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Regulatory challenges reduce opportunities
for horticultural biotechnology

Keith Redenbaugh
Alan McHughen

v

Development of transgenic
horticultural crops has slowed
significantly in recent years for
several reasons, including the
European Union’s moratorium on
biotech approvals, lack of tolerance
levels for adventitious (accidental)
presence in food and seed,
significantly increased regulatory
costs and decreased acceptance by
food wholesalers and retailers. While
progress in the United States has
slowed and approvals in the
European Union stopped, some
countries such as China continue to
develop biotech products for their
internal and external markets that
will affect the U.S. and California
industry. Within a few years, China
will emerge as the leader in biotech
horticultural crops.

orticultural crops were the first

biotech crops commercialized in
the United States, beginning with
Calgene’s ground-breaking Flavr Savr
tomato in 1994, followed in 1995 by
Asgrow’s virus-resistant squash and
DNA Plant Technology’s Endless Sum-
mer tomato. The Flavr Savr tomato,
with its superior flavor and shelf life,
was well received by consumers, gar-
nered repeat purchases and demon-
strated that consumers were receptive
to fresh produce labeled as genetically
engineered (Bruening and Lyons 2000).
In 1996, Zeneca launched a biotech
processing-tomato product that from
1999 to 2000 was the best-selling to-
mato paste (puree) in the United King-
dom. The paste reduced processing
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Calgene’s Flavr Savr tomato was successfully sold under the MacGregor’s brand in the
United States. Consumers were willing to purchase it, but the product was not financially
profitable and was ultimately withdrawn from the market.

costs and resulted in a 20% lower price.
However, despite their consumer ben-
efits and initial market acceptance,
none of these tomato products were fi-
nancial successes and none are being
sold today. In the first instance, produc-
tion and distribution costs of the Flavr
Savr proved prohibitive. In the second
case, Zeneca decided not to continue
growing the tomatoes in California and
shipping the paste to the United King-
dom. When Zeneca ran into the Euro-
pean moratorium, they were unable to
get approval for growing the tomatoes in
Europe. Once the supply of the tomato
paste was exhausted, the product disap-
peared from the grocery store shelves.
These early products of horticultural
biotechnology are often overlooked be-
cause of the huge successes of biotech
field crops such as feed corn, soybeans
and cotton. Since their introduction in
1996, biotech field crops have quickly
gained wide acceptance by farmers and
were grown on more than 167 million
acres worldwide in 2003, primarily in
the United States, Canada, Argentina,
Brazil and China (James 2003) (fig. 1).
India recently approved biotech cotton
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and Brazil approved biotech soybeans,
for a total of 18 countries that have ap-
proved commercial field production of
biotech crops. All of these crops are de-
signed for pest and weed control, with
either insect or herbicide resistance. As
a result, sales of conventional agricul-
tural pesticides declined 7.4% in 2000,
while biotech-based varieties jumped
12.9% (Schmitt 2002). The worldwide
value of all seed business (biotech plus
conventional seed) rose from $15.3 bil-
lion in 1996 to $16.7 billion in 2001, but
the value of conventional seed fell
during the same period from $14.9
billion to $13.4 billion, indicating a
healthy value of $3.3 billion in 2001
for biotech seed worldwide. Although
the European Union (E.U.) moratorium
on new registrations has affected intro-
duction of the newest biotech field
crops, the utilization of current prod-
ucts is increasing.

The success of biotech field crops is
in sharp contrast to restricted commer-
cial opportunities for biotech fruits and
vegetables. There are few examples of
transgenic horticultural crops that are
currently being grown and marketed



successfully: virus-resistant squash is
planted on a small acreage in the south-
east United States, and virus-resistant
papaya has been grown in Hawaii since
1998 (Ferreira et al. 2002; see sidebar,
page 92). Whereas Zeneca was able to
obtain food approval for its tomato in
the United Kingdom in 1995 (as did
Calgene for the Flavr Savr tomato), no
food approvals have been allowed in
the European Union since an unofficial
moratorium was imposed in 1998, in ef-
fect stopping the import or cultivation
of any new biotech crops. Japan has
also restricted imports of biotech foods,
requiring suppliers to obtain food and
environmental approvals prior to im-
portation. Commodity organizations,
shippers-packers and grocery chains in
the United States have also been reluc-
tant to introduce new biotech varieties
and foods because of logistical difficul-
ties in segregating food for export mar-
kets to Europe and Japan. For example,
even though it resulted in a significant re-
duction in insecticide use, Monsanto’s
insect- and virus-resistant New Leaf po-
tato is no longer available because a ma-
jor processor (McCain Foods) and
fast-food chain (McDonald’s) prohibited
their suppliers from using this variety
(Cornell Cooperative Extension 2003).
Gianessi et al. (2002) calculated that
there would have been 1 billion pounds
of yield gain in 2001 and a reduction of

Fig. 1. Percentage of commercialized transgenic crops
planted by countries, out of total global acreage (167
million) in 2003. (*Numbers in parenthesis are million
acres.) “All others” includes countries that planted
200,000 acres or less: Australia, Mexico, Spain, Romania,
Bulgaria, Germany, Uruguay, Indonesia, India, Colombia,
Honduras, Philippines and France. Source: James 2003.

United States 63.4% (105.8)*

Argentina 20.5% (34.3)
Canada 6.5% (10.9)
Brazil 4.4% (7.4)

China 4.1% (6.9)

South Africa 0.6% (1)

All others 0.4% (less than 0.2)
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Fig. 2. U.S. field trials of biotech fruits and vegetables, 1987 to 2003. (Brassica oleracea
includes broccoli, cauliflower, kale, cabbage and Brussels sprouts.) Source: http://

www.nbiap.vt.edu/cfdocs/fieldtestsl.cfm.

1.5 million pounds of pesticide active
ingredients applied if growers had
widely planted the New Leaf potato
(see sidebar, page 94). Research activi-
ties with horticultural crops have also
been cut back, with the number of field
trials conducted declining since 1999
(fig. 2). Together, the E.U. moratorium,
the failure of the European Union to es-
tablish tolerances for the adventitious
(accidental) presence of biotech crops in
food and seed, labeling issues and the
reluctance of the marketing chain to ac-
cept new biotech foods have virtually
halted commercialization of new
biotech fruits and vegetables.

