Agricultural

Biotechnology
AND THE

Envn.ron nt

. A % ®
Science, Policy, and Soclal Issues
!“!: b ¢ " }’/ ‘\
!

\ .t-'l ’ J,

Sheldon Krlms rl'-

Roger Wrubg_l >
My o T




Sheldon Krimsky and Roger P Wrubel

Agricultural Biotechnology
AND THE Environment

SCIENCE, POLICY, AND SOCIAL ISSUES

University of lllinois Press  Urbana and Chicago



© 1996 by the Board of Trustees of the University of Illinois
Manufactured in the United States of America
1 23 45 CP 543 21

This book is printed on acid-free paper.

An earlier version of chapter 11 was published as “The Cultural and
Symbolic Dimensions of Agricultural Biotechnology,” by Sheldon
Krimsky in Issues in Agricultural Bioethics, ed. T. B. Mepham, G. A.
Tucker, and J. Wiseman (Nottingham: Nottingham University Press,
1995).

Library of Congress Cataloging-in-Publication Data

Krimsky, Sheldon
Agricultural biotechnology and the environment : science, policy,
and social issues / Sheldon Krimsky and Roger P. Wrubel.
p. cm. — (The environment and the human condition)
Includes bibliographical references (p. ) and index.
ISBN 0-252-02164-9 (cloth). — ISBN 0-252-06524-7 (pbk.)
1. Agricultural biotechnology. 2. Agricultural biotechnology—
United States. I. Wrubel, Roger P. (Roger Paul), 1949-
II. Title. III. Series.
$494.5.B563K75 1996
338.1'62—dc20 95-32490
CIp



The Environment and the Human Condition

An interdisciplinary series edited by faculty
at the University of Illinois



Books in the Series

Wildlife and People: The Human Dimensions of Wildlife Ecology
Gary G. Gray

Sustainable Agriculture in the American Midwest: Lessons from the
Past, Prospects for the Future Edited by Gregory Mclsaac and
William R. Edwards

Green Nature/Human Nature: The Meaning of Plants in Our Lives
Charles A. Lewis

Justice and the Earth: Images for Our Planetary Survival
Eric T. Freyfogle

Agricultural Biotechnology and the Environment: Science, Policy,
and Social Issues Sheldon Krimsky and Roger P. Wrubel



Agricultural Biotechnology and the Environment



Dedicated to Robert S. Cohen
—S.K.

For Roberta and Ari
—R.PW.



Tables

o =

10.

Some Notable Innovations in the Dairy Industry 13

. Herbicide Resistant Crops Approved for Field Tests in the United

States from 1987 to July 1995 31

The Advantages and Disadvantages of Bacillus Thuringiensis for
Insect Control 58

Transgenic Insect Resistant Crops, with Bt §-Endotoxins, Approved
for Field Tests in the United States from 1987 to July 1995 59

. Transgenic Plants, with Virus Coat Protein Genes, Approved for

Field Tests in the United States from 1987 to July 1995 84
Genetically Engineered Microbial Insecticides Field-Tested in the
United States from 1988 to July 1995 120

Selected Contraindications of Monsanto’s Posilac 179

Nations That Have Approved Monsanto’s BST Product for Milk
Production 186

Milestones in the Production of Human Proteins in the Milk of
Transgenic Animals 193

Belief Structures and the Ethics of Developing Transgenic
Animals 205



Figures

N —

Rl

12.
13.
14.

15.

16.

Biotechnology R&D Spending in 1991 by Market Segment 17

. Institutional Roles in Technological Innovation for Agricultural

Biotechnology 24

Agricultural Pesticide Use in the United States, 1979-93 30
Expenditures for Agricultural Pesticides in the United States,
1986-93 30

Field Tests of Transgenic Plant Varieties in the United States from
1987 to June 1995 33

Two Methods for Transforming Plants 36

Research Classification of Articles in Weed Science, 1983-92 53
Disease Resistant Transgenic Plant Varieties Approved for Field
Tests in the United States from 1987 to July 1995 75

Typical Plant Pathogenic Virus Infection Cycle 80

. Transencapsidation 90 ‘
. U.S. Field Tests of Transgenic Plants and Microorganisms from 1987

to July 1995 130

The Nitrogen Cycle 140

Root Nodules on Soybean Containing Nitrogen-fixing Bacteria 140
Agricultural Counties with Nitrate Contamination in

