interest. The smaller African
goose likely contains more influence of the
Chinese goose, a relative of the African.

The standard Toulouse is a large,
dewlapped bird with elongated feathers,
loose skin, a keel, and a unique gray color.
It lays well and is raised for its fatty liver,
which is used to make foie gras. This is the
bird of particular interest to conservation-
ists. There is also a smaller Toulouse,
which is a longer-legged, tightly feathered,
keel-less goose lacking a dewlap. This pro-
ductive agricultural meat bird is more
numerous than the large dewlapped
Toulouse, but still requires genetic conser-
vation. The exhibition Toulouse is noted
for its exaggerated dewlap.

Getting Our Ducks In a Row: 
Next Steps

To address the threats identified in the
survey, ALBC will undertake the following
conservation activities:

■ Develop brief descriptions of the pheno-
type, history, and agricultural character-
istics of each breed, which will be
available to the public upon request and
on the ALBC Web site.

■ Develop strategies to nurture the net-
work of waterfowl breeders essential to
breed conservation. The network both
enables breeders to identify those with
whom they can exchange stock and
information and becomes an important
source of expertise on the history, attrib-
utes, and husbandry of the breed.

■ Publish a list of hatcheries selling rare
breeds of waterfowl, in order to facilitate
the purchase and conservation of domes-
tic waterfowl by consumers and breeders.
Conservation happens at many levels.

Farmers and backyard hobbyists can
acquire a conservation-priority breed for
market or pleasure. Purchases create a
demand for the birds and provide an eco-
nomic justification for hatcheries to contin-
ue to produce these breeds. Market
production re-engages these breeds with
their agricultural heritage, and promotes
their usefulness within that context. Over
the long term, market production provides
the greatest potential for recovery.

Also, members of many rare breeds are
lost due to unexpected crises in the lives of
their conservators. ALBC encourages all
breeders to plan for the thoughtful disposi-
tion of their stocks in the event that they are
no longer able to care for the animals, as a
final act of stewardship and a means of hon-
oring the breeders’ own invaluable work.

Nearly all breeds of domestic ducks and
geese are in need of immediate and careful
conservation. Each breed must be used in

agricultural settings and selected for the
complex set of attributes that makes it
valuable and useful, including productivity,
disease resistance, parenting abilities, and
ease of reproduction. Careful stewardship
of these breeds will ensure their genetic
health into the future, and enable them 
to make valuable contributions to their
species’ gene pools.   

For further information, contact: Marjorie Ben-
der, Program Coordinator, or Donald E. Bixby,
Executive Director, American Livestock Breeds
Conservancy, PO Box 477, Pittsboro, NC 27312.
Tel: (919) 542-5704. Fax: (919) 545-0022. E-mail:
mbender@albc-usa.org or dbixby@albc-usa.org.
D. Phillip Sponenberg can be reached at dpsponen
@vt.edu. Or visit the ALBC’s Web site at www.
albc-usa.org.
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These brown Chinese geese from breeder Dave
Holderread’s flock fall into the Watch category.

Photo by D. Phillip Sponenberg; courtesy of ALBC.

by Brad Morris and Mark S. Hopkins

Though often unsung, legumes are both
widely used and essential in many parts of
the world. Thus, the preservation of their

diversity is especially important. The U.S.
Department of Agriculture-Agricultural
Research Service (USDA-ARS)’s Genetic
Resource Information Network (GRIN)
lists 165, 31, 7, 115, 57, and 62 species in
the genera Crotalaria, Indigofera, Lablab,
Senna, and Sesbania, respectively (USDA
2000). These species are economically sig-
nificant in tropical and subtropical areas of
the world (Morris 1997), primarily for
cover cropping (Purseglove 1981), forage
(Yuhaeni and Ivory 1994), green manure
(NAS/NRC 1979), and nitrogen fixation
(Morris 1997).

Moreover, several species have been

found to have potential medicinal uses
(Beckstrom-Sternberg and Duke 1994a;
Morris 1997). C. longirostrata has been
used as a purgative, emetic, poison, and
raticide in Guatemala (Beckstrom-Stern-
berg et al. 1994b). A new trypsin inhibitor
has been isolated and characterized from C.
paulina (Pando et al. 1999), and a preny-
lated chalcone has been identified in C. tri-
foliastrum (Yang et al. 1998). In addition, a
potential anti-tumor (Fulda et al. 1999) phy-

Brad Morris is curator and agronomist at the
USDA-ARS, Plant Genetic Resources Conser-
vation Unit for Special-Purpose Legumes and
Annual Clover in Griffin, Georgia. Mark S.
Hopkins is a plant pathologist at the USDA-
ARS, Plant Genetic Resources Conservation
Unit, Griffin, GA. The authors would like to
thank the S9 regional project and the University
of Georgia for partial support of this research.

Regenerating Special-Purpose Legume Genetic Resources: In Vitro Embryo
Rescue Proves to be a Viable Option for Saving Deteriorated Accessions



tochemical, betulinic acid, has been identi-
fied as a constituent of C. trifoliastrum roots
(Rao et al. 1999). An anti-hypertensive
phytochemical, tyrosinase, is a constituent
of L. purpureus (Beckstrom-Sternberg and
Duke 1994a). And Senna occidentalis
shows great promise, producing useful
phytochemicals such as: aloe-emodin
(anti-leukemic, antiseptic, anti-tubercular,
anti-tumor, and pesticide potential);
anthraquinone (laxative potential); chryso-
phanol (antiseptic, hemostat, and pesticide
potential); emodin (anti-aggregant, anti-
inflammatory, anti-mutagenic, antiseptic,
anti-tumor, anti-ulcer, pesticide, and spas-
molytic potential); physcion (antiseptic and
pesticide potential); and rhein (anti-carci-
nomic, antiseptic, and anti-tumor potential)
(Beckstrom-Sternberg and Duke 1994a).

More than 87 species and 422 acces-
sions of the U.S. Crotalaria, Indigofera,
Lablab, Senna, and Sesbania germplasm
collections were stored as seed at 4° C. at
the USDA-ARS Plant Genetic Resources
Conservation Unit (PGRCU) in Griffin,
GA. These collections have been trans-
ferred to walk-in cold rooms (-18° C.) for
maintenance under better seed-storage
conditions. Over time, however, seeds lose
viability, even under optimal seed-storage
conditions (Roos 1980); and though
embryos of low-viability seeds may be
able to initiate development, they may not
reach maturity due to failure of the
endosperm (Raghavan 1976). This can be
circumvented by in vitro seed cultivation
(Morris et al. 1995).

Crotalaria, Indigofera, Lablab, Senna,
and Sesbania seeds lose viability after 10-
20 years in storage at 4° C., and some of
these genetic resources could be lost forev-
er if an embryo-rescue technique is not
applied. The objectives of this unprecedent-
ed study were to: 1) evaluate genotypes of
the above-mentioned legume species for
their in vitro germination response, and 2)
determine if the in vitro germination rates
of deteriorated seed cultures differ among
these species.

Studying the Effect of Genotype 
on Conventional and 

In Vitro Seed Germination
Materials and Methods

Forty-six genotypes—representing six
Crotalaria species, five Indigofera species,
five Senna species, ten Sesbania species,
and Lablab purpureus—had been stored as
seed at 4° C. and 40% relative humidity in
paper envelopes inside metal trays for two
to 47 years (see Table 1). In the first exper-
iment, 50 seeds were planted to determine
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Table 1 EVALUATION OF SEED FROM THE USDA CROTALARIA,
INDIGOFERA, LABLAB, SENNA, AND SESBANIA GERMPLASM COLLECTION

FOR CONVENTIONAL GERMINATION AND IN VITRO RESCUE.
Seed Conventional

Accession Age Germination Shoots & Plantlets
Taxon (PI) Origin (yr) (%)H Roots (%)I (%)'

Crotalaria species Experiment 1
C. cajanifolia 322374 Brazil 27 2 0 0
C. longirostrata 279695 Mexico 2 2 4 0
C. paulina 247127 Brazil 37 0 36 16
C. spp. 279696 Mexico 32 2 44 41
C. spp. 478422 Bolivia 10 0 14 0
C. spp. 532623 Zimbabwe 8 0 11 0
C. trifoliastrum 238269 Australia 18 0 10 3
LSD (0.05) 25 18

Crotalaria species Experiment 2
C. paulina 247127 Brazil 37 0 70 33
C. spp. 478422 Bolivia 10 0 56 3
C. spp. 532623 Zimbabwe 8 0 56 33
C. trifoliastrum 238269 Australia 18 0 33 0
C. zanzibarica 263530 Angola 35 0 70 26
LSD (0.05) 14 18

Indigofera species Experiment 1
I. arrecta 280654 Ethiopia 33 2 71 61
I. arrecta 300003 South Africa 3 0 28 4
I. spp. 487563 Sudan 11 4 14 4
I. spp. 532934 Pakistan 2 0 5 0
I. spicata 185532 South Africa 25 0 5 0
I. trita spp. scabra 184898 El Salvador 46 0 25 10
LSD (0.05) 22 15

Indigofera species Experiment 2
I. spp. 487563 Sudan 11 4 16 6
I. spp. 532934 Pakistan 2 0 16 0
I. suffruticosa 163159 Brazil 47 0 3 3
I. trita spp. scabra 1848981 El Salvador 46 0 20 6
LSD (0.05) 9 7

Lablab species Experiment 2
L. purpureus 532639 Zimbabwe 8 0 50 50
L. purpureus 536502 Maldives 9 0 5 5
L. purpureus 536504 Maldives 9 6 5 5
L. purpureus 536505 Maldives 6 8 5 0
LSD (0.05) 20 19

Senna species Experiment 2
S. corymbosa 279709 United States 20 12 83 46
S. hirsuta var. hirta 322325 Brazil 16 2 40 40
S. hirsuta var. leptocarpa 279693 Mexico 16 0 3 3
S. marilandica 288258 United States 33 0 0 0
S. occidentalis 299502 South Africa 26 0 50 6
S. occidentalis 338635 Morocco 26 0 30 3
S. occidentalis 367834 Argentina 24 0 3 3
S. occidentalis 415989 India 12 2 33 3
LSD (0.05) 15 13

Sesbania species Experiment 2
S. bispinosa 215607 India 42 10 3 3
S. coerulescens 533593 Zimbabwe 7 0 6 3
S. exaltata 263519 Mexico 16 0 36 6
S. exaltata 296055 Mexico 30 0 10 0
S. grandiflora 477302 Indonesia 13 0 3 0
S. pachycarpa 511292 India 9 4 20 10
S. punicea 372236 Uruguay 3 0 3 0
S. rogersii 533594 Zimbabwe 7 4 10 3
S. sesban 215608 India 25 2 16 0
S. spp. 436604 China 12 0 10 3
S. speciosa 321747 Pakistan 3 36 46 10
LSD (0.05) 11 8

H Germination percentages were based on 50 seeds per accession for this experiment.
I Percentage of seed explants producing shoots with roots after four weeks on MSB5 media.
' Percentage of seed explants producing plants after four weeks on MSB5 media.



the percentage of seed germination and for
seed increase. Seeds were planted in 10
cm.-diameter Jiffy pots containing potting
soil and held in a greenhouse; after one
month, these plants were transplanted to
the field for seed increase.

In a separate, second experiment (the
embryo-rescue segment of the study), dete-
riorated seeds from the same 45 genotypes
were surface-sterilized in a 1.05% sodium
hypochlorite solution with ten drops/l. of
Tween 20 for five minutes, then rinsed for
seven minutes in sterile distilled water. The
seeds were cultured (with the radical down)
in 25 x 150 mm. culture tubes, which con-
tained 15 ml. of MSB5 medium containing
Murashige and Skoog salts (Murashige and
Skoog 1962), B5 vitamins (Gamborg et al.
1968), and 20 g./l. sucrose. After its pH
was adjusted to 5.8, the mixture was solid-
ified with 8 g./l. agar and autoclaved at
120° C. and 1.05 kg./cm2 of pressure for 15
minutes. Explants were incubated at an
eight-hour photoperiod (100 mmolm.2/sec.
from cool-white fluorescent lamps) for
three weeks at 26° C.

These experiments were conducted in
randomized complete block designs with
20-30 seeds per genotype. The percentage
of seeds producing shoots, roots, and
plantlets and the number of roots were
recorded three to four weeks after culture
initiation. The data were analyzed using
SAS’ PROC GLM procedures (SAS Insti-
tute 1996). Treatment means were separat-
ed using Fisher’s protected LSD values (P
= 0.05) (SAS Institute 1996).

