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Foreword

. TonksInnovation and adaptation’ long have ‘been a way of life for farmers and’ the food sectors in most | 7
parts of the world. A- stream of | new technology has brought a myriad , of new “products and
procésses leading to persistent gains ‘in "productivity throughout this century, Most of these /
advancements” “have been incremental, with only a few précipitating abrupt. and’ widespread _
changes" across ‘the - entire ‘sector. ‘Most required several years for the adoption, ‘to become |
complete, ‘and most were largely confined to one component of the system,little ‘affecting other

; compofients in any direct manner. But, now, a new technology, long i in the making, | has’ appeared

suddenly and apparently holds the potential to bring ‘both’ rather abrupt and far-reaching change
across the entire food system. If realized, the implications. ‘would extend well beyond the food
system to supporting and affiliated institutions, public policies, the consuming public and well
beyond. And, the’ changes are not confined to one ‘country’ ‘OF. group of countries, but promise to
affect the world and in a very short timeframe by historical’ standards.

The advent of biotechnology comes at a time when the food and agriculture systems already were
being strongly affected by a convergence of new ‘forces which were rapidly, changing the
operating environment. These forces iriclude: a broad set of international trade’agreements,‘that

included agriculture and food products; new policies that redefined the long-standing. role of
national governments, ‘reducing both their presence and subsidies; new farming systems built’

upon application of _computers and satellites; and greatly , increased ‘ globalization _ and ~
interdependence of ecotiomic systems. The addition of biotechnology to the list promises both to
hasten the already rapid pace of resulting | change and broaden the impacts as all segments of the

global system bégin to adjust to the new operating environment.

The fast-paced advancement ‘of biotechnology and the rapid reactions it was prompting gave tise.
to this study. It is an éffort to systematically examine the prospects for an emerging technology
over a relative short time horizon — the next five years — and to identify and “evaluate the likely
far-reaching changes it may. bring. The study is not intended to produce specific answers,
quantitative estimates, or a specific forecast. Rather, its purposé is to assembleé, and synthésize
the relevant information, and organize it in'a way to help stimulate thinking and develop

informed judgments. The specific purpose is to help clients — from their particular perspective in

the food system ~— identify implications important to’ them and their business’ and to develop

appropriate strategies and actions to best position themselves for the futiire.
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“Synthesis:

“For the past four months, ‘SCI has conducted a. comprehensive’ study of o one of. the most exciting
“and important technologies ever to be developed — the science of shifting DNA and. creating
specific traits by modifying the genetic makeup. for plants and animals, more commonly known
"as biotechnology. From the outset of the study, we knéW the potential impacts* ‘of. biotechnology
were enormous, especially for agriculture and the food industry. But even our familiarity with

this cutting- edge, science did not prepare us for the stunning results of the- study. Now that the
~ study is complete, we realize more than ever that biotechnology. could be the most Important

_ development for global food production and the agribusiness industry i in history.

Biotechnology has. almost unimaginable potential ‘to erase hunger from the world, to stop
environmental -dégradation, and to tailor-design: foods for specific health -and nuttitional

purposes. . But the Science also-i 1S accompanied by many unknowns, ‘some of which have been
explored 1 in this report. cS ED bbe ae supe ue ee

“Now that the study” is ; complete, we took the opportunity to step back and elect, to identify a
few of the. factors that were most striking to us. These includes” oo

@ "Biotechnology is. unlike any technological advancement seen this far in -agriculture.
_ Unlike past technologies that have focused on one aspect of production. or. of the industry,

biotechnology has thé potential to change the entire agriculture and food industry. .

e: The acceptance of biotechnology i in North America has come early and with little protest.
. -..The application of lifesaving bioscience in the early 20" century with the “wonder drug”

penicillin laid the groundwork for-the current environment, causing an. appreciation by the

US consumer of the technology... It is interesting to. note how particular. experience and

* cultural differences have affected consumer acceptance around the world — with great ease in
North Ameriéa, South America, Australia, and Japan, and much. less: ease in Europe. The
“implications for the EU are enormous, ‘involving fundamental internal policy and budget

. issues; geographic expansion, -and international policy matters. ee

. - ° _ ‘The fast pace of adoption of existing products. From the first commercial introduction of
-major products three seasons ago, farmers have eagerly adopted the new crops. Today,

almost one- -half of two major creps and over one-third of another are planted to new ‘crops.

a e T. he industry’ 's: response. The industry quickly recognized the potential of the ¢ technology
—. and that 1new structures were necessary to make it successful. A major restructuring of the

=
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agricultural chemical and seed. components of the inputs sector has taken: place inless than 36

months: Two major-companies: ‘are literally. reinventing themselves, shedding old traditional
businesses and emphasizing new ones, to emerge.as leadeis in the life sciences field. And)

_the restructuring ‘now.is “moving well beyond the ‘inputs sector, extending far across the entire

food:system: ra ‘
MG ag ae gt : Lbs

e The enormity of the pipeline. While the number of existing products commercially available
still. is relatively small, ‘the ‘number and breadth of products in the near term:(five years)

pipeline is.impressive.: The ability to move quickly: ftom single traits to “stacked” traits has

gteatly. enhanced #this.: And, this is just what canbe expected..in five years hence.

Speculation about: what may: come beyond that. suggests. ‘there are few limits to few product

possibilities; os TR Mes mt, ;

. The, yapid extension of:the. SUCCESSES: The early, focus ‘has, been on* ‘cost reducing/yield
_ enhancing:crop traits + developing herbicide tolerance and insect resistance ~ for major field
Crops: (soybeans, ‘corn.and cotton): -Research now will extend this very quickly to a-wide
variety of -other ‘crops. of -both: major and minor economic: importance . (canola; “potatoes,

. wheat, sugar beets, rice, vegetables, etc.). Stacked. agronomic traits will: be available :in

varieties of these and more crops.in five years.time. One notable omission, however, is the.
lack of progress in-developing improvements for wheat, 2: ‘major crop in both North America

and the world. : 7 a . =
t.

e

° Disparity between crop and livestock products. It is striking how few commercial ‘biotech
livestock products are available. Moreover, the “murkiness” of the pipeline. in ‘terms of

specific products. with commercial applications i is noteworthy, especially given the apparent
. tremendous economic potential. And, this i ds.even more’ noteworthy because of the: seemingly
advanced stage ofthe ‘basic underlying science. Explanations would seem to involve costs
(of research and. development), complexity (of animal: genetics versus plants, adding ‘to the

cost); and expected consumer. acceptance (ethics issues). Big'stakes would involve'not only

the cost reducing/yield enhancing and:value added for food: aspects, but:also the enormous
_ potential in developing medicines and compounds for treatment of humans, and perhaps ¢ even

_ donor organs, as well’. Wak, ee

BEB RE RE REE EE
e The potential of nutraceuticals. - - Although likely still ‘some time to’ come, the ability: to

tailor-make food for humans that. correct conditions, ‘prevent diseases, improve appearance,

etc. would.seem to have unlimited potential.

e The long reach. of the implications. The new technology produces. change from’ one end of

the food system to the other, and well beyond to the supporting and facilitating institutions.

Developments introduced in the farm inputs component literally’ require adjustments

throughout the system and beyond. o 3

e What's at stake. The potential benefits from the new technology — the billions of dollars in
savings from improved pest control, the billions created from enhancing commodity

000287
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products, the billions more from new. product.developments such asnutraceuticals: ~:are

simply enormous from a business perspective. -The-potential stakes-are clearly evident from

the huge investments already made for acquisitions and alliances, in only-the-very beginning

stages of development of the new technology. ‘From a broader. perspective,, the stakes. are
even greater — reduced hunger and malnutrition, global disease reduction and elimination,

reduced or eliminated environmental degradation, and ¢ on and ¢ on,

e Where everyone will fi t.- The. business: restructuring thus far largely involves the biotech
companies — but; what more restructuring must occur? Will biotech companies be successful:

in a “dirt to dinner®-strategy spanning the food chain? How will all the existing players relate

to this? Where will they. fit? How.are corn milling, pasta making, potato:processing, oilseed

- crushing, flour milling, and finished food companies all fit into a new structure?.

e Restructuring yet to; come. While the inputs séctor restructuring:is:settling out, and mote «

fundamental restructuring,across other. components of the food- system is being considered;

the really, serious linkages —,those extending beyond the food. system tothe pharmaceutical;
general.chemical; and industrial sectors — are hardly being contemplated: -but. very ylikely 1 in-the

offing if the biotéch success continues. . | oa a -

e The.farm inputs sector. The likely changes coming to the farm sector are enormous,

hastening many trends already underway. Biotechnology not only contributes to

improvements in successful farmers continuing quest to reduce unit costs, but also offers new

revenue opportunities; as: well.. Cost reduction:and expanded revenues should offer wider

margins for some farmers. by ae

e Environmental impacts. While agriculture long has been fingered as.a major culprit in

environmental degradation, the advent of biotechnology would seem to be.a. big positive in

helping improve its: image — reduced pesticide use, less water. pollution, less. usé of fragile

lands,-less ‘area expansion into rainforest and other ecologically sensitive areas, all the while

with higher yields and output-to help combat hunger ard malnutrition ty

e Public/private sector. research. Much of the public sector biotech research is “basic

research,” laying the framework for the more proprietary work that the private sector

companies have pursued: The division of labor traces to earlier public sector budget

pressures and new legislation: enabling patenting of life forms. Alliances between the

public/private sector increasingly are evident and likely mote:necessary in the future.

e¢ More international harmonization logical. The truly patchwork nature:‘of both national

approval: processes for new biotech, products and the trade and other issues arising from

international commerce seers to suggest greater harmonization — both through existing or

new bodies at.the national and international levels. ‘
wpenwruaeneawwwuawuw ee
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i Introduction

| Background

Today, the food and apriculture. sectors of: most national economies have advanced to the point of
being closely interrelated and collectively forming one of:the largest sectors of the economy,

contributing more-than $1 trillion annually to GDP in the US alone. It is dominated by food and

fiber processing, sustained by producers of agricultural genetics, chemicals, machinery and other
inputs. And, it is supported | heavily by thé public, through research and extension, conservation,

stabilization and market development and many other Pro, grams.

Today, world econorhies atid their food systeiié have become highly inter-linked. Developments
around the world have powerful and immediate impacts on the food sector, as we have seen

recently with economic adversities in Asia. This linkage also plainly reflects economic and

social trerids as. well, so that new developments and trends in any part of he. world very quickly. ;
have implications for everywhere else. °

:

bs “>
s

The currént ‘degree of world inter-linkage is relatively new, espécially for agriculture. And, it
comes at a time when ‘new poliéy and technology developments have appeared suddenly, arid are
having major: ‘impacts on the sector” 8 ‘structure and. ‘organization, trends likely: to continue for the

foreseeable future. :

Just as the growing linkage with world markets is a major force for change in the agriculture and
food system, the sector’s émbrace of new technology resulting in dynamic and persistent

productivity growth ~ far stronger than for the rest of the economy — also is a major force for

_ change. This trend has been a proud centerpiece of the food sector since the 18" century. (at

Jeast). It long has belied its hayseed i image, making it among the fastest changing (and volatile)
components of the economy.

Food Sector Productivity

The dynamism that characterizes today’s food system began to ‘develop i in agriculture more than
two centuriés ago, at the advent of the industrial revolution. Early agriculture offered one of the
world’s largest potential markets, ‘for new machines and new techniques. Steam power was the
force behind the industrial revolution and these miraculous new machines quickly found
agricultural applications worldwide and. changed the sector dramatically. The-cotton gin made
possible a new level of efficiency in textile production, just as the moldboard plow, the reaper

and the threshing machine revolutionizéd grain production. It is often*thought that’ the 20"

eo.
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century marked the age of revolution’ in agriculture, but it also is true that many of the

implications of this century’ s new technologies developed from ideas of the 19" century, or
before (Tables 1 and 2).

- Table 1. Nineteenth Century Farm Machinery Milestones

Machine: .- PO RemarksYear jinventor

{1793 jEliWhitney Cotton gin Separated cotton seeds and tint

1797 |Charles Newbold -lron plow , Heavy. Did not scour well.

1826 |Patrick Bell . Reaper, " ‘* European. Not widely adopted.
1837 |Cyrus McCormick Reaper Not really effective until 1855
1837 {Hiram and John Pitts Thréstier “Comman:tise by 1860.
1837 .|John Deere ~ . - Steel :plow - a “Widely: used.w et

| 1840 jJohn Gibbons Grain drill, Simultaneously drilled: and seeded -
1868 | James Oliver Chilled i iron plow. . Better,scouring and wear
1868 jJohn | Lane" ; Soft-center steel plow | More ‘durable
1878 |Combine Numerous . “'Céimbined reaper and thrésher
1880 [William Deering Grain binder ‘Tied bundles”

1880 |E.W. Quincy _ Corn picker Experiments begun 1820
: — ey : nra

Source: Bolino (1966), Krooss (1966), and-Benedict (1953)

Many key innovations across the sector are well known. ‘The combine, for example, ‘emerged as.
early as 1878, and initially depended upon horse power. And, ‘agriculture. itself changed. slowly _,
over the years in spite of the stream of innovations.

following development of the. steel plow,, cultivator, drill. and a few other machines for 29

cultivation, and a reaper or binder that. basically ‘gathered. small grains, power. came primarily
from horses until, well into the 20 century. Most farms. continued to be, diversified, producing
small amounts of grain and livestock, and using huge amounts. of resources to supply their own .

While a few basic technologies shifted,

power needs.

_ Table 2. Farm Power Milestones

Year {Inventor Machine Remarks oo

1678 {P.B. Hautefeuille | Engine French — burned. gunpowder

1705 “|Thomas Newcomen Steam engine English —‘not really practical

1770 |James Watt Steam engine improved Newcomen engine

1829 |George/Robert Stephenson Locomotive — English — brought to America

1830 |Robert Cooper — Locomotive - .“Tom Thumb” — 18 miles per hour

1849 JA.L. Archambault Portable engine “Forty Niner” threshing engine

1855, |Obed Hussy . . Steam tractor Could be used for plowing . a

4876 Nikolaus | Otto Engine _ German - 4-cycle internal combustion
1892 [Rudolf Diesel * Engine’ High efficiency |

1892 |John M. Troclich’’ Tractor ‘ ~ Gasoline’ engine - John Deere forerunner |"
1905’ |C.W- Hart and C.H-Parr Tractor manufacturers Oliver forerunner .

1920 |Competing tractors Rugged? durable © Efficient, relatively inexpensive °

1931. |B.F. Goodrich - .. Rubber tires Efficient, more comfortable -

Source: Bolino (1966), Krooss (1966), Dieffenbach and Gray (1960). Davis, et. al. (1965), and Benedict
' (1953)
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Key sources of 19" and early 20" century farm n productivity gains were:
* ote

e Machines, especially the plow, reaper, harvester and. tractors.

e Plant and animal nutrition, including soil conditioners, and fertilizers and the
development of balanced animal rations.. By 1965;use of plant nutrients relative to

1939 levels had grown tenfold for nitrogen, fivefold for phosphorous and sixfold for

potassium, in response to better information about yield : Tesponses, and better, cheaper

fertilizers. . Lote

e Better genetics, especially the development of hybrids.

e Availability of electricity, and efficient electric motors.” ~

e Pesticidés and herbicides..

e The advent of packaged technology, supplemented by numerous information sources
to improve management and increase effectiveness of machines, livestock, better

genetics and better chemicals.

ed as ment about 4920,
sing: bred: linés led-to: - -

rm Belt farmers

2 eatbook, 1936. ‘Wayne Rasmussen, USDA, 1960.

The nature of agricultural growth changed fundamentally after about 1930. The industrial
revolution had changed the sector dramatically, but productivity actually increased relatively

little between 1870 and.1930 and growth came primarily-from: increased input through 1930.

Between:.1930 and 1950, agricultural inputs essentially stabilized before péaking in 1950, but —

output growth was rapid so that productivity increased dramatically (from an: index of 53 in1930

to 92in 1960 and 113 1 in 1975). —— cos

During the early part of thesix-decade -period 1920-80;‘the primary source of ‘productivity
growth was from modern farm power. But as important as the shift to tractor power was, yield

- growth also was important during the early years of the 20° century (Table 3). However, in
more modern times, as the impact of the farm power revolution has passed; the primary source of

output increases shifted from better power and more land (especially during World War II) to

better crop and livestock yields, with most of the increase from crop yields.

000291
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Table 3. ‘Sources of Increased Farm 1 Output
Jf.

1920 to 1940 to 1950 to 1960 to
Source. ts sdtSC4940 1950 = 1960 ~——-- 1980

no . . ; percent |

|Reduction in Farm Produced Power | 51 - 22 °° 40 0
‘lYield Growth. os |} 34 1 37 0 > 87 "73
Cropland Use Shifts a 4 . 15 | +28 13...

Livestock Yields _ _. 19 26 3t. 40,
Farm Output Growth 100 100. - 100 ~~ 100

Source: Christensen, et al, 1964.. . Por, Jf

The US agricultural, production index was 122 in 1994, with gross output 18% higher that year

than a decade earlier (Table 4). Crop productivity continues to grow faster than for livestock;
labor and energy productivity were both negative during the period, and are stimulating the

sector to use less of those inputs. The ratio of output to input for farm labor increased nearly

one-third during the decade, more, than three-fold the rate of non-farm. dabor.

“Table 4, US Agricultural Production index, 1985-94
1982 = 100

_. _ 1985 - 1994]. —Shange % z ,
{Farm Output ¢ “103 | ~ 422] 18 , ”
Livestock = © 104 122 "17

Crops . 102 124; 7 19°
{nputs sot | . wo tp, Yew

Labor -— ot ‘93 - 89; 2 Ah.

Durable Equipment. - .. , oF ©. 90) +7.
Energy > s 90 .- +95 6

Chemicals ee 100 WA. eae 11
|Output/Unit of Input © _

Farm Labor 414 152 33

Non-Farm Labor —__ 107s 147/-

- Source: ERS, USDA, Agricultural Outlook, 1998 ve! . are

: . . ime wt

Without productivity growth, the sector likely: would have declined in absolute terms and relative - +,’
to the rest of the economy over the. past 50 years. This trend-is quite uneven over time, reflecting ... :
both advances in the sector’s “knowledge base” and the economic stimuli ‘that, lead: to their

adoption, including, in some cases, government programs that stimulate investment in some." -

areas while retarding it in others. And, the sector’s rapid overall productivity growth masks

substantial differences among crop and livestock, with a 1.6% average.rate recorded for livestock

and a faster 2% for crops. The overall rate also. masks internal differences in some sectors = for +u,

example, dairy productivity growth estimates are relatively small because rapid growth and .
output increases in the West were largely- offset by decreases in other regions. Across the sector,.) :

poultry and. oilseed crops have been the fastest-growing during the post World War II Period
(Table 5). - 5
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Input productivity reflects both the quantity and quality of inputs used: Thus, the high rates of

productivity growth of pesticide use reflect both the amount and quality of product used. By
contrast, labor productivity has declined 2.3% annually, and its use has fallen“from 7.6 inillion
people in 1 1948 t to 3 4 million i in 1994,

Table 5. Agricuttiral Productivity G Growth
‘Compared by Commodity, 1948-94

_ Farm Outputs/inputs _ Annual Growth _
r |Total - ne pe 1:88
-lAlbivestock: 1 1.65

{Dairy Products . bog 0.60.

Poultry ... oe _ 3.55 -

AllCrops 2.00

|Food Grains 1.54

TFeed Grains’ ; 167
“+ JOU Crops — So "4.22.0"

. \Vegetables se a AGT

~ Fertilizer Use } - 4,72 |

Pesticide Use | _ 4.73

_|Fuels Use 0.83

Feed/Seed___ _| 1,247
Labor - - -2.27

Capital 0.67

Source: ERS Agricultural information Bulletin #740, January 1998

In Canada, similar trends are. evident:

e Bétween 1921 and 1996, the- number of farms rose gradually from 71, 000 in 1921 to”
_ ahigh of 733,000 i in 1941, fell steadily to 366,000 in 1971, and decreased gradually to
277,000 farms in 1996. .

e .. Total farm.area rose from 141 million acres in 1921 to 168 million acres in 1996. The

consolidation of fatm operations over the years, coupled with the- increase in total

farm area, resulted in an increase in the average farm area from 198 acres in 192] to

608 acres in 1996.

© The total area of land in 1 crops increased 72% to 86 million acres between 1921 and
1996.

e The 3.5 million horses reported on 608,000 farms in 1921 fell below 800,000 on
318,000 farms by 1956. Increased farm mechanization has since eliminated the need |

for horses as working animals on the farm. ~~ P
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During this period,, the total number of. tractors, increased: nearly. fifteen-fold to

.711,000 tractors on’ 246 000 farms. The greatest increase occurred between. 1941 and
1951, when total tractor numbers. increased by. 240,000 units.

4

‘

Commercial fertilizer use increased 35% between 1981 and 1996 to 61.6 million
acres. : ope ; oR

Herbicide use increased 53% between 1981 and 1996 to 57.5 million acres.
*

Total farm capital value increased 174% betweén 1976 and 1996 to Cdn$156.5

billion. During the same period, the value of land and buildings-increased 167% to

Cdn$116.2 billion, farm machinery and equipment rose 214% to- Cdn$28. 4 billion,

and livestock and poultry increased 165% to Cdn$11.8 billion. «7? - |
a te,

The food system also has undergone.tremendous changés in the last * century” (Table 6). One
hundred years ago, food marketing was vastly different from today. Most food was purchased in

bulk in general stores, or directly from. the producer. Nearly all preparation was: done at home,

and there were virtually no “processed foods” on the market. The food system has evolved

dramatically, to the point where the commodities involved account for only a small portion of the

total product value. a

Table 6. Food Industry Milestones

Year inventor _ Development -.. Remarks

1860s |Atlantic & Pacific (A&P) Central Warehouse Distribution Precursor to modern supermarket

1905 |Dewey & Almey Automated Can Production Used mechanized application of-seaming .

spray to increase efficiency in can production

1920s jSeveraldevelopers __ Refrigerated Distribution Benefited meat, dairy product industries

1930 j|Michael Cullen Supermarket The supermarket itself necessitated major
. . ~ developments i in transportation, processing,

and packaging

1930s |Clarence Birdseye Freezing

1930s- |W. Edwards Deming Statistical. Quality Control Deming’s methods of quality. control using

| 1940 po . __ Statistical sampling were quickly and widely

on . oo. a adopted in the food industry _

| 1940s- |Severa! developers Plastic Packaging Pioneered by US government, expanded by
-| 1950s : Dow & DuPont :

1950s: |US Government Freeze Drying Developed for troop rations, commercialized
. 4 soon thereafter _

1950s jHorme! Vacuum Packing

1970s {IBM UPC (Bar) Codes When supermarket scanners were widely
' a pos 7 installed, bar codes provided a wealth of data

' eee for inventory management

att: . we ee

Source: ‘Dr. Daniel Farkas, Oregon State University

Productivity responds to both internal and external factors, including weather affecting year-to-

year variations. Other external shocks to the economy indirectly affect relative prices and
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resource allocations — including rélative price changes that can stimulate investment in technical

innovation. An example is the sharp increases in energy prices during the 1970s which led both

public research ‘and private invéstors to develop-new techniques to save on fuel: and other

expensive petroleum-based inputs.