Crops approved as safe

Despite initial consumer
acceptance, biotech horticul-
tural products are virtually
absent from today’s market.
Are U.S. consumers con-
cerned about the safety of
these products? They do not
appear to be, and in general
seem to trust the U.S.
government’s oversight. The
regulatory requirements to
demonstrate food, feed and
environmental safety of
biotech crops are well estab-
lished in the United States.
The U.S. Department of Ag-

http://CaliforniaAgriculture.ucop.edu

riculture (USDA) Animal and Plant
Health Inspection Service (APHIS)
regulates the field testing and commer-
cial release of genetically engineered
(GE) plants; the U.S. Environmental
Protection Agency (EPA) ensures the
safety and safe use of pesticidal and
herbicidal substances in the environ-
ment; and the U.S. Food and Drug
Administration (FDA) governs the
safety and labeling of the nation’s
food and feed supply (APHIS 2002).
Extensive safety data are generated
for each specific transformation event
(the insertion of a specific segment of re-
combinant DNA into a specific variety).
In general, it takes dozens or hundreds
of transformation events, each of which
must subsequently be regenerated into
a transgenic plant, to identify one or
two that will be used for commercial-
ization. This compares to the hundreds
or thousands of plants that may be
evaluated in a traditional breeding pro-
gram to identify a single commercial
line. However, unlike with traditional
breeding, each commercial transforma-
tion event must have its own dossier of
safety assessments and meet key data
requirements, including toxicity, nutri-
tional data, allergenicity and environ-
mental impacts (see box, page 108).
Companies have conducted these
studies for all biotech products com-
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mercialized to date, and U.S. and inter-
national regulatory agencies have
granted approvals (see box, page 109).
No case has been documented to date
of harm to humans or the environment
from the biotech crops currently being
marketed, although “genetic drift”
from transgenic to conventional crops
has occurred as it has for millennia be-
tween conventional crops. Now some
Mexican growers have expressed con-
cerns under the North American Free
Trade Agreement (NAFTA) about pre-
serving the biodiversity of their maize
due to gene flow from transgenic corn
(NACEC 2004).

Certainly, information of this type is
needed to identify potential hazards
and ensure the food and environmental
safety of crops developed using bio-
technology. Despite the track record of
currently approved biotech crops,
many opponents continue to demand
that additional safety studies be con-
ducted due to concerns such as genetic
drift, out-crossing with wild species
and food safety. For example, the U.K.
Royal Society (2002), an organization of
distinguished scientists, made the fol-
lowing conclusions:

= “There is at present no evidence that
GM foods cause allergic reactions.”
“There is no evidence to suggest
that those GM foods that have been
approved for use are harmful.”
“Risks to human health associated
with the use of specific viral DNA
sequences in GM plants are negli-
gible.”

“It is unlikely that the ingestion of
well-characterized transgenes in
normal food and their possible
transfer to mammalian cells would
have any significant deleterious bio-
logical effects.”

Nonetheless, in the same report, the
Royal Society recommended that more
studies be conducted using the latest
analytical techniques to test each and
every compound produced by the

Courtesy of Martina McGloughlin
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Zeneca’s biotech tomato puree (paste) was successfully sold in the United Kingdom
from 1996 to 2000.

biotech crops, including compounds re-
leased as volatiles. The Royal Society
then recommended that post-marketing
surveillance be conducted, “should GM
foods be reintroduced into the market
in the U.K.” Although it could not iden-
tify any specific safety hazards in cur-
rent biotech products, the Royal Society
did not recommend that such foods be
allowed back into the United Kingdom.
Regardless of the extent of safety test-
ing and absence of evidence of harm,
the bar may continue to be raised as
new testing technologies are devel-
oped, making it increasingly expensive
to meet regulatory requirements.

Key data requirements for U.S. safety

assessments of new transgenic crops

Product description: data on the host or
parent plant, introduced or novel ge-
netic material, and intended effect of
the inserted gene.

Molecular characterization: data on the
location and manner in which the tar-
get gene is inserted into a single site in
the host plant’s DNA.

Toxicity studies: as necessary, tests
demonstrating the safety of the
transgenic protein.

Nutritional data: analyses of the fruit or
commodity collected over several grow-
ing environments and growing seasons.

Regulatory and other barriers

In addition to safety assessments,
there are a number of significant barri-
ers to developing new biotech horticul-
tural crops, including the added costs
of variety development, regulatory ap-
proval, post-commercialization stew-
ardship and the reluctance of the
horticultural marketing industry to ac-
cept products grown from biotech vari-
eties. Many of the hurdles faced by
companies developing biotech varieties
do not exist for traditionally bred vari-
eties, including the following issues.

Seed movement and field testing.
Experimental biotech varieties can be
moved interstate and tested in the field
only under permit from the APHIS, to
prevent mixing with nonbiotech seed.
During the experimental phase, it takes
at least 10 days to obtain a permit for
seed movement and 30 days to obtain
one for field release.

Substantial equivalency: data and in-
formation showing that the biotech va-
riety differs from comparable
nonbiotech varieties only with respect
to the intended effect.

Allergenicity: analyses showing that a
transgenic protein is unlikely to cause
allergic reactions in humans.

Natural toxicants: analyses showing
that there is no increase in the levels of
natural toxicants.

Environmental impact: studies demon-
strating that the biotech variety is un-
likely to have an adverse effect on the
environment, including:

= Outcrossing and gene flow, to evalu-
ate whether the introduced trait is
likely to move from the crop to re-
lated wild species.

* Germination and flowering, to deter-
mine whether the introduced trait is
likely to alter seed germination, flow-
ering time or other properties that
affect the plant’s ability to reproduce
in the wild.
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Patrick Tregenza/USDA-ARS

There are often dozens of varieties for a particular horticultural
crop. Above, seeds of the world’s most unusual lettuces are
safeguarded in an ARS gene bank in Salinas. Genetically
engineered lettuce has not been commercialized.

Adventitious mixing. Specific proto-
cols must be developed, implemented
and enforced to prevent adventitious
mixing with other varieties. Such mix-
ing can occur as a result of pollen
movement from a biotech field to a con-
ventional field or during seed harvest
and cleaning. Adventitious mixing oc-
curs when very small amounts of
biotech seed mix with other nonbiotech
seed. Regulatory agencies in some
countries establish “tolerances,” the
maximum allowable amount of adven-
titious material (similar to tolerances
for pesticide residues). For biotech vari-
eties at the experimental stage (unap-
proved events), the tolerances are
usually zero in food and seed. For
biotech varieties approved for commer-
cial growing and consumption, the
thresholds for adventitious presence
vary from country to country, ranging
from less than 1% to 5% for food in-
gredients, and 0.3% to 1% for seed. By
comparison, conventional seed-purity
thresholds are usually between 1%
and 10%, depending on the crop and
varieties.

Handling procedures. Separate
breeding and seed production pro-
grams are needed for biotech crops,
with increased isolation and strict
handling procedures to prevent cross-
pollination or adventitious mixing.
Increased seed purity standards —
over the standards for conventional
seed — are also required throughout

growing, harvest-
ing, cleaning, mill-
ing, storage,
coating, packaging
and shipping.

Tracking, train-
ing. In order to
achieve tolerances
an order of magni-
tude stricter for
biotech varieties
than is required for
conventional vari-
eties, biotech-
specific internal tracking and testing
procedures must be implemented. Ad-
ditional training on handling of biotech
crops is required throughout the devel-
opment and marketing chain — from
molecular biologists and breeders to
seed producers and distributors. Each
new employee who might be involved
with biotech varieties at any level must
be specially trained. Depending upon
the type of product, grower training
and post-commercialization steward-
ship programs may be required.