Three weeks after embryos were cultured,
seedlings were transferred to the green-
house. Culture medium was washed from
the roots prior to transplanting into 10 cm.-
diameter Jiffy pots containing potting soil,
and the potted plants were enclosed in clear
plastic bags and placed on a greenhouse
bench for one week to acclimatize them to
greenhouse conditions. The surviving plants
were maintained in the greenhouse for
eight weeks, at which time they were trans-
planted to the field plots for seed increase.

Results
The results from the conventional ger-

mination process were poor, with most
accessions showing viability of less than
10% (Table 1). Only two accessions—
Senna corymbosa (12%) and Sesbania
speciosa (36%)—had germination percent-
ages over 10%. Thirty of the 46 genotypes
tested did not germinate at all with the con-
ventional method. However, only C. cajan-
ifolia and Senna marilandica did not
germinate when cultured in vitro.

Significant germination differences
(P<0.05) were observed for deteriorated
Crotalaria, Indigofera, L. purpureus,
Senna, and Sesbania accessions cultured in
vitro. In Experiment Two, several Crota-
laria species—including C. paulina, C.
zanzibarica, and C. spp. PI 478422 and PI
532623—showed greater than 50% pro-
duction of shoots with roots and signifi-
cantly greater plantlet production than all
other Crotalaria species. Only Indigofera
arrecta (PI 280654) and L. purpureus (PI
532639) showed significantly greater
(P<0.05) plantlet production with shoots
and roots, at 50% or greater than other
Indigofera species and Lablab purpureus
accessions. Both Senna corymbosa and S.
occidentalis (PI 299502) produced explants
with shoots and roots, at 83% and 50%,
respectively; however, S. corymbosa—at
46%—produced the most significant num-
ber of plantlets. Only 46% of the Sesbania
speciosa explants produced shoots and
roots. Both S. speciosa and S. pachycarpa
produced significantly greater numbers of
plantlets than most of the other Sesbania
genotypes.

Although Variable, the Success Rate
of In Vitro Regeneration Is Notable

Although these results indicate consid-
erable variation in the ability of seeds from
different genotypes to germinate in vitro, we
were able to increase overall germination
tenfold and recover valuable germplasm
from accessions with poor germination via-
bility. Crotalaria, Indigofera, L. purpureus,
Senna, and Sesbania species held in long-
term storage should be increased at least
every ten years. However, if seeds have
been stored for extended periods (11 or
more—in this case, as many as 47—years)
or in sub-optimal conditions, embryo res-
cue may enhance germplasm recovery
from deteriorated accessions.

The genotypes used in this study provid-
ed an excellent explant source for renewal
and recovery of these leguminous genetic
resources. Organs, including shoots and
roots, developed rapidly from these legume
seeds, and plants can be transplanted to the
field as early as six weeks after culture ini-
tiation. Plants regenerated from in vitro-
cultured seeds appeared normal and true to
type. These results make embryo rescue a
promising method for obtaining plants and
seeds from deteriorated seed accessions.

For further information, contact: Brad Morris,
Agronomist/Curator, or Mark S. Hopkins, Plant
Pathologist, USDA-ARS Genetic Resources Unit,
University of Georgia, Griffin, GA 30223-1797. 

Tel: (770) 631-0354. Fax: (770) 229-3323. E-mail: 
bmorris@gaes.griffin.peachnet.edu or mhopkins@
gaes.griffin.peachnet.edu.
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by M.S. Tantia and P.K. Vij

Buffaloes have been domesticated for
millennia, and their popularity continues to
grow in many regions of the world. Gener-
ally, they are preferred over cattle as dairy
animals because the higher fat content of
their milk fetches a higher market price and
they utilize coarse feeds better than cattle
do. When these factors are coupled with
the decreased demand for bullock power
(due to agricultural mechanization), the
balance further tilts in favor of buffaloes.

The buffalo of Orissa rightly 
may be called “living tractors,”

an organic part of their
environment—even their fuel

comes from the fields.

In Orissa, a coastal state in the eastern
part of India, agriculture is mainly rain fed,
and buffaloes—which are specially suited
for ploughing wet paddy fields and low-
lying land—are primarily used for cultiva-
tion. However, they also are used for other
agricultural operations like raising water
from wells, moving sugarcane wheelers,
extracting oil from seeds, threshing, and so
forth, as well as for transporting agricultur-
al produce and drawing logs in forests.
Both male and female buffaloes are used
for these purposes.

Due to the supremacy of their draught
value, more buffaloes than bullocks are
kept for agricultural operations in this
region. These buffaloes rightly may be
called “living tractors,” an organic part of
their environment—even their fuel comes
from the fields, in the form of paddy straw.
The rearing of these buffaloes requires very
little input, but produces many benefits.

The Buffaloes and Their Homeland
Orissa borders the eastern Indian states

of West Bengal, Bihar, Madhya Pradesh,
and Andhra Pradesh. It lies between lati-

tudes 18° and 22° north and longitudes 82°
and 87° east. The state has two agro-cli-
matic zones: humid coastal and dry, hot
highland. Rice is the main agricultural crop
in the coastal region, but tobacco, jute, oil
seeds, and ground nut also are cultivated.
For the last three to four years, the state 
has been experiencing extraordinary heat
waves, which may be due to climatic
change.

At the time of the 1992 livestock census,
there were 1.51 million buffaloes in the
state; since then, this number has increased
by 13.2%, whereas the cattle population
registered an increase of only 2.5%. Most
of the buffalo population is of mixed type
(there is no well-defined breed of buffaloes
in Orissa), but three different strains/types
are found in various parts of the state. These
strains—Paralakhemundi, Sambalpuri, and
Chilka—are very well adapted to the agro-
climatic conditions of their habitat. They
are mostly draught animals that also pro-
duce small quantities of milk, but local buf-
faloes are being crossed with Murrah to
increase their milk productivity.

The Orissa Buffalo Survey
Although some limited information

about these buffaloes has been published,
there is little regarding their status and
characteristics. Thus, a preliminary survey
was undertaken in April 1999 in their nat-
ural habitat—consisting of the Ganjam,
Gajapati, Rayagada, and Bargarh districts
of Orissa—to ascertain the buffaloes’ sta-
tus and utility. Data were collected on their
distribution, morphological characteristics,
and utility, as was information about man-
agement practices pertaining to them.

Paralakhemundi
The Paralakhemundi buffaloes are

native to southern Orissa and neighboring
Andhra Pradesh. Their home tract ranges
across the Ganjam, Gajapati, Rayagada,
and Koraput districts of Orissa and Srikaku-
lam and the Vijaynagaram district of Andhra
Pradesh. The true-type animals are con-
fined to the erstwhile state of Parlakimidi,
and buffaloes conforming to the estab-
lished characteristics could only be found
in the Parlakimidi, Kashinagar, and Gun-
pur blocks of the Gajapati and Rayagada
districts. Hardy and relatively heat-toler-
ant, these buffaloes can thrive in diverse
conditions. Although they can survive on
roadside grazing with straw supplementa-

tion, most of them are stall-fed at present,
since very little area is available for graz-
ing. The males are used as pack animals.

Littlewood (1936) and Narayana Reddi
(1939) referred to the buffaloes in the Par-
alakhemundi area of Ganjam district as
Manda, while Kaura (1952) called these
animals Paralakhemundi. Rao (1981)
determined that the chromosome number
of the buffaloes in coastal Orissa is 2n =
48, which is different from that of riverine
buffaloes. Bidhar et al. (1986) also found
Paralakhemundi buffaloes’ chromosome
number to be 2n = 48, and classified these
buffaloes as a swamp type.

The usual color varies from blackish-
gray to grayish-brown; sometimes it is
actually gray. Calves are born with light,
red-silver-gray mixed fawn colors. The
buffaloes’ horns are long, broad, and semi-
circular, extending backward and inward.
The head is narrow, the forehead flat, the
muzzle short, and the nostrils are wide and
prominent. White freckles or spots are
found on either cheek and the eyes are
prominent. A short, thin neck anchors the
head to a broad chest, and in some locali-
ties some animals have an arch-like,
curved, white ring around the chest. The
abdomen is large and spacious, but the legs
are short, strong, and comparatively thin. A
tuft of hair adorns the fetlock and knee, and
the tail switch is white.

Patro and Kornel (1987) found the aver-
age body length to be 114.69 cm. (±2.167),
height at the withers to be 122.89 cm.
(±1.470), the heart girth to be 184.48 cm.
(±3.952), and the paunch girth to be 205.62
cm. (±4.520). Paralakhemundi buffaloes
mature at around two and a half years of
age and calve almost every breeding inter-
val, which is approximately 18 months.
Although calving begins in September and
continues until January, most births occur in
November. These buffaloes are fair milk pro-
ducers, giving 2.5-4 kg./day for a period of
eight to nine months, although the lactation
period can continue for more than 300 days
if conception does not take place. The milk
is 6-7% fat, with 8-9% SNF (solids not fat).

These excellent draught buffaloes are
slow-moving but unmatched at heavy haul-
ing, especially the puddling operations in
the heavy soils common to paddy cultiva-
tion. Bullocks are docile and slow, and can
carry heavy loads and plough paddies in
hot sun. The working males are castrated at
two years of age.
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P aralakhemundi, Sambalpuri, and Chilka Buffaloes 
Are the “Living Tractors” of India’s Orissa State



Dear Editor,

I just received the DIVERSITY special-
focus issue on turfgrass. I want to say
thanks for such an excellent publication.
Turfgrass is a growing industry but we do
not get the recognition we deserve because
we are not traditional “food and fiber” agri-
culture. I hope this issue will open some
eyes to the value and needs within the turf-
grass industry.

Kevin Morris
Executive Director
National Turfgrass Evaluation Program
kmorris@asrr.arsusda.gov

Dear Editor,

I am the turf extension specialist at Cor-
nell University and a former member of the
USGA Green Section research committee.
I recently received a copy of your wonder-
ful focus issue on turfgrass and would like
to purchase reprints to distribute to our
extension educators throughout NY state.
Thank you.

Frank S. Rossi, Ph.D.
Assistant Professor of Turfgrass Science &

NYS Extension Turfgrass Specialist
Cornell University
fsr3@cornell.edu

Dear Editor,

Your very valuable DIVERSITY Vol. 16,
Nos. 1&2, 2000 just arrived.

Please advise me how to obtain a copy
of this same issue. I would like to send this
copy to a young Chinese student friend at
the China Agricultural University in Bei-
jing whose special study is precisely on
turfgrasses for China. I am certain that this
student would greatly appreciate the infor-
mation in your articles and would like to be
able to contact the authors for more infor-
mation.

Yours sincerely,
Boone Hallberg
hallberg@ito.edu.mx

F R O M  O U R  R E A D E R S

Sambalpuri
Sambalpuri buffaloes are found in the

Bargarh and Sambalpur districts of Orissa
and the adjoining Raigarh and Raipur dis-
tricts of Madhya Pradesh, and are confined
to the Mahanadi basin. The number of true-
type animals—which are found only in the
forested river basin of the Lakhanpur
Reserve—is very limited. The single herd
is managed by only a few people; villagers
take turns caring for the animals. Every day
the villagers carry the milk from grazing
areas and sell it in the market. During the
rainy season, the animals are kept indoors
in sheds behind the villagers’ own dwel-
lings. These abut one another and have
very small gates, thus protecting both peo-
ple and their livestock from wild animals.

The Sambalpuri’s body is most often
black, but brown and ash-gray buffaloes are
not uncommon. The animal is quite large
and powerful, with a long, narrow body
and a prominent, broad, flat forehead. The
black eyes are also prominent, and the ears
are hairy on the inside. The narrow neck is
particularly thin in females and castrated
males. The forequarters are shallow, and
less developed than the hindquarters. The
short, narrow horns curl in a semi-circular
fashion, and extend backward, upward, and
then forward, ending in pointed tips. The
tail is long and narrow, set high with a
white switch.

Sambalpuri buffaloes first calve at four
years of age, and the average female pro-
duces six or seven offspring in her 12- to
15-year lifespan. The calving interval is 18
months, and the young are generally born
in April. The population is endangered due
to high incidence of hemorrhagic sep-
ticemia, black quarter, and anthrax, and

worm infection and hemorrhagic sep-
ticemia in particular account for high calf
mortality. These buffaloes, which produce
fairly consistently through the fifth lacta-
tion, yield 4-6 kg./day of high-fat milk for
a period of about eight months. In well-
maintained stocks that are regularly fed
and properly managed, these buffaloes
calve regularly and produce more milk
than any other breed in the region: good
milkers can produce a daily average of
over 7 kg. Narayana Reddi (1939) reported
an average milk yield of 2,270-2,720 kg. in
lactation periods of 340-370 days. Males
are known for their fast running and heavy
carting, but they cannot work long hours in
the hot summers.