Groundwater 149

The Number of Articles on Agricultural Biotechnology Published in
the New York Times, the Wall Street Journal, the Washington Post,
Business Week, Newsweek, and Time Magazine, 1981-90 163
Changes in the Number of Farms and Average Farm Size in the
United States, 1960-93 244



Acknowledgments

We wish to express our appreciation to the Center for Environmen-
tal Management at Tufts University for funding much of the research
that contributed to this book. Two funded grants were titled “The
Potential for Pollution Reduction in Agriculture” and “Improving
the Assessment of Transgenic Microorganisms Released into the
Environment: An Integrative Approach.” The projects were support-
ed under assistance agreements CR813481 and CR820301 between
the U.S. Environmental Protection Agency and the Tufts Center for
Environmental Management. Some of the material for the book was
derived from the final report titled Agricultural Biotechnology: An
Environmental Outlook issued in 1993.

Although segments of this book were derived from studies fund-
ed by the U.S. Environmental Protection Agency under assistance
agreements with the Center for Environmental Management, the
information and opinions in this volume do not necessarily reflect
the views of the agency or the center, and no official endorsement
should be inferred.

There are several people who deserve special mention. Peter Stott
served as a reseach and editorial assistant in various stages of the
work.

We thank the following individuals who commented on earlier
versions of individual chapters: D. Andow, K. Bergmann, J. Callah-
an, P. Carlson, H. Coble, J. Dekker, S. Duke, D. Fischhoff, W. Gelern-
ter, R. Giaquinta, R. Goodman, F. Gould, J. Gressel, T. Hankinson,
J. Hebblethwaite, D. Hess, L. Kim, M. Law, H. LeBaron, W. Locker-
itz, P. Marrone, S. Padgette, J. Panetta, D. Pimentel, J. Rissler, J.
Ryals, R. Sandmeier, A. Sorensen, S. Uknes, and G. A. de Zoeten.

Leah Steinberg contributed the media analysis in chapter 8, and
our colleagues Stuart Levy and Richard Wetzler served as collabo-
rators on a challenging interdisciplinary project on genetically mod-
ified microorganisms.



Agricultural Biotechnology and the Environment



10.
11.

R S A ol o

Contents

List of Tables xi

List of Figures xii

Acknowledgments xiii

Introduction 1

Technological Innovation in Agriculture 9
Herbicide Resistant Crops 29

Insect Resistant Plants 55

Disease Resistant Crops 73

Transgenic Plant Products: Foods and Pharmaceuticals 98
Microbial Pesticides 114

Nitrogen-Fixing Bacteria 139

Frost-Inhibiting Bacteria: The Case of Ice Minus 154

Animal Growth Hormones: The Case of Bovine
Somatotropin 166

Transgenic Animals 191

The Cultural and Symbolic Dimensions of Agricultural
Biotechnology 212

Conclusion: Agricultural Biotechnology in the Public
Arena 233

References 253
Index 285



Introduction

Two decades after new biological methods for recombining hereditary
material in living organisms were introduced into science and indus-
try, it now seems clear that biotechnology has a secure place among
major technological breakthroughs of the twentieth century. Although
the industry is still young, there is sufficient evidence for its future
growth in pharmaceuticals, diagnostics, and food production.

When historians consider the last quarter of this century, they will
note that the discovery and commercial applications of biotechnol-
ogy did not come without some social resistance and public skepti-
cism. Initially, scientists called attention to potential hazards when
gene splicing was first reported in the literature (Krimsky 1982). As
the concerns over laboratory hazards waned, public attention was
directed toward the technology, the manufacturing and agricultur-
al processes, and the consumer products that resulted from biotech-
nology. The din of controversy spread over a broad spectrum of is-
sues, including patenting of life, human genetic engineering, genetic
screening and identification, the release of genetically modified or-
ganisms into the environment, and the production of genetically
engineered food, plants, and animals.