Increased development costs

These additional requirements have
increased the cost of developing
biotech varieties (in excess of costs to
develop traditionally bred varieties) to
at least $1 million per allele (if limited
strictly to the United States) and more
likely to $5 million or more per allele,
depending on the number of countries
in which approvals are required. An al-
lele is a single transformation event,
which contains the genetic trait of inter-
est and expresses the desired pheno-
type in the crop.

These additional costs and issues are
the same for both field and horticul-
tural crops. Due to the large acreage of
field crops, the costs can be justified by
the market size of the biotech varieties.
The same is not true for horticultural
crops because of the small acreage of
each crop. One strategy has been to
limit marketing of a biotech horticul-

http://CaliforniaAgriculture.ucop.edu

U.S. regulatory approvals of biotech crops

http://lvm.cfsan.fda.gov/%7Elrd/biocon.html
http://usbiotechreg.nbii.gov
http://www.isb.vt.edu

tural crop to just the United States.
However, due to the international trade
in horticultural commodities, there are
few examples of products under devel-
opment in which both the seed and the
product could be contained solely in
the United States. More likely, a biotech
variety will need approvals in a num-
ber of countries to which the product
might be exported. For example,
biotech processing-tomatoes grown in
California will end up being exported
as tomato paste or other products to
many countries around the world, each
of which must give food approval prior
to commercialization. And, if the pro-
cessed product contains seeds that
might be viable, environmental studies
and approvals may also be required in
the importing country, even if the im-
portation is intended only for food con-
sumption. Importing countries may
also impose additional and unique re-
quirements, such as labeling or the abil-
ity to trace the product back to the
producing farm, as in pending E.U.
regulations.

The end-result of a successful
biotech development program is a new
allele that produces the intended effect,
has passed the thorough safety testing
and has received approvals and regis-
trations from appropriate government
agencies. In the 1990s, developers of
biotech varieties assumed that once a
biotech product was shown to be safe,
it would be produced and marketed
just like any other commodity. A
biotech allele would be equivalent to a
traditional allele, and there would be
no need for product segregation, label-
ing or special handling. While this is
largely the case in the United States,
this assumption is no longer valid be-
cause of labeling requirements in the
European Union and other countries.

Another assumption was that prod-
uct approvals could be achieved generi-
cally for a specific gene and crop. That
is, once a particular gene product was

— continued on page 111

APRIL-JUNE 2004 109



IR-4 Project targets specialty crops

Robert E. Holm
Daniel Kunkel

Pesticide applications for “minor” or
“specialty” crops — typically those
grown on less than 300,000 acres na-
tionwide — often do not get the full
support of product registrants because
the potential economic benefits are per-
ceived as much more limited than for
applications targeting crops grown on
large acreages, such as soybeans and
field corn. The IR-4 Project is a unique
partnership of researchers, producers,
the crop-protection industry and fed-
eral agencies designed to increase pest-
management options for specialty
crops, which include vegetables, fruits,
nuts, herbs, nursery crops and flowers.
(Most of the crops grown in California
fit into this category.)

With funding from the U.S. Depart-
ment of Agriculture, state agencies,
commodity groups and other industry
sources, IR-4 researchers and coopera-
tors generate field and laboratory
residue data, which are submitted to
the U.S. Environmental Protection
Agency (EPA) to secure regulatory
clearances for using safer pest-control
techniques on specialty crops.
Projects are prioritized based on re-
quests from growers, commodity
groups, and USDA and land-grant
university researchers. Since 1963,
IR-4 has contributed to more than 7,300
regulatory clearances for specialty crops.

Sherrilynn Novack

ated a pilot program to support
new transgenic horticultural
crops. Because they are also
grown on smaller acreages,
transgenic horticultural crops
face many of the same regula-
tory hurdles as uses on conven-
tional specialty crops.

Focus on herbicide tolerance

The IR-4 team initially identi-
fied herbicide tolerance and in-
sect resistance as potential
opportunities for assisting
transgenic specialty crops
through the regulatory review
process. It then narrowed down the fo-
cus to herbicide tolerance, recognizing
that the FQPA could possibly limit the
use of several key herbicides for veg-
etables due to regulatory concerns
about toxicology and groundwater con-
tamination. The other justification for
focusing on herbicide tolerance was
that the newer herbicides in the devel-
opment pipeline for major crops had
limited tolerance on specialty crops,
prompting companies to restrict their
uses on vegetables due to product li-
ability concerns.

Sweet corn. IR-4’s first transgenic
project was the result of research con-
ducted by Gordon Harvey at the Uni-
versity of Wisconsin, who was looking

The IR-4 Project is a unique partnership of researchers,

producers, the crop protection industry and federal agencies de-
signed to increase pest-management options for specialty crops.

In 1996, IR-4 responded to the fed-
eral Food Quality Protection Act
(FQPA) by shifting its strategy from
product defense (support for older pes-
ticides needing reregistration) to work-
ing with reduced-risk/safer chemistries
and biopesticides. The program also ex-
panded its Good Laboratory Practices
(GLPs) efforts, started a Methyl Bro-
mide Alternatives Program and initi-

for alternatives to the use of atrazine —

a potential groundwater contaminant —
in Wisconsin sweet-corn production.
Harvey conducted studies on
glufosinate-tolerant (Liberty Link)
sweet corn and demonstrated excellent
weed control. The commercial varieties
linked the Bt gene with the glufosinate-
tolerant gene to provide additional pro-
tection against corn borer and corn
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Matt Hengel, regional laboratory coordinator of the IR-4
Western Region, tests hops residue at the UC Davis
Department of Environmental Toxicology.

earworm, two major sweet-corn pests.

IR-4 then facilitated the residue as-
sessment programs required by EPA in
1997, 1998 and 1999. As a result, EPA
granted Section 18 “emergency use”
permits for the herbicide-tolerant sweet
corn in Wisconsin, Minnesota and
Michigan in 1999 and 2000. However,
due to concerns about consumer accep-
tance expressed by sweet-corn proces-
sors, no significant commercial
acreages of these varieties were planted
in 2001 and 2002. Nonetheless, IR-4
submitted a complete registration pack-
age to EPA for glufosinate-tolerant
sweet corn in 2003.

Lettuce. IR-4’s other herbicide
transgenic project was glyphosate-
tolerant (Roundup Ready) lettuce.
IR-4 staff met with Seminis Veg-
etable Seeds (licensee of transfor-
mation technology) and Monsanto
(glyphosate registrant and gene
technology licensor) in 1998 to dis-
cuss potential technology applica-
tions. The project was placed on the
IR-4 30-month “fast track,” with sub-
mission to the EPA scheduled for 2001.
The program was a cooperative part-
nership between Seminis Vegetable
Seeds (seeds and technology support),
Monsanto (residue analysis and techni-
cal support) and IR-4 (field residue pro-
gram, project management and petition
preparation and submission).