Chilka
Chilka buffaloes are a unique strain that

feeds on seaweed in neck-deep, brackish
waters on the shores of Chilka Lake. The
animals are brought out twice a day for
watering, and are not given any supplemen-
tary feed other than some rice bran or straw.
This strain is found only around Chilka, in
the Khordha, Puri, and Ganjam districts.

These copper-colored animals are
densely covered with long hair (except for
the loin and rump, which have none). The
forehead is broad, the eyes prominent, the
face long, and the nostrils are flared. The
horns, thick at the base, curve outward,
backward, upward, and inward. The long
legs end in strong, wide, black hooves, and
the tail is clearly above the hock.

Chilka buffaloes first calve at four to
five years of age, then at intervals of two
years thereafter. They produce 3-4 l./day
during a lactation period of six to eight
months. The animals are highly resistant to

diseases and tolerate very humid condi-
tions remarkably well.

These three strains of buffalo are
extremely well adapted to their environ-
ment and suited to the local people’s agri-
cultural needs. Given their value to society,
the strains of buffaloes found in Orissa—
poorly documented at present—need to be
properly studied and characterized through
surveys in their native ecology, so as to
exploit their potential to the maximum and
lay the groundwork for preserving their
unique germplasm.   

For further information, contact: M.S. Tantia,
Scientist, or P.K. Vij, Sr. Scientist, National Bureau
of Animal Genetic Resources, P.O. Box 129, Kar-
nal 132 001, Haryana, India. Tel: 0091-184-
257152. Fax: 0091-184-253654. E-mail: mstantia
@nbagr.hry.nic.in or pkvij@nbagr.hry.nic.in. Or
visit NBAGR’s Web site at http://www.nic.in/icar/
nbagr/nbagr.html.

For related information, visit the home page of
DAD-IS 2.0 (Domestic Animal Diversity Informa-
tion Service) at www.fao.org/dad-is.
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by Noel D. Vietmeyer

One day in December 1968, the Univer-
sity del Valle Hospital in Cali, Colombia
discovered a nine-year-old orphan on its
doorstep. The little girl was so malnour-
ished she clearly had only days to live.
Sadly, it was not an uncommon sight. Just
two weeks before, her brother had died and
the aunt who was caring for the motherless
pair by default was unwilling to face anoth-
er such searing loss. Already overwhelmed
by her own children’s desperate needs, she
abandoned her sister’s little girl at the hos-
pital. The doctors, she decided, could see to
the child’s final moments and burial.

At that point Ana Ruth’s chances of sur-
vival certainly seemed slim. She was list-
less and apathetic. Her hair was reddish, her
face and skin coarse and blotchy, her eyes
watery and lackluster. The child’s legs were
so spindly they couldn’t hold up her bloat-
ed body. On top of that, she had uncontrol-
lable diarrhea as well as pneumonia, a
common companion of severe malnutrition.

It was probably the first time 
that a nutrition lab rather than 
a field staff directed the course 
of a crop-breeding enterprise.

In the hospital’s Metabolic Unit, pedia-
trician Alberto Pradilla treated the pneumo-
nia with antibiotics and placed Ana Ruth
on a diet—a simple diet in which the pro-
tein and calories came not from an exotic
formulation but from a new kind of maize.
Superficially, the food he provided hardly
differed from that her aunt had relied on
with such disastrous consequences. How-
ever the outcome proved dramatic. For
three consecutive days the little body shed
a liter of water, the swelling subsided, and
the dull, lifeless hair fell out and was grad-
ually replaced by a silky black fuzz that
promised luxuriant tresses. Ana Ruth’s
eyes soon were shining and she quickly
gained four and a half kilos.

No one was more astonished by these
results than Pradilla: He’d brought a child
back from the brink of death merely by
switching her food from one maize variety
to another.

The surprising thing about this was that
the new maize was nutritionally very much
like the old. Its levels of protein, fat, carbo-
hydrate, and fiber were identical. The cru-
cial change wasn’t visible to the eye and
could be detected only in a laboratory; it
was a subtle reshuffling of the protein com-
position.

A Field Hand’s Sharp Eye Sets the
Stage for an Extraordinary Discovery

Since 1913, scientists have known that
maize cannot provide all the amino acids
necessary for making the body’s thousands
of proteins. Maize protein is deficient in
lysine and tryptophan. Rats, for instance,
die if their protein comes only from maize
but survive if those two amino acids are
added. However, this information was of
little practical significance until the 1960s,
when the technology for identifying and
measuring each of the 20 different amino
acids in animal and plant proteins became
available. Purdue University purchased
such a machine in 1963 and biochemist
Edwin Mertz instructed his doctoral stu-
dent Lynn Bates to gather different maize
samples and put their proteins to the test.

Neither professor nor student expected
maize varieties to differ much in amino-
acid profile, and at first their expectations
were confirmed. But after putting several
hundred samples to the test, Bates received
a kernel from a weird maize that had been
discovered in a Connecticut field in the
1920s. At that time all maize was harvest-
ed by hand, and the person picking this par-
ticular ear instantly knew he had something
unusual in his hand; its kernels were chalky
and so soft he could push his fingernail
through them. Rather than tossing the ear
away, he delivered it to the Connecticut
Experiment Station, where that gift to sci-
ence languished for 40 years. And no won-
der. Who wanted chalky, soft maize?
Clearly, it was worthless.

But when this mutant’s protein passed
through the grad student’s machine in Indi-
ana, the readout recorded a lysine content
twice as high as any he’d seen. “Make the
test again,” Mertz said, “and this time do it
properly!”

Amino-acid analyzers were notoriously

fickle, but Bates recalibrated his and con-
firmed the original result. No doubt about it,
this particular maize protein better matched
the human body’s lysine requirements. It
was a crucial observation, because when
the supply of any one of the 20 essential
amino acids runs out, the human body stops
producing all protein—brain, muscle, hair,
antibodies, blood cells, skin, and the rest.
Doubling the lysine content was thus tanta-
mount to doubling maize’s overall protein
effectiveness. Furthermore, Bates subse-
quently found that the tryptophan level also
was elevated, which made things even bet-
ter. Taken all round, the protein from this
chalky maize had a nutritional value rough-
ly 90% of that of milk protein, a common
standard of nutritional excellence.

From the beginning this discovery’s
practical value was obvious. Edwin Mertz
fed the new maize to laboratory rats, which
gained weight almost four times faster than
those fed normal maize. Later, the Rocke-
feller Foundation funded a test with twin
piglets in Colombia and obtained similar
results. And then Alberto Pradilla fed it to
Ana Ruth and six others suffering advanced
malnutrition. All seven children reacted
alike. Within two weeks their diarrhea had
ceased and they were gaining weight; with-
in a hundred days they had recovered.

These events took place during the
1960s, a highly charged era when “The
Protein Gap” was considered a major glob-
al crisis. Scholars had decided, seemingly
with good reason, that the basis of malnu-
trition in the hungry nations was a shortfall
of protein. Millions of poor people lived on
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Noel D. Vietmeyer was staff-officer for the 1986
National Academy of Sciences study of quality-
protein maize. He is now busy at work on new
NAS books dealing with Africa’s native fruits
and vegetables, as well as popular biographies
of Nobel Prize Laureate Norman Borlaug and
Hank Beachell, the plant breeder who gave the
world ‘IR 8’ and many other rice varieties.

ADrama in Three Long Acts: The Story Behind the 
Story of the Development of Quality-Protein Maize

Each year for 15 years, Eva Villegas analyzed more
than 20,000 kernels of maize.



staples that were protein deficient, so when
“high-lysine maize” was announced, it
seemed like the perfect answer to what
ailed the world.

The implications were indeed stagger-
ing. It was estimated that adding the
strange mutant’s genes to the world’s
maize crop would effectively increase
available protein by ten million tons. That,
in turn, was expected to alleviate malnutri-
tion among hundreds of millions in Africa
and Latin America, where maize was a sta-
ple, and Asia, where it was on its way to
becoming one.

But in the 1970s the euphoria over high-
lysine maize died away due to a slew of
secondary problems. Farmers rejected
high-lysine varieties because they pro-
duced fewer bushels per hectare and each
bushel weighed less than normal. Com-
bines couldn’t be used to harvest the maize
because machinery crushed the soft ker-
nels. Grain-handling companies found that
the kernels cracked and split open, foster-
ing molds and insect infestations. Industri-
al processors refused the soft stuff on the
basis that it was no good for grits, tortillas,
or anything else made from maize.

These negatives soon trumped the posi-
tives. In fact, the whole endeavor came to
be denounced as an academic fiasco. In
that near-hysterical atmosphere, high-
lysine maize was abandoned more quickly
than the proverbial hot potato. Only a tiny
group of researchers kept the dream alive.
Indeed, had not the United Nations Devel-
opment Program (UNDP) stepped into the
breach, the possibility of fortifying the
world’s third largest staple would have
died right there.

Villegas and Vasal Enter the Scene
UNDP backed a tiny research team at

the Centro Internacional de Mejoramiento
de Maiz y Trigo (CIMMYT, the Interna-
tional Maize and Wheat Improvement
Center) in Mexico to make high-lysine
maize practical as a crop plant. Leading
CIMMYT’s effort were cereal chemist
Evangelina Villegas and maize breeder
Surinder K. Vasal. Eva and Sam, as they
are known, faced a fantastic challenge.
They had to wholly restructure the kernel’s
main portion, the starch-filled endosperm.
As if that weren’t enough, they had to
retain the nutritional value, which was
clearly due to a rare recessive gene that
vanished at the slightest genetic confronta-
tion. Worse, the kernel hardness they had to
breed in did not seem to be under direct
genetic control, so there were no obvious
cross-pollinations to apply.

Luckily, these researchers made up a
unique, collegial, and complementary pair.
Both were from less-than-privileged back-
grounds; Villegas grew up in an impover-
ished Mexico City barrio and Vasal in the
northern Indian city of Amritsar. They
began in 1970, Vasal toiling out in the
fields crossbreeding thousands of varieties,

Villegas laboring in the lab running thou-
sands upon thousands of analyses. As the
harvests were made, he sent in ears from
his best plants and she isolated the hardest
kernels and tested each for lysine content.
Any that failed the test was discarded on
the spot. It was probably the first time that
a nutrition lab rather than a field staff
directed the course of a crop-breeding
enterprise. Key to everything was Eva’s
use of a tiny drill to remove tissue samples
without destroying the kernel’s viability.
When she identified a hard kernel with
high-lysine content, Sam could plant it and
keep the progress going.

For his part, Sam was employing what
he called “gene modifiers” to nudge the
starch into changing from chalky to glassy.
Year after year, he managed to find more of
these gene modifiers and induce the hard-
ness to increase steadily from the top of the
kernel towards the base: 10%, 25%, 50%,
and so forth. By the mid-1980s, the joint
efforts of this Mexican biochemist and this
Indian maize breeder had produced plants
whose kernels were both hard and rich in
lysine and tryptophan.

By itself, changing the starch from
opaque to clear was a staggering achieve-
ment, but it wasn’t enough … not by a long
shot. Of all of this crop’s handicaps, low
yield was equally crippling. No farmer
would plant a variety that promised lower
yields. To attack this new problem, Sam
and his fellow maize breeders sorted

through the segregating generations and
threw out every lightweight ear. They also
attacked the kernel’s higher-than-normal
moisture content by harvesting the crop a
few days early and carrying forward only
those kernels that dried quickly. And
throughout the whole enterprise, ears with
split kernels were instantly tossed out.

In this manner, progress was made on so
many fronts that even plant breeders found
it hard to comprehend the operation’s size
and complexity. Each year for 15 years,
Sam was making hundreds of new crosses
and Eva was analyzing more than 20,000
kernels, rejecting all but the magic few that
retained the nutritional advantage. Then,
just as everything seemed to be coming
together, they hit another snag: The kernel
changes often proved unstable at certain
production sites. Sam responded by grow-
ing his best selections at six separate loca-
tions, saving seed only from the plants that
showed uniformly high yield and kernel
stability at all sites.

By 1986, this dedicated effort—which
few outsiders knew about—had created a
high-lysine maize that seemed normal in
all outward respects and grew reliably in
different environments. This new crop not
only made nutritious grits and tortillas, but
corn chips, too. Sam and Eva called it
“quality-protein maize” (QPM).

At first, the accolades rolled in. Trials in
Mexico, Guatemala, Senegal, China,
Brazil and other countries proved that this
high-test maize performed exceptionally
well in nutritional tests. Guatemalan doc-
tors “treated” more than 20 malnourished
children with QPM. Each child recovered
and the physicians declared the new maize
a “flexible cure,” thanks to the fact that
both kids and parents knew what it was and
could use it in their traditional dishes.

Additional research in Lima, Peru
showed that babies in their second year of
life grew normally when their only protein
came from QPM. Unexpectedly, they
breathed out much less hydrogen, an indi-
cation that QPM’s carbohydrate was far
more digestible than that in common
maize. In addition, metabolic-balance stud-
ies showed that children getting protein
only from maize retained 50-100% more
nitrogen when they switched to QPM, an
indication that their bodies were creating
that much more protein.

In 1986, a National Academy of Sci-
ences (NAS) panel led by William L.
Brown—renowned maize breeder, CEO of
a major corporation, and this magazine’s
founder—went to Mexico to evaluate
CIMMYT’s results. This independent
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review panel confirmed that the plant’s
yields, kernel type, disease resistance, and
other performance characteristics were
comparable to those of normal maize. It
pronounced QPM “a remarkable crop
ready for wide-scale use.” QPM, the NAS
reported, could be a boon to many parts of
the world. The panel members fully
expected it to have a major role in combat-
ing the ravages of global malnutrition.

The Curtain Nearly Comes 
Down Early on QPM

Finally the old expectations of sweep-
ing nutritional benefits for the world
seemed to have become reality. But then, at
the very pinnacle of success, the rumblings
of resistance returned. Ideas in nutritional
circles had undergone a sea change, and
most international nutritionists now whole-
heartedly embraced the notion that the Pro-
tein Gap had been mere myth. The human
requirement for protein is not high, went
the new theory, and if people would just eat
more of their existing staples, protein prob-
lems would take care of themselves. Once
more, the QPM endeavor was denounced
as an academic fiasco. By the mid-1980s,
interest had declined almost to the vanish-

ing point. Eva and Sam had spent 15 years
of their careers producing something the
world didn’t want.

In this intellectual climate, not even the
NAS’ endorsement could affect the course
of events. Facing a severe funding cut,
CIMMYT’s then-director general decided
the QPM program had to go. In this deci-
sion he was abetted by a nutritionist on his
board of directors, who declared that the
new maize was unneeded. Meeting partici-
pants recall her saying, “Let them eat
eggs.” Although essentially ready for full-

scale deployment, QPM thus was summar-
ily abandoned. The seed created at such
agonizing effort went into the deep freeze.
Eva and Sam were assigned other projects.
The grand dream was over; the attempt to
fortify maize with its own rarest of rare
genes had died yet again.

Likely, QPM would have stayed buried
had not Norman Borlaug been so excited
by its potential. Following the 1984-5
famine in Ethiopia, the 1970 Nobel Peace
Prize winner was lured into taking on the
challenge of feeding Africa. By 1990 his
program was getting underway, and Bor-
laug used his not-inconsiderable influence
to resurrect QPM.

Thanks to funding from Japan’s Nippon
Foundation, QPM seeds were recovered
from cold storage. They were to be tested
in Ghana, where maize is a staple and mal-
nutrition risks are significant. The effort
was given over to Wayne Haag, a young
American who had worked closely with
Sam and Eva at CIMMYT.

Haag and three Ghanaian maize breeders
set out to develop a QPM variety adapted to
local conditions. Progress was swift, and in
1992 they released a variety called ‘Obatan-
pa.’ Ghanaian farmers took to it. By 1994,

‘Obatanpa’ was growing
on some 30,000 hectares
and by 1995 it accounted
for a third of Ghana’s total
maize production.

Two national leaders
helped speed this develop-
ment. One was former U.S.
President Jimmy Carter,
who became excited when
he learned about QPM’s
effects on malnourished
children. The other was
Ghana’s President, Jerry
Rawlings, who spied two
piglets at an agricultural
fair near the city of
Kumasi. While one piglet
had been raised on regular
maize, its twin had been

raised on QPM; the first was a runt, the sec-
ond a healthy porker. Rawlings immediate-
ly had the crated pigs placed next to his
podium and asked who was responsible.
Timidly, the Ghanaian maize breeder Straf-
ford Twumasi came forward, climbed the
president’s podium, and explained the
whole story to his leader and the crowd.
The president then demanded that the pigs
be placed on the top of two pickup trucks
and paraded around the fairgrounds for all
to see, while he marched alongside.

Twumasi thus became an instant nation-

al hero, and soon the effects extended far
beyond the illustrative pigs. When the
researchers visited a village in southwest-
ern Ghana in 1996, for example, the plight
of its children was similar to that of the
untreated Ana Ruth. One actually died in
its mother’s arms while the shocked scien-
tists looked on in horror. Later they visited
a village that was similar in all respects but
one: ‘Obatanpa’ seed had been distributed,
grown, and eaten there. The scientists found
throngs of kids skipping, prancing, and
kicking soccer balls, full of energy and life.
Not even the optimistic scientists had
expected such a transformation. The whole
episode is documented on an exceptionally
touching program videotaped for television.

QPM is the most efficient Green
Revolution of all—its benefits all

occur inside the body, which is
where they matter most.

Since those days in the mid-1990s, the
crop has risen to such prominence that
Ghanaians now probably eat as much QPM
as normal maize. Moreover, similar work
is gaining momentum in other African
countries, including Benin, Burkina Faso,
Ethiopia, Guinea, Malawi, Mali, Nigeria,
and Uganda. Haag himself has moved on
to Mozambique, where QPM is steadily
gaining ground. Other versions of the crop
are reaching farmers’ fields in Brazil,
Guatemala, Mexico, South Africa, and
China, where the government is promoting
it across large areas of the country as part
of a rural-development strategy.

Sam and Eva Get a 
Standing Ovation

Now Eva Villegas and Sam Vasal have
won the World Food Prize and their maize
is finally getting public recognition (see
related story on p. 2). That is good, not
least because it opens up interesting per-
spectives on crop breeding. For one thing,
getting twice the nutritional value out of a
food crop is clearly better than doubling
the production: it fills bodies equally well
without requiring additional fertilizer, pes-
ticide, storage, milling, transport, time,
energy, cost, or human effort. Seen in this
light, QPM is the most efficient Green
Revolution of all—its benefits all occur
inside the body, which is where they matter
most. One hopes that all crops will now be
bred in a similar fashion.

For another, the ultimate outcome could
truly be profound. A wide segment of
humanity—perhaps a billion people—sub-
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sists on maize. Like Ana Ruth, millions of
them seldom get a taste of meat, milk, fish,
or even an occasional egg. Thus, raising
their staple’s nutritional value to anything
even vaguely like milk’s could bring bene-
fits beyond measure.

No one claims that fortifying maize will
eliminate malnutrition the way iodized salt
eliminated goiter, but given the experience

of Ana Ruth and others, everyone can see
possibilities for a better life for all who face
malnutrition throughout the maize-grow-
ing world. And the amazing thing is that
this came about long before the era of
biotechnology. It is a classic case of con-
ventional plant breeding, whose outcome
depended solely on maize’s own age-old
biological diversity. Of course, it also

depended on an observant Connecticut
field hand who saved a single ear of maize
in the 1920s. Makes you wonder what he
would say could he only know what that
conscientious act made possible.   

For further information, contact: Noel D. Viet-
meyer, 5921 River Drive, Lorton, VA 22079. Tel:
(703) 339-6161. E-mail: noelvi@aol.com.
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by Suri Sehgal

Ever-increasing populations are placing
extreme demands on the world ecosystem.
The global population has grown from
approximately 1.6 billion in 1900 to over 6
billion at present, and is expected to grow
to about 8 billion by 2025-30. Of those 8
billion, 6-7 billion people will live in
developing countries. How can we produce
enough food to feed 8 billion people and
also reduce the number of undernourished
to less than the current 800 million?

Much of the progress made in meeting
global food needs can be attributed to the
Green Revolution. Despite criticism lev-
elled against it, the Green Revolution did
substantially raise crop yields, thus prevent-
ing serious food shortages in many devel-
oping countries. However, the technological
advantage offered by high-yielding vari-
eties/hybrids (HYVs) and associated pro-
duction technologies has been largely
confined to high-potential lands located in
irrigated regions and areas of adequate
rainfall. Even on such lands, wheat and rice
yield increases are showing signs of decline.
The challenge ahead is to stop this decline
and, instead, accelerate yield increases.

But ensuring supply is only part of the
food-security challenge: Ensuring access is
equally important. In the developing world,
60-70% of poor people live in rural areas.
These areas are resource-poor, highly het-
erogeneous, and risk prone. In humid or
sub-humid areas and semi-arid tropics and

subtropics, the farming systems are com-
plex, the soils fragile, and the weather is
highly variable. These are also the regions
most likely to be negatively affected by
global warming. In fact, the worst poverty is
found in arid or semi-arid zones and in steep
hill/slope areas that are ecologically unsta-
ble. Subsistence agriculture and frequent
crop failures are the norm in these areas.

What role can the seed industry play in
meeting these challenges? And how can
developing countries, in particular, get the
most gain for their citizens from both sec-
tors—public and private—of that industry?

First, the Seed
Seed is the primary delivery system for

genetic improvements, whether these are
added through classical breeding techniques
or new gene technologies. Therefore, seed
will always be a critical component in any
strategy to improve agricultural output.
Seed is, in fact, the hub around which all
other productivity-improvement strategies
revolve. Improved farming techniques,
agrochemicals, and machinery—these are
only as effective as the germplasm they
support. This means that farmers every-
where require a secure source of good
quality seed for good harvest.

Seed must be bred for—and extensively
evaluated in—the area in which it is to be
grown prior to large-scale release. Further,
an improved hybrid or variety is useless
unless its seed reaches the farmers in suffi-
cient quantity, and has high quality and
good purity. These facts dictate that farmers
in the developing world must have a local
industry involved in the breeding, produc-
tion, and distribution of seeds. Additionally,
since many crops important in the develop-
ing world are not of interest to multination-
al seed companies—even those operating
in developing countries—it is important to

support the development of an indigenous
seed industry. Since seed always comes
first, such an indigenous effort will help
ensure agricultural development, food pro-
duction, and food security.

Seed and Modern 
Agricultural Advances

Both the public and private sectors
already have contributed significantly to
agricultural development through research
on hybrids and non-hybrids. In particular,
the public-sector seed industry played a
key role in spreading new HYVs and asso-
ciated high-input production technologies.
The development and promotion of HYVs
by the International Agricultural Research
Centers (IARCs) led to dramatic increases
in food production in the areas to which
they were transferred. For example, in the
1960s the development and transfer of
HYVs of wheat and rice by CIMMYT
(Centro Internacional de Mejoramiento de
Maiz y Trigo) and IRRI (International Rice
Research Institute) led to dramatic increas-
es in food production in high-potential
lands in Asia, North and South Africa, and
Latin America.

Similarly, the breeding, development,
and transfer of hybrid corn from the Unit-
ed States in the late 1950s and early 1960s
by the private sector revolutionized maize
production in Europe. In certain areas, such
as Italy’s Po Valley and the Danubian
Basin of Central Europe, the average yield
of the new hybrids was even higher than
those achieved in the U.S. (This was due in
part to lower disease pressure, better agro-
climatic conditions, and superior field
management.) In Asia, Latin America, and
North and South Africa, hybrid corn devel-
oped by IARCs led to similar production
increases.

The transfer of HYVs and production
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technologies from the U.S. (Texas) to Latin
America increased that region’s production
of feed grain hybrid sorghum, and similar
increases in food grain sorghum and millet
in India grew out of the work of ICRISAT
(International Crops and Research Institute
for the Semi-Arid Tropics) and the Nation-
al Agriculture Research System (NARS).
Finally, public-sector hybrids have revolu-
tionized rice production in China, and
hybrid rice now accounts for roughly half
of that country’s rice-growing areas. These
hybrids yield an average 6.8 tons per
hectare, compared to 5.2 tons per hectare
for conventional varieties. The private sec-
tor and IRRI are now playing a major role
in spreading hybrid rice from China to
elsewhere in Asia, particularly in India, the
Philippines, and Vietnam.

The Seed Industry: 
Structure and Principles

To date, therefore, seed-improvement
and productivity gains in developing coun-
tries have resulted from both public- and
private-sector research and development
(R&D); in the future, it is likely that the pri-
vate sector will play an increasingly impor-
tant role. But in order to understand the
importance of an indigenous, private seed
sector in developing countries, it is useful to
consider the structure of today’s seed market.

There are essentially two broad segments
within that market: hybrids and non-
hybrids. The hybrid seed segment—char-
acterized by high R&D costs, high prices,
and high margins—is already primarily
controlled by the private sector in both
developed and developing countries. The
non-hybrid seed segment—characterized
by low R&D costs, low prices, and low
margins—is primarily in the public sector
in developing countries and in the private
sector in developed countries.

There are four basic principles on which
the private-sector seed industry operates:
■ Breeding and new gene technologies

must create significant value in the prod-
ucts;

■ It must be possible to protect the prod-
ucts;

■ Industry must be able to recover part of
the value through adequate pricing; and

■ Farmers must significantly benefit from
new products—they should be able to
retain a greater portion of the added
value to justify paying higher prices for
value-added seed.
If indigenous, private seed industries

are to prosper in developing countries, they
must be able to protect their research and
recover the value of that research through
adequate pricing. Certain economic and/or
policy factors make this problematic, such
as:
■ Inadequate technology- and variety-pro-

tection legislation;
■ Restricted access to new technologies;
■ Public-sector pricing subsidies;
■ Complex variety-notification, registra-

tion, and seed-certification regulations;
■ Seed and germplasm import restrictions,

including quarantine laws; and
■ Infrastructure constraints.

Despite these sorts of challenges, how-
ever, there are opportunities for growth in
the seed sector in developing countries,
and that growth can be optimized if these
constraints are removed (or at least limit-
ed). Success in the seed sector also requires
a long-term perspective on the part of the
entrepreneur, since quality research is
time-consuming and cannot be switched on
and off at will. Furthermore, seed compa-
nies are more likely to succeed when build-
ing on an existing breeding program, so the
existing companies that expand into new
crop areas, including indigenous crops,
will have an advantage over start-ups.

In most developing countries, the pri-
vate-sector seed industry is in the early
stages of development (though in some it is
beginning to enter a growth phase). New
companies are being created, and existing

ones are expanding the scope of their busi-
ness. In contrast, the seed industry in the
developed countries is mature, and is con-
solidating and restructuring as a result of
new technologies and associated freedom-
to-operate issues. Seed companies with
access to technology are stacking new
traits in varieties and hybrids to gain com-
petitive advantage, and integrated suppliers
are emerging who specialize in bundling
various inputs at the farm gate. For their
part, farmers are using increasingly sophis-
ticated management tools, including preci-
sion farming, to get full value from their
inputs. Finally, the buyers of farm com-
modities are turning to identity-preserved
production and contract farming.

The Seed Industry 
and Value Creation

The private-sector seed industry is thus
highly competitive. The keys to success are
speed to the market, and being the first to
bring differentiated products to the market.
In the developed world, seed companies
are creating value with classic and molecu-
lar breeding, genetic engineering of input
and output traits, and, most recently, with
advances in structural and functional
genomics.

Classical and Molecular Breeding
Success in the seed industry can usually

be traced to the strength of the company’s
classical breeding program. During the last
three decades, U.S. maize yield has been
continuously rising from an average of five
metric tons per hectare in the late 1960s to
over eight metric tons per hectare now.
Similarly, cereal grain yields have been
continuously rising in both the developing
and the developed worlds for the past three
decades. Lately, however, there has been a
decline in the rate of growth in cereals—
particularly in the developing countries,
which is worrying policymakers.

Many scientists consider the slackening
to be a sign that classical breeding efforts
are reaching the point of diminishing
returns. This is reflected in the experience
of many seed companies whose output
(results) has not kept pace with their input
(breeding costs). The efficiency of translat-
ing breeding investment into yield has
gone down significantly.

Using classical breeding methods, it is
nearly impossible to combine the many
different genes required for further
improvement in one background. To accel-
erate genetic improvement, researchers are
exploring new methodologies such as mol-
ecular breeding. This technology offers
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USDA biochemist Kevin Young (left) and Pioneer
Hi-Bred plant breeder David Ertl analyze the
phosphorus levels of hybrid corn samples.
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great promise as a support tech-
nology for pedigree breeding,
elite event backcrossing, and
heterosis breeding programs,
and can expedite the transfer of
traits from landraces and wild
relatives to HYVs. The chal-
lenge is threefold: to identify
and characterize traits in the
germplasm collections presently
held in genebanks; to develop
documentation; and to increase
breeders’access to these materi-
als.

Molecular breeding is com-
monly defined as the use of 
so-called DNA markers or
genome-imaging technology to
support, accelerate, rationalize,
and widen the scope of plant
breeding. DNA-marker tech-
nologies currently enjoying
wide use include AFLP (ampli-
fied fragment linked polymor-
phism) and microsatellite tech-
nologies, which are effective in
characterizing germplasm and
identifying and mapping QTLs
(quantitative trait loci) in maize as well as
many other plant species. Also, the use of
marker-assisted selection (MAS) has
increased the precision and speed of plant
breeding, and shows particular promise in
disease-resistance breeding, especially
where several genes control resistance with
complex interactions and where pyramid-
ing of genes is desirable.

Genetic Engineering
Genetic engineering has been defined as

any technique that uses living organisms,
or substances from those organisms, to
make or modify a product, to improve
plants or animals, or to develop microor-
ganisms for specific uses. Researchers
genetically modify living cells by introduc-
ing new genes in order to develop novel
traits, and rely on enabling technologies to
introduce and properly express genes of
interest. These genes encode proteins that
are responsible for the transgenic trait, and
their insertion therefore confers a new
property, such as resistance to disease or
insects and so forth.

The most important enabling technolo-
gies include plant-transformation systems,
selectable markers, gene-expression ele-
ments (promoters), and the so-called “gene
silencing” technologies. Plant-transforma-
tion systems introduce specific genes into
plant cells, so that the DNA, or the gene, is
incorporated into the plant cell’s chromo-

somes. Since the frequency of
the plant transformation varies
significantly (depending on the
method used) and can be very
low, selectable marker genes
make it possible to identify the
plant cells that have been trans-
formed. Expression technology
is employed to confirm that the
inserted genes function in their
new environment. When used in
combination with specific gene
promoters, expression technol-
ogy also is used to specify the
timing and location of the
expression of a particular gene.
In contrast, gene-silencing tech-
nologies, such as anti-sense, can
be used to suppress gene expres-
sion.

Genetic engineering offers
specific technical solutions for a
range of existing problems, and
input traits such as resistance to
disease, insects, herbicides, and
nematodes are of considerable
value. The first wave of trans-
genic products (with input

traits) is already on the market—in fact,
these products covered approximately 35
million hectares in the U.S. in 1999. Just
over half the U.S. soybean acreage is plant-
ed in herbicide-resistant varieties, nearly a
third of the corn acreage is insect-resistant,
and herbicide- and insect-resistant cotton
also account for a third of that crop.

The second wave of transgenic products
expected in the market involves output
traits, particularly regarding modifications
to extractable starches, proteins, and veg-
etable oils. Other output-trait research con-
cerns foods with improved nutritional
value, or nutraceuticals. Two other second-
wave areas of research are the redesign of
plant architecture and technologies to over-
come abiotic stress. The development of
these second-wave technologies will be
largely influenced by developments in
genomics.

Genomics
Genomics refers to the mapping, or

sequencing, of genomes (structural geno-
mics) and the assessment of gene function
by making use of that information (func-
tional genomics (FG)). A genome can be
considered the complete set of instruc-
tions—inscribed in the form of DNA—for
the proper structure and function of an
organism.

The fundamental strategy of FG is to
expand the scope of biological investiga-

tions beyond the study of single genes or
proteins to the simultaneous study of all
genes or proteins in a systematic and high-
throughput fashion. FG promises to rapid-
ly enhance our understanding of the
relationship between gene sequence and
function, thereby yielding new insights
into the behavior of biological systems.

Many scientists consider the
slackening in yield gains to be 
a sign that classical breeding
efforts are reaching the point 

of diminishing returns.

One means of understanding the struc-
ture/function relationship is to study differ-
ential expression profiles of mRNAs
(transcripts), proteins, and metabolites in
response to varying stimuli. Today, FG
research in plants largely relies on Ara-
bidopsis, which is a useful model for dicot
crops because of its small genome size, the
availability of large mutant collections, and
the amount of sequence information being
generated. The whole Arabidopsis genome
sequence is now accessible through public
databases, and a similar effort is underway
to map the rice genome, which could serve
as a model for monocot crops.

Physical maps of various key crops are
under development as well. The aim of
these projects is to map the location of
important genes of the plant chromosomes
in order to more successfully direct and tar-
get the breeding of such crops.

Genomics research offers enormous
possibilities for public- and private-sector
collaboration on research into yield
improvement and defense against biotic
and abiotic stresses. In low-potential lands,
plant productivity is greatly influenced by
stresses such as freezing, drought, salinity,
and flooding. Many organisms have
evolved traits that enable them to survive
in extreme environments, and the genes
conferring such tolerance can potentially
be introduced into higher plants.

Drought is a major abiotic stress, and
Peter McCourt of the University of Toron-
to has discovered a gene that controls
drought tolerance in plants. In times of
drought stress, the plant hormone abscisic
acid, which is controlled by the ERA 1
gene, triggers the closure of the plant’s
stomata. By regulating the ERA 1 gene it is
possible to control water loss so that plants
last longer despite drought. Therefore,
engineering plants so that their stomata
close more readily would allow dry-land
crops to use water more efficiently. Though
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by Devinder Sharma

First flowers and vegetables, now the
potato: For more than three years, the hor-
izontally expanding private-sector seed
industry—with the support of the World
Bank—has been exerting tremendous pres-
sure on the Indian government to allow
bulk import of potato varieties for seed
production. And, in the bargain, turn India
into a haven for exotic pests and diseases.

It is strange that this demand is being
made of a country that only a few years ago
supplied the entire Rwandan seed-potato
requirement for the staple food of that war-
torn country. In the aftermath of Rwanda’s
civil war and the resulting famine, India had
come to the rescue of the international sci-
entific community by offering the Consul-
tative Group on International Agricultural

Research (CGIAR) its true-seed-potato
technology in order to save the Rwandan
people from possible mass starvation.

At about the same time, however, the
private-sector seed industry began clamor-
ing for seed-potato imports from Europe
and the United States. But for the timely
intervention of R.S. Paroda, director gener-
al of the Indian Council of Agricultural
Research (ICAR), the country would have
been besieged by imported seed potatoes,
which might well have destroyed the foun-
dations of indigenous potato research. For-
mer Agriculture Minister Balram Jakhar, a
strong proponent of seed imports, had
almost given in to the seed industry’s
demand. As a result of Paroda’s objections,
however, a high-level expert committee
was constituted to examine the issue and
concluded that seed-potato imports should
not be allowed.

Must History Repeat Itself?
Soon after the 1988 revision of India’s

national seed policy, the government—
contrary to the wishes of agricultural scien-
tists—sanctioned the importation of flower

and vegetable seeds.
In a desperate race to
import and sell those
seeds directly to trust-
ing farmers, the seed
industry ignored the
government’s direc-
tive to deposit sam-
ples of the imported seeds with the National
Bureau of Plant Genetic Resources. And in
the absence of any worthwhile quarantine
processes, close to 100 exotic diseases,
pests, and weeds entered India with the
seeds. Many of these diseases and pests
have already multiplied to menacing pro-
portions, and in the coming years ICAR
will spend a substantial sum to combat
them.

If seed-potato imports also were allowed,
the potato viruses and other pathogens that
might accompany imported seed potatoes
would pose a serious threat to India’s food
security. This threat is exacerbated by the
fact that many such viruses are dormant in
temperate regions of Europe and the U.S.
but spring to life in tropical and subtropical
climates. These latent viruses exist in such

Devinder Sharma, a food- and trade-policy
analyst, chairs the New Delhi-based Forum for
Biotechnology & Food Security. His recent
works include two books, GATT to WTO:
Seeds of Despair and In the Famine Trap.

Struggle Continues in India over Seed-Potato Imports

Devinder Sharma

inhibiting the gene and keeping stomata
closed can slow plant growth, in dry-land
areas this slower growth obviously is
preferable to the death of the plant. (In
water-rich areas, plants might be modified
so that the stomata stay open longer, which
would boost photosynthesis and thus lead
to higher yields.)

Salt tolerance is a high-priority research
area, since much of the irrigation water
used around the world is becoming more
saline. Another area of interest is the mod-
ification of plants’ maturity and architec-
ture. Early-maturing crops are needed
where the wet season is short and later-
maturing plants are needed where the wet
season is longer.

Seed and Food Security
A vibrant seed industry is an essential

requirement for food production and secu-
rity in the developing world. Food security
means that all people have access at all
times to enough food to lead active,
healthy lives—but ensuring such access in
the developing world requires sustainable
agricultural development on both high- and
low-potential lands. And since seed is the

basic agricultural input needed for such
development, an indigenous seed industry
that addresses the particular needs of its
farmer-customers is essential.

New technologies, including those con-
ferring tolerance to abiotic stress, can help
bring stability of production on those low-
potential lands. Careful land-use plan-
ning—considering what land to employ for
high-yield agriculture while retaining other
land for in situ conservation of genetic
diversity and additional uses—is also
required. By emphasizing sustainable agri-
culture and putting into place policies and
practices that make quality seed more read-
ily available, developing countries can
enhance the economic well-being and the
health of their people.

The seed industry plays a key role in
bringing the benefits of agricultural
biotechnology to farmers, and poor farmers

must have equal access to quality seed.
While some developing countries will ben-
efit from agricultural biotechnology strictly
as seed end-users, others will be able to uti-
lize the technology itself in crops and vari-
eties of their own choosing. Developing
countries are rich in genetic resources, and
they have shared these with the developed
world. These countries must be supported
in developing the competencies necessary
to receive new technologies and use them
to their best advantage.

Both the public and private sectors have
played essential roles in ensuring that high-
quality seed reaches our farmers, and the
two continue to engage in sophisticated
research to further improve seed quality
and overall productivity. We must ensure
that they continue their valuable work, and
that both sectors are fully represented in
developing countries.   

For further information, contact: Suri Sehgal, c/o
Proagro Seed Co., Ltd., A-304 Ansal Chambers-1,
3 Bhikaiji Cama Place, New Delhi, India 110066.
Tel: +91-11-618-1622. Fax: +91-11-619-2084. E-
mail: suri76@aol.com.
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by Maureen Kuwano Hinkle

Medicine Quest: In Search of Nature’s
Healing Secrets by Mark J. Plotkin, Ph.D.,
Viking: New York. 224 pp. $22.95.

Medicine Quest is a modern-day thriller
combining generous portions of science,
history, and anthropology. Plotkin, an eth-
nobotanist and president of the Amazon
Conservation Team (ACT), demonstrates
his Indiana Jones-like willingness to dive
headlong into his studies. Among the

exploits recounted in this volume is an out-
of-body experience presided over by a
shaman in the western Amazon of Colom-
bia. (The psychotropic agent in this
instance was ayahuasca, a South American
brew prepared from segments of the vine
Banisteriopsis caapi.) Medicine Quest is
Plotkin’s follow-up to Shaman’s Appren-
tice: An Ethnobotanist Searches for New
Medicines in the Amazon Forest (see
DIVERSITY Vol.9, No.4, pp. 84-85).

A very easy read, the book awakens the
senses to the medicinal potential of the nat-
ural world. From terrestrial organisms such
as insects, snakes, bats, and fungi to the life
forms inhabiting the 70% of our planet that
is under water, the significance of these
natural resources can hardly be overstated.
Given the exhaustion of current synthetic
chemicals, growing resistance to antibi-
otics, and diseases that remain uncon-

trolled, Plotkin’s case for nature and against
habitat disturbance should be required
reading for all land developers. He points
out the utilitarian value of biodiversity
(“Because every species is different, each
may harbor unique compounds that can
somehow benefit humankind”) and argues
that “Different people respond to the same
doses of the same drug in dissimilar ways.
The greater the variety of healing potions
available, the greater the likelihood of an
effective treatment free of side effects.”

Plotkin traces the long history of bio-
prospecting to 1512 B.C., when Egyptian
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minute quantities that they are difficult to
detect upon entry.

Does India Really Need 
Western Seed Potatoes?

But even aside from the issue of
unwanted pests, the question remains: Why
should India import seed potatoes in bulk?
The industry says that none of the native
potato varieties—which it deems inferior
in quality and production—is suitable for
processing. A former managing director of
Pepsi Foods, Ramesh Vangal, took pains
several years ago to explain to the author
how different and superior the multination-
al company’s varieties were. Taking credit
for revolutionizing potato production in
Mexico and Venezuela, he was excited at
the prospects for India if Pepsi were
allowed to cultivate its own varieties here.

A few years later, the first lot of six Pepsi
Foods potato varieties was tested by the
Central Potato Research Institute (CPRI) in
Shimla (a city located in the northern Indi-
an state of Himachal Pradesh), and found to
be in no way better than the existing Indian
varieties. Even today, none of the potato
varieties being cultivated in Europe and the
U.S. can be said to be superior to Indian
strains. It is ironic that while the Indian pri-
vate-sector seed industry is keen to import
potato varieties from the West for process-

ing and sale to farmers, several West Asian
countries are asking CPRI to provide them
with potato varieties for both processing
and crop production. (Some time ago,
Myanmar (then Burma) approached India
about supplying seed potatoes in bulk.
After waiting two years for a decision that
never came, Myanmar got the seed from
the Netherlands.)

If seed-potato imports were
allowed, the potato viruses and

other pathogens that might
accompany imported seeds would

pose a serious threat to the
country’s food security.

It is true that potato production in north-
ern India’s Punjab region hovers around 22
tons per hectare, which compares unfavor-
ably with the U.S. average of about 35
tons. This does not, however, mean that
Punjabi farmers are using inferior varieties.
The gap can be attributed to environmental
factors, which vary above a threshold level.
For instance, until recently the Lahaul-
Spiti Valley in the northwestern Himalayas
held the world record in potato production,
yielding as much as 48 tons per hectare.
But Chandramukhi, the popular potato

variety that produces so well in Lahaul-
Spiti, yields only an average of about 20
tons on the plains of the Punjab. Climatic
and environmental variances between the
two areas are the only conceivable reasons
for such a huge gap in output.

It is quite obvious that in the private sec-
tor, seed is treated the same as any other
commodity. The focus is on importation
and marketing instead of on developing a
sound breeding research-and-development
infrastructure that could revolutionize Indi-
an agriculture. But seeds, unlike other con-
sumer products, are biological material and
should not be traded so freely.

Instead of succumbing to pressure from
private industry, which tries to influence
popular thinking by sponsoring national
conferences and seminars, ICAR must reg-
ulate the inflow of seeds from abroad and
strictly ensure that contaminated seeds are
not sold. India also must enforce the prin-
ciple of “polluter pays,” which obligates
companies that do import pests along with
seeds to be responsible for the cost of erad-
icating those pests.   

For further information, contact: Devinder Shar-
ma, Post Box # 4, New Delhi 110 024, India. Tel:
+91-11-656 2326. Fax: +91-11-696 2464. E-mail:
dsharma@del6.vsnl.net.in.
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Queen Hatchepsut
dispatched an expedition that brought back
myrrh. The principal antibiotic of the
ancient world, myrrh also had anti-inflam-
matory and pain-relieving properties.

Honey was used medicinally 4,000
years ago to treat burns, wounds, and other
ailments caused or exacerbated by bacteria,
though its effectiveness wasn’t confirmed
in the laboratory until the mid-1940s. Even
thereafter, it was not widely used. This,
says Plotkin, may be about to change. The
Journal of the Royal Society of Medicine
recently editorialized, “The time has come
for conventional medicine to lift the blinds
off this traditional remedy and give it its
due recognition.” Honey is now being
evaluated as a treatment in certain cases
involving drug-resistant bacterial strains.

Plotkin advocates elevating the explo-
ration and discovery of new bioresources
to the status of a challenging discipline in
its own right. He considers it a wide-open
field whose time has come: “If we can find
new painkillers from frogs, new stimulants
from porcupines, new antiparasitics from

penguins, new laxatives from thrushes,
new antibiotics from chimps, and new
contraceptives from woolly spider mon-
keys, what else might be out there, in the
rain forest, on the prairie, or inside the
coral reef, being used by local species and
awaiting discovery of its benefit to our
own species? What might have already
been lost? … Who knows what we lost,
either in terms of the actual chemicals, the
species that produced them, or the …
knowledge of how to use them?”

Plotkin also welcomes biotechnology.
Just a few decades ago, he explains,
chemists needed pounds of plant species to
isolate a new chemical compound, but
today they can do it with a few twigs. Robo-
chemistry—the automation and refinement
of the drudge work of lab analysis—is
speeding up and reducing the cost of drug
development. Biotechnology now enables
researchers to implant leech DNA in bacte-
ria for use in blood disorders, for example,
and explore other “bug drugs” that result
from genetic engineering and “combinato-
ry chemistry, creating more potent varieties
using the original fused compound as the
basepoint.”

Sidestepping the IPR Issues
Plotkin continues to work closely with

indigenous peoples, and in 1999 his orga-
nization, ACT, sponsored a shamans’ coun-
cil that produced the Yurayaco Declaration.
Among other things, that statement asked
the world to acknowledge that traditional
medicine is a science (albeit a non-Western
one), denounced outsiders’ collection and
subsequent patenting of plants historically
used by the shamans, and affirmed indige-
nous peoples’ collective intellectual prop-
erty rights.

In light of this, it is unfortunate that in
this otherwise outstanding book, Plotkin
did not discuss how indigenous peoples
and developing countries are to be com-
pensated for outside use of traditional
knowledge. How are they to be protected

from exploitation, either for their secrets,
their culture, or their very habitat? It may
be that much of the shamans’ knowledge
and practices may remain veiled from the
modern world until the issues of access,
legal rights, equitable benefit sharing, and
protection against exploitation are settled.

Plotkin’s case for nature and
against habitat disturbance

should be required reading for 
all land developers.

For example, the Yurayaco Declaration
specifically demanded the immediate sus-
pension of a patent granted to U.S. citizen
Loren Miller of the International Plant
Medicine Corporation for the plant from
which ayahuasca is made. The Coordinat-
ing Body of the Indigenous Organizations
of the Amazon Basin (COICA) also con-
demned foreign appropriation of native
plants and cultural values, and labeled the
ayahuasca patent holder an “enemy of the
indigenous peoples,” thereby prohibiting
him from entering any indigenous territory.
In response, the Inter-American Founda-
tion, a development agency linked to the
U.S. government, ended all cooperative
agreements and projects with COICA,
though the U.S. Patent Office later can-
celled the patent.

Intellectual-property-rights dodges aside,
though, Plotkin has built a powerful, even
urgent, case for the vital importance of bio-
diversity’s medical potential. The secrets of
indigenous peoples around the world are
being erased as their cultures are being
eliminated, he argues, and a whole arsenal
of astounding cures may die with them. If
ever there was a case of modern society’s
own interests being tied to those of tradi-
tional cultures, here it is, engagingly por-
trayed and documented in fascinating
detail.   
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THE COMING ATTRACTION

If you were intrigued by this review of

Medicine Quest, don’t miss DIVERSITY

Vol.17, No.1, due out in early April
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an in-depth look at medicinal and

nutraceutical plants, from a wide range

of disciplines and perspectives.

CALL FOR ARTICLES

DIVERSITY invites members of the genetic resources community to share knowledge

and information within these pages. If you have news to report or an interesting story

to tell that relates to plant or animal genetic resources, we would be pleased to consid-

er it for publication. Kindly e-mail prospective articles (English language, in Word or

Rich Text Format) to info@diversitymag.org. DIVERSITY reserves the right to reject

submissions or hold them for publication within two quarterly cycles after receipt, as

well as to edit articles for publication. DIVERSITY is not a peer-reviewed journal.
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— INFORMATION RESOURCES —

• A limited number of copies of Classic Papers in Horticul-
tural Science is now available from ASHS Press (the American
Society for Horticultural Science). Edited by Jules Janick, this
compilation is an introduction to classic scientific papers con-
cerning a plant or phenomenon that has in some way impacted
horticultural scientific tradition or industry; its three sections
focus on propagation and tissue culture, physiology and culture,
and breeding and genetics. Dating from the 18th, 19th, and 20th
centuries (as well as one from 300 B.C.), each paper is accompa-
nied by an introductory essay, contributed by a prominent horti-
culturist, which places the paper in its contemporary setting and
describes its impact. For further information, call ASHS Press at
(703) 836-4606 or visit www.ashs.org/ashpress.

• The recently published Volume 1 of Seeding Solutions revis-
its the genetic resource policy options covered in People,
Plants, and Patents and brings readers up to date on the sci-
entific, political, and environmental changes that have taken
place in the past six years. Produced by the Crucible II Group (a
highly diverse group of 45 individuals from 25 countries who are
committed to preserving plant
genetic resources), Volume 1
sets the context and addresses
three outstanding issues: access
and exchange, knowledge, and
innovation. It also includes 16
recommendations on matters of
science (such as farmer-led sci-
ence and participatory plant
breeding, genetic use restriction
technology) and policy (e.g.,
antitrust legislation for the seed
industry, balancing treaty obli-
gations, and monitoring germ-
plasm flows). Co-published by
the International Plant Genetic
Resources Institute (IPGRI),
the Dag Hammarskjöld Foundation, and the International Devel-
opment Research Center, Seeding Solutions is available from
IPGRI (Via delle Sette Chiese 142, 00145 Rome, Italy; tel. (39)
0651892202; fax (39) 065750309; www.cgiar.org/ipgri). Volume
2 will be published later this year, and the full text of the first Cru-
cible book, People, Plants, and Patents, is available free at www.
idrc.ca.

• A new directory of environmental nongovernmental organi-
zations (NGOs) operating in India is available from the World
Wide Fund for Nature (WWF)-India. The country’s largest
such compendium, the directory covers the major environmental
thematic areas (e.g., wildlife protection, biodiversity conserva-
tion, education, awareness, pollution, energy-related activities).
Of use to voluntary groups, researchers, aid agencies, the media,
and educational institutions, the directory is available for 350
rupees/copy (plus 100 rupees for S&H) to Indian residents and for
US $100 (including S&H) to those outside the country. To order,
send a demand draft or a cashier’s check payable to WWF-India
at New Delhi. For further information, contact Prakash Rao, Sr.
Program Officer, WWF-India, 172 B, Lodi Estate, New Delhi
110003, India.; tel. +91 11 4691764; fax +91 11 4691226; e-mail
igcmc@wwfind.ernet.in.

• Island Press is now offer-
ing Conserving Earth’s Bio-
diversity, an educational
CD-ROM based on the
teachings and writings of
renowned biologist Edward
O. Wilson. Developed by Wil-
son and science educator Dan
Perlman, the CD-ROM is an
entirely new way to teach con-
servation biology and environ-
mental science using the latest
multimedia technology. It pro-
vides valuable information and
materials, including detailed maps, links to resources on the Web,
and interactive models that allow learners to study dynamic sys-
tems. Island Press also hosts an online instructors’ discussion
group. Call 1-800-828-1302 or visit www.islandpress.com.

• The extraction and utilization of seed oil from pumpkins
(Curcurbita pepo L.) is an age-old tradition in many parts of
the world, and the 1st International Oil Pumpkin Conference
focused on the scientific and socioeconomic aspects of this
crop. Held in Austria in 1999, the conference brought together
researchers and industry leaders from around the world and yield-
ed 16 papers and a bibliography, which are now available as a
special section in Curcurbit Genetics Cooperative (CGC) Report
23. Contributors from Austria, Israel, New Zealand, Russia,
Yugoslavia, and the U.S. cover, among other things, the origin
and taxonomy of Old World pumpkins, Cucurbitaceae viral
infections, and the use of molecular markers in breeding. The
entire table of contents of the report can be viewed at http://ars-
genome.cornell.edu/cgc/2000toc.htm, and a limited number of
copies is available for purchase by nonmembers. For further
information, contact Tim Ng, CGC Chair, 2118 Plant Sciences
Building, College Park, MD 20742-4452 (tn5@umail.umd.edu).

• A report entitled Governance for a Sustainable Future says
that a radical overhaul of the world’s governance systems is
necessary if they are to effectively manage the planet’s finite
resources. Published by the World Humanity Action Trust
(WHAT), the report considers the nature of the global commons
and the state of integrative resource-management policies and
systems, and proposes actions and innovations that can be taken at
the global and national levels. In general governance terms, it rec-
ommends: building new forms of resource valuation into the poli-
cies and institutions governing the commons; bringing all key
stakeholders into the dialogue and building practical, meaningful
networks; identifying independent sources of information and
cost/benefit analysis; and promoting public education and better
networks of information exchange between sectors. With respect
to genetic resources in particular, the report recommends, among
other things: increasing direct public investment in genetic con-
servation activities; developing policies/incentives and reforming
taxes/subsidies so as to encourage the private sector and the public
to support the sustainable use of biodiversity; and encouraging
participatory plant breeding programs that include farmers. For
further information, contact WHAT, 5 Princeton Court, 55 Felsham
Road, London SW15 1AZ, UK; tel. +(0) 20 8789 5555; fax: +(0)
20 8789 8181; e-mail office@what.org.uk; or www.what.org.uk.
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— PEOPLE —

• Stephen Carpenter, Halverson professor of limnology and
professor of zoology at the University of Wisconsin-Madison,
has been elected the new president of the Ecological Society of
America (ESA). An ecosystem ecologist known for his work on
large-scale experiments and adaptive ecosystem management,
Carpenter has studied food chains, production and nutrient
cycling, contaminant cycles, freshwater fisheries, eutrophication,
non-point pollution, and the ecological economics of freshwater.
He says that during his presidential year he will encourage ESA
and its members to contribute to programs such as the Interna-
tional Program on Ecosystem Change (which he chairs) and par-
ticipate in an international campaign to assess the world’s
ecosystems. Founded in 1915 to stimulate sound ecological
research, ESA now has over 7,600 U.S. and international mem-
bers who focus on, among other things, habitat alteration and
destruction, species extinction and loss of biological diversity,
sustainable ecological systems, and biotechnology. ESA encour-
ages members to responsibly apply their research and ecological
expertise to public issues through teaching and public interaction.

• At its 117th annual convention this summer,
the American Seed Trade Association (ASTA)
honored Fred Clark of World Seeds, Henry
Shands of the National Seed Storage Labora-
tory, and Jack Cavanah of Pioneer Hi-Bred
International. President Wayne Beck presented
ASTA’s Honorary Life Membership Award to
Fred Clark, whose career in the forage seed indus-
try spans almost 50 years and has taken him to
more than 50 countries. He has sold U.S. seed in
China, Eastern Europe, and Argentina, for exam-
ple, and did volunteer work in Ukraine. Current-
ly a member of ASTA’s Board of Directors, Clark
has long been active in that organization. Distin-
guished Service Awards went to Henry Shands
(see DIVERSITY, Vol.16, Nos.1&2, p. 2) and Jack
Cavanah for their contributions to, respectively,
genetic resources conservation and plant breed-
ing/genetic research. Cavanah, who has spent his
entire career at Pioneer, started as a corn breeder
and is now vice president of research. He has
held several leadership positions in the Interna-
tional Association of Plant Breeders and been
active in the National Council of Commercial Plant Breeders.

• The International Plant Genetic Resources Institute
(IPGRI) is appealing for funds to establish an award in honor
of Abdou Salam Ouédraogo, its regional director for sub-
Saharan Africa who lost his life in a Kenya Airways crash
while on duty earlier this year. Prior to taking on that position in
October 1999, Ouédraogo had led IPGRI’s program on forest
genetic resources since 1993, and was the founding director of the
Forest Tree Seed Center in Ouagadougou. A citizen of Burkina
Faso, he held a Ph.D. in conservation biology and represented
Africa in a number of forums, such as the Food and Agriculture
Organization’s Panel of Experts on Forest Gene Resources. Those
who knew Ouédraogo say he was committed to making the world
a better place and will be remembered for his warm, infectious
personality. The proposed travel study award would be granted to
young African scientists working in the field of forest genetic 

resources. For further information, contact Sheilah Ebel
(s.ebel@cgiar.org) or Josephine Luzon (j.luzon@cgiar.org) at
IPGRI Headquarters, Via delle Sette Chiese 142, 00145 Rome,
Italy; tel. (39) 0651892202; fax (39) 065750309.

• In August, eminent biologist Edward O. Wilson was award-
ed the Foundation For the Future (FFF)’s first Kistler Prize
for his groundbreaking work in integrating the biological and
social sciences. Created to recognize original work investigating
the implications of genetics for human society, the Kistler Prize
includes a cash award of $100,000, a gold medal, and a plaque
that describes the recipient’s work and its significance to the
future of humanity. The award was made during the foundation’s
first Humanity 3000 bi-decade symposium, part of an ongoing
series of Humanity 3000 workshops and seminars. Based in
Bellevue, Washington, FFF also funds research programs, pub-
lishes scholarly works, and undertakes public awareness and edu-
cation concerning humanity’s future.

— RESEARCH —

• Fourteen years after the Chernobyl nuclear accident, crops
grown in contaminated land surrounding the former power
station show a mutation rate six times higher than normal,
according to a report in the October 5 issue of Nature. Olga
Kovalchuk, of the Friedrich Miescher Institute in Basel, Switzer-
land, and colleagues investigated the effect of chronic radiation
exposure on wheat plants by planting identical populations in
heavily contaminated land near Chernobyl and in clean soil
approximately 30 km. away. The increased mutation rate was
observed after just one plant generation (ten months). Since each
plant received relatively low radiation doses, which theoretically
should not cause so many mutations, Kovalchuk’s team says the
results suggest that “chronic exposure to ionizing radiation has
effects that are as yet unknown.” For further information, contact
Olga Kovalchuk at +41 61 697 7493 or olga.kovalchuk@fmi.ch.

• The U.S. Department of Agriculture’s Agricultural Research
Service (ARS) reports that its scientists have developed mole-
cular tracking techniques that can monitor fungi and other
microbes released into the environment to control weeds. ARS
plant physiologist Doug Luster says their approach can both
detect and identify a weed pathogen’s unique genetic “fingerprint”
using polymerase chain reaction (PCR), amplified fragment
length poymorphism (AFLP), DNA sequencing, molecular mark-
ing, and other sensitive technologies. This has already resulted in
DNA fingerprints for several isolates, or types, of Myrothecium
verucarria, a soil fungus that kills morning glories. Though used
in the lab, DNA fingerprinting is intended to help scientists keep
close tabs on the spore growth and spread, host range, and effec-
tiveness of biocontrol pathogens like Myrothecium once they’ve
been released to control weeds. The technology also allows
researchers to pinpoint and analyze particular DNA regions that
can differentiate strains of the same fungal family, such as Puc-
cinia carduorum and P. jacea, which attack musk thistle and yel-
low starthistle, respectively. DNA fingerprinting offers genetic
evidence linking a specific microbial release to a specific disease
seen in target weeds. It also reveals the spread of biocontrol
microbes and demonstrates their effectiveness in reducing inva-
sive weed populations. For further information, contact: Douglas
G. Luster of ARS’ Foreign Diseases-Weed Science Research Unit

B I O ■ N E T W O R K

Clark

Shands

Cavanah



40 D I V E R S I T Y Vol.16, No.3, 2000

at (301) 619-7344 or luster@ncifcrf.gov; or Rex W. Millhollon,
ARS Sugarcane Research Unit at (504) 853-3174 or rmillhol@
nola.srrc.usda.gov.

• ARS also announced advances on the potato front: One new
germplasm will help North American potato growers cut their
use of fungicides to combat late blight, and another can thwart
two major pests—golden and “white” potato-cyst nematodes.
ARS researchers have developed new ways to incorporate late
blight resistance into U.S. potatoes from Solanum pinnatisectum,
a wild species found in central Mexico. Using the embryo-rescue
technique, the researchers mated S. pinnatisectum with a deriva-
tive of a commercial U.S. potato. This Mexican species also
resists early blight, which is caused by the fungus Alternaria
solani and produces problems similar to late blight, and in trials,
the hybrid also resisted the Colorado potato beetle. S. pinnatisec-
tum is maintained at ARS’ U.S. Potato Genebank in Sturgeon
Bay, Wisconsin. For further information, see a report on this
research in the September issue of Agricultural Research maga-
zine, or contact Robert E. Hanneman, Jr., ARS Vegetable Crops
Research, at (608) 262-1399 or rehannem@facstaff.wisc.edu …
ARS plant pathologist Bill Brodie and researchers at Cornell Uni-
versity-Ithaca and the International Potato Center in Lima, Peru
have collaborated to produce new nematode-resistant germplasm,
and seeds that resist two key nematodes are being released by the
Cornell University Agricultural Experiment Station and ARS.
Genetic resistance is crucial to controlling plant-parasitic nema-
todes, since methyl bromide—which now protects more than 100
crops from nematodes and a variety of other pests and
pathogens—is scheduled to be phased out by January 1, 2005.
The golden nematode, Globodera rostochiensis, can wipe out
entire potato crops by feasting on the plants’ roots; the “white”
potato-cyst nematode, G. pallida, is a major pest of potato outside
the U.S. Some of the new germplasm also resists potato virus Y,
which can be spread by aphids and also affects tobacco, tomatoes,
peppers, and many other plants. For further information, contact
Bill B. Brodie of the ARS Plant, Soil and Nutrition Laboratory in
Ithaca, New York at (607) 255-2158 or ars-ithaca@cornell.edu.

• Ceres, Inc., a dedicated plant genomics company, and
Genset S.A., a leading human genomics company, announced
in September that they have completed a major gene-sequenc-
ing project characterizing several tens of thousands of genes in
corn (Zea mays). Unlike some other gene-sequencing programs,
the Ceres project emphasized full-length cDNA sequencing as
opposed to EST (partial gene) sequencing, which will enable
researchers to use the full-length physical clones in other
genomics platforms and in product development. Ceres President
and Chief Executive Officer Walter De Logi noted that the com-
pany “continues to pursue an aggressive intellectual property
strategy and has filed patent applications covering several tens of
thousands of full-length genes, their regulatory regions, and their
functions in various plant species.” Earlier this year, Ceres and
Keygene N.V. also announced the successful completion of a col-
laborative program to generate a comprehensive database of plant
gene-expression patterns, which was based on the expression lev-
els of most of the genes of Arabidopsis thaliana.

• ARS researchers found 100 new species of the pathogenic
plant fungus Fusarium when they recently compared DNA
from more than 3,000 strains collected worldwide, leading
them to wonder whether plant-breeding and quarantine pro-

grams should take genetic information about these fungi into
account. Some Fusarium species cause stalk rot and ear rot in
corn or head blight or scab in wheat and barley, and infected grain
is unsuitable for food or livestock feed if it contains certain levels
of fungal toxins. In greenhouse tests, eight of the new species,
mostly of exotic origin, produced scab disease in wheat. Scien-
tists say three of the scab-causing fungi may be native to Africa,
two to South and Central America, one to New Zealand, and one
to Asia; the eighth scab-causing fungi is widespread and may be
native to North America. The species are part of an 80,000-strain
collection of agriculturally and industrially important microor-
ganisms maintained in the ARS Culture Collection in Peoria, Illi-
nois. This research was done by scientists from ARS’ National
Center for Agricultural Utilization Research in Peoria and Cereal
Rust Laboratory in St. Paul, Minnesota, in collaboration with col-
leagues from North Dakota State University in Fargo. For further
information, see a related article in the August issue of Agricul-
tural Research magazine, or contact Kerry L. O’Donnell of the
National Center for Agricultural Utilization Research at (309)
681-6383 or kodonnell@sunca.ncaur.usda.gov.

• In trying to determine why pickle-shaped swellings devel-
oped on some laboratory plant roots, Purdue University bio-
chemist Joe Ogas stumbled onto a biochemical on/off switch
that could have wide-ranging research implications. While
using genetically modified Arabadopsis plants to study root devel-
opment, Ogas noticed the swellings on some plant roots and con-
sequently discovered the controlling gene—which he named the
“PICKLE gene”—that, when mutated,
causes them. Plants depend on two bio-
chemical switches as they change from
seed to adult, and in plants with normal
PICKLE genes, one switch turns on the
development of characteristics for a
mature plant while the other turns off the
expression of embryo-like traits after seed
germination. Plants with an abnormal
PICKLE gene, however, can’t manufac-
ture a protein called chromatin remodel-
ing factor that turns off the embryo-like
traits, and the plants form roots, stems, and leaves that act like a
cross between embryo and adult. These plants produce storage
proteins and oils just like the seeds do, but store them in their
roots—and the ability to accumulate oil in plant roots may some-
day lead to new oil crops. With a grant from the National Institutes
of Health, Ogas also is exploring the gene’s applicability to cancer
research: since cancerous cells have lost normal control of certain
genetic on/off switches, the PICKLE gene may shed light on the
development of human cancers. For further information, contact
Joe Ogas at (765) 496-3969 or ogas@biochem.purdue.edu.

• For the first time, scientists have crossed a cucumber with a
melon—a breakthrough that could give both plants more
genetic resistance against diseases and pests. ARS botanist
Joseph Kirkbride, a world expert on the genus Cucumis (Cucur-
bitaceae), collaborated with Chen Jin-Feng, professor of horticul-
ture at China’s Nanjing Agricultural University, on naming and
describing the new hybrid Cucumis x hytivus, which Chen devel-
oped by doubling the hybrid’s chromosomes using traditional
breeding techniques. Cucumis is a very diverse plant genus with
32 species, including three crops of major economic importance
(cucumbers and the honeydew and cantaloupe melons). Many
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— 2000 —

November 13-24—Sixth Session of the Conference
of the Parties of the Parties of the United Nations
Framework Convention on Climate Change, COP
6, The Hague, Netherlands. Contact: Michael Williams,
Conference Spokesman, Information Unit for Conser-
vation, United Nations Environment Programme,
International Environment House, 15 chemin des Ané-
mones, CH-1219 Châtelaine, Switzerland. Tel: +(41-
22) 917-8242/4. Fax: +1(41-22) 797-3464. E-Mail:
mwilliams@unep.ch. Internet: http://www.unfccc.int.

November 14-16—6th International Oat Confer-
ence, Canterbury, New Zealand. Contact: Richard
Cross, Crops and Food Research, Private Bag 4704,
Christchurch, New Zealand. Tel: +64-3-325-6400.
Fax: +64-3-325-2074. E-mail: cross@crop.cri.nz.

November 16-18—Ethics and Genetics:Advanced
European Bioethics Course, Nijmegen, The Nether-
lands. Contact: N. Steinkamp, Catholic University
Nijmegen, 232 Dept. of Ethics, Philosophy and His-
tory of Medicine, P.O. Box 9101, 6500 HB Nijmegen,
The Netherlands. Tel: +31-24-3615320. Fax: +31-24-
3540254. E-mail: n.steinkamp@efg.kun.nl.

November 28-December 1—4th International Sym-
posium on Table Grapes, La Serena, Chile. Contact:
Jorge Valenzuela, La Platina Experimental Station,
Agricultural Research Institute, INIA-La Platina, PO
Box 439/3, Santiago, Chile. Tel: +56-2-541-69-83.
Fax: +56-2-541-76-67. E-mail: tablegrape@platina.
inia.cl. Internet: http://platina.inia.cl/tablegrape/
symposium.html.

December 6-8—30th Soybean Seed and 55th Corn
& Sorghum Seed Conferences and Seed Expo
2000, Chicago, Illinois. Contact: Suzanne Nicholas,
ASTA, 601 13th Street NW, Suite 570 South, Wash-
ington DC 20005-3807. Tel: +1-202-638-3128, Fax:
+1-202-638-3171. E-mail: snicholas@ix.net.com.
Internet: http://www.amseed.com.

December 7-8—National Conference on Science,
Policy and the Environment, National Academy of
Sciences (NAS) Washington, DC. Contact: The
National Council on Science and the Environment
(NCSE), 1725 K Street, NW, Suite 212, Washington,
DC 20006-1401. Tel: +1-202-530-5810. Fax: +1-202-
628-4311. Internet: www.cnie.org.

— 2001 —
February 15-20—The American Association for the
Advancement of Science (AAAS) Annual Meeting
and Science Innovation Exhibition, San Francisco,
CA. Contact: AAAS, 1200 New York Avenue, NW,
Washington, DC 20005. Tel: +1-202-326-6450. E-
mail: aaasmeeting@aaas.org.

March—52nd Annual Meeting of the American
Institute of Biological Sciences (AIBS), Washing-
ton, DC. Contact: AIBS, 1313 Dolly Madison Blvd.,
Suite 402, McLean, VA. Tel: +1-703-790-1745. Fax:
+1-703-790-2672. E-mail: admin@aibs.org. Internet:
www.aibs.org.

March 25-27—Second International Conference on
Date Palms, Al-Ain City, United Arab Emirates.
Contact: Plant Production Dept., Faculty of Agricul-
tural Sciences, United Arab Emirates University. E-

mail: datepalm@uaeu.ac.ae. Internet: http://www.
agri.uaeu.ac.ae/agri/conferences/sicdp.html.

April 18-20—Global Agriculture 2020: Which Way
Forward? John Innes Centre, Norwich, UK. Con-
tact:Agric 2020 Conference Secretariat, John Innes
Centre, Norwich Research Park, Norwich, UK, NR4
7UH. Tel: +441603 450581/450641. E-mail:
agric.2020@bbsrc.ac.uk. Internet: http://www.jic.
bbsrc.ac.uk/events/agric2020.

June 4-8—REDBIO 2001-Latin American Meeting
on Plant Biotechnology of the REDBIO/FAO Net-
work, Centro de Convenciones, Goiania Goias,
Brasil. Contact: Dr. Juan Izquierdo, Plant Production
Officer, REDBIO/FAO Secretariat, FAO Regional
Office for Latin America and The Caribbean (RLC),
Box 10095, Santiago, Chile. Tel: +56-2-3372224.
Fax: +56-2-3372101. E-mail: juan.izquierdo@fao.
org. Internet: http://www.rlc.fao.org/redes/redbio/
html/home.htm.

June 14-22—International Seed Testing Associa-
tion (ISTA) 26TH Congress, Angers, France. Con-
tact: 26th ISTA Congress, Jean-Claude Stephan, rue
Georges Morel, BP 24, F-49701 Beaucou_e
cedex/France. Tel: +33-2-41-22-58-03. Fax: +33-2-
41-22-58-01. E-mail: jean-claude.Stephan@geves.fr.

June 17-20—118th Annual ASTA Convention, San
Antonio, Texas. Contact: Contact: Suzanne Nicholas,
ASTA, 601 13th Street NW, Suite 570 South, Wash-
ington DC 20005-3807. Tel: +1-202-638-3128, Fax:
+1-202-638-3171. E-mail: snicholas@ix.net.com.
Internet: http://www.amseed.com.
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cucumbers and melons are susceptible to a number of fungal, bac-
terial, viral, and insect diseases that reduce both their yield and
quality; the new species—developed by crossing a cucumber, C.
sativus, with a melon, C. hystrix—will serve as a bridge for shut-
tling useful genes (especially those for disease resistance)
between the two. For further information, contact Joseph H. Kirk-
bride, Jr. of ARS’ Systematic Botany and Mycology Laboratory
at (301) 504-9447 or joe@nt.ars-grin.gov.

• The complete genome sequence of the acid- and heat-loving
bacterium Thermoplasma acidophilum—which grows best at a
pH of 2 and at 59º C. without the structural protection of a
conventional cell wall—was published in the September 28
edition of Nature. There are some surprises among the 1.5 mil-
lion base pairs sequenced by Andreas Ruepp of the Max-Planck-
Institute (Martinsried, Germany) and colleagues. For example,
high proportions of genes appear to have been acquired from
other species, and researchers speculate these “lifestyle” genes
are shared to help organisms survive harsh environments. Also,
some researchers think that T. acidophilum is an ancestor of more
advanced eukaryotic cells, but its genome suggests otherwise:
key eukaryotic marker genes are missing. This is the ninth bug
from the Archaea group to be sequenced entirely, and the eighth
to love heat, which hints at the biotechnological potential of ther-
mophile genes and gene products. For further information, con-
tact: Andreas Ruepp at +49 89 8578 2646 or ruepp@biochem.
mpg.de; or Don Cowan, the article’s author, at +44 207 679 2246
or d.cowan@biochemistry.ucl.ac.uk.

• Researchers from ARS and the Children’s Nutrition
Research Center at Baylor College of Medicine in Texas have
initiated the first genetic screening system that can examine
calcium crystal formation in plants. Calcium, the fifth most
abundant element in the Earth’s crust, is critical to the proper func-
tioning of the human body, and scientists know that it accumu-
lates, in the form of oxalate crystals, within a variety of plants.
What they don’t quite know yet is how to make this calcium read-
ily absorbable by humans. Deciphering the mechanisms that reg-
ulate oxalate crystal formation may provide clues to making this
nutrient more biologically available and reduce the risk associat-
ed with oxalate, which is thought to contribute to kidney-stone
formation. The collaborating scientists used the system to screen
leaves from Medicago truncatula—a plant similar to alfalfa—that
had been chemically altered so researchers could study their crys-
tal structure. They then compared the crystal formations in these
plants with crystals in control plants, and their findings seem to
refute the hypothesis that calcium oxalate crystals work to sup-
port plant-tissue structure in M. truncatula. The researchers are
also using the screening system to ascertain which genes deter-
mine specific crystal characteristics. Results have suggested that
the process of crystal formation depends upon a complex process
involving more than seven loci, or positions, on a chromosome.
For further information, contact Paul Nakata of the Children’s
Nutrition Research Center at Baylor College of Medicine at (713)
798-6782 or pnakata@bcm.tmc.edu.
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