As these controversies rise and fall, inevitably the question will be,
What was all the fuss about biotechnology? Is applied genetics so dif-
ferent from other technologies? Have industrial nations created higher
standards for the adoption of genetic technologies beyond those re-
quired for past technological innovations? Or perhaps we are naive
in thinking that contemporary societies have selected biotechnology
for special treatment. Nuclear and chemical technologies have cer-
tainly been met with a formidable degree of public opposition. Even
computer technologies have their detractors. There is a notable dif-
ference, however. With biotechnology, the public’s scrutiny has come
at the early stages of innovation, before the technologies are on-line
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and before products are marketed. One cannot say the same about the
introduction of nuclear and chemical technologies.

Nevertheless, countless thousands of innovations in products
and technological processes are introduced into manufacturing
plants and the consumer market annually, with citizens having lit-
tle or no awareness of the changes. Perhaps we are more likely to
take note of new technologies when we use them directly and
when they offer a new function or a replacement for an old one.
Material substitutions are noticeable to the consumer when the
product differences are pronounced, such as a change from metal
to plastic fabrication. For each innovation that is discernible to the
consumer, scores of others are hidden from public view. How many
people would be able to detect a change in the composition of a
plastic container, or in the chemical sprays used on new clothing
to maintain freshness, or in the type of pesticides used on vegeta-
ble crops? The entry of homogenized milk into consumer markets
was immediately obvious, but the introduction of a microbially
derived growth hormone (called bovine somatotropin) on cows will
not be discernible by taste or observation.

A colleague at the Tufts University Medical School tells the sto-
ry of how the controls of her experiment designed to detect the pres-
ence of chemicals that mimic the function of human estrogens were
contaminated. She scrutinized her laboratory and every piece of
equipment. She telephoned manufacturers to determine whether
changes had been made in the formulation of plastic products. One
manufacturer of tubing confirmed her suspicion. The polymers
in the plastic tube had been modified, she was told, but the new
formula was a trade secret. The medical school researcher had the
plastic analyzed and discovered in the new composition another
industrial chemical with estrogenic properties.

Notwithstanding the fact that changes in manufacturing process-
es and products take place continuously, technological innovations
are rarely debated in the public arena or the media. Industrial soci-
eties have come to place great trust in technological change. The
impulse for and nourishment of change in manufacture is part of the
Weltgeist of the modern industrial state. As a consequence, the
public has very little control over industrial innovations, which are
presumed to be in the public interest by virtue of their success in
the marketplace unless proven otherwise. Every state has some
minimal ground rules for the adoption of a new product or technol-
ogy, for example, that they not introduce unacceptable risks to hu-
man health and safety or to the environment. As long as the thresh-
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old conditions are satisfied, the norms of the market economy, for
example, microeconomic efficiency and profit maximization, take
over.

Over the past century some of the most notable achievements in
technology have been in agriculture. Once a highly decentralized and
labor-intensive system of production, modern farming is evidence
that industrial mass production was applicable to the growth of crops
and the production of livestock. Just as the size of factories increased
to enable manufacturers and investors to capitalize on economies
of scale, the concept of efficiency applied to farming sought the
optimum use of land, air, water, soil, and germ plasm, eventually
resulting in integral roles for electrification, mechanization, chem-
icals, and management science in food production. Innovations in
agriculture also shape the system of social relations and the insti-
tutions associated with food production. For example, it has been
noted that the cotton gin made it possible for the South’s plantation
owners to preserve slavery as an economically viable system.

American farmers have achieved among the highest levels of land
and labor productivity in the world. A mere 1.5 percent of the U.S.
population provides enough food for domestic and export markets.
By 1990, 320,000 large farms produced 77 percent of the total na-
tional agricultural product (Cochrane 1993, 460). Biotechnology of-
fers farmers and seed manufacturers the tools for securing additional
improvements in agricultural yield. It began its ascendancy in in-
vestment circles as a blossoming but unproven high-technology
sector about the same time the U.S. manufacturing industry began
to decline internationally. As financial markets were bullish over
biotechnology, hundreds of new firms were created with research
ideas germinated in academic laboratories. According to the Office
of Technology Assessment, “The boom in biotechnology company
formation occurred from 1980 to 1984, with nearly 70 new firms
begun in 1981 alone” (OTA 1988, 9). U.S. funding agencies began a
massive research initiative to investigate the role of biotechnology
in medicine and agriculture. In 1990 the federal government expend-
ed more than $3.4 billion in overall R&D in biotechnology-related
projects. The bulk of those funds, $2.9 billion, came from the Na-
tional Institutes of Health compared to $168 million and $116 mil-
lion from the National Science Foundation and the Department of
Agriculture, respectively (OTA 1991, 21). Between 1991 and 1993 the
public investment in about one thousand American biotechnology
companies amounted to $6 billion. Approximately fifty of these
firms were involved in agricultural biotechnology, with investments
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exceeding $200 million annually (Caswell et al. 1994, 7). The inno-
vative potential of gene engineering was often described as being
without limits. At the same time, many R&D projects were not
pursued beyond their early public relations announcements.

Some companies decried the lack of clear regulations; others
struggled with negative public opinion of biotechnology. There were
suggestions that regulatory obstacles had slowed the pace of inno-
vation. The Congressional Office of Technology Assessment af-
firmed that “when regulation is untried in the marketplace, untested
in the courts, or ambiguous in status and scope, the resulting set of
uncertainties can become a dominant influence in selecting or re-
jecting an R&D objective and associated business strategy” (OTA
1988, 100).

For more than a decade, agricultural research has begun to respond
to the promise of applied molecular genetics. New research centers
blossomed at land grant colleges and other universities. Biotechnol-
ogy industrial parks were sought as jump-starters for local econo-
mies. A number of states such as California promoted biotechnolo-
gy investments in advertising campaigns directed at new companies.
One city even used Housing and Urban Development Block Grant
funds to provide loans to biotechnology firms that might locate there
(H. Miller 1993, 5). Investing in America’s future meant investing
in biotechnology.

In 1991 the Office of Technology Assessment listed four areas
where biotechnology would contribute to agriculture (99):

e gains in yield through new plants resistant to environmental
stresses;
lower costs in labor and agricultural inputs;

e higher-quality food and value added products; and
environmentally benign methods of managing weeds and in-
sect pests.

This book examines the directions of research and development for
the first generation of agricultural products and generic product cate-
gories arising from the applications of new tools in genetic engineer-
ing. We are interested in why certain paths of innovation were preferred
over others and which factors shaped the direction of new biotechnol-
ogy products. What, for example, has been the impact of regulation or
lack thereof in the investment strategy for agricultural biotechnology
products? What has been the outgrowth of social and environmental
concerns resulting from the choices of new technologies?
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In the early 1980s when venture capital and Fortune 500 invest-
ments in biotechnology were being sought, many expectations were
discussed for the fledgling industry. More than a decade later it is
possible to compare these early expectations with the realities of
current product development and research trajectories. For example,
while biotechnology was being cast as environmentally friendly, the
industry has not been embraced by environmental organizations.
Quite the contrary, major environmental groups have spoken criti-
cally of new biotechnology products. In this volume we have sought
to answer whether current trends in agricultural biotechnology are
likely to promote safer insecticides, promote sustainable agriculture,
create more biodiversity, or reduce dependency on fossil fuel and
chemically intensive farming.

We also focus on the public reception to the first generation of
biotechnology products. To what extent does the progress of inno-
vation match the public’s expectation? What are the sources of pub-
lic apprehension? How deep are society’s ideological divisions over
biotechnology?

This book is organized around generic product types such as dis-
ease resistant crops and transgenic animals. Each chapter provides
a systematic overview of scientific developments. Some chapters
include interview data from leading-edge biotechnology companies
on the state of the art in product development. The technical anal-
ysis of research and product development leads to consideration of
other contextual issues, such as the anticipated economic benefits,
environmental effects, public perceptions, and the social and ethi-
cal implications associated with the research agenda.

Chapter 1 explores the issue of change in agricultural biotechnol-
ogy through a general discussion of technological innovation and
diffusion in agriculture. The innovation pathways in biotechnolo-
gy are fashioned by a superposition of government policies, techno-
logical maturation, technology transfer mechanisms, regulations and
incentives, and social values. The significance of these factors is
sorted out through specific cases.

Chapters 2-5 examine the science and social issues associated
with transgenic crops; each chapter focuses on a generic class of
products and research programs. Chapters 6-8 address transgenic
microorganisms in three agricultural applications: insecticidal, ni-
trogen-fixing, and frost-inhibiting bacteria. Chapters 9 and 10 dis-
cuss transgenic animals, the former examining current science, eth-
ics, and social considerations and the latter human health and