ScottBauer/USDA-ARS

However, in 2000 sev-
eral grower groups ex-
pressed reservations
about the program prima-
rily due to concerns about
public acceptance, leading
the partners to slow the
program down. During
this period, field results
from several university
researchers demonstrated
excellent weed control in
glyphosate-tolerant lettuce,
resulting in reduction of
hand-hoeing costs. It is still
not certain when or if IR-4
will submit a registration
package to EPA.

Future directions

IR-4 cannot take on ad-
ditional specialty-crop bio-
technology projects
without new funding from
the USDA (Agricultural
Research Service and Co-
operative State Research,
Education, and Extension
Service) and support from
IR-4 management and
stakeholders. Current funding is just
adequate to cover the existing core pro-
grams of reduced-risk chemistries,
biopesticides, ornamentals and methyl
bromide alternatives. Additional fund-
ing from Congress or other sources (ei-
ther public or private) would be
necessary. IR-4’s core competencies are
in field residue studies and chemical
laboratory analyses conducted under
GLPs. Safety and environmental testing
on specialty crops, especially
allergenicity testing of newly expressed
proteins in transgenic crops, is well be-
yond IR-4’s existing capabilities.

Under current and proposed regula-
tory guidelines, the best approach for
such testing might be to seek ap-
proval first in major acreage row
Ccrops such as corn, cotton, soybeans
and rice, and allow those approvals to
apply to specialty-crop uses, as was
the case for Bt sweet corn following
the approval of Bt field corn. Of
course, this approach is limited to

The interagency IR-4 program evaluates the safety of
agricultural chemicals intended for use on specialty
crops. In Salinas, Agricultural Research Service
agronomist Sharon Benzen displays broccoli grown
in test plots, which will be used to determine
pesticide residue levels.

traits that are applicable in both
agronomic and horticultural crops,
and will likely exclude many traits
directed toward output quality.
The IR-4 management and stake-
holder support issue is even more
difficult, as they are not in unani-
mous support of developing agri-
cultural biotechnology, principally
due to consumer concerns in Eu-
rope and to a lesser extent the
United States. In the future, the IR-4
framework could be useful to ad-
dress the pest-control needs of hor-
ticultural and other specialty crops
via plant biotechnology, once a con-
sensus is reached that they are cost-
effective and safe for the
environment and consumers.

R.E. Holm is Executive Director and
D. Kunkel is Assistant Director, IR-4
Project, North Brunswick, N.].

http://CaliforniaAgriculture.ucop.edu

shown to be safe, it could be intro-
duced into additional varieties without
retesting. Instead, approvals are based
on specific transformation events. Con-
sequently, if different varieties are
transformed with a given gene to pro-
duce a range of biotech varieties, each
is an independent transformation event
subject to all of the regulatory require-
ments. Because this is prohibitively ex-
pensive, developers must transform
just one variety, register that event, and
then use traditional breeding methods
to incorporate the transgene into other
varieties. This greatly delays and in-
creases the cost of developing multiple
biotech varieties in a given crop. This is
particularly restrictive for horticultural
crops, in which many varieties are re-
quired to meet different seasonal produc-
tion requirements and diverse consumer
preferences, and any single variety has a
relatively small market share. For ex-
ample, dozens of different types and va-
rieties of lettuce (such as iceberg,
romaine, leafy) are grown throughout
the year as production shifts between
summer and winter locations in Califor-
nia, Arizona and Florida.

Some agronomic seed companies
budget $50 million for the full commer-
cialization of a new biotech crop, in ad-
dition to the standard costs for
developing and marketing a traditional
variety. Given the small acreage of hor-
ticultural crops and their much lower
overall value, it is difficult to justify the
investment in transgenic horticultural
crops. For example, the total U.S. mar-
ket for iceberg lettuce seed is about
$27 million. A typical single variety is
worth about $150,000 to $250,000 dur-
ing its 5-year market lifetime, which
suggests that garnering a large market
share of lettuce varieties with signifi-
cant added value would be necessary
in order to pay for the additional costs
imposed on biotech varieties.

Commercialization opportunities

Despite this gloomy picture, regula-
tory strategies may be possible that
would protect public and environmental

— continued on page 114
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China aggressively pursuing horticulture and plant biotechnology

Jikun Huang
Scott Rozelle

A the world debates the costs and

benefits of plant biotechnol-
ogy, swinging between optimism gen-
erated by a long list of breakthroughs
and pessimism caused by a consumer
backlash in some places, a new source
of plant biotechnology discoveries is
emerging in a most unlikely place:
China. And the discoveries being
made are more than cosmetic trans-
formations. China’s research commu-
nity has made a major investment
into understanding the structure and
function of the rice genome, the use of
agrobacterium to transform the rice
plant, and new methods of transform-
ing other crops, including a wide array
of horticultural plants.

China has one of the largest and
most successful agricultural research
systems in the developing world (Stone
1988). Historically, much of China’s re-
search was focused on grain, and the
government invested in research and
development (R&D) as part of its pur-
suit of food self-sufficiency. Horticul-
ture played only a small role in China’s
development strategy.

Economic growth, the rise of mar-
kets and the opening up of China’s
economy have resulted in a sharp shift

TABLE 1. Field trials, environmental

in government policy and producer
decision-making. As markets emerged
in the 1990s, farmers reduced their area
sown to traditional grain and fiber
crops and began to cultivate vast tracts
of produce. Fruit and
vegetable area has
nearly doubled in
China, expanding by
more than 20 million
acres during the 1990s,
adding the equivalent
of a “new California”
every 3 years for the
past 12 years.

The Chinese re-
search system has re-
sponded to the new
demands. In the mid-
1990s, top research
administrators
began allocating more funds to nontra-
ditional crops. Researchers, including
those in a nascent private-sector seed
company, were given more freedom to
work on broader array of crops and
provided with incentives to shift to
horticultural crops.

Research in modern plant biotech-
nology began in the mid-1980s. Chinese
scientists now apply advanced biotech-

releases and commercialization

of genetically modified horticultural plants in China through 2000

Field Environmental Commer-

Crop Introduced trait trial release cialized
Cabbage Turnip mosaic virus resistance Yes No No
Tomato Cauliflower mosaic virus
(CMV) resistance Yes Yes Yes
Tobacco mosaic virus
(TMV) and CMV resistance Yes No No
Shelf-life altered Yes Yes Yes
Cold tolerance Yes Yes No
Melon CMV resistance Yes No No
Sweet pepper CMV resistance Yes Yes Yes
Chili CMV and TMV resistance Yes Yes No
Papaya Papaya ringspot virus resistance Yes Yes No
Petunia Flower-color altered Yes Yes Yes
Pogostemon* Bacteria wilt resistance Yes No No

Source: Author survey.

*An Asian shrub, used to make patchouli oil for fragrances and medicinal purposes.

112 CALIFORNIA AGRICULTURE, VOLUME 58, NUMBER 2

Chinese scientists
now apply advanced
biotechnology tools
to plant science,
regularly working
on the synthesis,
isolation and cloning
of new genes, and
the genetic transfor-
mations of plants.

nology tools to plant science, regularly
working on the synthesis, isolation and
cloning of new genes, and the genetic
transformations of plants. Our survey
of China’s plant biotechnology labora-
tories identified more
than 50 plant species
and more than 120 func-
tional genes that scien-
tists are using in genetic
engineering, making
China a global leader.
China’s scientists have
generated an array of
technological break-
throughs in transgenic
plants and animals
(Huang et al. 2002), and
are currently working on
a large number of horti-
cultural crops such as to-
matoes, melons and peppers (table 1).
The technologies that have been
approved for commercial release also
demonstrate China’s ability to move
ahead with its biotechnology program.
Among the varieties approved and li-
censed for commercialization before
2000 were shelf-life-altered tomatoes,
color-altered petunias and pest-resistant
peppers. Although approvals for ge-
netically modified (GM) food crops
have slowed recently, China was allo-
cating about 9% of its research budget
to plant biotechnology in 1999. In the
late 1990s, China accounted for more
than half of the developing world’s ex-
penditures on plant biotechnology. Re-
cently, officials announced a plan to
drastically raise research budgets.
Many issues face China’s research
administrators. China’s government re-
cently put into place a regulation and
biosafety system, but it is new,
underfunded and has not proven its
ability to enforce regulation. Chinese
leaders are struggling with issues of
consumer safety and acceptance, both
within their own country and in coun-
tries that import its farm commodities.
Almost nothing is known about how



Chinese consumers would react if they
knew that their food was produced
with GM varieties, although recent re-
search suggests a relatively high degree
of acceptance.

China’s government also must de-
cide if it will continue to bear almost
the entire burden for funding biotech-
nology research. There is almost no
private-sector funding. In the late
1990s, total spending by foreign firms
on agricultural research in China was
less than $16 million (Pray et al. 1997).
China has options for increasing pri-
vate research but is constrained by poor
intellectual property rights (IPR), un-
derdeveloped seed markets and pro-
hibitive regulations on private firms.

Finally, the size of China’s research
investment, the improved education of
its scientists that are involved in plant
biotechnology research and its past suc-
cess at developing biotechnology tools
and GM plants suggest that its plant
biotechnology industry may one day
become an exporter of research meth-
ods and commodities. In both industri-
alized and developing countries,
opportunities are expanding for con-

China has dramatically expanded its production of fruits and vegetables, while allocating

significant research funds to agricultural biotechnology. Above, Chinese scientists have
developed genetically engineered crops, including peppers, tomatoes, papaya and

cabbage (conventional crops shown).

tract research, exporting GM varieties,
and selling genes, markers and other
biotechnology tools. China has advan-
tages such as large groups of well-
trained scientists, low-cost research,
limited regulation and large collections
of germplasm.

At the same time, it has the disad-
vantages of almost no commercial
biotech industry, a fragmented seed in-
dustry, public researchers inexperi-
enced in working with corporations
and a weak IPR regime. The Chinese
agricultural-biotechnology sector will
have to compete with the private and
public sectors in other countries — the
private life-science giants, smaller pri-
vate biotech firms in industrialized
countries, and universities in the
United States and other industrialized
countries. Because of its lack of capital
and experience in global competition,
China may have trouble competing in
the most lucrative markets. However,
the multinational life-science compa-
nies may be willing to leave relatively
minor crops, including many horticul-
tural crops, to China.

The emergence of China as an agri-
cultural trading nation, and its rising
strength in plant biotechnology re-
search, offers fundamental challenges
to California. China has a large advan-
tage in producing labor-intensive horti-
cultural crops, given its low wage
structure and virtually unregulated ag-
ricultural economy. Indeed, China has
already begun to make inroads into
fruit and vegetable markets in East Asia
that were once dominated by California
growers. In contrast, California’s mar-
keting infrastructure and UC-based
agricultural R&D system give it an
edge in producing and delivering high-
quality products and competing for for-

http://CaliforniaAgriculture.ucop.edu

eign markets. To the extent that science
will improve the quality and market-
ability of China’s fruit and vegetable
producers, plant biotechnology will im-
prove China’s competitiveness.

Inside China, where consumer ac-
ceptance is less of an issue, a more pro-
ductive farming sector could mean less
room for California’s products. How-
ever, if China relies primarily on plant
biotechnology to improve product
quality, it might give California an ad-
vantage in world markets. As a devel-
oping country with a poor reputation
for emphasizing food safety, China
may not easily garner access to world
markets for commercial releases of GM
fruits and vegetables. Countries such as
Europe and Japan are already skeptical
about GM foods and likely would be
especially concerned about importing
them from a nation with a relatively
short and untested consumer and
biosafety record.

J. Huang is Director, Center for Chinese
Agricultural Policy, Institute of Geographi-
cal Sciences and Natural Resource Re-
search, Chinese Academy of Sciences,
Beijing; and S. Rozelle is Associate Profes-
sor, Department of Agricultural and Re-
source Economics, UC Davis, and
Associate Director, UC Agricultural Issues
Center.

References

Huang J, Pray C, Rozelle S, Wang G. 2002.
Plant biotechnology in China. Science
295:674-7.

Pray C, Huang J, Rozelle S. 1997. Agricul-
tural research policy in China: Testing the
limits of commercialization-led reform.
Contemp Econ Stud 39(2):37-71.

Stone B. 1988. Developments in agricul-
tural technology. China Quarterly 116 (Dec).

APRIL-JUNE 2004 113



safety while decreasing the cost of in-
troducing biotech specialty crops
(Strauss 2003). Plant breeding compa-
nies employing biotechnology can
manage and reduce regulatory costs by
carefully and deliberately determining
the necessary testing requirements.
Costs can be reduced by focusing de-
velopment on biotech genes that have
already been commercialized in agro-
nomic crops, since expensive toxicity
studies done on a new protein pro-
duced in a biotech agronomic crop can
be used for the same protein produced
in a biotech horticultural crop.

The USDA IR-4 program conducts
and pays for the collection of efficacy
and safety data on pest-control chemi-
cals for “minor” or “specialty” crops,
which include most horticultural crops
(see sidebar, page 110). A new, ex-
panded “biotech IR-4” program fo-
cused on full crop registration,
including EPA, USDA and FDA re-
guirements, could benefit horticul-
tural crops being developed in
universities, government laboratories
and small companies. This is particu-
larly critical for the next generation of
transgenic products, which will be
more consumer-oriented and specific to
horticultural crops. Because horticultural
products in the pipeline are likely to have
altered nutritional or quality traits, spe-
cific safety tests will be required that can-
not rely on data generated for agronomic
crops. Without a program like IR-4, test-
ing requirements could preclude such
products from ever being developed and
reaching the market.

As demonstrated by Calgene and
Zeneca with their early tomato prod-
ucts, consumers are receptive to labeled
products that have clear quality or
price benefits. However, focusing en-
tirely on consumer-oriented traits
would forgo valuable benefits for crop
production, such as virus resistance,
which could have enormous advan-
tages for producers that would not be
readily recognized by consumers. As
further experience is gained with
biotech methods, regulatory require-
ments should be relaxed for categories
of products posing little health or envi-
ronmental risk. In addition, generic
crop and gene approvals (such as

USDA-ARS
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Greenpeace/Daniel Beltra
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Left, genetically engineered seed and crops are subject to stricter handling, transporting
and tracking procedures to prevent cross-pollination and adventitious (accidental) mixing
with conventional crops. The presence of Starlink corn in food products showed that there
were weaknesses in the ability to segregate grains on their way to market. Right, in
August 2003, Greenpeace activists blocked a trainload of biotech corn as it attempted to
cross the Rio Grande into Mexico, claiming that it threatened native land races of maize.

glyphosate-resistance approval for all
alleles in all leafy vegetables), rather
than the current “event-specific” ap-
proach (separate approvals for each al-
lele in each vegetable), would do much
to encourage further development of
such products.

Around the world, farmers desire
and in some cases demand the benefits
that can come from the improved vari-
eties. In India, for example, extensive
precommercialization field trials of
insect-resistant cotton found average
yield increases of 80% along with a 68%
reduction in insecticide use (Qaim and
Zilberman 2003). Farmers saw the
value of the varieties and grew 25,000
acres of insect-resistant cotton in 2001,
prior to government approval (in 2002).
Similarly, a significant percentage of
soybeans in Brazil was grown from
herbicide-resistant seeds smuggled into
the country from Argentina and propa-
gated by farmers, as Brazilian courts
held up their release despite govern-
mental approval. While planting of
insect-resistant corn has not been ap-
proved in Mexico, Mexican workers re-
turning from the United States have
brought back seed corn for planting,
and biotech food grain sold in Mexico
has also been planted. At the 2002 Insti-
tute of Food Technologists’ annual
meeting, E.C.D. Todd of Michigan State
University reported that Thai farmers
are smuggling and planting biotech
seeds from China. While the distribu-
tion of biotech varieties outside of legal
channels cannot be condoned, these ex-
amples illustrate that farmers are aware
of the advantages these varieties can
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deliver. As research continues at many
companies, universities and govern-
ment laboratories, biotech horticultural
products having similar attractions for
growers and consumers (see page 89)
may overcome the current financial and
logistical hurdles facing their commer-
cial development.

Future prospects; biotech in China

Despite vocal opposition, agricul-
tural biotechnology continues to ad-
vance. China has made significant
strides in commercializing GE horticul-
tural crops over the past 10 years and
may well become the world’s leader
during the next 10 years (see sidebar,
page 112). China was the first country
to commercialize biotech plants, begin-
ning with field production of thou-
sands of acres of virus-resistant tobacco
in 1988, followed by virus-resistant to-
matoes (500 acres) and sweet pepper
(6 acres) in 1994 (Chen and Zhu 1994;
Rudelsheim 1994; Zhou et al. 1994;
Stipp 2002). In the mid-1990s, China
was criticized by an American delega-
tion for having only a provincial and
not a national product-approval sys-
tem. For several years afterward, it
was difficult to determine whether
further commercial plantings of
biotech crops occurred in China
(Redenbaugh et al. 1996).

Interestingly, China established
1997 as the “official” commercializa-
tion date for biotech cotton, tomato,
sweet pepper and petunia, which is
when the crops were authorized by
the agricultural-biotechnology safety
office of the Chinese Ministry of Agri-



Many of the biotech crops on the market today are genetically
engineered for insect resistance. At Monsanto’s laboratory in St.
Louis, proteins are screened, left and right, for insecticidal activity.

culture (Z. Chen, personal communica-
tion, LMOs & the Environment Confer-
ence, Durham, NC, 2001). China
currently claims to be second only to
the United States in agricultural biotech
research, development and cultivation,
and China is taking full advantage of
uncertainty caused by the European
Union’s stance on biotech approvals.
Beijing University vice president Chen
(1999) stated, “I expect that in 10 years
between 30% and 80% of the rice,
wheat, maize, soya, cotton and oilseed
crops in China will be transgenic crops.
We can take advantage of this 4-year
halt [E.U. moratorium] to turn China
into a world power in genetically modi-
fied organisms.”

China is in an excellent position to
develop and create internal markets for
biotech horticultural crops and clearly
has the opportunity to surpass the
United States in biotech crop develop-
ment. Recently, China erected barriers
to the importation of biotech grains,
creating confusion for U.S. and world
exporters, while backing away from
some of its earliest commercial biotech
products (Macilwane 2003). It is not
known whether this is due to internal
concern over biotech products or fear of
jeopardizing its own export markets to
Europe, or is a trade barrier to allow for
additional internal development of
biotech products. Greater clarity will
occur should this issue come before the
World Trade Organization (WTO).

Regulatory issues and costs are re-
ducing commercial opportunities for
new biotech crops in the United States.
Of course, China will need to meet the
requirements of any country receiving
their exports, but currently it is unclear
whether any of China’s biotech prod-

ucts are being exported. Korea and Ja-
pan are not likely to press this as a
trade issue. Other internal political is-
sues are currently complicating com-
mercialization efforts within China, but
these are likely to be only short-term
barriers (Economist 2002).

While the United States falters over
biotech fruits and vegetables, China is
positioning itself to be the world leader
in coming years. For the American hor-
ticultural industry, the results could be
devastating if the United States loses its
current competitive edge and more ag-
ricultural production moves overseas.

K. Redenbaugh is Associate Director,
Seminis Vegetable Seeds, Woodland; and
A. McHughen is Plant Biotechnologist,
Department of Botany and Plant Sciences,
UC Riverside.
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Public-private partnerships needed in horticultural
research and development

Gordon Rausser
Holly Ameden

v

University-industry partnerships are
proliferating in the United States, as
public funding for high-level
research continues to decline yet
knowledge plays an increasingly
important role in industrial
processes. The horticulture industry
benefits from such arrangements by
influencing research directions and
gaining access to innovations and
complementary research in agri-
cultural biotechnology. Given the
nature of this industry, the obstacles
to developing effective partnerships
are substantial. Private horticulture
institutions should form consortia of
both small- and medium-sized firms,
and they should understand the
need for faculty and academic
freedom. More enterprising members
of a consortium can capitalize on the
research contacts and pursue firm-
specific, applied-research partner-
ships. Potential drawbacks are the
exclusion of smaller firms and
inequitable benefits-sharing within
the consortia.

H orticultural research is conducted
primarily in the public sector,
with research at private institutions
playing a relatively minor role. As

a result, research gaps naturally
emerge between the basic research
generated by public institutions and
the research needs of industry. One
approach for reducing this gap is to
form public-private research partner-
ships that harness the complementary
research and academic expertise of
universities with the commercialization

and marketing expertise found in in-
dustry. Such partnerships are prolifer-
ating, especially between universities
and large life-sciences companies. Un-
fortunately, there are few concrete ex-
amples of such partnerships in agricul-
tural biotechnology for the horticulture
industry. The challenge is to adapt
models of these partnerships to the re-
search needs and structure of the horti-
culture industry, which produces crops
such as fruits and vegetables, nuts, and
nursery and ornamental crops.

The traditional research paradigm
posits a one-way flow from basic sci-
ence conducted in public institutions to
applied research and commercializa-
tion undertaken largely by private in-
dustry. This characterization does not
accurately portray current trends in re-
search and development (R&D). In-

Rob Johnson/Copyright 2004 UC Regents

creasingly, public universities and pri-
vate firms engage in joint research and
establish interactive relationships. Sev-
eral factors have contributed to this
trend, including recent legislation (the
Bayh-Dole Act of 1980), the restructur-
ing of many of the larger life-sciences
firms (such as Monsanto and Syngenta)
and an alignment of private and public
incentives to pursue long-term R&D ef-
forts (Rausser 1999).

The potential benefits from university-
industry partnerships in the field of
agricultural biotechnology are obvious.
Scientific and practical knowledge can
complement each other, leading to more
rapid and far-reaching innovation. Uni-
versities need funding for their research-
ers, as well as intellectual property held
by private companies and access to mod-
ern, commercially developed enabling

Partnerships can link university research expertise with the commercialization and
marketing savvy of industry: such partnerships are proliferating in the United States. For
example, in 1998 the Department of Plant and Microbial Biology at UC Berkeley,

left, entered into a 5-year, $25 million research agreement with a multinational life-sciences
company, Novartis, right (Basel, Switzerland), and its successor company, Syngenta.
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technologies (such as gene expression
profiles and genome maps) to ensure a
first-rate graduate education for stu-
dents. For its part, industry is inter-
ested in accessing new research and
innovation, developing new products
and hiring highly trained graduate
students.

However, obstacles to the formation
of successful agreements are signifi-
cant. Both parties in a research partner-
ship face serious risks. These risks are
rooted in the conflict between a
university’s academic objectives and
the private firm’s corporate incen-
tives. One critical risk is the potential
co-opting of the academic research
agenda by private interests. University
researchers risk the loss of academic
freedom and integrity while industry
risks the loss of investment capital, pri-
vacy and proprietary information. Dif-
ferences between the university’s
educational objectives and corporate
goals, as well as differences in the cul-
tures, institutional incentives and time
frames, can lead to a clash of cultures
and values. Intellectual property (IP)
rights issues are also a frequent source
of contention. Given these risks, both
parties need to enter into carefully
structured research agreements.

Structuring agreements

Most work examining research part-
nerships focuses either broadly, on
such issues as the source of research
funding, basic provisions of these
agreements and associated problems
and consequences (Blumenthal et al.
1996; GUIRR 1999; NAB 2001), or nar-
rowly, on specific aspects of a particu-
lar type of agreement (NIH 1994).
Although this literature is useful, it
does not effectively address how to
structure these public-private research
partnerships. In response to this need,
we have constructed templates based
on the three stages of any university-
industry research partnerships, which
provide a framework for characterizing
their “front-end” and “back-end” op-
tions (Rausser and Ameden 2003).

University-industry research part-
nerships come in many forms. They
may be targeted, with private firms
designating specific research agendas,
or they may be nontargeted. Research

projects may have short or longer time
horizons. Universities may enter agree-
ments with a single private company or
with groups of firms sharing a com-
mon interest (an industry consor-
tium). Collaborations may cover a
single research project or be “mega-
agreements” covering a large range of
interactions (examples include UC
Berkeley—Novartis and Washington
University, St. Louis—Pharmacia).
Because of the inherent uncertainty
in the research process, research part-
nerships can be structured in terms of
ex ante decisions (those made prior to
initiating a research partnership) on
the options embedded in the three
stages of any agreement. These em-
bedded options are specific decision
points, such as determining which
partner will control the research
agenda. Universities can define poli-
cies on this option ex ante, before po-
tential partners are approached.
Stage |: Setting the bargaining
space. To start, potential research part-
ners consider possible collaborations
and associated tradeoffs. The vital as-
pect of this stage is determining exactly
how partners will be identified and se-

tures and scale of operations. Back-end
options include designating patent-
filing responsibility, property and li-
censing rights, royalty rates and how
research results will be disseminated.

Stage lll: Reviewing and renewing
the partnership. Finally, the outcome
of the partnership is assessed, with an
eye toward whether to renew the agree-
ment. Currently, there is no standard
approach for formal review of large- or
small-scale agreements. To assess
whether a research partnership was
successful or not, interested parties
must rely on the informal reviews and
vague impressions of both partners
along with more tangible outcomes,
such as the number of patents gener-
ated by the research. A key policy
challenge is the development of con-
crete indicators or measures of pro-
ductivity for public-private research
partnerships.

Templates for partnerships

Based on these stages of forming
agreements, we have designated four
groups of templates.

Strategic partnerships involve com-
prehensive, multiyear commitments be-

Differences between the university’s educational objectives
and corporate goals can lead to a clash of cultures and values.

lected. Although deliberately seeking
out partners rather than waiting to be
approached with a proposal requires
more effort upfront, it can substantially
broaden the set of choices. For example,
the public partner could elicit competi-
tive bids from multiple private partners
rather than just accepting or rejecting a
single proposal.

Stage Il: Negotiating the agree-
ment. Next, the agreement is negoti-
ated and may or may not involve a
formal contract. Front-end options de-
termine the nature and scope of the re-
search activities that the partnership
will undertake, while back-end options
determine how any benefits generated
by the partnership will be distributed
and how knowledge assets such as pat-
ents and commercial products are dis-
seminated. Decisions in the front-end
include specifying the research agenda,
asset contributions, governance struc-
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tween a university, or an academic de-
partment in a university, and a large
company, with both partners dedicat-
ing significant assets. Formal proce-
dures for determining research agendas
and control of back-end assets are
specified. Given their size, these agree-
ments tend to come under significant
scrutiny and often external review.

One such agreement was the 5-year,
$25 million research agreement be-
tween Novartis (and its successor com-
pany, Syngenta) and UC Berkeley’s
Department of Plant and Microbial Bi-
ology. The relationship, which gener-
ated approximately 20 innovations, was
the subject of an internal campus re-
view by the office of the Vice Chancel-
lor for Research. The review found the
research had not been skewed toward
applied biotech research as feared and
that graduate students were the pri-
mary beneficiaries.
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Research unit/center partnerships
usually also involve the dedication of
significant resources. Instead of involv-
ing existing academic departments,
however, these research units are set up
separately, allowing more distance be-
tween the partnership and the aca-
demic community at the university.
Such partnerships may be linked to a
single company, commodity group or
companies that provide some or all of
the financial resources for the research
center. For example, the Seed Biotech-
nology Center at UC Davis is a partner-
ship between the College of
Agricultural and Environmental Sci-
ences and the California seed industry.
The College provides research space
and faculty time, while the industry
funds additional research and pro-
grammatic personnel. Specific research
projects are funded through diverse
grants and contracts with both public
agencies and private sources.

Sponsored projects are small to
large commitments with a specific re-
search agenda designated at the outset.
As with strategic partnerships, either
partner may approach the other, but in-
stead of defining a governing structure
for selecting research directions, specific
research projects of particular duration
and budget are proposed. Depending on
the nature of the bargaining space (e.g.,
private partner proposes project versus
the university approaches private partner
with research needs), the university’s op-
tions on the front-end can be more re-
stricted. Sponsored projects may act as
testing grounds for relationships and
serve as precursors for more far-reaching
strategic partnerships. Through more
than 50 commissions and other organiza-
tions, industry groups provided more
than $22 million to support public re-
search programs at UC Dauvis last year, a
large fraction of that in the plant sciences.

Informal arrangements are gener-
ally the initial mode of contact between
university and industry partners.
Through networking with contacts, in-
dustry scientists identify valuable uni-
versity counterparts and vice versa,
and set up simple arrangements involv-
ing minimal transaction costs. These
agreements can either be transparent,
public collaborations or may involve

Jack Kelly Clark

Smaller firms have the capacity to rapidly apply new technology, but when it comes to
techniques involving recombinant DNA they often do not have the assets to develop
commercially viable products. Partnerships can help by sharing the costs of research,
development and testing that are needed to bring a genetically engineered product to
market. Above, gel is used to separate DNA molecules according to their length.

more indirect arrangements such as
corporate gifts that are not tied to any
specific collaboration or in-kind dona-
tions of services, equipment or materi-
als. This category would include
pesticides or tractors donated for a field
trial and technical expertise for setting
up a research program.

Horticultural industry and research

The horticultural research industry
is composed primarily of small to me-
dium enterprises (Dixon 1998) with
small markets for individual products.
Because of their relatively smaller size,
these firms are able to rapidly apply
new knowledge and technology. How-
ever, when it comes to genetically engi-
neered crops, the smaller firms
generally do not have the assets to de-
velop new products.

Research funds in horticulture
come mainly from the public sector
(Sansavini 1998; Dixon 1998). The reluc-
tance of major biotechnology R&D
companies to dedicate funds to horti-
cultural research is, in part, because
technological advances in horticulture
are not viewed as “low-hanging fruit.”
The commercial value is not nearly as
attractive as for annual agronomic
crops grown on large acreages. In addi-
tion, consumer acceptance of geneti-
cally modified foods is considered a
major obstacle to the adoption and
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commercialization of agricultural bio-
technology. Current biotech research
focuses on reducing the environmental
impacts of horticultural production,
food safety, product quality and new-
product development (Robitaille 1998).

Public-private research partnerships
could greatly benefit the horticulture
industry, and domestic and interna-
tional research partnerships in horticul-
ture are considered especially
important for developing economies
(Robitaille 1998). Dixon (1998) notes
that successful entrepreneurs in horti-
culture maintain a continuous dialogue
with scientists; partnerships are one ap-
proach for guaranteeing this dialogue.
Dixon also notes that linkages between
research and industry (public and pri-
vate relationships) have improved
“where levy funding systems have been
established to support scientific endeav-
ors.” In other words, more formal finan-
cial arrangements between partners are
likely to yield the best exchange.

Strategies for horticulture R&D

The most relevant partnership
model for the horticulture industry is
that of less formal, single or multiple-
project partnerships (sponsored project
and informal arrangements). In pursu-
ing these partnerships, the implications
of all three stages of the partnership
should be considered ex ante.



In Stage | (setting the bargaining
space), private horticulture institutions
seek to align research incentives and
form consortia of small and medium
firms with parallel research interests to
concentrate intellectual and financial re-
sources. These consortia are organized by
crop or pest type (or other research inter-
ests) to facilitate networking, identify key
researchers at public institutions and
propose specific research projects.

(A proportional-contribution/equal-
sharing scheme between consortia mem-
bers is likely to be the most effective
self-governing approach given the public
nature of research leads and outcomes.)

The university should accept or re-
ject these proposals based on the re-
search synergy and embedded options.
Although all universities share a com-
mon set of core principles that guide
their decisions, different institutions
emphasize different objectives; the pri-
vate partner should consider the
university’s research climate when con-
sidering research partners.

In Stage Il (negotiating the contract),
the private partner considers the type
of research to pursue in the partner-
ship. Given the nature of research ob-
jectives at universities, the horticulture
industry partner should propose re-
search projects that are more basic,
have longer time frames and are not
adequately addressed by current pri-
vate research efforts. These partner-
ships are more likely to be successfully
negotiated if the industry partner un-
derstands, ex ante, the need for faculty
and academic freedom. On the back-
end, university guidelines and policy
usually constrain its researchers to spe-
cific conditions for patenting research,
and licensing and disseminating results
(publication delays). Although there is
some variation, these constraints are
fairly common at universities.

Stage Il (reviewing the partnership)
is best accomplished if specific goals or
benchmarks are incorporated into the ini-
tial agreement. This gives both sides cri-
teria to judge whether the partnership is
achieving its goals and justifies renewal.

Consortia benefits and risks

Both partners should establish links
so that industry can more effectively

Jack Kelly Clark
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The time and effort involved in negotiating
public-private research partnerships is
substantial, but such arrangements can be
fruitful for both parties. Above, a UC
scientist uses tissue culture to propagate
grapes in the laboratory.

utilize public research and universi-
ties can secure access to research
funding and cutting-edge enabling
technologies. These collaborations can
serve as stepping-stones to more for-
mal, long-term agreements. Alterna-
tively, once initial consortia-university
research partnerships are established,
more enterprising members of the
consortia can capitalize on the re-
search contacts and pursue firm-
specific, applied-research partnerships.
The primary obstacle to forming re-
search partnerships is high transaction
costs. The process of identifying appro-
priate researchers as potential partners
can involve significant search costs.
And once potential partners have been
selected, the time and effort involved in
negotiating a research agreement, espe-
cially given the differing objectives of
public versus private institutions, can
be substantial. The consortium ap-
proach is a strategy for sharing these
costs. If the consortia are not well struc-
tured, however, reduced external trans-
action costs may be replaced by higher
internal costs of organizing and run-

http://CaliforniaAgriculture.ucop.edu

ning the consortia. Inequitable benefits-
sharing within a consortium may also
be a source of conflict. And although
this approach is intended to serve the
needs of medium- to smaller-sized
firms, the smallest enterprises may still
be excluded (especially in subsequent
partnerships).

G. Rausser is Robert Gordon Sproul Dis-
tinguished Professor, and H. Ameden is
Ph.D. Candidate, Department of Agricul-
tural and Resource Economics, UC Berke-
ley. The UC Berkeley—Novartis agreement
was designed and implemented while Pro-
fessor Rausser was Dean of the College of
Natural Resources at UC Berkeley.
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