Productivity growth in agriculture is normally attributed to four major factors':

° Public investment in agricultural research and development;

e. Public expenditures on infrastructure;

-e . Private expenditures in research and development: and

e Technological advances in material inputs such as fertilizer and chemicals.

Why the Study — And, Why Now? Bee

Productivity growth, one of the primary keys to a healthy and growing economy, is among the

most. closely monitored performance indicators. Increased productivity not only: boosts the

compétitive position of products, but increases our standard of living by passing sector gains to

consumers through better products; more output and/or lower prices.

Still, biotechnology is very different from the earlier technology shifts that changed agriculture

or food processing ’~ important as they were. Those changes focused on one or a few aspects of

production that created shifts that rippled through the system. The current innovations that are

the: focus of this study have the potential to change food and agricultural products, their

characteristics, théir performance, and their uses. As a result, they will inevitably change the

system itself — its size, its performance, and its control — the first innovation in history with such

far-reaching potential.

And, it is just this avalanche of change that is now upon us, after being promised for many

decades. It is clear that key economic competitors across the system are well on their way to

investing heavily in key positions in the new system. It is just as clear that those who ignore

these early signals and shifts could find themselves operating from positions of significant

disadvantage as the system changes.

Although still in its relatively early stages, this change is so powerful and broad that it will

dramatically alter the sector in each of its dimensions. To gauge its potential impacts all across

the agriculture and food industry, SCI is examining recent developments, those likely in the near

future and their likely impacts on food and agriculture. It is the vast scope of this just-beginning

revolution and the breadth of its implications that have prompted this special study.

| Mary Ahearn, Jet Yee, Eldon Ball, Richard Nehring, Agricultural Growth and Productivity in the

United States, Economic Research Service, Agricultural Information Bulletin #740, USDA, January

1998, p 12.
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Guide for the Remainder of the Report.

“7

This review examines the foregoing concerns, and several others in ‘the following . sections. It .
proceeds in six chapters: ‘

e Following this introduction, Chapter IT provides a historical perspective on the origins

of commercial biotechnology.

e Chapter III reviews the agricultural biotechnology developments that have occurred
worldwide to date.

e Chapter IV discusses the biotech pipeline ~ the products expected to become available
in the next five years. I

e Chapter V presents an overview of the food and agricultural system — setting the stage R
to:examine the implications of biotechnology... _i- : |

_@ ‘Chapter VI. analyzes the likely impacts of agricultural.biotechnology on the various B
“components, ofthe food system. 7 —— ms |

. Chapter VI discusses overarching implications that could affect all. components of
the food system as well as those with broad social implications.

° Chapter Vill presents « one: suggested v view of the food system that will ‘emerge five 4 “
years hence... : ques

|

' r

° Chapter IX suggests key indicators and developments to monitor. as the biotech. .
-revolution unfolds. —
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Il. The Origins of Commercial Biotechnology

_ What Is Biotechnology? 7

While we like to think that our current plant and animal science: disciplines a are relatively modern,
many of the same fundamental techniques they use have been applied throughout human history. .
In fact, the plant and animal improvement process itself is simple B it involves the idenitification of
especially desirable traits, and the selection of individuals that demonstrate Amarkers@ linked with
the improvement,

4

Farmers fraditionally understood that they could improve future harvests by selecting ‘seed from the
current crop on the basis of key traits (i.e., those Plants that gave the highest yield, stayed the -

healthiest during petiods of drought or. disease, or were easiest to harvest) because the selected plants .
tended to producé the same characteristics.” ‘The genetic understanding. of heredity gave strong,
support for: applied, scientific farming. ‘Subsequent ‘genetic advances havé moved farbéyond on-
farm selection through the introduction of controlled hybridization and’ the enormous vigor and -

sustained yield increases of the mid-20" century, but most of this progress continued to depend

heavily on selection and more-or-less conventional plant and animal breeding methods.

4,

Modern biotechnology goes -s beyond traditional selection processes : to implant specific genetic
information that can enhance desirable traits in an organism that can be passed.on to its progeny.

For example, scientists now routinely use enzymes to cut and remove individual genetic information .

from one organism and then transplant or recombine it with another organism.? They have

successfully identified many specific genetic sequences that are responsible for specific

characteristics in different organisms B for example, the specific area of a-bacterium=s DNA that

makes it toxic to certain insects and yet-harmless to humans and animals. And,they. have learned
to cut and insert key genetic sequences into valuable plants and animals, and. thereby control to a
degree important characteristics.

ae a , . Foo...

The science of shifting DNA and creating specific traits has been extremely difficult to master. For

example, researchers must be able to list the chemical bases in an organism=s DNA in the exact

order in which they occur in order to track down particular stretches of. DNA devoted to genes,

? The genetic code of every living creature B plant, animal or microorganism Bis carried by long, twisting.

molecules of DNA. A single strand of DNA consists of a long sequence of small molecules called bases, and -

it is the order of these bases that encodes all genetic information. It is customary to represent the four ‘bases
that go into DNA as letters in a sort of chemical alphabet: A for adenne, C for cytosine, G for guanine, and
T for thymine. In this way, a strand of DNA is written out as one long Aword@: AATAGCTCCY, and so
on for a hundred million or more complementary strands, with an A in oné straiid always paired sicb- -by-side
with a T in the other strand, and similarly for C and G. Sequencing a stretch of DNAmeais listing the

chemical bases in the exact order that they occur. Board.on Biology, Board oh Agriculture, National

Research Council, National Academy of Sciences. 1998
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identify the sections involved in turning genes on and off, and in general, decode the instructions for

assembling and operating that particular creature.

‘The major obstacle to sequencing an organism= =s genome B the total complement of DNA
B is the shéer amount of DNA involved. Even bacteria tend to have:genomes that are one or
two million base-pairs long, and the genomes of plants and animals are generally hundreds of
millions to billions of base-pairs long. Modern:sequencing techniques can handle pieces:of

DNA: no more: ee a | thousand: eS Pay in leaety ‘sO. ic gaeceaaes must chop up the fone

The term biotechnology i is not new B it was first used by a Hungarian engineer, Karl Ereky, just after
World War I, but his concepts were as different from modern biotechnology as the horse and buggy

is from the automobile. Ereky included all lines of work by which products are produced from raw

materials with the aid of living organisms. Still, Ereky was something of a visionary and described

a biochemical age similar to the stone and iron ages B an era in which we are beginning to find

ourselves today.

As biotechnology has become more widely used, its meaning has become more specific and less

traditional. New understandings of organisms and their cellular structure now permit increasing

control of many functions of cells and organisms. Gene splicing and recombinant DNA technology

permit scientists to combine the genetic elements of two or more living cells. Functioning lengths

of DNA can be taken from one organism and placed into the cells of another. As a result, bacterial

cells can be caused to produce molecules identical to those produced by humans or animals. And,

we can synthesize therapeutic molecules that did not previously exist. Increasingly, biotechnology

has come to mean the use of such processes involving more direct implantation of specific genes into

target plants and animals, in contrast to more conventional selection processes.

For any process as dynamic as biotechnology, specific definitions are soon outdated B and, perhaps

misleading. In fact, the purpose of this study is a comprehensive examination of agricultural

biotechnology and its implications rather than the possible boundaries of this field of science. As

a result, a broad definition of biotechnology is used that includes both processes and crop and

livestock attributes. The terms Atransgenic@ and Anontransgenic@ are used to describe segments of

the biotech product cosmos. Transgenic crops are those that have had a gene inserted from another

plant or organism and are the same as Genetically Modified Organisms (GMOs), and the word also
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encompasses Living Modified Organisms (LMQs), a term-used frequently in Canada.
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- Background.B Biotechnology Then and Now a, te

Biotechnology in one form or another has been important since prehistoric times. When man first

domesticated crops and livestock, primitive biotechnology approaches were used to improve on what

nature first provided. Processes that convert juices into wine, milk into cheese or yogurt, grain into

beer, all involve some form of fermentation and other basic biological processes improved by the

application of technology B as has the production of breads and other foods made from flour and

many, many other products over millennia. Herdsmen, selecting breeding stock on the basis of

physical traits that could be either magnified or diminished, were engaged in genetic manipulations

B a form of biotechnology.

processing operations depend on biological processes. Controlled fermentation processes have been
used since the earliest times to produce foods by allowing living organisms to act on other

ingredients. And, it was soon discovered that, by manipulating the conditions under which

fermentation takes place, both the quality and the yield of ingredients themselves can be improved.

The German scientist, Eduard Buchner, found in 1897 that enzymes extracted from yeast are

effective in converting sugar into alcohol, a discovery that has long been important in: the

development of specific agro-processing operations. |

F ermentation depends naturally on microorganisms including bacteria, yeasts, and molds that digest
grain and other products. Beer is made using yeast cells to break down starch and sugar (present in

cereal grains) to form alcohol; the froth of the beer results from the carbon dioxide gas that the cells

produce. Bread rises as a result of gas produced by yeast cells. The digestion process generates

alcohol (which contributes to the aroma of the bread) and carbon dioxide gas (which makes the -

dough rise and forms the honeycomb texture of the baked loaf).

Not all traditional plant and animal improvement efforts focused on agricultural production B many z

The precursors of modern biotechnology processes ranged increasingly beyond food and agriculture.
Early efforts to control disease outbreaks in overcrowded industrial cities led to the introduction, in

the early years of the present century, of large-scale sewage purification systems based on microbial

activity. By this time, it had proved possible to generate certain key industrial chemicals (glycerol,

acetone, and butanol) using bacteria.

Perhaps the most widely known major Awonder drug@ of the early 20" century was Alexander
Fleming=s discovery of the bacteria-phage penicillin, derived from the mold Penicillium. Large-

scale production of penicillin was achieved during World War II B although the revolution in

understanding the chemical basis of. cell function that stemmed from the post-war emergence of
molecular biology was still to come. ‘This enormously important application of lifesaving bioscience

helped lay the groundwork for today= 's explosive development of biotechnology. And, as US
society has come to know and appreciate these advances and their benefits, the acceptance of

biotechnology i in the United States has come early ; and with little protest.
“4 Me all
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Biotech Regulatory Policy

Today, the US government appears strongly committed to the use of biotechnology in developing

increasingly competitive products for domestic and international markets. Two key public policies

have been particularly important in support of that commitment for agriculture:

The Plant Variety Protection Act of 1970 permitted genetic traits and transformation

methods to be patented (with materials that could be used as parents in another breeding

program protected). Before that time, most agricultural genetics was in the public

domain B with the exception of work on hybrid corn and a few others. Since then,

growing amounts of investment in plant, animal and microbial genetics have been

private, contributing significantly to the recent explosion in biotechnology.

In the intervening years, the Congress and a succession of administrations have made

clear the public policy of promoting joint public-private investment in basic research on

biotechnology, with much of that effort intended to stimulate private investment in the

commercial biotech products.

This policy commitment is not exclusively for agriculture B many of the earliest biotech

products were medical, and that continues to be the case. However, the public

commitment to support the development of private commercial biotech products has

become increasingly clear over time.

xample of ‘gove mment commitment to siotechnology was its support for the.
g Program. A small, ‘nondescript member of the mustard family,

thalia provided. scientiststheequivalent of the laboratory mouse B and now is

“poised to become. ‘the first plant tohave its entire genome sequenced and made available for
study. Arabidopsis was chosen for thisproject because it has a small life cycle, is a prolific
seed producer, and has the smallest known genome of any flowering plant B only 100 million

base pats.

In 90;three US peer agencies Cen oe of eae and.

The White House Regulating Framework B Federal Coordinated Framework for

Regulation of Biotechnology. In the mid-1980s, new medical biotechnology products

were appearing rapidly and the Reagan administration was deeply concerned that the

bureaucracy would stymie this flow.
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The White House Regulatory Framework of 1986 divided responsibility for regulation
-among three existing agencies, rejected-completely theconcept.of a Asuper agency@ for

bictechnology, and clearly established a policy that permitted biotech product testing and |
approval without undue delay. The United States Department of Agriculture (USDA),
the Food and Drug Administration (F DA), and the Environmental Protection Agency
(EPA) are the three agencies involved in monitoring the development and testing of.

genetically engineered products, te a
te

ie

USDA/APHIS, The USDA regulates genetically engineered food plantsthrough its
Animal and Plant Health Inspection Services (APHIS) Division. . APHIS
administers the Federal Plant. Pest Act (FPPA), which authorizes APHIS to
regulate: interstate movement, importation, and field testingof i Aorganisms and
_products altered or produced through genetic engineering@. This includes such

potential products as plants: with improved disease resistance and animal vaccines
made with genetically-modified bacteria. APHIS. also may, establish specific
rules under which the test must be conducted as a condition of its approval.

_ APHIS exercises its regulatory authority, through a permit system. There are ©
" three basic types of permits that an applicant. who.is developing a genetically

engineered. plants may be required to obtain. Permit applications are handled by
the Biotechnology Permits unit of Biotechnology, Biologics, and Environmental
Protection (BBEP) within APHIS. An APHIS permit and approval of individual
state departments of agriculture are.required to move any genetically-engineered —

organism that is a potential plant pest into the United States or between states,
a . , . *

og ‘ 4 - : wah oe.
. . ;

=e ueaenaeeaeEeae ee ee
APHIS also overseés field testing or Aenvironmental rélease@ of _genetically-

" engineered crops, réquiring information about the plant, all’ new: “genes, their

poe “ origin, the purpose of the test, the experimental design, and precautions tobe
ce taken to prevent the escape of pollén, plarits, or plant parts from the field test site.

Upon evaluation, APHIS prepares an environmental assessment (EA) document

that analyzes any possible environmental impacts the field test could have: The

‘EA’ is required by” the National Environmental Policy Act, Council on
Environmental Quality regulations, and USDA procedures.

. ae qele

Applicants ‘also may request’a colittesy permit from APHIS to move or r field test
" . a genetically-engineered plant that is not regulated by the agency. Sometimes a’

non-regulated plant may be similar to one that is regulated by APHIS, and an

APHIS: ‘permit may make it easier, to move or field. test the plant.

- Corn, cotton, potato, soybean, “tobacco, and tomato crops are considered by
APHIS using special criteria. After reviewing many permit requests, APHIS

found that 85% of genetically-modified plant field tests involved varieties of

in
ae

|]
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these six major-crops. Based on the data obtained from’these tests, APHIS

determined that tests of-these.crops.did not pose a plant pést risk. It therefore

issued rules in March 1993 that allow genetically-modified varieties of these

crops to undergo’ field tests with only a 30- ~day a advance notification to APHIS,

avoiding the :permit-application process.

FDA... The Food: and Drug. Administration-has the primary. responsibility of

‘regulating food additives and new foods,.except meat and poultry products that

are regulated by the USDA. However, the genetically-modified animal growth

hormones bovine somatotropin (BST) and porcine somatotropin (PST) came

under FDA regulation because the agency is required to.determine the safety and

efficacy of-animal drugs. Before allowing drugs for food-producing animals to

be marketed, theFDA requires under the Food, Drug, and Cosmetic Act that

these drugs are rigorously studied and that residues of the drug i in meat, milk, or
- eggs must be:safe toconsume..—_- te gies

FDA will require labeling of. ‘genetically engineered foods if potential allergens
are present. Ifa gene from a food that commonly ‘causes allergic reactions, like

fish or peanuts, is inserted into tomatoes or Corn, where-people would not expect

to find allergens,then the vegetables would have to be labeled to alert consumers.

FDA=s policy states that proteins taken from commonly allergenic foods are
presumed to be allergens unless demonstrated otherwise.

Labeling also could be required ifthe nutritional content of the food is changed.

« . Tomatoes are a major source of vitamin C, and-if.a:tomato-were developed that «

no longer contains vitamin C, that then- would ‘have to.be disclosed. In contrast,

FDA does not specify the method by which a plant is.developed by.a-plant —

breeder to be material information. For example, FDA does not require sweet

corn to be labeled Ahybrid: sweet cormm@ because it was developed through cross-

hybridization.’ .Other biotechnological techniques used by-plant breeders’do not -

. need to be reported for practicality:reasons. - If; however, genetic engineering

changes the composition of a tomato in.a-way that it is not the same tomato

anymore, then it must have a different varietal.name, or, itiit was a significant

difference, it may no longerbe called a tomato.

EPA. The Environmental Protection Agency regulates pesticides:under the authority;

of the Federal Insecticide; Fungicide, Rodenticide Act (FIFRA) and the Federal -

Food, Drug, and Cosmetic Act (FFDCA). The former holds EPA responsible for

regulating the distribution,-sale, use, and testing of pesticides in order to protect

humans and the environment, while the latter authorizes EPAito set tolerances or -
establish exemptions from the requirement of a tolerance for pesticide residues
in or on food crops... -ih an M

Pee %
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Producers’ of biotech products. are: required to consult with. the EPA if the

pesticide meets ‘any: of the following criteria:.
Ce =D : eel seeks * hota : . - .

The pesticide is not - derived from:.a’known food source (e.g., Bacillus
_ thuringiensis pesticides are derived from a bacteria).

The pesticide is derived from a known food source and is introduced into a

foo: ‘known food source, but the way humans are exposed t to it in their diets

- changes.

ao UT he pesticide has a different“structure, function; or composition than its
Coat ... counterpart that already occurs in food:(e.g., the structure of a protein

oe we, pesticide. that already occurs in food could be altered. significantly).
- soe Dg, Sg Tam

Spat . f ‘

The regulatory system described above i is, in essence,.a patchwork of } pre-existing regulatory
authorities. The issuance of the Federal Coordinated Framework for Regulation of Biotechnology

in 1986, claiming, there would be.no new laws to regulate.-biotechnology, paid off for drug and

pharmaceutical research which at the time was already heavily regulated and able to cope with the

existing federal.regulatory requirements. This was‘ not the case, though, for agricultural

biotechnology. USDA=s APHIS permitting system a arose to regulate crop plants and comply with

the Coordinated. Framework. :

The current segregated approval process has been considered by some to be burdensome to the

agricultural-biotéchriology research-agenda. The early lobbying of the drug and pharmaceutical

industry likely drove the decision for no:new regulations, but also forced the application of standards
from multiple and competing regulatory‘agencies. Asa result, agricultural biotechnology research

pays very high transaction costs: for regulatory. compliance.

. oe
ee bt *,

Little change-has been suggested, however, by agricultural biotechnology companies as it likely is
easier to comply, with current regulations.than risk a tightening of standards even further.- For large
companies, compliance with ‘regulations is not: particularly burdensome and réceiving federal

government approval c of. research and products: ‘provides a level of >cover= = for biosafety questions.
ee Lo. vt ed raBega tae a . po. . ob

‘Biotech. B Long Term Investinents to: Pay oft?

In spite of:its tremendous promise, the biotech industry has-been economically stagnant for much

of the past two-decades or more.B.with many ‘of thé.companies incurring continuing losses and: far

slower than expected product development. ‘In.1986; FDA identified 155 companies working on

significant biotechnology projects with the. potential. to‘affect food and‘agriculture B a large group

for a field just evolving. In fact; many-of those companies were built'around one or a few very

strong researchers with a powerful idea for a new.commercial product. Th many cases, they were

retired university professors or retired scientists‘from ‘public research ufits bettirig on exotic new’

technologies. ‘
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For many relatively young companies, techniques developed in university laboratories in the 1970s

have opéened:the possibility of beingable to exploit Advances in biotechnology in new commercial

ways. For instance, scientists realized that they could‘isolate: genes that tell the body. how-to produce

insulin,‘insert those-into a‘germor bacteria, grow. ‘millionsof ¢ Copies, and get the organisms to —

producé-human:insulin. And, the’artificial productis both-purer and cheaper than insulin from

livestock. In the past, drugs had been produced on a hit-or-miss strategy of experiméntation‘in‘the © |

laboratory, followed by tests on animals, The new methods promised a far more targeted approach,

with drugs:designed molécule ‘by molecule to achieve their intended efféct.’: Early products, in-

addition. to insulin, included blood-clotting factors that were re already known to work as: treatments.
ate E we net

The fitst biotech company is ‘penerally: acknowledged to ‘have been Genetech: Inc.;'of South San
Francisco, founded in 1976. Genetech stock first soared but then fadéd as it became ¢lear that the
science of producing commercial biotechnology: was a lot more. complicated’ than laboratory work *
had suggésted.. And, since the 1970s, the’ industry was: S locked into-a series of boonifand-bust cycles

on Wall Street. . 4

At the other extreme, the largest biotech company today is: “Amgen Inc., with5,300 -miployées and

$2.4 billion-in sales from just two.products. The first is erythopoetin (Epogen) which signals the

bone marrow to produce red blood cells and offsets aiemia in people on kidney dialysis. The second:

product is similar and corrects imbalances in production of white blood cells. Amgen=s market — - :
capitalization now has reached $16 billion, making it perhaps the largest-biotech company in the

world.

Many of today=s biotechnology companies were linked to medical products, in part because the

market for human drugs is so large and ‘provides such potentially large payoffs from risky

investments, and successful commercial development of new biotech medical products provides

powerful success stories. Recent press reports suggest that long periods of heavy losses may be
nearing an end for many small biotechnology companies. A handful have finally become profitable,

and analysts expect many more to become so over the next few years. For example, Ernst and

Young projects the industry as a whole should be operating in the black by the end of the century

for the first time in history. Sales and employment are rising by about 20% annually.2 New

treatments, long in the works, have advanced to late stages of testing and reportedly are holding up

well B and, a number (especially in the drug field) are winning approval by FDA.

In many cases, these companies still seem to be betting on risky propositions. An example cited in

a recent article was of a small company (MedImmune) that developed an antibody to prevent

respiratory infections hospitalizing 90,000 babies annually. Its approval by FDA was the first for

that type of product, and represents broad potential for such drugs. In response, biotech executives

are increasingly predicting many other dramatic results, with Ahigher crop yields, improved

manufacturing methods and striking advances in medical care@ seen as a result of the long years of

3 Biotech=s Payday Arrives, Washington Post, July 6, 1998
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continued research investment.. However, despite this optimism, biotech.investing stillis seen as . |

perilous., Many companies carry high price tags, still have little cash flowing in, and thus continue; ~!

to trade on hopes and expectations. And, even-if-analysts are correct and the industry as.a whole: .,

becomes much more profitable, individual firms could face continuing disappointments.; Ernst and

Young suggests an announcement of bad news by one of. these companies easily could mean a 35%‘; -~
drop in stock value in a single day. oo DM ee : at : . al .

la 4 a oe . sabe tee Fy

ao ' : moa Loe: ryt

Still, the prospects for biotech: companies in both food and agriculture and the: medical fields seem .
far brighter today than just a few years earlier. For example; MedImmune.is. now working: ona:
vaccine for the human papilloma virus B responsible for nearly all cases of cervical cancer, which

strikes.80,000 women annually and kills nearly 5,000.’ A safe, effective vaccine, perhaps given to ay T

young girls-as part of,childhood immunization, could stop widespread suffering and would-have a-

huge market, perhaps worth billions of dollars. To an important extent, it is prospects of payoffs of +-

this magnitude, that have stimulated the developments B and continuation against adverse conditions, . _.
and low returns B that are driving the biotechnology revolution today. wt,

Key Events j in the Evolution of Biotechnology Lo So Coe
Ly ae,

Genetic engineering became : areality when a man-made gene: was first used to ‘manufacture a human jx af
protein in a.bacterium. However, it is instructive to review. selected key events of.the-past that led. ty

to today=s explosion of biotechnology. . |

wane eee ee ee
_
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Selected Milestones in the Development of Agricultural Biotechnology

somatostatin a human growth hormone-releasing ‘anibitory factor. For the first time, a pret;
ae combinant gene ‘was used to clone:a protein. Many consider this to be the advent of the Age of

- Biotechnology. —

1978 Stanford University scientists successfully transplanted a mammalian gene.

US ‘Supreme Court rules that microorganisms can be patented under existing law (Diamond v.

: opening up enormous ‘possibilities for commercially exploiting genetic engineering,

doint had. tested: ‘solely a ey of ° ee ‘to aaa trade secrets.

animals into ‘mice.

51982...

_ * First (DNA pharmaceutical: (insulin) approved forsale in US and UK.
First successful transfer of a gene from one animal ae ies to another (a transgenic mouse: carrying

= the: gene for growth rate. hormone). -
ee 2 First eee 1 nt produced, ‘using a agrobacterium transformation system.

1983 Fi ne f om on species to another.
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e netically engineered plants.
natin Stowe! Hormone (USDA, Beltsville,

irs SHEN tis of ranceentc plants (tomatoes with dene for ieeos resistance).
ee First US field trials of genetically engineered microorganism approved for commercial sales as a
biocontrol agent of a plant disease (crown gall of fruit trees in Australia).

ee Calgene, ‘Inc. received a patent for the tomato polygalacturonase DNA sequence, used to produce
an antisense. RNA sequence that can. extend the shelf-life of fruit.

US Patent Office extends: patent protection to ‘genetically engineered animals.
First genetically modified microorganism approved for commercial ‘Sales as biocontrol agent of plant
dis ease (crown: gall. of fruit. trees in Australia).

UC Davis scientists developed a recombinant vaccine against the deadly rinderpest virus; which had
illions. of cattle i in: ‘developing countries (1989).

1990 The. first successful field trial: of genetically engineered cotton:plants was:conducted by Calgene dnc.
The plants had been engineered to withstand use of the herbicide Bromoxynil.
The Plant Gene Expression Center reported stable transformation of corn using a high-speed gene
gun.

~GenPharm International, Ane. created: the: first transgenic dairy cow. The cow was used to produce
Eten milk oe for. ye formula.

ae APHIS notif cation procedure to Srenie penniting: process.
_ FDA approves supplemental BST for commercialization.

1994 Congressional moratorium on supplemental BST ends.

FDA considers policy on voluntary labeling for supplemental BST.

1996. FlavrSavr tomatoes pulled from market shelves.

: _ Introduction of commercialized herbicide tolerant and insect resistant: crops B significant acreage
planted in United States.

Source: ERS Agricultural Economic Report #687, Agricultural Biotechnology: An Economic Perspective,
1994.

Recent Experiences with Biotechnology

The FlavrSavr Tomato

Calgene developed a genetically engineered tomato variety with a gene that delays softening and

reduces spoilage in order to provide vine-ripened tomatoes throughout the year with improved taste.

Calgene began talks with FDA in 1989 and submitted the marker gene for approval in 1990. The

company opted to forego the confidentiality usually maintained by FDA and requested that all

000309
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findings and issues be made public. In 1992, USDA deregulated the FlavrSavr tomato, allowing
Calgene to grow and ship: the new tomatoes. in“the same manner as “conventionally developed”

tomatoes. In May 1994, in response té Calgene=s requiést, FDA rendered ant advisory opinion that.
the FlavrSavr tomato: was safe to consume and ‘as nutritious’ as convetitional tomatoes. Calgene

introduced the FlavrSavr tomato to commercial. markets j in 1994 under its MacGregor=s ‘brand.
Fn 4 te “Hy

i . er

But,the product was as pulled from store shelves in ‘mid-1996, ‘The product likely failed not because
of concerns over biotechnology but because of the unexpected requirements of a new product. Upon
introduction, the tomatoes promised the taste of home-grown tomatoes from the grocer=s cooler.

Typical store-bought tomatoes are picked while they.are green and hard so that they will not spoil .

while. they are. shipped.. The tomatoes then have their red color brought out by spraying v with the °
plant hormone ethylene, but still have the lackluster flavor of unripe tomatoes. ee :

the

FlavrSavr was 2s supposed to change that, Because: it had longer shelf- life, it could ripen on the vine
and then. be shipped to the supermarkets. But, producers continued to use the same equipment to

pick and ship the ripe, soft tomato as they had the hard; green tomatoes.: This brought losses of as

much as 30%, and by the time new packaging equipment was obtained, the company could no ) longer

continue production.

Biotechnology: suffered only a modest setback from that experience, but faced further controversy
with the introduction ofa synthetic growth hormone for livestock, BST. oo

BST os . |

One of the first genetically engineered products available to farmers was bovine somatotropin B ST),
also called bovine growth hormone (BGH)., This key hormone is made naturally. i in the pituitary
gland of cattle, and promotes growth in calves and regulates milk production in mature dairy cows.

The engineered version of BST is manufactured by bacteria using copies_of.the cow=s geries and -

boosts milk yield by up to 20%.

While the product administered to the cow is identical to that made by the-cow herself, the use of
recombinant BST has been the subject of much controversy. After long study, the hormone was
approved for commercial use by US farmers in 1994, but the debate continued for some time over |

consumer reactions, seeming only in recent years to moderate.

Economics played a large role in the development and adoption of BST. A dairy cow=s normal milk
production cycle peaks about 50 days after calving before declining steadily over the following 10

months. The extra energy needed to make more milk comes initially from the cow=s own body fat,

but after the peak, the cow relies on feed for that energy. Dairy farmers use BST during the second

half of this cycle to boost production, and to reduce the number of cows necessary to achieve a given
milk output.

yo" oa

The overall ecoriomic effect of BST on farmers depends on the economic structure of each herd. The
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added costs of medication and veterinary consultations associated with use of BST and the need for

increased management related to feeding and housing, make it uneconomical for many small

operations:. The main focus,however, of the debate that swirled around official approval of BST for

commercial use ‘has been animal: health, and constimeér welfare. . Arpuments: were'made that BST °
resulted ‘in: increased: stress:on.cows due to the increased: production: ‘Companiés producing. BST |
included warnings of. possible: sideveffects ranging front:swelling ‘to a reduced ‘rate. of pregnancy. °
Opponents ofthe hormone argued considerably more ‘harmful effects.. «ce

mo uf a yt Tan .

Posilac (Monsanto= =S BST product) was-approved in: the United: States c on F ebruary 1, 1994, and 14
million doses were administeredon 13,000 farms that year, representing 11% of US milk producers. *-

Close monitoring by FDA for the next 18 months revealed several hundred Aadverse reactions@ in

herds given Posilac, but all of them involved conditions also found in herds not given BST. Biotech

advocates thus argue-that health problems are: caused not:‘by the hormone, but by inadequate

management andi improper feeding, hhygiene or veterinary care.
: OE ey Hs a . oo ee

Anxiety. about drinking milk from cows:treated with BST’ also has been a concern: In announcing’
the approval of the product in 1994, then FDA Commissioner David Kessler observed:that, AThis

has been one of the most extensively studied animal drug products to be reviewed by the agency.

The public: can be confident that milk and meat from BST-treated cows is safe to consumers.@ The
fear still exists, though, that milk from these cows ‘may contain antibiotics or high- -levels of

hormones, which could be a healthrisk to humans, especially children. '-

Caught between industry demands and public concerns, a fumber of ‘governments opted for extreme
caution over BST. By 1996, some 15 countries worldwide had licensed the use-of BST. However,

the EU placed a moratorium on its use until 2000 and banned the import of milk-from BST-treated

cows.B. citing their-oversupply of milk, rather than concerns about safety. Due to. perceived risks,

Canada has to date: refused to approve BST. ge ’ mo

In spite of the concerns raised, no substantial health threat has developed in nearly:five years since
the approval of BST. As acceptance of the hormone has.grown in additional countries, opponents

shifted the terms of the debate to one of Aright to know@ and the question of whether milk should

be labeled. Countering this‘argument, the Food and Nutrition Science Alliance (representing the

American Institute of Nutrition, American Society for Clinical. Nutrition, Institute of Food

Technologies and American Dietetic Association) points out that milk from BST-treated cows is no

different from other milk ‘and that the’ presence of any such label implies s some health risk which has

not been demonstrated. °

The issues that emerged during the development and release of these two products did little to slow

the emergence of other agricultural biotech products. The explosion of biotech’ crops planted in the
United States and Canada in 1996 and the exponential growth in acreage over the past three years

and around the world well make the case that the biotechnology revolution has.begun.
Boe
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The Players Today

é

Many companies that have been long involved in biotechnology are making: thet transition from the
chemicals industry into the life sciences, positioning for control of products and global markets: . -

This is illustrated by industry leader Monsanto; long a world leader in-chernical. products, selling off

its entire chemical division in 1997. and anchoring its.research,.developrnent and marketing in

biotech-based technologies and products. Other leaders’are consolidating their position, rapidly

buying biotech start-up companies, seed companies, agribusiness and agrichemical concerns,

pharmaceutical, medical and health ‘businesses, and food and beverage companies, creating broad- :

scale-life-science complexes.’ . og Pee . ie

: : : . : . ‘
any Pa est La : 4. . te.

The consolidation: of the industryi is occurring rapidly: In: 1997, the top ten agrochemical companies
control 82% of the $31 billion-global agrochemical market. - Ten life science companies control 40%,

of the $15 billion per year global seed market.~The world=s ten-thajor. pharmaceutical companies -

control 36% of the $251 billion pharmaceutical market. Ten global firms now control 63% of the

worldwide veterinary pharmaceutical market. The leading transnational food and beverage

companies are extremely diversified and increasingly active in.other life science fields.

The life sciences companies are striving to take full advantage of the new biotechnology products
and processes,.and are devoting significant funds to research and development and licensing - -

agreements. An estimated $7.5 billion annually-is currently invested in-house on biotechnology

programs.

?

In the seed industry; too, companies are quickly positioning themselves to.gain inarket access (Table —
7). The seed business is:clearly the vehicle to deliver the.new technology.: In 1997, the-top ten seed

companies accounted for 30% of the $23 billion seed trade worldwide... Pioneer Hi-Bred

International currently is the world leader in the seed industry with nearly $1.8 billion in revenues..

Monsanto=s interest in acquiring seed companies is clearly driven by its strategy to sell proprietary,

genetically engineered traits in the global market.. Monsanto now holds‘an 85% market share for US

cotton. seed, 33% for soybeans, and 15% for; corm seed.” og

coh os Table 7. World=s Leading Seed Companies _
+ ie - .

Company. . 4
7 ren ‘ mil US$--

: | Pioneer Hi- Bred Intl. (US). “ue - eae? * 4,784
Proposed Monsanto/American Home Products (US) 1/ 1,320*.
Novartis (Switzerland) 928

Groupe Limagrain (France) py ‘ 686

Advanta (UK-and Netherlands)-. 7°) feo. 0° - _ 487

AgriBiotech, inc. (US) eT: 425

Grupo Pulsar/Seminis/ELM (Mexico) ado 375
| Sakata (Japan) * 349

KWS AG (Germany). + os os. cut. 7” qo 329

—Lakii (Japan) . 300*

7" - .
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1/ Merger canceled. *Estimated.

Source: Various

It is likely that by 2000 virtually all commercial seeds of major crops will contain at least one

bioengineered trait, an enormous market potential. The International Seed Federation says that the

world market for genetically engineered seeds could reach $2 billion by 2000, and then predicts

explosion to $20 billion by 2010.

Some Leading Players

After several decades of investing billions of dollars in agricultural biotech research and strategic

mergers and acquisitions, a few leaders in the field have emerged and have been able to quickly

bring their products to market. Today=s leaders are three of the largest companies in agricultural

biotechnology: DuPont, Monsanto and Novartis.

segments: Chemicals, Fibers, Polymers, Petroleum, Life Sciences, and Diversified Businesses.
The Life Sciences: group, with 1996 sales of $2.5 billion, produces pharmaceuticals and

agricultural products (DuPont Agricultural Products), including crop. protection (herbicides,

insecticides and fungicides), feed, seed, food ingredient and food safety products. In 1997,

DuPont formed a research alliance and separate joint.venture company, Optimum Quality
: Grains, with Pioneer Hi-Bred International to speed the
of new crops for farmers and livestock prod
Internation: 1 from Ralston Puri 2 in tl

ownership. in itsConoco petroleum unit through ar
to help grow its life sciences business, possibly through the acaisitinis of ae biotech

‘The largest ee company. in ‘the world, DuPont coiaas business in six major

covery evelopment and delivery.

:
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at Monsanto

ates BVO 2
_ 1997 Sales: “$75 billion De 2
: Employees: 219008 .

Monsanto has set a fast pace of Bac acquisitions’ Poccced on creating the world=s
leading Alife sciences@ company. Monsanto produces agricultural products, food substitutes,

and pharmaceuticals. Its products include Roundup, a leading herbicide; several genetically

engineered products; artificial sweetener NutraSweet; fat substitute Simplesse; and drugs used
to treat insomnia and arthritis. Monsanto is looking to agricultural biotechnology products for

growth (1997 agricultural products sales totaled $3.1 billion) B especially’ seeds, as its

purchases : ‘ofDeKalb Genetics:and ‘Delta: and Pine Land illustrate. While spinning off its

chemicals business (Solutia Inc.) in 1997, Monsanto: acquired biotech firms such as CalgeneTM
and Agracetus. _ eineaddition eveloping biotech crops, the company: develops -and

Some of the largest life sciences companies are strategically positioned to control much of the global

biotech market. Novartis, a giant new global firm resulting from the $27 billion merger of two Swiss

companies, the pharmaceutical company Sandoz and the agrochemical company Ciba-Geigy, is

typical of the trend toward corporate consolidation in the life sciences industry. Novartis is the

world=s largest agrochemical company, the second largest pharmaceutical company, the third largest

seed company, and ranks very high in veterinary medicines. The company also is staking claims in

the field of human genetic medicine.
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_ Novartis AG

Other companies (not affiliated with those above) with commercialized biotech products released

to date include: AgrEvo, Dow Chemical (Mycogen), Zeneca, DNAP Holding Corporation, and Gist-

Brocades. Introductory information on these companies and their business activities follows.
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A , rEvo 7

: ‘Headquarters: Berlin, Germany
Sales: $2.0 billion ee

- eenanis - ‘Midland, Michigan.
Annual Sales: $20.1 billion (1996)

Employees; eee d :

Dow Chemical, the No. 2 US chemical company, is a global leader in production of

chemicals,plastics, hydrocarbons, and agricultural and specialty products. It has sold noncore

pharmaceutical, consumer, and.engineering operations to focus on its chemical line and the
biotechnology marke Dow. AgroSciences, the Pesta chemical/biotech unit, with annual :
sales of about $2 bill i rch-
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Oadind California
21 2 million (1997)
589
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: whose ¢ sCOre. business a8:
be the Aerie market, the :

There are many other key players in the agricultural biotechnology field B this is by no means an i
exhaustive list. But as mergers and acquisitions continue at a rapid pace, it becomes more and more

difficult to rank or categorize the industry=s players, and any classification is simply short-lived. a
Throughout the remainder of the report, there will be many references to the other Aplayers@ in the

biotech arena B what has just been outlined is merely a Asnapshot@ of those with widespread |

recognition and products already available in the marketplace.

A Word on Categories and Concepts

In subsequent sections, the biotech products available today and in the near-term pipeline are

identified and described. To facilitate that presentation, we have developed categories into which

the products are placed. These categories are delineated below and will be used throughout the

presentation.

For purposes of the study, we view the biotech products as belonging in one offour categories:

Crops

Field crops

Vegetables

Fruits

Livestock

000318
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a cat: . ota

Microbes/Enzymes (primarily foruse in food processing). — =. Six

Nutraceuticals | es ee

We also categorize themas: , |» s ee tke tee,
coe

me)

Cost reducing/yield enhancing products B reduce input costs for producers and i improve -
_ yields either by reducing production. losses or improving: the products= agronomic or .
growth properties:

Herbicide tolerance

Insect/disease resistance

Drought/cold/stress tolerance ...,

af

- Special product attributes. (some of ‘which can be‘classified as as. both:cost reducing/yield
enhancing and value enhanced): .

Delayed ripening .
Reduced bruising

Shippability

Longer shelf- life

Enhanced flavor/appearance | .*

Value enhanced products (e.g., high protein corn) B altered composition and/or

characteristics to make the product more valuable than a corresponding, commodity.

Livestock products (e.g., clones, vaccines and growth promoters).

Processing products (e.g., microbes, enzymes).

-Nutraceuticals-and industrial products B functional foods designed to prevent diseases,
treat conditions, or to prevent diseases and conditions. °

' Like any new product seeking public approval, it underwent lengthy testing to detemnine its safety, quality,

purity and stability. Trials to: measure’its effects on human and animal health: involved much larger doses
than anything consumers-reasonably would be exposed'to. In 1994, the US National Academy of Sciences

Board on-Agriculture reviewed many:studies on BST-and concluded that there:was-no disagreement among

scientists that Acomposition and nutritional value of milk from. BST-treated cows.is essentially the same as

that of milk from untreated cows.@ : co oils. :
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TIL. Biotechnology Today

Agricultural Biotechnology Products Available Today

The “first wave” of biotechnology has been dominated by crops with “input traits,” such as
herbicide tolerance and insect resistance. Herbicide tolerant crops are attractive to farmers

‘

mainly because they reduce costs, and many are “yield neutral” or affect yield only modestly due ©
to less competition from weeds for nutrients and water, so farmers’ revenues are largely

unaffected. On the othér hand, some: insect*resistant’ crops ‘both redice costs (reducing
insecticidé applications) and improve yields, since pests such as the European corn, borer cause

production losses by causing “lodging” and other damage. vos

Key Developments

e Herbicide Tolerance. Herbicide tolerant crops enable farmers to sptay herbicides on
their fields, controlling the weeds while leaving crops:unharmed. In the past, since

* nonselective herbicides such as Roundup.and ‘Liberty were designed to kill all plants

regardless of whether . they were valuable crops; the use”of such herbicides was

generally limited to pre-plant applications or controlled spraying between crop rows.

Monsanto’s Roundup Ready and AgrEvo’s Liberty Link séeds opened new post-

emergent markets for both products. Similarly, imidazolinone (i.e., Pursuit) also

served as a selective herbicide effective against annual grasses and broadleaf weeds in

soybeans and other legumes. But since the early 1990s, corn varieties (nontransgenic)

tolerant of the herbicide have been available : asIMI corn. © '‘

-e- “Insect Resistance. ‘By inserting the gene 6f a common soil miicroorganism, Bacillus
~ thuringiensis (Bt), into plant'tissue, scientists have created crops that ‘produce their
own insecticide. Commercialized in 1996, Bt cotton combats boliworms and
budworms, and Bt corn protects against the European corn borer.” Future insect

resistant crops promise control of many other economically important pests, such as

the cotton boll weevil and the corn rootworm. *

Ost: successful: “ager : Sof biological: control, first discovered i in the early 1980s, is |
jensis. (Bt), : a: -naturally-occurring bacterium .that produces insecticidal .

1en. ingested:-by, insects, the ‘bacterial spores: germinate and produce toxins, .

he insect-as part.oftheiriown'life- cycle. Different strains of the bacterium :

own toxins,.each of which has its own range of insect targets. Bt has. been used

pesticide sprays for many years, ‘but this is both costly and difficult to synthesize in

-commercial:.quantities. Today; the. Bt gene responsible for producing the toxin is directly .

inserted: into the plant to produce:pest-resistant varieties.
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Chart 1. Biotech Crop and Hybrid Corn Adoption:

“S” Curves Compared

i : état “ - Moe a
100% , Or ——

| \
md 

i

90% | | Baseline 7 Se ee .
Biotech Crop oo '

. | Adoption Path wer

80% 4 ’ Pa

” ¢ j

2 . ’ o
S 70% | — Fad
x 10% Biotech Crop ‘
g Adoption , af . Soa bo
© 60% {| to Date 1, , o

“ (Beginning 1996) | ,7 : .

6 50% ..
3 a

° . | a ~ 1 "
5 40% | ’ Hybrid’Corn
¥ : - 4 Adoption

9 . (Beginning 1935) |
5 30% 4 oy

20% -

10% 3

0%. : T T ner T annem T tT peer

12 3 4 6 7 8 9 10 11:12 13.14 15 16 17 18 19 20 21 22 23 24 25 26

The nature of the biotech crops constituting the successive “waves” likely will be much broader

than for the hybrid corn varieties. For-example, biotech soybeans have. achieved almost 50%

market: penetration, consisting mostly. of Roundup Ready and STS soybeans (Chart 2). These

will be followed not only by other herbicide tolerant crops, such as Liberty. Link soybeans, but

also by. value enhanced crops, including nutraceuticals. and functional foods.. And, in just three

years, biotech varieties also account for-a significant share of the US corn-and cotton acreage..
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Chart 2. Adoption Rates of Major Biotech Crops in the United States.
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It also is plausible to suggest ‘that within the overall’ biotech “S” curve, there may be several
scallop-shaped curves for individual varieties,.all_ occurring within a greatly compressed.

timeframe from previous adoption rates.. Moreover, the biotech ‘adoption process encompasses a.

greater range of crops and marketing chains than.the hybrid corn example, and the impacts reach ° :

much further up and down-the marketing chains:. The “S” curve of biotech crop adoption and the .

composition of varieties driving adoption are shown in Chart 3..
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‘Chart 3. Varieties Driving-Biotech Crop Adoption
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Adoption of Biotech Crops in the United States

A tremendous amount of biotech research has been ongoing, much of it concentrated in the
United States. The first commercial agricultural biotech products were introduced in the United

States, making it a logical starting point for a discussion of such biotech products available to

date.

The first commercial transgenic grains and oilseeds were released in 1996 in the United States —

Ciba Seeds’ Bt corn and Monsanito’s Roundup Ready ‘soybeans and Bollgard (Bt) cotton. For

this reason, 1996 is marked as the ‘inaugural ‘year for biotechnology in agriculture. Biotech

acreage totaled just over 13 million acres, for both transgenic crops and nontransgenic crops with

enhanced attributes (mostly herbicide tolerance) similar totransgenic crops. It is estimated that

biotech crop area in 1998’has grown sixfold to nearly 75 million acres, 23% of total planted
acreage of all major crops. C

Still, biotech acreage is dominated by relatively few ctops — soybeans, corn and. cotton (Chart 4).

This year, nearly 35 million acres of biotech soybeans were planted, an increase of nearly 20
million acres over last year. Biotech corn varieties account for over 32 million acres, including

11 million acres of nontransgenic varieties with enhanced characteristics, primarily used in
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_!specialized processing applications (e.g., waxy corn; high-amylose corn). For cotton, over one-

half of 1998 plantings were biotech varieties, mostly Monsanto’s Bollgard and Roundup Ready.

Chart 4. Acreage of Biotech Crops in the United States

40.0 -

35.0 .

30.0 |

25.0 |

20.0 |

15.0 |Million Acres Planted
10.0 4

3.0 4

0.0

1996 A 1997-A: . - 1998 E

Other crop acreage, such as biotech canola and potatoes, remains small. In 1998, an estimated
80,000 acres were planted to Monsanto/Calgene’s Laurate canola, which contains oil high in

lauric acid suitable for food processing applications as well as industrial uses such as soaps and

detergents. Biotech potato acreage totals only 30, 000 acres, all Monsanto’ s NewLeaf potatoes.
Thesé plantings represent 7% of canola and A%. of potato, acreage.

Transgenic » crops account. for more than 70% of, the total biotech acreage in the United States
(Table 8). Soybean varieties make up the. largest portion with 25 million acres, while corn area is
21.4 million acres. Many of the value ‘enhanced com varieties that are currently on the market
have traits which were developed through conventional breeding techniques; these nontransgenic

varieties accounted for 11.2 million, acres this .year. _ Nontransgenic soybean varieties .were

planted on just over 10 million acres this year, mostly accounted for by DuPont’s STS soybeans,
which are tolerant of sulfonylurea herbicides.

wee ab

Y . wo Bae on
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Table 8. Transgenic and Nontrarisgenic Crop Acreage — United States . f
aoe i

I Transgenic . Nontransgenic - ;

411996 1997 ' 1998 |} 1996" 1997° 1998 | |

{ a million acres ee
. Canola | 0.0. O01 ' 04° - O08: 00 0:0] -

Corn 4:0 56 > 24:4] 60 .- 7TH. 44.23
{Cotton - 0.1 1.1 6.5 ~. 0.0... 0.0. 0.0} .

|Potatoes 0.0 0.0 0.4; 0.0 0.0 0.0.

jSoybeans _ __ 10 90250) 85 7010.0
jTotal 21 15. B80) 9.5 14. 4 21 2] 00.

qt

It is notable that no biotech wheat product yet has beén conitiiercialized. ri likely cesull both ”
from scientists getting a late start on research, and the reported greater difficulty in its genetic

_ modification than other crops, especially the oilseeds.

Herbicide. Tolerant‘Crops
sped

-

The most widely adopted, biotech crop is Roundup Ready soybeans - 25: million acres, 34% of
total Soybean plantings (Table 9). DuPont’s STS soybeans have the widest plantings .of any. .
nontransgenic biotech crop — 10 million acres this year.

_ Table 9. Herbicide Tolerant Crops in the.United.States

t
oh psn te bt pe ee

.%

wep eared

Company — “Product i USDA ‘Approval :
. 7 * "1 Bate | 1996 1997 1998—

million i

AgrEvo Liberty Link canola 1/29/98 nic nic nic

AgrEvo Liberty Link corn ks mc] 6/22/95 nic 0.7 4.2

AgrEvo Liberty Link soybeans 7/31/97 _ ale nic nic

|AgrEvo |Liberty Link sugarbeets - 4/28/98 nic nic nic

American ,Cyanamid IMI (imidazolinone tolerant) corn 1/ Not Transgenic 3.4 4.5 6.6

|DeKalb GR (glufosinate resistant) corn 1 42/19/95 nic 0.1 0.2

{DuPont STS (sulfonylurea tolerant) soybeans | Not Transgenic 3.5 7 10

DuPont STS cotton "1/25/96 nic nic nic
Monsanto {Roundup Ready corn - 11/18/97 nic nic 0.75

Monsanto Roundup Ready cotton 2/: 7/11/95 tlc 0.8 5.00-

Monsanto Roundup Ready soybeans , te 5/19/94 4 9 25 -

Monsanto/Calgene BXN cottori © a 2/15/94 0.05 0.28 1.3
Univ. of Minnesota/BASF ,|Poast Protected (sethoxydim resistant) Not Transgenic. 1, n/a nla 0.3

com oe

1/ Estimate based on seed avaitability, not actual planted acres.
2/ Total 1998 acreage of Roundup Ready and Bollgard cotton is estimated over 5 million acres. Estimate not

available for Roundup Ready cotton.

nc = not commercialized; n/a = not available

\
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Source: Biotech/seed companies, US Grains Council Value Enhanced Corn Quality Report, Furman Selz LLC,
NatWest Securities ‘

AgrEvo’s Liberty ‘Link corn ‘IS estimated to have been planted on 4.2 million acres in 1998.
DeKalb also -has developed varieties that are tolerant of herbicides containing glufosinate (ice.,
Liberty), which are marketed under the name GR Corn, though the area planted to these varieties
is thought to be only 20,000 acres. Monsanto’s Roundup Ready corn was commercialized i in

1998 and planted on an estimated 750, 000 acres.

Roundup Ready cotton, introduced only this year, was planted on a significant acreage although
no estimate is yet available for it separate-from Roundup Ready stacked with Bollgard. Monsanto
has reported a total acreage with Bollgard and/or Roundup Ready traits of over 5 million. acres in

1998. ”
CE be wo we 2 tagl

rf
Insect Resistant Crops

a | BR tt
The insect resistant crops that have been commercialized all contain genetic material from the ~~

Bacillus thuringiensis (Bt). Thus far, insect resistant varieties have been introduced for corn and

cotton, targeted ‘at the’ béllworm and budworm i in cott6n‘and the European corn boret. These ¢
include Ciba’s Bt corn in‘1996 (just’ under one * million acres) and Monsanto’ s Bollgard c cotton ne

(1.8 million acres) (Table 10). oot:

Then came YieldGard ‘corn in’ 1997, and bythe next year it had ‘thé ‘secorid- largest biotech
acreage (13 million). It surpasses. -Novartis*-Bt corn (two million-acres) -by a wide margin.

DeKalb introduced a Bt com (DEKALBUBE Xtra) i in 1997, and it accounted for 1.2 million acres
this year.

Table 10. Insect Resistant Crops | in the United States

a

Company TO - Product USDA Approval - Acreage
ee 3] Date sf 1996 1997 © -1998 +} 4

million

DeKalb DEKALBUBt-Xtra corn. - 3/28/97 ne 0.2 4.20 |
Monsanto ‘|Bollgard cotton 1/ — 6/22/95 , 1.8 2.5 5-
Monsanto NewLeaf potatoes: 3/2/95 = | 0:01 0.03 0.05 °F)

Monsanto YieldGard corn | | 8/22/95 & 3/15/96] nie 2.6 AZ me]

Novartis (Ciba/Northrup King) Maximizer. & KnockOut corn _,| 5/17/95 '& 1/18/96 . 1.00- 2 "20

1/ Total 1998 acreage of Roundup: Ready and Bolgard’ cotton is estimated over 5 million acres. Estimate not’ |
available for Boligard cotton. ales
n/c = not commercialized ‘

Wer

a a
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Stacked Trait Crops

= . . ae oO ep

Once a single new trait could be introduced into a crop, it was clear that others would soon

follow, producing multiple or “stacked” traits (Table 11).. The first of these appeared in 1997..
when’ Monsanto released Roundup Ready and’ Bollgard cotton. Monsanto then released’~
BXN/Boligard cotton this year, tolerant of Buctril herbicide and insect resistant. It also released
a small amount ‘of corm that. combines Roundup Ready tolerance: and ‘European corn borer
resistance, planted only on Some 30, 000. acres. ye . mo

ae

Table 11. Crops With “Stacked” Traits i in the. United States
74

| Company Product y USDA Approval” "] , ~ Acreage /
2 | | __ | 7 Date [.1996° 1997"_ 1998

. Million lo
Monsanto Roundup Ready & Bollgard cotton 1/ Wa nic 0.06 Bo
|Monsanto/Calgene |BXN & Bollgard cotton . =: 4130/97 | nlc nic 0.2° |

“|Morisanto ______|Roundup Ready & YieldGard coin = | _ Si2TI9T ia ne ne 0.03, |
7

17 Total 1998: acreage of Roundup Ready and Bollgard. cotton is estimated over 5 million acrés. Estimate not’ .
available for stacked Bollgard and Roundup Ready cotton. - ; h “

‘nic = not commercialized

Biotechnology and the Food and Feed Industries, __ per - nara

Most: developments in the current wave of biotechnology have focused on agronomic traits me ~
adding value for the producer, while providing little apparent, direct benefit to the consumer,
However, some products with consurher-oriented traits have been developed, and many more: can
be-expected. While not every crop easily lends itself to consumer-orientéd traits, fruits and

vegetables and other value enhanced products (including modified oilseeds and com tailored for

specific markets) are those where such benefits are obvious.

Fruits and Vegetables

Fruits and vegetables have been a focus of, biotech research for more. than, a decade.
Modifications include input traits for the farmer’s benefit, but most are clearly intended to add
value downstream at the consumer end of the marketing chain.

The first ‘food crop, the. FlavrSavr tomato developed by Calgene (now a subsidiary of Monsanto),
was commercialized in 1994. It was the first high-profile genetically modified food to reach the

consumer marketplace — and still may be the most recognized biotechnology food product among

consumers. More recently, DNAP, part of the Empresas La Moderna/Seminis group of

companies, has developed two tomatoes marketed under the FreshWorld Farms brand. Each has

delayed ripening characteristics (Table 12).
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‘Table 12. Biotech Fruits and Vegetables on the Market in the United States
t . . . phe : ty

- Name_ -" | “Wanufacturer Description. Te
FreshWorld | DNAP/Empresas La [Developed fo have improved color, taste, and fexture, wand, *
FarmsTomato _|Moderna - ja: 10- to 14- “day shelf life. boo te, afer

FreshWord Farms DNAP/Empresas La | Limited production of ethylene, the hormone that causes
Endless Summer Tomato |Modérna fruits to ripen. extends shelf life by 30to 40 days. . . |.

Increased Pectin Tomato |Zeneca Plant These tomatoes remain firm longer and retain pectin
. Sciences’ {during processing into tomato paste. . ..,.

Bt Sweetcom 7 Novartis. - a Contains the. Bt bacteria, and provides protection against. | ;
. -- Iseveral pests. 9 t- So poe i

Value Enhanced: Products oes

The “first wave” input traits, which reduce costs and/or enhance yields. for the farmer, are,,
“substantially equivalent” once harvested and’ pass the” farm gate. The “second wave,” however,
exhibits. consumer-oriented traits, and. more are expected’ in the coming years. Most value .:.\"

enhanced crops thus far have been concentrated among: oilseéds with" modified fatty acid 5 *
composition and corn tailored to specific end-uses (i.e., processing or feed). ° . “

Most’ of the value enhanced corn and oilseed’ Varieties now availablé are nontransgenic’
(accounting for 97% of the 3.8 million acres planted in the United States in 1998). The most

widely adopted are DuPont/Optimum Quality Grains’ high-oil corn used mostly as an enhanced-"

energy animal feed, and varieties’ used in specific processing applications. ‘These include waxy

and high-amylose corn with starch compositions opposite’ io”each other ‘and staridard corn,
designed to yield starch for specific food and industrial uses. “Food- grade” corn, technically
hard-endospeim corn, is desired for its large grits used in extruded products ‘such a as breakfast

cereals and snack foods. ‘ .

The modifications to fatty acids in value enhanced oilseeds thus far have been intended to
produce oils more healthful and/or more stable. Enhanced stability can be targeted at shelf-life

and/ot stability in specific applications, such, as pioducing the shortetiing used i in restaurants.

- fatty acids (Table 13). Developed by Iowa State University and marketed by Optimum Quality

Grains, the oil is marketed as LoSatSoy i in Hy-Vee stores in n the Midwest, .

Da yeti

ot1 Oe

’ ‘ob : i oO oe ) | Z
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- Table 13. Value Enhanced | Cropsi in the United’States -

Company ey Product. od “USDA Approval. | .) “Acreage :
ee eae || ___Date "27" “af 4996'" °4997. ‘4998

; oa ee Te : Te oI million

{DeKalb - . .. {Nutritionally dense. coin "| Not Transgenic. .|_ (014 ..0.14. O14 |
/Monsanto/Calgene “* Hauratecanola 9 87 TRE 10/31/94" 0.02, 0.07." 0.08 ©
|Multiple Hard endosperm/food-grade | | ‘Not Transgenic” | 1.00- 1.00- — 1.00- —

“Icom Ge

|Multiple (Main: DeKalb/Custom {High amylose com .~ .]| Not Transgenic | 0.04 0.04,,.. 0.04. |
|Farm.Seeds) ‘ ee | pee MED THe

|Multipte. {White corn. _ ~~. | Not Trarisgenic’:} ° 0.58 0.55., 0.65 °
jMultiple (Main: DeKalb/Custorn - |Waxy corn , * Not Transgeitic y 04 0.424" 0.43",
|FarmSeeds) ae 7 Co

Optimum Quality Grains . = |Highproteinsoybeans © | NotTransgenic | n/a. 0.01, 0.01.

jOptimum Quality Grains ' |High Sucrose soybeans. ~ Not Transgenic j — nia “0.01 0.01
|Optimum Quality Grains (DuPont) {High oil-corn | SO Not Transgenic | . 0.4 .0.75 1.20.

|Optimum Quality Grains (DuPont) {High oleic soybeans 5/7197 nic 0.01 0.03

{Optimum Quality Grains (Pioneer High oleic sunflower Not Transgénic |. nla- “nla * 0.44
|Hi-Bred)

{Optimum Quality Grains (Pioneer {Low dinolenic soybeans Not Transgenic | fia 0.01 . 0.01.

\Hi-Bred) ae ,

Optimum Quality Grains/ lowa _|LoSatSoy (low saturates) | NotTransgenic | nic 0.01 ° 0.05
State University soybeans

n/c = not commercialized; n/a = not available ee Lo

: ' , . : sf. “g$bhaw ew. rey

High-oleic soybeans .and sunflowers also are currently on the market. (Table 14). These yield oil .
that is stable with low or.no hydrogenation for use in food applications, thereby. reducing. or.

eliminating the presence of trans-fatty acids (associated with heart disease) that result from

hydrogenation. This reduces food processors processing costs and results in a healthier oil. The.

high levels of monounsaturated fatty acids and low levels of trans-fatty acids also are more

desirable from a health standpoint.. The high-oleic soybeans are transgenic while the high-oleic

sunflower is not. Both are marketed by Optimum Quality Grains, which also markets ‘and

arranges for the contract-growing of low-linolenic-acid soybeans which yield oil requiring less

hydrogenation.

Optimum Quality Grains also has commercialized soybeans with modified.components other

than oil. High-sucrose soybeans are promoted as having improved flavor and less desirable side-

effects (such as gas.in humans). Products from these soybeans will enable food processors to

include a higher proportion of soy in foods--without incurring off-tastes or other undesirable -

consequences. -High-protein soybeans are intended for use in soyfoods, particularly tofu and

soymilk. . oo a Pl oo

. z ; i . , | 5 4 4 , 5 |: i ., i \
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Table 14. Biotech Edible Oils Currently on.the Market in. the United States

Type of “Company «= Description

|High-Oleic Peanut Oil

vTallye:

Mycogen:

af

[Developed through mutagenesis, producesoil high 1 in
joleic acid, resulting in longer shel-ite for nuts, candy, and |
peanut butter.

| High-Oleic Soybean Oil

*

Optimum Quality
|Grains

‘

ts

Contain oil with 10% saturated tal and 80% oleic acid, wn
compared to, 15% and 24%, respectively, for standard
soybeans. The oil requires fow.or no hydrogenation,

Cow-Linolenic Soybean _ | Optimum Quality
resulting in lower trans-fatty acids. tity we ae
Oil is lower in linolenic acid and requires less,

{Oil ~. .|Grains. -. hydrogenation. =o

Low-Saturate Soybean Optimum Quality {Oil has a saturated fatty acid content of 8%; whichis? 6 yer,
joi Grains about half the saturated fatty acid content of standard 9 ents -

t. poe soyoil and is comparable to canola oil. eet

High Oieie Sunflower Oi TOptimum Quality Oil has improved stability and requires less _ tots,
ley Grains ~ hydrogenation, resulting in lower trans-fatty acids. | --.}<-

. At Mopeds LC . te 8

Adoption of Biotech. Crops in-Canada - AT

While much | ‘of the biotech crop ‘acreage is in the United Statés; several crops also: have beer
commercialized in Canada. The focus there has been on input traits, specifically herbicide

tolerance. : TM ee

Canada’s principal crops are wheat, barley and canola, but since wheat.and barley have been
little affected, canola is the dominant biotech crop. Canola has proven to be one of the most

receptive crops.to genetic manipulations, including value enhanced traits. Other crops that have

been commercialized also are.on the market in the United States. - And, there is broader adoption :

of imidazolinone herbicide tolerant crops, mostly under the Pursuit Smart brand developed by

Pioneer. te
te
ter

Biotech-,canola is thought to comprise about half of all canola acreage’'in' 1998 (Table 15).

Liberty: Link,. Roundup Ready and Pursuit-Smart varieties have about equal market shares, each
accounting fortwo million acres.

Although the Canadian corn acreage is limited, biotech varieties cover just over one million acres

this year; about 40% of the:crop. The most prominent’ varieties are Monsanto’s YieldGard (Bt) -

on 700,000 acres, and AgrEvo’s Liberty Link on 300, 000 acres. a ne

TPT Fig Det

Besides the Liberty Link, Roundup. ‘Ready; YieldGard and Pursuit Smart brands which have ©
gained significant market shares in.the.canola*and:corn sectors, other biotech’ varieties have’

received approval for planting from the Canadian government (Table 16). Almost all of these are»

crops with input traits, and many are the same as biotech crops commercialized in the United

States.

teow

fe ret

“a

Tet, Eo

“4

ape
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Table 15. Acreage of Biotech Crops in Canada
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é
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Company Product |-Approval Acreage

eee . Date | 1996. 1997. 1998 -
|AgrEvo Canada liaberty ‘Link canola i Mar-95 | 370, 500 2, 100,000 2,100,000
AgrEvo Liberty Linkcorn | Apr-97 . ale “ne 300,000

Monsanto _ [Roundup Ready canola ‘Mar-95 50,000 450,000 2,000,000)
\Monsanto/Calgene Laurate canola " Apr-96 — 5,000 ~° 5,000 5,000
{Monsanto {Roundup Ready soybeans Apr-96 nic 6,000 150,000

\Monsanto . ¥ieldGard-corn sd “Feb-97 nic = 60,000 = 700,000] ©

{Monsanto . - __ fRoufidup‘Ready & YieldGard‘corn | Sep-97 . nic nic. 3,000|
{Monsanto | .|NewLeaf Potato | Dec-95 1,500 5,000 10,000:

jPioneer_ Hi-Bred | \Rursuit Smart (IMI tolerant) corn. | Feb-96 nla —- 10,000 20,000; |
|Pioneer Hi-Bred {Pursuit Simart (IMI tolerant) canola | Apr-95 nic 1,600,000 2,100,000)
[Univ of Saskatchewan {sts flax May-96 440 _6,000 3,400}

nic = not commercialized sc be a é

Source: " Canadian National Research GouncitfPlant Biotechnology Institute, Ontario Com Producers
Association, Company. Reports, Press Reports :

Table 16. Other Biotech Crops Approved in Canada

Company : Product — Approval

oak __ Date

. |BASF a _ {Poast Protected corn - Feb- O7 -
|DeKalb Genetics {GRcom Dec-96

DeKalb Genetics |GR & DEKALBUBt- Xtta corn Apr-97
\IClvZenecaSeeds — —_{IMI corn Jul-97

Novartis/CIBA’& Mycogen’ . [Maximizer & NatureGard corn - | -Feb-96
\Novartis/Northrup King «+ (Maximizer: -Aug-96

{Pioneer Hi-Bred =~ dJRoundup: Ready .& YieldGard corn 1/ .{. Dec-96.
{Pioneer Hi-Bred _ | High oleic/low finotenic acid canola 1/ Aug-96 || -

|Rhone-Poulenc BX- canola (Bromoxynil tolerant). Jul-97

1/ Pioneer's Roundup Ready & YieldGard corn and high-oleic/ow-linolenic acid canola
have-not been commercialized.

Source: Agriculture Canada, Pioneer HisBred . -

Although considerable research on value enhanced crops is underway, little acreage is planted to .
these.crops. Monsanto/Calgene’ S- Laurate canola has been planted on some 5,000 acres in 1996-
98, and high oleic acid and low linolenic,.acid canola were approved by the government in
August 1996 but have yet to be commercialized.
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Adoption of Biotech Crops in the Rest of the World
_

ft ae v+ «,
* i” Se ‘ . .

Mexico and South America
~ om =e

Aside from the ‘United States and, Canada, the next largest biotech acreage is in Argentina.
-Roundup: Ready ‘soybeans planted there over the last two years reached 3.75 million actes in
1997, 22% of total acres. Monsanto reported it had sufficient Roundup Ready soybean seed for
10 million acres in 1998, and Bt corn was approved for planting.

Biotech crops have yet to be approved by: Brazil. -A major hurdle wascleared in September
1998, when the Brazilian National Bio-security Technical Commission.(CNTBio) ruled to allow

the sale. of Roundup Ready soybeans. However, the Agricultural Ministry’ still must give formal

approval — and this is expected soon. “Monsanto is “expected to have Rojindup Ready seed
available for sale next year.

In Mexico, Monsanto’s Bollgard/Ingard cotton has been commercially available since 1996,

when some 2,000 acres were planted. Acreage rose to 50,000 acres in 1997, 10% of total cotton ;

acres. Monsanto planned to’have ‘sufficient seed for 200,000 acres of Bollgard/Ingard cotton *

seed for 1998, , though preliminary reports suggest plantings may ‘not have exceeded 100,000

acres.
as

7 toge + 7
geo eS tk ke ee ee

Asia and Australia

China has adopted.a biotechnology-friendly stance as it seeks ways to feed its massive and

growing population. Biotech crops réportedly have been there since the early 1990s, including

virus resistant varieties of tomatoes and tobacco.

The International Service for the Acquisition of Agri-biotech Applications (ISAAA).at Cornell

University estimates biotech crop acreage of 2.8 million acres in 1996 and 4.5 million acres in

1997. Tobacco resistant to the Cucumber Mosaic Virus accounted for 2.5 million acres of the

1996 acreagé and:4:0 million in 1997. Virus, resistant tomatoes ‘were planted on 0. 3 milion. acres >

in 1996 and 0.5 million acres in 1997.

Plantings for 1998 are not yet available, though the ISAAA has added Bt cotton to the list of
biotech crops grown. Monsanto reported it would have as much as 375,000 acres worth of
Bollgard/Ingard seedavailable, but ISAAA Suggests. no more than 100;000 acres. ”

In Australia, ‘Bollgard/Ingard cotton already ‘has gained significant: market share. Monsanto
reports 75,000 acres planted in 1996: anid 150,000 acres in 1997, 15% of the total crop.’ Monsanto
indicated seed sufficient for 200, 000 acres Bollgard/Ingard cotton this year.

*,

Biotech Developments in Livestock

Until two spectacular developments in the mid-1990s, few people realized that biotechnology

applications were as far advanced for animals. The first was the February 1994 introduction of
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. bovine: somatotropin (BST) (Posilac brand),’4 protein ‘horihone that increases milk production in’

cows.’ The second evetit was public introduction in'Febriary 1997 of Dolly,’a sheep, the first

mammal cloned from a cell of an aduit.

The*increase in-milk production ‘from Posilac tends-to be between five and-15 pounds per cow .
per day. ‘ The ‘product now’has a sizable market.-Monsanto estimates that of the nearly nine

million dairy cows in the United States, 30% are ‘in ‘herds ‘supplemented: with Posilac. ‘The

volume’ ‘of. Posilac reportedly increased 45% in 1996 and 30% in 1997, ,
we

Forms of somatotropin also have been. developed for beef cattle 2 (“Beef BST”) and hogs(porcine
somatotropin, or PST). -However, neither has béen adopted to the extent of dairy BST: - Beef

BST has had difficulty for two reasons. First, it must be injécted or even placed into the rumen

of beef cattle, which can be difficult and adds (significantly) to labor requirements at the feedlot,

thus increasing costs. Second, feeding trials have generally indicated’Béef BST should be used

in combination with a steroid implant in order to be fully effective — a costly combination — and a

. study ‘by lowa State University even showed that treating steers with Réevalor (a:‘commionly used

anabolic’steroid implant) alone produced-equal or better weight gain and béttet feed conversion

than’ using 4 combination of BST and Revalor.* -Beef BST, however, has‘a'key benefit of

significantly increasing the lean percentage of carcasses, which may ‘be desirable as the cattle

sector-attempts to align production practices closer to consumer demands. Still, the economic

and operational constraints of Beef BST have not permitted it to be commercially-viable thus far. _

Similarly, porcine somatotropin is effective at increasing the average daily gain of hogs arid

improving feed conversion ratios, and it results in a higher lean percentage. However, hog

producers: have had:remarkable success: at achieving these goals by adopting superior genetics -

(through breeding, not biotechnology), rather than PST, in order to improve the: entire - “stractare .

of the-hog, including increased Ioin-eye depth and reduced backfat. °

The birth of Dolly in Scotland was followed by the birth of cloned calves in the United States.
One calf, dubbed ‘Mr. Jefferson.was produced by PPL: Therapeutics, the same company that

produced Dolly. . Another company, ABS Global, which long has been ‘a provider of cattle

breeding products and services, cloned a calf that it named “Gene.” Then, Japanese researchers

reported-in July: 1998 they had produced cloned calves, and scientists in Hawaii reportedly have

cloned mice — with both’teams producing the clones from the-cells Sof adult animals.
“ Y af af . :

Perhaps suggesting things to come, PPL Therapeutics announced i in May 1 1998 that using the |
same’ cell-nucleus transferal method as had‘been used’ for Dolly, it had produced two transgenic

lambs, Molly and Polly, into which human genes had been inserted to “manufacture” blood-

clotting factor in the sheep’s milk. This:leads to the possibility that herds-of such sheep-can be

used as “factories” for the production of the factor (Factor IX) uséd in the treatment of

hemophilia B. PPL also is reported to have.a herd of 700 transgenic sheep (not cloned through

’ nuclear: ‘ransferal) that t produce the enzyme: ralpha-1- -antitrypsin, which 1 is s invclinical trials for the
HOM.

5 John Rathmacher, et. al., Iowa Staté & Usiveriy, Effects of Bovine Somatotropin and Revalor-S on
Growth Performance and Carcass ‘Leannéss'in Beef Cattle.’
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treatment of cystic fibrosis. Similarly, ABS formed .a partnership with Pharming Holding NV to-

develop the blood-clotting proteins Factor Vill, Factor. IX and Fibrinogen, to be produced in the
milk of transgenic animals. ity

In a development that has already been commercialized in Canada,.researchers have discovered a

DNA-based test. for: Porcine Stress Syndrome (PSS), a genetic ; condition that contributes to the -
incidence of : pale; soft and exudative.pork.Research has shown that PSS is also associated with’
other problems such as lower ‘conception rate, smaller litter size and higher mortality -rate: |
Subsequent to the identification of the DNA site of the defect, a DNA test was developed that

provides.a reliable and practical method-for detecting the.“‘halothane.sensitivity gene” present-in -

animals, susceptible to -PSS. The test is-used to select against breeding animals carrying this
recessive gene. Ch ee . Py :

la aa Cos - no

Through an agreement between the. Canadian Pork--Council- and-the University of orem
Innovations .Foundation, ‘swine breeders and hog’ producers across Canada are now. able-to-

become licensed users.of this DNA test.to determine the. presence. of the halothane gene, anditoTM .,
use the results to control the incidence of. PSS-; The Canadian-Pork Council, which represents the s-
interests of commercial hog producers, "has made, use of this licensing agreement to distribute the:
technology as widely as possible throughout Canadian industry.- This benefits all segments of the
swine and pork: industries, with on-farm productivity gains by both breeders and commercial’.

producers, and enhanced pork quality for packers and processors.i 3.”

Biotech Microorganisms,and Enzymes - = =, 5 >: Mea ate

Biotech developments are not limited to large -living organisms. Microorganisms that shave,“
improved functional.characteristics also are being developed. through genetic engineering.. These

microorganisms are being targeted. at.agricultural-and food processing industries; the animal feed.

sector, and even crop production.

One of the most prominent areas in-which biotechnology has affected the food industry ‘is in

cheese production. Traditionally, to augment the curdling of the milk to produce cheese, rennet ; 4

had to be. obtained, from calves? stomachs. However, in the late. 1980s, products, were:+ -;

commercialized that contained. the enzyme chymosin. that :performs this function,: after. —
researchers had discovered the, means to transfer the DNA responsible for the production of:this. -
enzyme in the calf into commercial microorganisms. These microorganisms have the advantage

of being more consistent-in quality and availability than rennet. obtained from calves’ stomachs.'r2"4

and they.also result in cheese that meets-religious-regulations and other dietary requirements, «

such. as kosher, halal. and/or vegetarian needs, although some groups are averse to the use of 1’!
genetic. -engineering. ‘Chymosin- -based, biotech products are now used in the manufacture of a,
majority of hard cheese. . .. outage oe mos boo.

3 . vane GCs te bys Se
Transgenic enzymes, such as alpha-amylase .and beta-glucanase, also. are used by the:grain’ 7
processing industry in the conversion of grain into ethanol, beverage alcohol and sweeteners. In.

‘the animal feed sector, transgenic forms of thezenzyme. phytase, are added to feed to aid the °

digestion of phosphorous by monogastric animals-(i.e.,-hogs and poultry). In grains, a substantial. ...
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portion of the phosphorous tends to be in the form of phytate, which is difficult for monogastrics

to digest. When excreted, this phosphorous can contribute to water pollution.

Two of the key companies in the development and. commercialization of biotech microorganisms

for the commodity processing, food” and “feed ‘sectors” are Gist-Brocades and Genencor

International, a joint venture between Eastman Chemical Company and Cultor Lid. of,Finland.
SUE ata, ‘

a

Another focus’ of biotech efforts related i _Mictoorganisiiis, ig ‘tafgeted ‘at crop ‘production.
Nitrogen fixation j in ctops such as corn 1 has bean a“
is proving, to be’ ‘a very elusive goal. Gi

Seeds, Inc. has already commercialized transgenic thizobia for use as an alfalfa seed inoculant, to
increase nitrogen fixation and thus yields.of alfalfa, As with many biotech developments to date,

this is a-precursor of products to come. that will" focus not only on nitrogen fixation in legumes

but also enhanced uptake ofnutrients by other: crops.
an

+s rig. Be,

Nutraiceiuticals .
ie

a

The rhodification of cfops to produce foods that influence Hurrian health is a natural ‘progression
for biotechnolégy developments. This ability already has been demonstrated in the development
of oilseeds with more healthful oil properties ‘(é. g., ‘lower. saturated. fats). However, products .
with a specific health function (i.e., nutraceuticals) have yet to be introduced commercially.
These products likely will be developed and commercialized more rapidly as linkages between
agricultural biotechnology and thé pharmaceutical - industry : are “strengthened. Though
pharmaceutical production from plants. and ‘the’ ability to creaté tailored foods for specific health’
needs may seen futuristic, two major biotech. players (Monsanto and AgrEvo) also are ’ significant .
in the pharmaceutical industry, suggesting’ dévelopment of “farmaceuticals” and “functional farm
foods” to be very plausible.’

a

‘One of the a areas in which biotech research is reported. to be ongoing is the deVelopment of
“functional foods,” often referred to as “nutraceuticals.” While no widely-held definition of

these terms yet exists, functional’ foods generally are regarded as “providing a health benefit
beyond basic nutrition, either because they have been fortified with added nutrients or genetically

modified to contain higher levels of nutrients. Consequently, a soybean genetically modified to

have higher levels of vitamin E- could be considered ¢ a functional food, while a soybean with

lower fat content would not.

Examples of functional foods currently on the imarket, all of which aré nontransgenic, include
Tropicana’s calcium-fortified orange juicé,Hain Foods’ soups with added’ St. John’s Wort, and
Benecol, the margarine made from ingredients derived from pine trees that reduces blood

cholesterol levels. However, there are’ no biotech’ products with a specific health function that
have been commercialized to date. ad

‘Holy Grail” for plantbiotech researchers, but —_
that nitrogen’ fixation ‘by crops results, “from ‘the
acteria, principally Hiizobia, some researchers. ‘are

starting to focus on n enhandement of the role of bacteria through genetic modification. ‘Regearch.
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IV. ‘Biotechnology Tomorrow

While the Commiercially available biotech products appeared “suddenly” in 1996, they were the
products of research and development programs that had been underway for.a long time. The. .,
products now available are. impressive, and lead immediatély to the question of what more can we, . a
expect and how soon. This section examines the research ‘and. development ‘ ‘pipeline” and suggests |
what may bei in the offing in the tiext few years. It begins with an overview ‘of the research efforts, .
their structure, and magnitude, to help develop an appreciation for an examination of what the ,,
pipeline contains. ,

_ P

a

m4

‘ ~ te
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_ Research ,
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.

+ he hee eee eSince the 1950s, the world food problem has been widely tecognized as the result of poverty ~ - the
inability of poor people in developing countries to produce the food they needed or to purchase it...

on world markets. In fact, those problems included isolation from markets, lack of investment in

human resources, badly-designed economic policies, and a host of other constraints. Part of the.
recent progress in those nations includes imported technology, an end to much of the former a : *
economic isolation, more Supportive economic and trade policies, and much greater dependence on |
direct capital investment. — -

‘i 7 4 * hyai

How can biotech help? Biotechnology's contribution will be multi- faceted and complex, and will ,
extend well beyond simple food production. Today’s biotechnology already has demonstrated the a
capacity to increase productivity, and reduce input needs — and tomorrow's advances promise the.
capacity to deal with many of the key constraints limiting current systems. They promise toprovide .
significantly incréased productivity over time, reduced environmental pressures through reduced . .
pesticide use, and increased product values that make commercial users more competitive in growing

markets. Potential impacts include: ' a

?

Boosting yields by producing plants and livestock specifically: tailored for climatic
"conditions in relatively small production regions, and thereby reducing pressure to

' cultivate marginal and/or fragile, land.

Increasing tolerance to stress, perhaps “iting fami production area. |
we MER gs

Increasing resistance to diseases and. ‘pests, reducing the use.of chemicals, and increasing the __
performance and practicality, of no-till (or limited-till and other conservation practices. ,.

Increasing commodity quality and uniformity ~ as well as its storability and many other
characteristics that réduce losses and:i increase value.

1s

Tailoring plant and animal products to specification, increasing value for consumers and
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reducing production input requirements. - : pO

Helping low income, low-technology producers increase their food supply. In the 66 developing

countties where 2.3 billion people live,-and where current food supplies are inadequate, productivity

growth is barely 2% annually Gust slightly: faster thanpopulation growth), constrained by lack of
inputs, lack of crop protection products; poor management and numerous‘other problems. In these

“nations, imports are increasing as fast as domestic production, and economic aid‘is falling rapidly.

et : ~ age SL a a aaat | . .

In just a decade, the world “food: gap,” the amount requiredto maintain currént-madéquate nutrition
levels, could approach 18 million tons, nearly 3.5% of the total supply available to these consumers.

To achieve minimum nutrition standards by that time would require even moré; s6me 24million tons

ot 4.5%of total availability. Since food aid to these‘countries also‘is falling, an improvement in the

nutritional level of these people appears ‘to: ) depend” heavily on inproving- their. agricultural
productivity and their incomes. Pe LG ee so

Over the longer term, these countries all need large amounts of investment capital in production,
infrastructure, and agricultural support systems as well as technical assistance in improving their.

production and marketing processes. However, they also can benefit very significantly from crops

and livestock specifically tailored for local production situations. Crops, especially, that can be

produced in poor soil, that tolerate stress, that require minimal fertilization and resist diseases and

pests and still produce improved yields would be particularly helpful.

* uh ‘

Akey feature of biotechnology's future role: in increasing productivity of small farmers: ‘in-developing
countries is the capacity of the system to produce new plant and livestock strains specifically tailored
to meet specific needs. A major stumbling block to the use of biotechnology in-this way is the lack

of capacity of:these producers to pay the "genetics fee" for private, commercial products. However,

it is likely that international philanthropic institutions or one-or more governments might consider .

a special, sponsorship role to develop a modest number. of demonstration products, and that.
developing country governments might also support future use of biotechnology: i in ‘this way.

Helping reduce pressure on the environment. Asapracticalmatter, virtually. all of the highly
productive land in the world-now is cropped, much of it at levels of intensity that are near maximum

for sustainability. Pressure on the environment commonly includes, among-other forms:

Clearing "new lands" for more intense. cropping, frequently resulting 1 in soil loss, stream

siltation and rapid fertility loss.

Cultivation of marginal lands, frequently pasture land, with steep slopes, thin topsoil, or
other constraints to cultivation, resulting in severe soil loss, damage to streams and rivers

and lakes. = '

~
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Increasing fertilizer and other agricultural chemical use, often to uneconomical levels, again

with damage to streams and aquifers.

; Increasing cropping intensity by mining aquifers until their use becomes uneconomical, by
increasing salinity of irrigated land; or by damaging the natural environment nt by diverting °
‘natural watercourses. i. yt ys . ae

4

me . \ aroe ‘ ‘ , ' , a)

In the future, substantial i increases in output, either to meet rapidly growing commercial markets or
to increase nutrition leyels of the world's poor must depend on increased productivity of crops and:’ >:

livestock.. The expected output growth rates under current technology provide little margin for either .

rapid growth:in commercial markets or substantial increases in diets for the poor. While the major -

part of future productivity growth likely will come from commercial producers, non-commercial -- ~

producers in. developing countries will benefit from productivity: increases, as well. For either:group *-

to meet the expected needs of the next quarter-century, the support of well designed, biotechnology o
approaches will be required.

Research-Investment 7 - wis. os Se cr, .
Ae oe wot sof eet

The long-term productivity growth | in agriculture and food systems is widely attributed to fourmaj or
factors: - 6:3: * ot,

Public investment in agricultural research and development;
“« Public’ expenditures on infrastructure;

» Private expenditures in research and developmient;-and —

~ Technological advances in material-inputs such as fertilizer and chemicals. ~

Except for direct investment in infrastructure, each of these reflects (with a very long,'15~year or so

lead time) investment in research: In addition; the nation's experience indicates that irivestment in.

each of these areas means‘ quite high rates of social return ~ incliding,- surprisingly: private ~~

investment in research (Table 17). USDA analysis of research priorities suggests that the greatest -

return is to basic research’to find new-approaches and néw relationships without regard to their

application. However, it’also concludes that the social‘return to private research is very high — nearly

as high as for all public research, as high as farriéts' education and highér than public extension.

Table 1 7. Social Rates of Return to Research,
‘+ aba nae

Social Rate of Return
ee te thew oe. . percent

All Public Agricuttural Research | © a 40-60
|Basic Public Research ——-- oy 60-90 ©

Private Research 30-45

Public Extension . 20-40

i

om

| ~ , |

ae |}
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|Farmers' Education | (30-45 - |.

depend upon for our. food, fiber and medicines. The key to the commercial development — and the
distribution of benefits from this knowledge is current and future investment in research: Just as the
world food system_is. facing a revolution from biotechnology, the research and- development
investment that fuels.the revolution has changed. dramatically, as well. An example is the focus and

importance of private research — a.system ‘that has come to dominate the development of

productivity. . . ee ' - :
~ of

Today, the vast. bulk of, US. research i investment in sgricultre: is private = - about 60%, with 16% from

development, for example, federal spending inoreased rapidly | during the 1970s and through the mid-
1980s, but since that time has declined in real terms..Private research and:development spending has

grown much faster — an average. of 4.5% annually through the 1980s and early 1990s, reaching
nearly $2.4 billion in 1993 (in constant 1985 dollars) and substantially exceeding the federal

In the mid- 1960s, over two-thirds of psvate research and developmen RED) 1 in agriculture went
veer

Public research, by contrast, concentrated. on ‘biological innovations to increase crop. and livestock
yields, pest control and natural resources research.

Table 18. Private A: ricultural Research.
Primary Focus Areas . 1966 ; 1995
| ' ‘percent

Farm Machinery — 29 11

Food Products 38 30

‘/Plant Breeding’ 3 “44

|Animal Health oP 8 8

|Agricultural Chemicals) — |: 22 : waft

By 1995, the structure of private R&D had changed dramatically. Much of the focus had shifted

from farm machinery to agricultural chemicals (now the’single largest private investment area),

while retaining its strong focus in food products. And, private research. had become much more

important in the overall US agricultural an and food research system — the key i investment structure now
i vee " ino

o HE, Yer stapes

6 Wallace Huffman and Richard Tust, Agricultural Research: Benefit ts and Beneficiaries of Alternative
Funding Mechanisms, lowa State > University and 2 niversity of Maryland, December 1997.

too-t Ran ‘ . ’ th,
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driving the biotechnology revolution.

The US public and private investment in research new is about $7 billion and has doubled in real

terms since 1970. Since 1982,:however, the private sector has-invested more in agricultural R&D:

than the federal and state governments combined. ‘As real federal spending has stagriated, the gap

between private and public R&D spending has widened arid the private sector has’ developed —

significant capacity-in areas long dominated by public research, such as plant breeding. ‘And, at the

same time, state. experiment stations have relied increasingly on private industry, other non-

government organizations and product sales to fund their research programs. Bétween 1970 and

1995, the share of experiment station research funded. by private and non-government sources

(including private: sales) has nearly doubled from under. 11% to more than 20%. Key factors that

have spurred ‘private sectorinvesting ‘have been key discoveriés ‘in biotechnology, growing ‘market

opportunities, and stronger intellectual property protections f for: r biotechnology: ‘advances. . Me

Several. policy shifts have Spurred the increased investment in biotechrblogy research, These
include: ' or, i rr a -

. a cok

~ ; PTT

Relatively recent changes i in US patent and copyright laws that have encouraged the growth- - -
of private. agricultural research as commercial investors were able to protect their

marketing rights for new products for 20 years. Expansion of intellectual property rights -

to include plants and animals also’tias conitributéd to the: significant growth of: private-

' sector research in plant breeding and biotechnology i in recent years.’ OO

The Patent and Trademark Amendments of 1980 that allow institutions to patent technology
developed through federally fundéd research. Most universities.now have offices of

technology transfer to patent and license inventions developed in their laboratories.

, The Federal Technology Transfer Act of 1986established Cooperative Research and
a, Development Agreements (CRADAs) as, formal arrangements between federal

laboratories and private companies to develop: specific technologies.. Key advantages of

this cooperation include : reductions i in research redundancy and increased efficiency in
the allocation of research efforts, “However, it also raises. questions regarding the division
of property rights between public and private partners, and possible shifts in research

~ focus-toward short-term payoffs rather than’ longer-term investments. Today, there are’ ,

290active joint projects between USDA and private companies, with about 60% of:these « 7

related i in Some way to biotechnology.- Hs tas
wi Pp tyett cae Joon * HB ete . . a : Bak Te

The private/public investment partnership continues to be extremely important. Private
agricultural research is revenue driven and tends to focus i in limited” areas inchiding

ye “i . oo ae ue OR | ot
tie { sy re wr a

7 Role of Research in Global F ood Security and Agricultural Development World Food Summit, FAO, 1996.
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7 USDA “Agency toe | ~ 4985 , 1990 1995. 4997 1998] “Change
7 - _. J, 1998/85 |

[ — “million 1986 dollars LT %
Agricultural Research Service 797 738 724 696 711}-10.8

Alternative Agriculture 0 0 5 7 7

|Cooperative. State Research, Education ..]. 454 400 - 427... 394 393|-13.4:
Agricuitural Marketing Service 5 3 5 8. 8|60.0

jAnimat & Pjant: Health | 0 16 _ 17 20 19
Economic: Research Service. 74 63° «55 53 69]-6.8.
Foreign Agricultural Service Q 3 1 1 1|-88.9

|Forest Services ©. | “ f 182 185 = 198 177. 182/0.0

\Grain Inspection, Packers os ) 2 0 2 3 3}50.0

National Agricultural Statistics Service 13 3 4 3 5 3}+76.9
Rural Business-Cooperative Services ~~ ze) 4 0 0 0}0.0

{Research Facilities | : _ 54 88 124 138 — 86|59.3
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pesticide and herbicide research, biotechnology and-certain types:6f plant -breeding.

- Public agricultural research is more "broad based," focusing on basic and pré-teciinology

science, and concentrates largely on increasing productivity. Public research coittinues

. to be an n important part of the:foundation Support for productivity growth fari in n the future.

The dispatity between public and private: ereseatch spending: has widéned. significantly’ since the
1980s. The decrease in public funding, in real terins, has occurred not only in spite of pressures to

increase the world's food supply but also as the agricultural research system increased its focus

beyond its traditional goals of i increasing productivity to. include environmental protection and
improved food: safety.

MW ss. mo me nn)

For example; USDA’s research budget i in 1985 was just undef $i. 6 billion, including research'in 11
agencies; and $54million for facilities (Table 19). By FY 1998, this: amount had declined modestly

to $1.48 billion: (in constant, 1986 dollars), a drop:of 7%.over the period. However, for thé two.
agencies that support the bulk of the productivity-focused research, the Agricultural Research

Service (ARS) and the Cooperative State Research, Education & Extension Service: (CSREES), the

cuts were larger nearly 11% for ARS and more: than 13% for CSREES.
ws

Table 419. USDA A Research, Development and Education
£3

ss

Total : __ 1595 1503 1562 1500 1482}-7.1

“a 8: 2. ve

Private sector agricultural research funding, however, is likely to continue to increase to supply

profitable markets. Thus, while the private sector could pick up some of the slack left by declines

in public funding, the concern remains that déclining public research will ‘uridercut productivity
growth and diminish US competitiveness in the growing world markets.

ore gn.
As the structure of research investment ‘has shifted from public to private, there also has been a shift
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in the character of public research. Encouraged by, the revenue potential, corn breeding, for example,

now is being done almost exclusively by the private sector, in contrast to 20 to 30 years ago when
a significant portion of it was conducted:in the: public arena.®: As private research in the more

commercial, patent=protected areas has increased, public'research has-focused on technologies for

which it is difficult to exclude use by others. Research in high-yielding varieties of open-pollinated

crops like.wheat is now being done mainly by the public sector;.as is the bulk of the food safety and

environmental research. _ mo, COOLS bg to ge

rh eS me a et 2 a ° a

Biotechnology research is .a-good example of the benefits of :long-lead time, basic research that.

subsequently is used by the private sector to boost overall sector productivity. For example, the $40

million national Plant Genome Initiative begun in FY 1998 will focus on deciphering the genetics

of corn and-other economically significant. crops. Thus; while most: agricultural biotechnology

research. now is done in private labs, public.and private résearch:15 to 20. years ago helped create the. .

‘ rh we & - hy 5
Posse LU Sty, . fete

Global Trends in Agricultural Research who apes Aes
- EM aT * :

Long-term. trends in.support for public and private research in OECD countries through the early
1990s (most recent such data available) are:shown in Tables 20 and 21.° The United:States spends

more on agricultural research than any. other single country, followed by Japan. The total agricultural

research budget for the 22, OECD member countries is estimated:to be between $10 billion and$14.

billion, with the United States accounting for about $4.5. billion i in 1993, likely nearing $6 billion-

today. ; 

i a

ache rs

Table 20. Publicly Funded Agriculture Research, Developed Nations
a

-TGrowth Rate]
1974 i976 i981 1986 1990 1991 1992 1993--|- 1981-93 _|. ”

Hs

knowledge, base now. supporting,productivity advances.) 5 * 71 0: oo 5

| million 1985 dollars. be % sdeaet
USA 1,229.5 1,583.8 1,621:7 1,804.8 1,995.6 2,028.2. 2,060.9 2,073.7 2.1 fou

Japan 926.2 1,033.3 1 232. 4 1,268.1 1,411.9 1,472.6 1,471.9 .1,348.4 0.8 jreny
France =| . 295.7 355.2 4095 4330 449.2 :462, 0.. .493.6 +. 609.7). 14.8: et
Canada | 354.7 331.1 461.5 6063 443.7 471.7 450.2... 466.6, ..03 . nny

UK 274.4 332.1 3723 3746 3565 3644 3803 371.1) 0.0. : i:

Germany 308.6 . 326:9. '299.8-- 304:7° 311.6 314.4 317.2 320.1 "OS 2 I
Rest of OECD} 930.7 1,133.4 1,356.7 1,642.6 1,758.7 1,843.2 1,859:9 2,078.9) 3.6 ~ ,

Total 4,319.8 5,095.8 5:743.6 6334.1 6,727.2 6956.5 7,034.0 7,168.5 1.9

¢

‘

me

® Dr. Wallace Huffman, Department of Economics, lowaState University, personal interview, March 17.
1998. S a oe, I

cote gp RED aoa? |

° These OECD estimates, the most current available, reflect worldwide investment trends for the 1981-93

period. ~ woe, og bet
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Source: ISNAR/IFPRI, Aaricutural Science and Technology Indicators Database

The trend of stagnating investment for public research, i Js.not unique to: the United States, but is
occurring in almost every country. around the globe. Publicly-funded agricultural research in the
OECD member countries grew annually by 1.9% (constant. dollars) during 1981-93.'° By contrast,

private research funding in these. feveloped countries grew.at,a 4.8% annual rate during the period.

While developed countries ‘continue to support + agricultural 1 research heavily, they are generally
reducing the rate of growth. Examples.includeCanada where research reached a peak in 1985 but
has been lower since that time, and the UK where there was essentially no growth, b between 1981-93.

. : Lo, 4 yoo.

os “ Le OR e

riotTable 21. Privately Funded Agriculture Research, voveloped Nations
oe" ae . . |Growth Rate

} 1984 1985 4990 -. 14999": - 1992: 1993 | 1981-93

: million 1985 dollars = = . : %
USA | 1417.9 1,863.3 2,223.0. 2,261.4. 2,391.5 2,3911:5] 4.5

Japan | 801.8 | 1,082.2 1,610.0 1,559.4 . 1,587.1. 1,639.7] 6.1
UK | 414.6 465.1 — 623.0 593.56 _. 641.3 641.8 3.7

France | 255.6 352.8 507.3 510.1° 40.3 | 572.41 6.9
Germany 4 426.1 4788 822.6 $20.2" 4895 = 4589 0.6
{Netherlands 183.7 206.9 247.5 241.9 <* (2378 — -- 284:3) 3.6
Canada | 755 - ° 916: - 989 - 403.2. 106.0 418.7] 3.8
Australia 25.2 55.5 91.0 112.6 136.9 137.3 15.2
Rest of OECD 414.8 538.2 718.5 739.9 774.3 767.2} | 5.3

Total | 4015.2 5,134.4 6,641.8 6,642.2 6,904.7 7,008.8] 4.8.

Source: ISNAR/IFPRI, Agricultural Sciénde and Technolegy Indicators Database

At the same time, private agricultural: reseaich funding erowth t ratés.in those same countries have —
been significant. In Canada, private research funding has increased at an annual rate of 3.8% from

1981 to' 1993, 3.7% in the United Kingdom, France 6.9%, Australia 15.2%, and Japan 6.1%.

CGIAR . a

Le we ee sh , ab, ay . tele Tee He,

The Consultative Group on International Agricultural Research (CGIAR), pethaps the. world’s

preeminent public agricultural research body, is cosponsored by FAQ, the-UN Development

Program, the UN Environment Program and the World Bank. Its research is primarily conducted ’

try, : i

'° ISNAR/IFPRI, Agricultural Science and Technology Indicators Database, The Hague/Washington, DC,

1997. Also Paying for Agricultural Productivity: Financing Agricultrral R&D in Rich Countries, edited by

J.M. Alston, P.G. Pardey, M. Philips:and V:H--Smith, Jolin Hopkins University Press,1998..
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5
_CIAT Centro Internacional dé Agricultura Tripical in Cali, Columbia. ,
‘CIFOR Center for International Forestry Research, Bogor Barat, Indonesia.

~ CIMMYT *”Centro’ Internacional de Mejoramiento de Maiz y Trig6, oY
Mexico D.F., Mexid6:" 7’ pT
CIP? Centro Internacional de 1a Papa;‘l:ima;Pera. 8

ICARDA | International Center for Agricultural Researchi in Dry

' ‘Areas, Aleppo, Syria: ~ BT

". ICLARM: — . Tntertiational Center for Living Aquatic Resources, Makati v3
*~ City, The Philippities’ = = > Cy

ICRAF International Center for Research in Agroforestry, Nairobi, Kenya.
' ICRISAT * International Crops Ir Institute for the le Semi-Arid Tropics,

:. Andhra Pradesh; India: °°

- ++ IFPRI | International-Food Policy Research Institute, Washington, D.C. *
‘TIMI. _Internatiorial Irrigation Management Institute, Colombo, Sri Lanka.

‘IITA’ International Institute of Tropical Agriculture, Abadan, Nigeria. ~~

ILRI International Livestock Research Institute, Nairobi, Kenya. 2,

“IPGRI International Plant Genetics Research Institute, Rome, Italy. fo

IRRI International Rice Research Institute, Manila, the Philippines.

SNAR International: Service for National Agricultural Research, The =
Hague, Netherlands. Po ee
‘WARDA — ..." West AfricanRice © Development Association, Bouake, Cote a
“dIvoire. on : py

in its 16 centers located around the world, including:
whe

ve

_ _

TM . : os me ae '
saan To pe ete

The CGIAR centers | have been extrethely active in: the: developinent ofnew w agricultural technologies’ .
since their establishment, and were instrumental in the discovery.of many “Green Revolution” plants

and varieties. Today, their stated objectives.are much broader than simply the development of new
crops and livestock, and include both poverty, alleviation.and natural resources management. .- 5

ig

- CGIAR now is planning research’ expenditures, for the coming fiscal year of about $355 million,:with - :,”
about 10% of that amount going to. biotechnology research.'. However, in spite of this support, these

research centers have major concerns regarding some of the directions biotechnology has taken in |:
recent years, especially about the availability of advance genetics for the poor. The system strongly
supports,many. biotechnology projects, including ‘those focused on biotechnology safety, those.

focused on, greater understanding of-biotechnology generally and the.concept of a biotechnology~ -

service center to help,each of the centers increase the'effectiveness of their biotechnology research:: +

For example, they also are concerned about:. .

oot . . .

a tt . 4 - als o

. we : ~ ae.
Rely . aw

u Mobilizing Science for Global Food Security, CGIAR'1998 mid-term meeting, Brasilia, Brazil; May 1998. eopRBRteBREEHEaaeseRt a
000344 __
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The-extent to which CGIAR mandated crops already. are affected by proprietary claims.

The extent to which owners of proprietary agricultural biotechnology. (private companies and
universities) make their proprietary science available. The organization has concluded,

for example, that intellectual property owners generally agree that:their property should

be.used to help the poor,.but only if they-do not face technical or financial damage from

such assistance subsequently. - CO

a
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The impacts and corisequences of new biotechnologies. At a World Bank meeting held just
last month, the CGIAR adopted a resolution banning the “Terminator” and related

- genetic seed sterilization technology from its crop breéding prograntis worldwide. The

‘CGIAR cited the potential.for the Terminator to have negative’ consequénces for food

security, genetic diversity, biosafety, sustainable agriculture, arid plant bréeding.. It did
note, however, that CGIAR scientists might retain the'option to study the technolo gy in

the laboratory — without aims to releasé it to farmers.

Research Investment in Biotechnology

It is difficult to estimate directly public expenditures for biotechnology research since most research

expenditure records do not permit that level of direct detail. However, in a number of interviews

with research administrators, estimates of these amounts were requested and are reflected below.
These include: mo

research expenditure.

USDA — Cooperative State Research and Extension ~ -biotech estimated « at 15% of $393
million. :

USDA — Other (eg. APHIS, FS) — biotech estimated to be 5% of $378 million.

Other Public — State, Foundation — biotech could be 3% of $1,500 million.

CGIAR ~ International Centers — biotech estimated to be 10% of $355 million.

Other Developed/Developing Countries — biotech estimated to be 1.0% of over $8 billion.

Summary

Based on interviews with research administrators, public budget documents and other research

reports, the following amounts are estimated for public spending on biotechnology — a very small

share of the public/private R&D budget for agriculture and food. The largest individual amounts

appear to be spent by public institutions in the United States which account for well over one-half

of the world total (Table 22). Research spending in other developed and developing countries, and

by the World Bank appears to be a much smaller share of total research than in the United States.

USDA —~ Agricultural Research Service — biotech estimated to be 15% of $711 million 5
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Table 22. Public e Spending on n Biotechnology
| “ . | “Biotech” a “Biotech”
|institution |. Research © Share Spending |.

ae .' oo fe mil S| % mil$ 4°
|USDA = ARS oy 714 AB 107
{USDA — CSREES a : 393 AB 59

{USDA — Other . eT 878 5 19

jOther US State/Foundations - } 1500 = 3. 45

{CGIAR 4 355 oe © 40 36—

Ottier DevelopediDeveloping “| 8,000 cee 4 80
_total Tt _ F337 346 _

" ta _ - s "Phe Pipeline

While the extent of biotech products already in use and the fast pace of their adoption has been |

spectacular; available evidence suggests that many more products with wide-ranging characteristics

will continue to emerge in the marketplace. Given the rapid adoption of the new products in just: ‘thé a
past three years, it seems reasonable that the‘appearance of new products could be expandedto be

even more rapid in the next few years. This section identifies the new products that are being

developed for regulatory approval, and thus can nbe expected to become commercially available i in
the next five ‘years. eo

ee . . wm

000347
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commercial markets, and ev ; ore: ae different ces will be ead over ihe longer
_ term as agriculture. ‘becomes more closely linked with pharmaceutical and industrial
e application
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nSResnlanons FE or ‘Genetically anipaiceted) Organisms:

Developing and Gonimendialicins new penctivally: eugene: plant varieties most: often
involves field testing under APHIS oversight, followed by submission of a petition for

_ determination of “nonregulated status” by the agency. APHIS grants nonregulated status to a

new plant variety. when it determines the new variety es ue to: eee a plant pest risk

; andi is.as. pe to BTW as any oth as of the same :

ioengineered plant, no plant pest

ropagation, and cultivation of the

es, the vector used to.

Recently amended regulations: will allow a broader. application of existing simplified
procedures for requests for movement or field testing of genetically engineered plants. They

also will streamline the determination of nonregulated status for plant varieties that closely

resemble other varieties that have already been ‘through the determination process: For

example, once DeKalb’s. Roundup Ready corn was approved by APHIS, other companies

testing similar varieties will not have to start at the beginning of the extensive, nonregulated-
status determination process. This will enable APHIS to extend the existing determination of

nonregulated status for new products that do not raise new risk issues.

The following subsections identify and describe from all the many sources the various productsBEBE EEHEHEEHEHSEHEHEHSEEEE 000349
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found to be in the pipeline with a reasonable. expectation of being commercially released within the

next five years.

Crops

Herbicide Tolerance Developitients. “AS0 one of the first coriimnercially successful biotech product
traits, herbicide tolerance. will continue to be a key: trait of. many prodicts i inthe pipeline as it is
extended to many additional plants. Monsanto, for example, plans to release Roundup Ready alfalfa
and sugar | beets in 2000, potatoes in 2001, and rice and wheat around 2002. American Cyanamid

: expects to extend: its IMI system for resistance to imidazolinone (LIGHTNING). herbicide from corn
to sugar beets, rice and wheat. A summary :of the herbicide tolerant crops in the pipeline is presented
in Table 23. PO ge a on

.

wo: Toe

Table 23. Summary of Herbicide Tolerant Crops in the Pipeline

Nov.. 1998. - _ 59
a

{Crop. = a) i ye

(Alfalfa Monsanto. — Glyphosate folerant
{Corn — Cargill Glyphosate tolerant
Pe ne Limagrain. «. |

' ~ {Pioneer 7 a ,

: {DeKalb” eG Glyphosate tolerant
Loy _-|Monsanto.

OO Pioneer -|Imidazolinone tolerant
‘os oe . fGarst. . _{Phosphinothricin tolerant |
en Mycogen ;
a Co {Pioneer

|Rogers:

. Southern Mlinois. University ee Ty
| ae ___.._|Zeneca". a |Chloroacetanilide tolerant

Cotton ~ * "!Chembred*_ *~ _ \2,4- D tolerant oS
wero. {United Agri Products y.

|AgrEvo : Glufosinate tolerant . _.
| Boswell imidazolinone tolerant -

| Creeping Bentgrass. {Rutgers University Phosphinothricin’tolerant
Lettuce. __. *Beminis-Vegetable Saad Glyphosate.

' nn “ . ao - Be,
maesng “te . : Cont ge oe 7 Coat

Loe

2 The chemical n names 5 for the active ingredient i in 1 the herbicidesare referenced. “The brand. names ‘that
correspond to these chemicals include:

i. Sulfonylurea * - Synchrony, Merit | pease
-. Glyphosate — Roundup * * .

Glufosinate Liberty . ee . oo a
“Phosphinothricin Liberty So

. , Imidazolinone — Pursuit, Odyssey, LIGHTNING (IMI)
Bromoxynil — BXN

000350
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{Poplar Trees “TMonsanto _, ~~» +4Glyphosate tolerant. aoa; “' |Oregon State University ‘ | i
_.__ {Weyerhaeuser _ . __. _. :

[Potato ____.. University ofidaho Bromoxynil folerant eel
|Rapeseed 7 jCalgene- |Glyphosate tolerant “
| - ~"|Gargill | , :

., «fPioneer 5. fe ee |

eae Wester Aq Research _ ce Glufosinate tolerant _
Rice — “.- “IMonsanto, - ' ” {Glyphosate tolerant |
dae. » "American Gyanamid:. Almidazolinoné tolerant 4

_. TAgrEvo_ Ce -{Glufosinate tolerant
* JARS/USDA ~ , -

ee __.|Louisiana State University. eta ce ‘ty.

{Soybean JAgrEvo - 4Glufosinaté tolerant
i |Asgrow 4
| {Pioneer :

{University of {linois | .
{ et Limagrain.. Ss Oxazoletolerant. |

{Sugar Beet - ~~ +{Monsanto ee 7 Glyphosate: tolerant |
Jor. os ae iy,} Novartis Seeds | ae og , L

a American Cyanamid . | imidazolinone tolerant .
*. JAgrEvo ot 4 Glufosinate tolerant ” a

po Betaseed tia tee | nee

{Sugarcane .______ | Thermo Trilogy nee Phosphinothricin. tolerant
' [Sweetgum 8 inion’ Camp ——— ___. _12,4-D tolerant -

{Tomato able. ae | Glythosate: tolerant

“|Wheat {Monsanto 1 Glyphosate tolerant
iAmerican Cyanamid ._. Jimidazolinone tolerant ..

1/ The: USDAVAPHIS: database term “rapeseed”: Tefers to canola varieties. ~ | +
Source: APHIS field trials database and: biotech/seed company reports

Key observations include:

A significant amount of research continues on developing herbicide tolerance for the high-
Value, high-volume crops (e.g., corm and soybeans). But, herbicide tolerant Varieties of
alfalfa, lettuce, rice, sugarcane and wheat are likely to appear in the next five years.

_ Herbicide tolerant varieties of wheat have yet to appear in commercial markets, owing

- to its complex genetic make-up, but Monsanto appears likely, to release Roundup Ready
wheat near’ 2002. Once achieved in wheat, itlikely can then be extended to other
complex small’ grains such as barley, sorghum and oats.

Biotechnology i is ; being used on trees as wellas field crops, making. it possible to make them
faster-growing and disease resistant. Scientists are working on techniques for mass-
cloning from tissues for feforestation purposes, and new genetic characteristics are being
introduced into the breeding stock. For’ example, researchers at Monsanto, Weyerhauser

and Oregon State University are © working to develop herbicide resistance in hybrid
poplars: ”

Herbicide tolerant crops are under development both by universities and private companies.
The university research appears to be focused in product areas that have yet to reach

_ 000351
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: commercialization, including potatoes, rice, poplar trees, and. wheat.

1 bot
ete RE *

Insect Resistance Developments. By inserting the gene of a conimon soil microorganism: into plant!
tissue, scientists have ¢reatéd ‘cropsthat produce their own internal ‘insecticide. Most of these
products thwart lepidoptera or caterpillar-type insects — Bt corn wards off the European corn borer, ,
for example. Future: generatiotis of insect resistant crops promise control of other damaging types:
of insects - sucking: insects in. cotton using cholesterol’ oxidase: and: control of corn rootworm. '
Several other crop varieties are in development that will control many: “different damaging insects
(Table 24). OS coh wae

ws wg eho, vs _= : « : ‘

oh

Key observations include: | ee
hes

Monsanto has: been working” on” the development of in-plant protection ‘against ‘corn
rootworm since 1989. Field trials conducted this year denionstrated control of the
insect, and commercial ‘introduction i is expected by 2001 or. 2002. In 1997, Monsanto
introduced YieldGard insect-protected corn which provides résistance to the European,
and-Southwestéin: com borers. Managementof of both’ corn. borers and rootworms could

...- save-US-farmers nearly. $2 billion annually:-, -- ie-;.<~ <2 Pm
t

Several new developments are -expected.in cotton-over the next five years: ; Monsanto plans
to release a Second-generation Bollgard Irisect protected cotton’ in 2001 that’conitains a

Bt protein that fatally damages the second generation of bollworms. Monsanto also i is.

expected to release a cotton variety resistant to the boll weevil around the same time.

’ Insect j protection’ dgaitst lepidoptera will be extended to several crops, ‘including rapeseed,
"soybeans and tomatoes. oT |

There i is little évidence of likely release’ of insect. resistant varieties, for wheat, tice and
. soybeans. Bacterial toxins in Bt are very specific to a few insect species, and its
widespread use“requiresTM both comprehensive understanding, of the crops’ “genetic

~ mapping as well as the genetic coding of Bt insecticides.

University involvement i in ‘the rebeanh on insect résistance appears to be Significantly greater
* than in herbicide tolerance research. Universities appear focused on extending insect
_ resistance to eggplants, ‘peanuts, potatoes, poplar trees, soybeans and sugarcane.

Table 24. Summary of insect Resistant Crops in the Pipeline

i

—EREUEEREERE BERBER Bae aww eee unt
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Crop Developing Company/institution | Specific Trait

Corn Many companies. European corn borer resistant
Monsanto Corn rootworm resistant
Pioneer

DeKalb European corn borer/Corn rootworm

Cotton Monsanto Boll weevil resistant
Bollworm resistant (Second generation)

Mycogen Boll weevil resistant

Eggplant Rutgers University Colorado potato beetle resistant
Peanut University of Georgia Lesser cornstalk borer resistant
Potato Michigan StateUniversity Colorado potato beetle resistant

New Mexico State University

Plant Genetics

Poplar Oregon State University Cottonwood leaf beetle/Phratora leaf
Rapeseed University of Chicago Lepidopteran resistant

Soybean Monsanto Lepidopteran resistant
University of Georgia

Sugarcane Texas A&M University Mexican rice borer resistant

Tomato BHN Research Lepidopteran resistant
Monsanto

Source: APHIS field trials database and biotech/seed company reports

PB 1S. toxins: tn cueeanlly help manage pce to Bt toxins, but that may
require ten or more years to develop. Dow AgroSciences has licensed the Photorhabdus
technology.

Disease Resistance Developments. Considerable research is underway to control many of the

deadly diseases that damage or ruin crops each year. Most of the focus is on viruses, but attention

also is being given to fungi and bacteria (Table 25). Traditionally, disease resistance was developed

in crop strains through selective breeding of naturally resistant individuals. The process now is made

quicker by cloning the genes responsible for resistance and inserting them into other plants, reducing

the time needed to develop new strains from perhaps 12 years to only two or three. Once a resistant

strain is established, the genes will persist in future generations through normal breeding methods.

This technique has been used to culture oat plants with resistance to yellow dwarf virus, for example.

Table 25. Summary of Virus Resistant Crops in the Pipeline

Crop Developing Company/institution __|Specific Trait

Cucumber Seminis Vegetable Seeds Cucumber Mosaic Virus

000353
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- Papaya: Ringspot \ Virus’ . Co
. mo, Watermelon Mosaic. Virus a

LOR os Zucchini Yellow Mosaic Virus (all stacked)

(Grape GenApps.. _ INepovirus
Melon ‘|Seminis Vegetable Seeds |Cucumber.Mosaic Virus.

Harris Moran Met - Papaya Ringspot Virus:
: ada {Squash Mosaic. Virus

‘ _. i |Watermelon.Mosaic. Virus

. | . . {Zucchini Yellow Mosaic Virus ;

3] a : J (individual traits/combination stacked/all _..

Oat “Towa: ‘State Universi ._|Barley Yellow Dwarf Virus —
Papaya ARS/USDA_ | Papaya | Ringspot\ Vitus wo

_ {New York Experiment Station __ .
Pea " University of Idaho ane ~ Bean Leafroll Virus .

, we ; .{Bean.Yellow Mosaic Vitus ‘ Tas
eS Pea Enation Mosaic Virus

we |Pea.Seed-borne Mosaic Virus
Sc ___{ (individual traits/combination stacked/all

Peanut 1University-of Georgia Tomato Spotted Wilt Virtis eS
epner -|Seminis Vegetable Seeds {Cucumber-Mosaic Virus. oo

Potato ARS/USDA Potato Leafroll Virus |
Monsanto ° Potato Virus'Y: .

\Cornell jTobacco Rattle Virus,
|University of \daho _ (individual traits/combination of traits Stacked/all

Soybean_. —tlowa-State-University : Soyhean Mosaic. Virus eo

: &. ae: a. :

- YF ke ,

. . , ‘a *

* i

: *
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Table 25.. ‘Summary of Virus. Resistant Crops i in 1 the: Pipeline—continued

64:

[Crop “Theveia ompany/ins os rait.
|Squash ° _{Séminis Vegetable Seeds’ : Cucumber Mosaic Virus
{ ~- q. Boe {Papaya Ringspot Virus

. |Watermelon‘Mosaic Virus Co
ee -<l ZU6Chini Yellow: Mosaic Virus

_. a (allstacked) -. sa

| Sugar Beet [Betasead. {Beet Neécrotic. ‘Yellow. Vein VirusTobacco’ - {University re {Potato Virus Y *°
i, »-.+.. JNorth Carolina State ives } Tobacco Spot Virus Lis

JARS/USDA . {Tobacco YellowMosaic Vitus. ° ... ,
= oo | Tomato Spotted Wilt Virus _
1 _| (individual traits/combination stacked/all

{Tomato - Agritope. *; jBeet Curly Top Virus. Los
Calgene Poses “|Cucumber. Mosaic Vitus" “

“ ‘FGemini Virus 5, ”
: - {Potato Virus Y’ ae

“4 Cornett: University - Cucumber Mosaic ‘Vinis wo -
|Harris Moran , j a
|Seminis Vegetable Seeds. |Gemini Virus

Lo __|Potato Virus Y
Watermeton | Seminis Vegetable. Seeds |Watermelon: Mosaic.Vitus .
bo, . . we _iZucchini YellowMosaic Virus - all Stacked) _.

|Wheat 4 University of tdaho” —_ \Barley Yellow Dwarf Virus
jo. an iWheat Streak Mosaic Virus (individual traits/bo

Source: APHIS field trialg database and biotechiséed company reports
“UPL, aan

Key observations include:

Significant research is underway: to ‘combat a large number of viruses, reflecting the. severe
damage and even ruination of'crops caused by these viruses. In many crops, viruses

- . Soa ae Bas

typically carried by aphids tend to cause tissue necrosis, yellowing, reduced root growth,
and premature death.

bee

A central focus of the research is minor crops, primarily fruits and vegetables, more at risk
from attack by aphids and other carriers. Management of yiruses is especially important

in maintaining the.high value associated with these crops.
we

Private sector leaders in development of virus resistance include Seminis Vegetable Seeds
and Harris Moran. Prominent public institutions are the University of Idaho and Iowa

State University.

Much attention is being focused on products with “stacked” virus resistant traits.

example, Seminis and Harris Moran are both testing melon varieties with resistance to

Cucumber Mosaic Virus, Papaya Ringspot Virus, Squash Mosaic Virus, Watermelon

Mosaic Virus, and Zucchini Yellow Mosaic Virus. Other multiple virus resistant crops

in the pipeline include cucumbers, potatoes, peas, and wheat, among others.

For
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Researchers have. learned that the difference between resistance and susceptibility to.fingal-diseases

is simply the rate of the plant’s response. Ifa plant: can respond, to a first fungi attack: ‘rapidly; then

‘Document disclosed under the Access to Information Act -
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it likely can résist further damage. This enables farmers to inoculate crops. against some fungal
diseases. Slow-responding plants aré given-a head start by being deliberately infected ,with the
disarmed fungi ~ the same principle used to vaccinate children against infectious diseases,

x

Se tone nw aa we ve glna,

F ungai diseases of fruits, vegetables and praitis: can. ‘cost farmets billions‘of. dollars: -ainually= ‘New
fungal resistant genes can be inserted into many of these vulnerable’ crops, ‘resulting i in a: significant
number of resistant crops to be’ released i in thé next few years (Table 26).

i

1

wate +

eres,

65

i

Creeping Bentgrass Rutgers University Dollar spot resistant
Rhizoctonia solani resistant

Eggplant: | Rutgers:University,

Grape Cornell University
1 Phytophthora resistant/Verticillium resistant
Botrytis cinerea resistant/Powdery mildew

entucky Bluegrass ‘Scotts Rhizoctonia solani resistant
Poplar. {Oregon State Wniversity _|Marssonina resistant/Melamtsora — >.

Potato ARS/USDA Phytophthora resistant ., . '
Boyce Thompson Institute

Michigan State University
Monsanto Phytophthora resistant “ce

Verticillium resistant-|WashingtonState’ University {Phytophthora resistant~
2 i Verticiltium-dahlae resistant en

Rapeseed Cargill Cylindrosporium resistant/Phoma tesistanil
ARS/JLISDA Exuit rot resistantd Raspherry

ob yy i

"Table 26. Summary of Fungus Resistant Crops in n the Pipeline “o
(Crop. _ID itutis it. __
Apple . Cornell University L lanai scab resistant.

rot |Seminis VegetableSeeds _ lAlternaria daucii resistant
Corn {DeKalb |Leaf blight resistant ‘

Northern corn léaf blight resistant
}Northrup-King Northern corn leaf blight resistant

Novartis Seeds ’ {Helminthosporium resistant =~ . .
Pioneer - - * ‘Leaf spot resistant ~ - .- oo we tte

28 Ear mold resistant/Gray leaf spot resistant
Fusarium ear rot resistan/Gray leafspot ~~} -

Gray leaf spot resistant/Northern corn leaf .
{Mycotoxin dégradation ap
Smut resistant

otton Texas Tech University Verticillium resistant serene
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Table 26. Summary of Fungus Resistant Crops.in:the Pipeline—continued

Tomato Calgene. . , Fusarium wilt resistantiVenicllium dahlae’
Seminis Vegetable Seeds {Fusarium wilt resistant * “+

Wheat : _ Monsanto eee _ "|Fusarium head blight re

Source: APHIS field trials database and biotech/seed company reports < ~~

Re ae

Key observations include: . ° at

Several varieties of major crops are in-the pipeline for fungtis-resistance. Corn varieties
likely to be released focus on ear mold, gray leaf spot, northern corn leaf blight and smut,

among others. Resistance to fusarium rot and wilt diseases, caused by the fusarium

"oxysporum ‘fungus, also i is being built into corn, ‘Soybeans, tomatoes, ‘and ~wheat.

Pioneer Hi-Bred:is focusing on development of fungal resistant corn: vatieties, while few.
other private ‘companies appear to be’ focusing « effoits'i in this area. Monsanto plans.to
rélease a fusarium wilt résistant wheat variety in the next few years, and is doing similar

_ work in potatoes. Other companies are focused more-on developing fungus resistant
_ Narieties of fruits and vegetables. Pebble Ridge Vineyards, a: producer. and processor of

grapes — not a technology or input supplier - — is testing grape varieties with fungal-
resistance. a

Universities also.2 are prominent i in this area. Washington State is. developing potato varieties
resistant to phytophtora and verticillium. Oregon. State is developing a poplar tree
variety that would resist four different fungi. Others are testing crops that are important

in their particular geographic areas. . . .

Many insect pests, such as whiteflies, aphids and leafhoppers, not only transmit viruses but also
bacteria that can cause devastating plant diseases while also causing billions’ of dollars worth of
direct damage to crops by feeding on them. Several varieties with resistance to these bacteria are
in the product pipeline (Table 27).
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Table 27. Summary of Bacteria Resistant Crops in the Pipeline

Crop Developing Company/institution | Specific Trait

Apple Cornell University Fire blight resistant

Poplar lowa State University Crown gall resistant

Potato ARS/USDA Erwinia carotovora resistant

Rice University of California/Davis Bacterial leaf blight resistant

Sugarcane’ |Texas A&M University Clavibacter resistant
United States Sugar Corp.

Tomato Ohio State University Bacterial speck resistant

Purdue University

Walnut University of California/Davis Bacterial leaf blight resistant

Source: APHIS field trials database and biotech/seed company reports

? plants from root-knot nematodes

ts'a. major-discovery that a single-
1 insect pest from a different phylum.

Key observations include:

Virtually all research on bacteria resistant crops is being done in the public sector (ARS or

universities), except a sugarcane variety resistant to clavibacter by the United States

Sugar Corporation.

The research effort on bacteria-resistance is focused mostly in minor crops and in trees

(poplar and walnut).

Yield Effects - Agronomic Property Developments. World grain production since 1950 has

increased at an astonishing rate, due to the combination of improved crop varieties, irrigation,

fertilizers and chemical pest control. During that time, world population has more than doubled, and

today nearly 90 million new people are added each year. Biotechnology is being viewed as a means

to avoiding the adverse environmental consequences that accompany the quest to expand food

supplies to meet that growth.

Genetic engineering now can be used to modify crop production at stages, from speeding up early

growth of food plants to increasing yields to slowing ripening or wilting. Since the form and

function of a plant depends a great deal on its genetic composition, the ultimate goal is to engineer
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plants optimal for every growing condition and market niche. oo 7

Changing a.crop’s agronomic properties not only affects yields but also the production prodess itself, =
as crops can be stylized for specific «climates and soil types.

development include increased stalk strength (standability), yield i increases, altered growth rate,

drought tolerance, and stress tolerance (Table 28). ‘
n

Table 28. summary of: Crops with. Altered 1 Agronomic Properties in the Pipeline

iF nwo aeons
Bat gil.

. ICI Garst .
jlowa State University
{Limagrain. mo
{Monsanto we tae!

|New York State Universiy/Atbany
Pioneer _ .

iUniversity-of Minnesota

4

University: of Arizona

“4 Male ster

{Carbohydratemetabolism altered
- 1Stress folerant
-‘IModifted growth:charactéristics -
_{Male:sterile | - ;
|Lipase expressed in seeds Pe
Developmentaltered .
{Photosynthesis enhanced \
4Male sterile .. 4
{Fertili
Growth rate increased —
{Increased stalk strength .
‘jAltered maturing . -
Yield increased
jAnthocyanin produced ir in seed

_ |Vivipary increased ,

Srbohydrate. ‘level increased

altered

=. Cotton

‘ 4 Texas Tech: University,

Monsanto Altered maturing |.
Ethylene | metabolism altered

ohydrate metabolism altered’ i.: garporye stress tolerant. |!
Creeping Bentgrass “TRuigers University a ms {Aluminum tolerant -

1Salt tolerance: Inoraiised'Drought tolerant.

Michigan Techn rcPonlar JA itt
ay Calc Yield. incteased. fe |

Rice _i{ Monsanto . . . _lYieldincreased . a es

Soybean __|Monsanto.: , i _— {Altered plant development. “i
Tobacco J Southern Illinois University .. Ammonium. assimilation increased

ae {University of Hawaii/Manoa 1Growth rate altered:
University of Kentucky Senescence altered

_ University of Wisconsin/Madison | Senescence altered

Wainut- .. : University of: California/Davis -» {Cutting rootability increased
pa _lFlowering altered

Wheat Monsanto Carbohydrate metabolism faltered
-/Photosynthesis enhanced .
Nitrogen metabolism altered

Yield increased
Montana State University Drought tolerant

Some ‘specific ‘alterations in -
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Key observations include:

Many of the trait modifications for some crops appear rather vague or non-descriptive. This

likely is for proprietary reasons, but may well suggest significant yield impacts for

crops.!?

Many of these traits including drought tolerance, stress tolerance, and enhanced

photosynthesis would have direct impacts on yield, but it is notable that many groups are

working to develop “increased yield” varieties of crops including corn, rice, soybeans

and wheat.

The work being done in this area covers a wide range of crops, including the major crops of

corn, cotton, soybeans and wheat to the more minor crops such as apples, grasses, trees

and tobacco. In the United States, there does not appear to be considerable work

underway in the traditional developing country crops — a potentially huge market.

2 Gene Mapping: of. assava a Developed by the International Center for Tropical
- Agriculture (CJAT) —

-Researchers at CIAT have been working to find the genes that control agronomic traits in

cassava. This knowledge could be used:to. enhance. cassava's traditional role as provider of

food security in Africa, and future role as an industrial crop worldwide. The search has

spurred researchers to develop.a molecular genetic map for. cassava, the first such map for

& eet ee on generated outside of an industrialized. pounby.

the:gene map is expected t 9 alee the study of economically important genetic traits in
_ cassava, particularly ‘root quality traits. The erratic supply of: cassava roots typically prevents
"new marketing and post-harvest opportunities — gene mapping success likely will lead to
better root quality as well, as Tesistance to disease and bacterial bli ght.

'S Applications for field trials are not required to make available details of the specific trait modifications

being sought to the public. A firm can claim in a permit application that some scientific data is confidential

business information (CBI). APHIS can, however, use that information in its safety deliberations, but may

not divulge the information to the public.

000360

seen



Document disclosed under the Access to Information Act -

Document divulgué en vertu de la Loi sur I'accés a l'information

Biotechnology: Fundamentally Reshaping the Agriculture, Food and Fiber Industry — Nov. 1998 70

a ae_ Engineering Cold

: = - thus Son t fem defend against acold snap.
The: research foo) on | “cold scihimmtion® where: nian eocnad to gradual low, non-

~ freezing temperatures tolerate subsequent freezing temperatures by expressing a series of “cold
regulated” genes. Thus, a gradual cooling can help the plants better peepee for icy weather

while a sudden freez > could ‘All them. eee one such: oe ‘was: “over 1 -expressed” in the

Fruits and Vegetables. hema the many Pee in the Tat aa cperen pipeline are insect
resistant and virus resistant produce, improved-texture peppers, enhanced-taste vegetables, and

ripening-altered fruits with longer shelf life (Table 29). There also are fruits and vegetables with

"stacked" (multiple) traits, combining agronomic and consumer-oriented traits. Major players in this

industry include DNAP (formerly known as DNA Plant Technologies), Calgene, and Agritope, as

well as Monsanto and Zeneca.

In sease i e to achieve
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Biotech Fruitand Vegetable Crops in Development—continuedpot FO! j ne————_ Hatt luce escription———_—_Ripening Altered Ripening-Controlled Tomatoes — Extended shelf life
Ripening-Controlled Cantaloupe — Extended shelf life
Ripening- -Controlled Cherry Tomatoes —|Longer market, life, improved flavor, and
eee Controlled Bananas and Extended shelf

maroved High Solids Potate Mansanto cotalng le igss. saan pes Ol ts aucateMultiple Traits Transwitch Strawberries - DNAP seed: Ba — keep fruit firmer after fecich
NewLeaf Insect and Y Virus-Protected |Better protected against the ColoradoCorn w/Monoclonal Antibodies in its Resistant to several plant diseases.
Fungus Resistant Ranana — Zeneca Resistant to Black Sigatoka, and will have

ard: highe solids that would otherwis

Both eae ae et solids ¢ are eae traits for the tomato processing industry,
4 where most of the tomato harvest ends up. Processors routinely remove the seeds and reduce

‘the water content of tomatoes before cooking up ketchup or pasta sauce. Currently, the
_ tomatoes need to be emasculated (pollen sacs removed) to.obtain completely seedless fruits,

_alaborious process. A Dutch biotechnology company, field testingthe transgenic tomatoes,
“is working to introduce a female sterility. geneinto theselines. The Kansas State researchers

also are developing seedless a ny popes will result in better tasting fruits with
2 extended shelf life.

npineesodat aidtantedsswas sehigh
e seedles ; tomato may funnel its: resources

se ave gone nto. producing seeds.

Edible Oils. Oil crops in the product development pipeline include traits described above, as well

as new ones that could add value in processing (Table 30). Monsanto is attempting to develop both
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low-stearate canola and soybeans, whose oil would require no hydrogenation. Nét-to be outdone-by-

the introduction of LoSatSoy (the reduced saturated fatty acid oil already marketed by Optimum

Quality 'Grains), canold:varietiés:with even. lower levels of: saturated fat-are- being: developed by
Calgene and Cargill. Ty, oe poo Ste taal fsa,

"+
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1
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i. co vs wt , Sota :
Key observations include:. © cafe n7 ic

pe tee o8 : i 2 5

The maj or players in oilseed development t thus far have’ ‘been Monsanto (oF its subsidiary,
Calgene), DuPont, and Optimum Quality Grains... rine ah

-Most of the development 6: date. has centered o on: the ‘two major oilseeds i in North America
~~" soybeans anid canola. .

sete ee we a -

The new. ‘traits in: development are : bioadly-based, ‘aihouih the two most ‘widely: developed
“traits are lower-fat oils:and reduced-hydrogenation Oils? ace,

ree Tos ‘ ant
. “ : a . moe : . . og . . tae
: . .Value Enianced Crops, ee

While ‘the initial: focus ‘in biotechnology has been on cost reducing and yield enhancing
characteristics, value enhanced traits in field crops hold significant potential in the next few years’

and beyond. This class of innovations includes, for example, corn with higher amino acid content

or methionine levels, ‘cotton with increased fiber quality, rapeseed and soybeans with altered oil

profiles, and potatoes, tomatoes and vegetables with improved shipping qualities and ripening .
attributes.. These new traits create value for animal feeders (reduced feed costs due to increased

energy value and amino acid content in grain), for food companies (healthier oils and tailor-made

components for food ingredients),-and personal care companies (oils for soaps and-gels). These are

but the first-of what promise to be a. series of value enhanced products for crops (Table 31).

Table 31. Summary of Product Quality. Developments in the Pipeline

Crop oo [Developing Company/institution Specific Trait
Alfalfa -[W-L: Research Altered lignin biosynthesis
Barley {Coors Brewing . |Disulfides reduced in endosperm

___ [Washington State University __ |Heat stable glucanase produced

Corn . _ {DeKalb {Altered amino acid composition

Lysine level increased

Methionine level increased

Tryptophan level increased

_ | DuPont Carbohydrate metabolism altered.

se Increased phosphorus

Protein quality altered

Oil profile altered and lysine and methionine
Monsanto ot a |Carbohydrate metabolism altered

Nitrogen metabolism aitered

Pioneer ’ (Carbohydrate metabolism altered

Increased phosphorus

{Lysine level increased _

Methionine level increased

Mycotoxin production inhibited
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Table 31. Summary of Product Quality Developments in the Pipeline—continued

DNAP Holding Corp.

Crop _|Developing Company/institution {Specific Trait

Corn University of Arizona Nutritional quality altered

1, . Anthocyanin produced in seed

| University of Minnesota Oil profile altered

, Lysine level increased

|Rutgers University Methionine level increased _

Cotton Agracetus Fiber strength altered 4
Calgene .|Melanin produced in cotton fibers

Monsanto Fiber strength altered

| {Natural pigments altered

| Texas Tech University Fiber quality altered

Melton . [Agritope |Fruit ripening altered

{Harris Moran ee

Pepper [DNAP Holding Corp. Prolonged shelf life

Potato JARS/USDA Blackspot bruise resistant

Nutritional quality altered

Steroidal glycoalkaloids reduced

Frito Lay Carbohydrate metabolism altered

Monsanto Bruising reduced/Carbohydrate metabolism

Carbohydrate metabolism altered

Solids increased

North Dakota State University ‘Carbohydrate metabolism altered

Rutgers University Bruising reduced

Rapeseed Cargill Amino acid composition altered

Fatty acid metabolism altered

TL. jLimagrain Nutritional quality altered

iRed Raspberry _ |Agritope Fruit ripening altered

Soybean DeKalb Protein quality altered

Lysine level increased

DuPont Protein quality altered

Carbohydrate metabolism altered

Lysine level increased

Oil profile altered/Seed composition altered

Lysine and-methionine levels increased

; Oil quatity altered/Protein altered

Monsanto Protein altered

Seed composition altered

Nitrogen metabolism.altered

Pioneer Methionine level increased

Seed methionine storage increased

University of Illinois Protein altered

Strawberry Agritope Fruit ripening altered

I

,

=

J
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Table 31. Summary of Product-Quality Developments inthe Pipeliné—continued
te,

[Crop
4

a Developing Company/institution ! Specifi ic Trait wee
{Tomato JARS/USDA Polyamine metabolism altered

_.{Agritope. ,- 5. {Fruit ripening altered _

- BHN Research ; Solids increased |

1 . {Fruit sugar profi ile altered —_

'4Calgene-- ‘\Vididinéreased =
: , \Carbohydrate metabolism. ‘altered

| |Campbell Soup Company {Fruit sugarprofile altered
{ ae [improved fruit quality.

|DNAP Holding Corp. - | Fruit ripening altered oe

\Gargiulo ~ °'*. . |Solids increased’ ,

}Harris‘Moran...- '|Carbohydrate metabolism altered

\Hunt-Wesson - }Pectin esterase level reduced

|Lipton |Antioxidant enzyme increased

{Monsanto |Fruit ripening altered .

{Purdue University {Pectin esterase level reduced

7 a -|Polyamine metabolism altered

Seminis Vegetable Seeds _ | Pigment metabolism altered ~
jSunseeds «— Fruit sugar profile altered

University of Florida - - "Fruit ripening altered wo

St |Fruit ripening altered +.
University of Georgia — |Fruit solidsincreased/Seed: set reduced
University of Wisconsin/Madison Carbohydrate metabolism altered.
Zeneca /Carotenoid content altered “

Dry ‘matter content increased/Y ield’
‘ Ethylene metabolism altered —

Fruit solids increased

oF |Solids soluble increased

Wheat ARS/USDA Storage protein altered

Key observations include:

Product development is a focus of both universities and private companies.

Significant research is underway to develop valuable food properties — high starch corn, high

solids potatoes and tomatoes, and “flavor genes” for strawberries and other fruits and

vegetables.

Research in this area is being conducted by food processing companies, such as Frito Lay,

Hunt-Wesson and Campbell as well as by universities and biotechnology/seed

companies. :
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The major and minor crop focus is well balanced, with corn, potatoes, soybeans and

tomatoes prominent. ARS/USDA is developing a wheat variety with an altered protein

composition — apparently the only value enhanced wheat variety currently in testing.

Many companies are working to develop crop varieties with increased lysine and other

amino acid concentrations. Since lysine is one of the amino acids in low concentration

in corn, animal feeders (especially poultry) often add lysine supplements to their feed

mix to increase its competitive value.

ie Creaseless wheat kernel = Simplifies mill diagrams and requires less machinery
ne ; «Whiter endosperm — allows longer extraction |
«Larger germ = facilitate marketability of germ:oil

© Uniform kernel size reduction in numbers and types of machines

a oe starch/gluten. content allow for dry process for starch extraction plus

Fiber incl ase wutritional gains S
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‘New Low-Phytate Corns Ready for Spring 1999...

The first two low-phytate corn varieties are NutriDense LP and Yellow Dent LP, available for

planting in 1999 from ExSeedGenetics LLC (Owensboro, Kentucky) which will license the

new technology from USDA's Agricultural Research Service.. NutriDense LP and: Yellow Dent

ae — be available through Thurston Genetics, the exclusive agent for ExSeed Genetics.

{ilincis cea
times the. level con

that timetable fas beinspeeded 1 up.

Sugar Beets...Genetic Engineering Yields Low-Cal Sweetener

Dutch researchers say they have genetically engineered sugar beets to make a natural low-

_ calorie sweetener, adding a gene from the Jerusalem artichoke to make beets produce fructan,

atype of shgssibabishat to Soe and which thus inflicts fewer calories.

feels srtichiokes _ small, knotty roots, irregularly shaped and hard to process — are not
good sources. for commercial sugar: makers. But beets have been used for many years to make

sugar. The Jerusalem artichoke gene causes the plant to convert sucrose — which becomes

table sugar — into fructans, which taste sweet but are not digested as easily. The Dutch team

suggeststheir approach couldoffer ¢ an easier way to produce fructan.

Stacked Traits

With the resources to actually “stack” traits, one on top of the other, in a plant, the possibilities for

crop characteristics become endless. And, the “stacking” is not limited to similar traits (i.e., all

traits must be herbicide tolerant). There are products being tested that have five or more different

traits — to provide insect resistance, herbicide tolerance, multiple virus resistance and increased

proteins or amino acids, thus combining the cost reducing/yield enhancing traits and value enhanced
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traits (Table 32). The ability to“stack” these traits has obvious potential f for greatly enhancing the

value of what once was merely commodities.

Table 32. Sumninary of Stacked Trait Crops i in the Pipetine
Crop | me ! Specific Trait —_ : =

Brassica oleracea”
Z Developing Company/institution
American Takii _|Male eT a tolerant _,

Corn

i

ai

Be
ay

:

t

AgrEvo

|Asgrow

Cargill

DeKalb

ES

Male sterile/Phosphinothricin tolerant .

| Phosphinothricin tolerant/Carbohydrate me
|Alternaria resistant/Botrytis resistant/Rhizoctonia

Aspergillus resistant/Leaf. blight: resistant/Leaf
|Male sterile/Phosphinothricin tolerant
|Male stétile/Phosphinothricin tolerant °

Carbohydrate metabolism ©:
. re

Glyphosate tolerant/European < corn, borer.
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Table 32. Summary of Stacked Trait Crops‘in:the Pipeline—continued

{Crop __ . - Developing Company/institution, ‘ Specific Traitte at
{Corn [DeKalb - - mech "I Methionine.tevel ‘noreasediPhosphinothricn

: ' Phosphinothricin. toleranv/Altered amino acid
|Phosphinothricin tolerant/Increased tysine level

veh |Phosphinothricin tolerant/increased methionine

-.1Phosphinothricin tolerant/Seed methionine |

i {Phosphinothricin tolerant/Storage protein altered |

Phosphinothricin tolerant/Tryptophan.tevel

oF }Northern com leaf blight resistant/Southwestern |
Limagrain. - '|Glyphosate tolerant/European corn borer

et jPhosphinothricin tolerant/Lipase expressed in

we Phosphinothricin tolerant/Starch metabolism

-{Holdens: {Anthracnose resistant/Cercospora

] z {Anthracnose resistant/Cercospora

jLeaf blight resistant/Phosphinothricin tolerant

| Monsanto . {Glyphosate tolerarit/European corn borer
_.. -\Pioneer - Fertility altered/Phosphinothricin tolerant

|Plant'Genetic Systems ’ |Phosphinothricin tolerant/Stréss tolerant

: a Male ‘sterile/Phosphinothricin tolerant

‘Stine Biotechnology. : {Growth rate increased/Phosphinothricin

“|e te midazolinone tolerant/Phosphinothricin

q: Ste “ Phosphinothricin tolerant/European corn borer
"WU of filinois ~ " [Aspergillus resistant/Phosphinothricin tolerant .

a {Many companies {Phosphinothricin tolerant/European corn borer

Cotton — Calgene Bromoxynil tolerant/Lepidopteran resistant

Monsanto Glyphosate tolerant/Coleopteran resistant

Peanut jAgraTech Seeds Visual marker/Tomato Spotted Wilt Virus

Pineapple University of Hawaii Flower and fruit set altered/Root-knot nematode
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Table 32. Summary of Stacked Trait Crops.in the Pipeline—continued :

Crop {Developing Company /lnstitution {Specific Trait

Potato

*

{Boyce Thompson.|nstitute -

_- |Michigan State University ~

:++Monsanto.. fs.RL

el wet
TOP

University ofldaho ‘

. Glyphosate tolerant/Bruising reduced”
, Glyphosate tolerant/Carbohydrate metabolism’

Phytophthora resistantiKanamycin resistant
Phytophthora resistant/Coleopteran ad

Glyphosate tolerant/Colorado potato beetle

Glyphosate tolerant/Colorado potato | beetle.
Glyphosate tolerant/Potato Leafroll: Virus
Verticillium-resistant/Colorado potato beetle

Verticillium-réesistant/Colorado: potato beetle

Verticillium:-resistant/Glyphosate

Colorado potato beetle resistant/Bruising..

Colorado potato beetle resistant/Bruising

Colorado potato beetle resistant/Potato Leafroll

Colorado potato beetle resistant/Potato Virus Y

Late blight resistant/Potato-Leafroll Virus

Rapeseed |AgrEvo .

*. 1Calgene

Fertility altered/Phosphinothricin tolerant

Male sterile/Fertility altered

Phosphinothricin tolerant/Lepidopteran resistant | |
Glyphosate tolerant/Oil-profile altered

Soybean ‘ {DeKalb
pie

Phosphinothricin tolerant/Lysine level increased_|

Tobacco .. « - {Southern Illinois U . ... Ammonium assimilation increased/Visual marker |

hk:
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Key observationsinclude: : nee
© wen os, : ; ate, an on tA? mo ee tee

~“Y *

Potato and corn varieties appear to be the focus for stacked producis ‘in the pipeline.
Companies ‘such as DeKalb, Pioneer, AgrEvo and:others are working to:develop corn

‘varieties ‘that are S heibicide tolerant, inséct tolerant, furigus 3 resistant ‘and Contain incréased*
5 ».s]evels of: lysine, améthionine: and protein. Monsanto is leading in ‘potato:development,
- combining i ina variety’ of Ways, traits'to resist the Colorado potato beetle, Otato Viruses
- *Yand X; ‘reduce bruising, tolerate glyphosate, and: alter the carbohydrate ‘profile. |

oo : cate . ety te op owe < hopt st oo . ot
an Mo Rt . yoo oF eR ‘A a4 :

Many companies and institutions are building on traits already successfill in commercial’ *

markets and are e either j joining t traits together c or “stacking” them with others still in the

“pipeline. ! ee

Livestock anos |
ee se ue a Be oy ¢ t

While few biotech livéstock: ptodiicts aré yet in the Commercial arena, itis apparerit that significant
‘tesearch is well underway that potentially will resiilt in revolutionary changes in the livestock sector “

in the not-too-distant future. Researchers are developing genetically engineered “super: animals” with

enhanced characteristics for food production, novel transgenic animals to serve as “chemical

factories” to ‘produce ‘drugs: and thedicines, and animals to serve as organ donors for human

transplants. ss con vitae oa oy . “

Thissection provides: an overview of several possible applications of ‘biotechnology i: ‘the livestock

sector, ‘including:

Embryo transfer and in-vitro: fertilization;

DNA and ‘gene i markers; 7 ‘

Cloning; ' .

Vaccines;

Pharmaceutical product, medicines and nutrient production; and ©
' Product’ improvement. :

Embryo Transfer and In-Vitro Fertilization. Embryo transfer is not a new technology, having
been routinely practicéd in cattle for more than 20 years. Initially, it was expected to: revolutionize

genetic: progress by its ‘ability to increase the number of offspring from’ ‘elite breeding animals.
However, it proved to be quite costly.

With in-vitro fertilization, immature oocytés (eggs) are obtained from the female animal’s ovaries,
matured and fertilized in a culture environment, and either implanted into recipients or frozen at an

early stage. During: fertilization,-the embryo’ s‘DNA can be examined-to‘detérmine its genetic
attributes. For example, some qualitative traits controlled by a single gene pair (ie., coat color,
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horns) can be determined. More complex traits, controlled by multiple gene pairs (quantitative

traits), such.as growth rates and birthing ease also can be determined. The DNA also can be used

to determine the sex of the embryo.. De oe ”

a, ne ”

‘Research i is "underway to develop efficient collection methods for oocytes, from females. The
variability, of superovulation and low rates ‘of‘development ‘of the “embryos have Jimited the offspring
produced. ’ ‘Oocytes. collection from heifers coffers the best method for decreasing: :the generation
interval in cattle reproduction., Researchers are. tying to gain a more complete understanding of the
changes occurring inthe nucleus during oocyte growth, _maturation, fertilization and early
development — all essential to the complete development of i in-vitro fertilization... —- tS

DNA and Gene Markers. The currentbiotechnoiogy emphasis in animal agriculture stresses the
need to integrate new molecular technologies into the identification of major genes affecting growth

and development, reproductive performance, lactation and disease resistance characteristics. Basic -

research is underway to identify those genetic variants which affect growth traits, either positively

or negatively. By constructing a well-based genomic-map of the animal, genetic improvement of.

livestock can be accelerated with the general knowledge of genetic markers with beneficial economic .
traits. | mg oy cg Be, 2

teh soe

There i isa a great deal of similarity between the gene maps of humans and other mammals, so genes’
mapped i in humans or even mice may lead-to discoveries in livestock. Gene mapping of livestock
has lagged. behind: the human effort due mostly to funding constraints. But even if specific genes’
are not known, genetic. ‘markers can be used to identify certain regions of a chromosome and then :
to trace the inheritance of that region related to a particular trait. More importantly, researchers not...
only have to locate the specific gene on a chromosome, but also need to determine its functionality.
or association with a given biological or physiological, characteristic.. Presently, researchers are

further along in mapping the genomes of livestock than in determining their functions. . -

Cloning. In the past few years, cloning has received enormous attention, not just from. within the

livestock industry but also from the general.public. The births of “Dolly” and “Gene” raised the

issue of the potential for cloning in livestock production and also began a debate over the control and

use of cloning technology that likely will continue for quite some time.

The current approach to cloning, involves the use of primordial germ cells as the base cloning
materialtaken from a developing fetus, the foundation genetic material. This technology was used~-

by researchers at ABS Global, Inc. to produce “Gene” the calf in.1997. sy

A new cloning approach for development,of transgenic cows has proven successful and is.being -

investigated. The approach, developed by researchers at the University of Massachusetts and
Advanced Cell Technology involves transfer of nuclei from genetically modified cultured cells, a
strategy similar to that used to produce. the. transgenic sheep “Dolly.”
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In contrast to the sheep experiment, the bovine experiment involved transfer of.miclei from an

actively dividing population of cells, seeming to be more efficient than the classical microinjection

method. This method of nuclear transfer produced three transgeriic calves from 276: embryos.

Typically, about 500 embryos are needed to obtain one transgenic cow. The three surviving calves

were phenotypically and genetically identical. A family portrait of the three calves showed that the

calves had the same pattern of black and white coloration. Researchersalso expect that the sex of

‘the transgenic cow can be predetermined using this new method. « He

Advanced cloning techniques offer: significant potential: to improve. the quality.and: consistency of
the animal... Producing-multiple copies of animals with known meat.:charactéristics :(flavor,

tenderness and color) is possible. However, extensive cloning in the near term is-unlikely given the

high costs of the technology -~ breeding operations would have to:completely switch:from natural:

service or artificial insemination to use of cloned embryo-transfers. And, public acceptarice.of - -

cloning procedures remains a huge unknown ~ ethical issues related to animal and human cloning

have been brought to the forefront of public debate by last year’s major developments... . »

-Vaccines. Many. companies are focusing on. development of technology: and/or ; product.

opportunities that improve animal health and production efficiency in poultry, dairy cattle, beef

cattle, swine, and sheep. This includes therapeutics used in animal health and biologicals for

diagnosis and prevention of disease in production animals. co

Significant work:on livestock vaccines is. underway ‘by ARS in:conjunction with several major
companies. Some of these projects include: a

Vaccine for Ovine Lentiviral Infection — researchers are examining the feasibility of

transfecting sheep with the ovine- lentivirus (OvLV) genes to determine the. immune

System responses and the possibility.of inducing protection to the virus.

Relationships among IBDV, IBV, CAV And E Coli in the Development of Respiratory

. ‘Disease Complex in Chickens — researchers are studying the interrelationships of

= infectious. bursal disease virus (BDV), chicken anemia. virus (CAV), infectious
bronchitis virus (IBV), and E. coli in the development of respiratory disease complex

(RDC) in chickens. New control measures for RDC using recombinant DNA techniques

are being examined, and researchers are using biotechnology to,develop.techniques for

rapidly identifying. new pathotypes of the disease agents, Testing of this research has
resulted in a-vaccine for IBV. of,

Natural Resistance to Salmonella: Detection of Susceptible and Resistant Pigs — the

National Animal Disease.Center in conjunction with Pig Improvement Center (PIC) is .

working to develop an in-vitro bactericidal test to identify, Salmonella-susceptible and= S&S SE SS 000375
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" resistant pigs. A large population of PIC pigs will be screened and designated "resistant"
‘and-"susceptible’ based on their ability to-kill Salmonella. Preselected pigs will be

- exposed:to Salmonella in containment facilities to validate the in-vitro‘test. The ability

to separate the pigs.into two groups, resistant and susceptible, will-allow for better

' -seréening of genetically defined breeding stock for altered genes that 1 may predispose

‘them: to Salmonella ¢ or r other pathogens. : oo

Pharmaceutical Product, Medicines and Nutrient Production. Much of the'cutting edge research
in livestock is occurring in the pharmaceutical industry. Researchers are transforming livestock into

bio-factories to. produce’ pharmaceutical products, medicines and nutrients. This-approach’ has

several advantages over standard chemical means of production, including relatively low operating

costs and unlimited ability to multiply. As an added benefit, ‘bioengineers can ensuré that-the protein

products expressed. by added genes.are‘deposited in the milk of mammals‘ or the: eggs of hens,

making the chemicals easy t ‘to’ harvest and process. Some of the products already developed include:

Lysozome i is an antibacterial agent that makes up three to four percent of a-hormal egg white.
Researchers are manipulating the lysozome gene to increase the volume of antibiotic

produced and make lysozome effective against a: ‘wider’ range of bacteria: eee a

Egg yolk normally contains antibodies t! that’are deposited by the hen’ t6'protect the embryo .
from infection before its own immune system develops. . The variety of antibodies can -

be customized by first immunizing hens with particular antigens. This strategy can be

taken oné step further by creating transgenic hens. Given genes from other species, these

hens will lay eggs with antibodies specific to diseases of pigs, cattle or humans, among © -

others.

In April 1996, Genzyme Transgenics announced the birth of Grace, a transgenic goat carrying a gene

that produces BR-96, a monoclonal antibody being’ developed and tested by Bristol- Myers Squibb

to deliver conjugated anti-cancer drugs. Reportedly, by the time Grace turned one year old, she was

expected to produce moré than.a kilogram of the experimental anti-cancer‘ drug.- Genzyme

Transgenics also plans on testing a goat to produce anti-thrombin, an anti-clotting drug. Genzyme’s

relatively new $10 million facility which produces drugs for Gaucher disease reportedly: could be

replaced 1 in the near future’ by a herd of- only twelve goats! 7 of

Other work in this area includes research at PPL Therapeiitics,- whose transgenic calf'Rosie produces
milk that contains alpha-lactalbumin;a human protein that provides éssential’'amino acids, making

the milk nutritious for premature infants. And, another company, Somatogen, recently has created

transgenicpigs that produce human hemoglobin.

Scientists-are conducting more research’ to modify milk content by giving the animals added genes
encoding various therapeutic proteins. Female mammals regularly produce large quantities of
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protein in their milk, and research is underway to designate the typé and-amount of certain protein,

production. After the milk is collected, the desired proteins are isolated and purified. Human milk

proteins including human lactoferrin (a source of iron for infants), human protein C (needed for

proper blood coagulation), collagen (for tissue repair) and fibrinogen (a tissue adhesive) soon will

be produced in the milk of transgenic animals. These proteins may subsequently may-be added to

milk-based infant diets and other products. tS bey be rth.

Product Improvement. Research is ongoing to. define the optimum and maximum potentials for
use of recombinant derived growth factors (or promoters) under: current livestock production systems
in the United:States. New techniques are-being evaluated ‘which would promote more-efficient

muscle growth and.aid in the identification of animals with superior genetic potential for reduced
fat and muscle protein synthésis. : Other: evaluation’ criteria include growth performance, carcass
traits, and. quality and sensory evaluationof meat. Bo

Some. kéy research underway includes:

University of Adelaide (Australia) scientists have developed a novel ‘breed of. genetically
_ engineered pigs that are 30% more efficient and brought to market.seven weeks earlier,

than normal pigs. The Australian Commonwealth Scientific and Industrial Organization

also has produced genetically engineered sheep that. grow 30% faster than normal and are

-currently:transplanting genes.into sheep to increase wool growth. . --—-!

- University of Wisconsin scientists‘genetically altered brooding turkey hens to increase their

productivity to lay one-quarter to one-third fewer eggs than nonbrooding hens. Brooding

hens make up nearly 20% of an average flock, so researchers wanted to curtail the

“brooding instinct” that tends to disrupt. production and increase.costs. By blocking the

gene that produces the prolactin hormone, biologists were ablé'to limit the natural
. brooding instinct, resulting in increased egg production. f

USDA/ARS researchers are attempting to use genetic technology to produce a domestic

dairy sheep strain productive under US southern region and third world-conditions. A

major limiting factor to dairy sheep production is availability of dairy genetics. Another

limiting factor for the US southern region is inadequate use of tropically-adapted sheep

breeds that tolerate heat and humidity, and possess high feed conversion efficiency and

parasite resistance. :In Europe, a dairy sheep breed'— the East Friesian dairy sheep — has

unsurpassed production traits and Has been successfully used in ctoss breeding programs

in the Middle East and Europe. Scientists are attempting to import East Friesian embryos

while at the same time performing lactation and metabolism studies on two tropically-

adapted breeds: the St. Croix and the Gulf Coast Native. The ultimate goal of the

research is to develop new synthetic strains of sheep that possess both the excellent

production traits of the East Friesian and the hardiness and adaptable qualities of the St.
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Microbes and i Enzymes a oe a he
“;ce . : wy "Tg? 7 . : . cpa yee

Biotech enzymes now are. used primarily for cheese production‘and animal feeds. Considerable
work is under way to develop new enzymes with a much broaderirange of applications in.the food

and related industries. Applications under development include:
eon . .f . : eo ao e a ‘
ue te . + wr Te

Enzymes~used. for thé, liquefaction and saccharification. of starch into :glucose' ‘and
..«. Jsomerization into fructose, thus allowing corn and other grains-to -be'converted ‘into

_,Sweeteners such as high-fructose.corn:syrup and maltoSe-syrup through.the application -

of enzymes. Most ofthe major, players.in,the industrial enzyme industry (Genencor _
"International, Novo Nordisk, and Gist-Brocades International B.V. ) are working on.such

~ products.
. et

goo *

Similar technology can be used to produce ethanol by use of enzymes rather than.

conventional‘means. Genencor and Novo ‘Nordisk are ‘developing products aimed.-at this

: market, ya gt a ee ante hp on

The brewing process could be accelerated and/or made more efficient through usé of biotech
enzymes. Genencor and Gist-Brocades are developing enzymes. that will improve

brewing efficiency and reduce filtration needs. Novo Nordisk, meanwhile, is developing

a wide range of enzymes for brewing that could allow for reduced use of malt, :-boost

fermentability, ease filtration, reduce calories, and speed maturation. .. ©. “:.

Baking applications for enzymes include. flour supplementation, increased crust color,

- preserving -chilled-.and frozen dough;:Jonger: shelf-life: (prevents: staling), dough

improvement, and gluten strengthening. Several.firms are developing a-wide range of

enzymes for this market.

Novo Nordisk is developing - ‘several-enzymes for the wine and fruit juice industries,
including products aimed at removing starch. from juice,. enhancing aroma, and

enzymatic peeling of fruit. ae *

=

Gist-Brocades and. Novo Nordisk, are’ developing enzymes for the edible oil industry,
including enzymes that will degum oil.or produce lyso-lecithin.

4
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pollution and —— the eee of algae i in lakes and streams. ks rapidly multiplying
: ae use up oxygen in the water, fish populations dwindle.

Nutraceuticals and Industrial Products

Nutraceuticals or functional foods are considered by many food industry analysts to be the major

product innovation of the next decade. Thus far, much of the product development in this area has

focused more on conventional methods than on biotech, such as the use of additives and fortification.

The key to biotech development of functional foods is in finding products that can be produced more

cost-effectively through biotech than through conventional means. Some of the products in

development likely to reach the market in the next five years include:

A tomato with enhanced beta carotene, developed by Zeneca. USDA's Agricultural

Research Service is developing (with no apparent private-sector involvement) carrots and

cucumbers with added beta carotene.

Potatoes and bananas with vaccines genetically added at the Boyce Thompson Institute for

Plant Research. The Institute has developed potatoes with vaccines for hepatitis B and

cholera. However, the vaccines do not yet survive the cooking process, which renders

them inactive. They also have developed bananas with a genetically built-in malarial

vaccine.
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A rice-based food that would allow diabetes sufferers ’ to.avoid insulin i inj ections. Monsanto’

hopes to have this product on the market in three to four | years.

A Iyeopiene-enhariced tomato in ‘developinent by ‘Zénecai in n conjunction with the Royal
Holloway: Hospital. -This tomato, ