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Summary
Fundamental to meeting worldwide food
demands is the need for effective pest
control technology. Collectively the
premises highlighted in this paper provide a
snapshot of those forces shaping today's
research agendas. Hopefully, these forces
will help to foster a new kind of leadership
role on the part of the agrichemical industry
that will lead to tomorrow's pest control
solutions that meet the changing needs of
global agriculture, farmers, consumers and
the public. Clearly, this will require fore-
sight, planning and a commitment to safety
unparalleled in the history of the industry.
In my opinion, the discovery of safer, more
environmentally friendly agrichemicals is
essential to the future availability of this
vital technology. This, however, is not
enough. Improvements in stewardship,
education, training, integrated pest manage-
ment programs and delivery systems will
also be needed. Clearly, industry must join
hands with government, academia and
international organizations to meet these
challenges. Together, we must continue to
develop a global agricultural system that is,
(a) economically viable and provides flex-
ibility for growers, (b) ensures a safe food
supply, (c) protects the environment, (d)
provides high quality, reasonably priced
food and (e) enhances the quality of life for
all.

Introduction
Public concerns about the cost of government
farm subsidies, agrichemical residues in food
and the deterioration of water quality and the
environment are placing increasing demands
on growers and, in turn, on those who serve

them. In the agrichemical industry, responding
effectively to these changing needs through
innovative research and development (R &D)
often determines success or failure.

During the 1980s, a number of
agrichemical companies were able to respond
to these needs through a combination of
strategies. These included the discovery and
development of safer, more effective
agrichemicals; improvements in formulations
and packaging; development of complemen-
tary pest control products such as microbials;
and the reduction of manufacturing wastes. In
addition, these companies actively supported
training and educational programs, responsible
legislation, the use of integrated pest manage-
ment programs, recycling of containers,
development of sensitive detection technology
for agrichemicals and improvements in
application equipment. Success -in many of
these areas could not have been achieved
without close co- operation with government
and university scientists and administrators.

Collectively, these strategies have helped
to demonstrate to farmers, regulators, the food
industry and the public the positive steps being
taken to continually improve all aspects of
chemical pest control technology. While each
of these initiatives has added incrementally to
these improvements, the truly noteworthy
advancements have come through new product
introductions. Ultra low use rate, broad
spectrum products that are safe to people and
the environment are now the benchmark by
which successful agrichemical companies are
gauged.

Heavy investments in R &D are needed to
make such breakthroughs. It is estimated that
well over a billion dollars is being invested
each year in global agrichemical R &D, with a
third to a half of this amount being invested in
new product discovery research (1). Several
trends in agrichemical R &D contribute to the
need for this huge annual investment. Firstly,
the number of compounds that must be
synthesized and tested to find a new product
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has gone from about 15,000 in the 1970s to
about 40,000 today (1, 2). Secondly, as a result
of increased regulatory requirements, the time
required to reach the marketplace, once a new
product candidate has been selected, now
averages about eight years (1). This has, in
turn, further eroded the time needed to recover
these costs before patent expiration. Thirdly,
as a result of these changes, the costs to
develop new agrichemical products has risen
from about 10 million dollars in 1970 to about
50 million dollars today (1, 2). These costs
seriously threaten the economic viability of
new development candidates, even those
offering considerable advantages over current
standards.

These trends in R &D, which reflect the
difficulty of discovering and commercializing
new breakthroughs in crop protection chemis-
try, have caused some companies to leave the
agrichemicals business. Other companies have
made acquisitions or formed various types of
joint ventures in order to strengthen their
relative position. Recent examples include the
departure of Chevron from agrichemical R &D,
the purchase of Fermenta by Ishihara and the
acquisition of Maag in Europe by Ciba- Geigy.
As a result of this continued consolidation, 13
agrichemical companies now account for over
80% of the 26 billion dollar worldwide
agrichemicals market (1). Added pressure to
consolidate comes from the lack of any
prospects for significant market growth. In
constant dollars, the worldwide agrichemicals
market is not expected to expand by more than
1.0 to 2.0% annually over the next decade (1).
As a percentage of the total sales, the U.S. and
Western Europe sectors are projected to
actually decline while the Far East, Latin
America and Eastern Europe sectors are
expected to increase slightly (1).

Forces shaping R &D
Long range forecasts and strategic planning
are crucial for successful R &D programs,
since about 10 years are generally required
before laboratory discoveries have any signifi-
cant impact at the farm level. This long lag
time, coupled with the uncertainties that exist
about future government regulations and farm
policies around the world, requires a strong
commitment to R &D by agrichemical business
leaders.

At Du Pont, this commitment, as well as
the overall direction of R &D, is based on
several premises that are the subject -of
paper.

Premise I Pest control technology will
continue to be essential for meeting world-
wide food demands.
By the year 2025, it is estimated that there will
be an additional three billion people to feed,
and by 2050, total world population is pro-
jected to increase to 11 billion more than
twice today's population of 5.4 billion (17).
By the middle of the next century, we will
have to produce more than twice as much food
as is currently being produced.

Such a dramatic increase in population will
put increasing pressure on land use for food
production. Today, world cropland available
per person is a third of a hectare, down from
nearly half a hectare in 1961 (16). Each
available hectare must support more and more
people as world population continues to
increase at a rate of about 1.7% per year (90
million more people to feed and clothe each
year), while the rate of expansion of world
cropland is less than one -tenth this rate (0.15%
per year or 50 to 60 million new hectares of
cropland by 2010) (16). Therefore, in less than
20 years, each person will have to be sup-
ported by only 0.2 hectares.

These projections strongly suggest that we
must prepare for a more intensive agricultural
production system where productivity- enhanc-
ing innovations will continue to be essential
for meeting future worldwide food demands.
As agriculture intensifies, so will our battle
with crop pests. Effective pest control technol-
ogy will become even more important than it
is today.

Premise 2 Crop protection chemicals will
continue to be the backbone of pest control
technology for the foreseeable future.
Cultural, chemical, genetic and biological
control methods will all contribute in our
continuing battle with pests for our food.
However, on a worldwide scale there are no
alternative new crop protection technologies
on the immediate horizon which can reliably
replace pesticides. Biotechnology offers the
opportunities for breakthroughs in insect and
disease resistant crop varieties and novel
microbial products. However, it appears to
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have little potential to substantially reduce the
need for herbicides. I believe that the rate of
replacement óf agrichemicals by biologically -
based products will be considerably slower
than many have projected. As discussed
below, their role, at least for the next decade,
will be as complementary tools to
agrichemicals in pest management strategies.

The continuing need for agrichemicals is
consistent with the view reached by the
National Research Council, the United Nations
Food and Agriculture Organization, the World
Health Organization (10,15,18), as well as
other noted scientists, such as Nobel Laureate,
Norman Borlaug (6). While reducing unneces-
sary use and potential ill - effects of
agrichemicals are common goals of these and
many other organizations, most agriculturalists
recognize that these chemical tools will
continue to remain routine and essential inputs
in most crops well into the 21st Century.

Premise 3 Public concerns and regulatory
pressures on agrichemicals will continue to
increase throughout the 1990s.
The general fear of chemicals by the public
(4), combined with the environmental move-
ment that is sweeping many parts of the globe,
has led to accusations by various anti - pesticide
groups that pesticides are a major threat to
public health and the environment. Unfortu-
nately, those in agriculture are often being
viewed as polluters of the environment and
poisoners of our food supply. In many devel-
oped countries, where food is abundant and
relatively inexpensive, the main focus is on the
question, "Are pesticides really necessary?"
This has led to the banning of some pesticides,
the promulgation of more stringent and costly
regulations and plans in several countries
including Denmark, Sweden and the Nether-
lands to reduce agrichemical use by 35 to 50%
during this decade.

Already, atrazine has been banned, re-
stricted or its use pattern altered in several
countries, including the U.S.A., Germany and
France, as a result of groundwater contamina-
tion concerns. Moreover, many other impor-
tant agrichemicals, such as alachlor, 2,4 -D,
carbofuran and the EBDC fungicides, have
been placed under special review by regulatory
agencies due to environmental or toxicity
concerns. These actions send a strong message
that significant improvements in safety and

environmental compatibility are needed if
these important tools are to remain a viable
option for meeting future pest control needs.
These concerns, coupled with the continued
need for improvements in biological perform-
ance, lead to the next premise.

Premise 4 Major opportunities exist for
safer, more effective pest control chemistry.
These opportunities exist primarily in the areas
of biological performance, environmental
compatibility and toxicology. Examples of
these are highlighted below, using specific
examples from Du Pont.

Biological performance. In the mature
corn market, there are still opportunities for
improved products, even though this is an area
that has been the focus of R &D for over 40
years. Farmers have been spending about 260
million dollars a year for post- emergence
herbicides, although up until recently, avail-
able products were only marginally effective
for grass control (1, 2). In response to the need
for better products in this segment, we intro-
duced the sulfonylurea herbicide nicosulfuron
(Accent') last year in the U.S.A. This
sulfonylurea is applied at 35 to 70 g ha' post-
emergence to control weeds such as quack
grass (Elytrigia repens), johnson grass (Sor-
ghum halepense) and shattercane (Sorghum
bicolor), which were difficult or impossible to
effectively control post- emergence prior to the
availability of nicosulfuron. A related Du Pont
analogue, coded DPX- E9636, was also re-
cently introduced in to Europe as Titus ®, for
post- emergence weed control in corn.

Environmental Compatibility. The
sulfonylureas exemplify many of the proper-
ties desirable in an ideal herbicide (5, 14). One
of their most impressive features is their
exceptionally low use rates. To date, 15
different sulfonylurea active ingredients have
been commercialized, 10 of these from Du
Pont. Use -rates of these herbicides range from
4 to 70 g ha', which is often over 100 -fold
lower than the conventional herbicides which
they replace. This, in turn, has reduced the
environmental load tremendously. For exam-
ple, a farmer who applies a herbicide every
year, can use one of these low -use rate materi-
als for more than a hundred years before that
cumulated dose equals a single year's dose of
a conventional herbicide. This has several very
positive effects, including a reduction of over
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90% of the amount of material that can move
towards groundwater. The reduced environ-
mental load, coupled with the rapid breakdown
of many sulfonylureas, adds to their environ-
mental attractiveness. For example, through
optimization research, it has been possible to
reduce the half -life of many sulfonylureas,
such as thifensulfuron methyl and tribenuron
methyl, to only a few days. This rapid break-
down, combined with low application rates
and a high degree of safety to wildlife (see
below), leads to their outstanding environmen-
tal compatibility.

Toxicology. The sulfonylureas are ex-
tremely safe to people and animals and other
non - target organisms (5). They are less acutely
toxic than common table salt with LC50 values
of 4000 to 11,000 mg kg-' in test animals.
Moreover, they are not mutagenic and are non-
toxic to wildlife including fish, aquatic
arthropods, avian species, insects and earth-
worms. The highly specific mode -of- action of
the sulfonylureas is largely responsible for
their safety to people and wildlife. They block
the biosynthesis of branched -chain amino
acids through the inhibition of the enzyme,
acetolactate synthase. Neither this enzyme nor
this pathway is found in animals or humans.

Premise 5 Biotechnology -based crop
protection solutions will become increas-
ingly important as complementary tools to
agrichemicals.
Biotechnology promises to provide novel pest
resistant crop varieties and microbial products
to complement agrichemicals and allow for the
development of more balanced pest manage-
ment programs (11, 13). In the area of weed
control, biotechnology has opened the way to a
new method for achieving crop selectivity.
The traditional approach has been to modify
the chemistry so that weeds are controlled
without injuring the crop. Unfortunately, with
some classes of herbicides, most notably
glyphosate, this has not been possible. Using
biotechnology, it is now possible to genetically
modify the crop so that it is no longer injured
by the herbicide.

This approach has proven useful with
several classes of herbicides, including the
sulfonylureas (7). For example, soybeans with
greatly improved crop tolerance to short
residual sulfonylurea herbicides like
thifensulfuron, are now in advanced stages of
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commercial development. Similarly, ,

imidazolinone- tolerant corn will be cómmer-
cially available next year from Pioneer Hi
Bred and Garst Seeds. Other herbicide -crop
combinations under development include
glyphosate-tolerant cotton and soybeans,
glufosinate- tolerant sugarbeets and oilseed
rape, bromoxynil - tolerant cotton and
sulfonylurea- tolerant cotton and canola.

Rapid advances in the area of gene isola-
tion, transfer and expression for crop protec-
tion are also being made in other areas. For
example, over five years ago, Plant Genetic
Systems in Belgium transformed tobacco
plants with a chimeric Bt insect toxin gene
isolated from Bacillus thuringiensis. This
important first step has led companies like
Monsanto to actively pursue Bt- containing
cotton, which is currently undergoing field
evaluation.

Advancements are also occurring in
controlling diseases caused by fungi, bacteria
and viruses. By genetically engineering crop
plants, such as tomato, to produce high levels
of a virus coat protein, the plants are protected
from virus infection. In related areas, several
laboratories have been able to reduce disease
symptoms by over - expressing enzymes such as
chitinases and gluconases, which are known to
combat fungal infection.

Premise 6 Maximizing the benefits of
current and future crop protection technol-
ogy will require better management and
improved delivery systems.
The advantages of even the best crop protec-
tion technology can be lost if they are not used
correctly. This is especially true for
agrichemicals where their misuse, overuse or
unnecessary use is coming under increasing
scrutiny because of economical, social and
environmental concerns. Practical chemical
pest management systems are needed that
result in uses that are tailored, targeted and
timed to optimize the chemical's overall
benefits, while minimizing potential risks (9).
There is also a critical need for new delivery
systems for improving the accuracy and
efficiency of agrichemical applications while,
at the same time, eliminating worker exposure,
off - target drift, equipment contamination and
container and rinsate waste (12).

For example, 80% of worker exposure
occurs during the mixing and loading opera-
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tions and studies show that by simply wearing
resistant gloves, operators can reduce exposure
by 90% (3,8). Improvements in formulation
design are needed such as dust free, water 8.
dispersible granules and tablets that eliminate
splashing and dust emissions during loading;
that are free of potentially hazardous solvents;
and, if a spill should occur, are much easier
and safer to recover than liquid formulations. 9.
A recent example is the tablet formulation
introduced last year by Du Pont in Denmark in
the cereals market. Each 7.5 g tablet treats 10.
one -half hectare and contains the sulfonylurea
herbicide, tribenuron.

Other improvements needed include (a)
container designs (e.g., "closed systems ") and
innovative packaging concepts (e.g., water 11.
soluble bags, gels) to minimize worker expo-
sure, (b) the broader use of refillable and
recycleable containers, (c) chemical injection
systems to reduce rinsate waste, (d) develop-
ment of improved nozzles that produce 12.
droplets less prone to drift and (e) adoption of
technologies that allow herbicide rates to be
varied depending on weed density, location
and soil type.
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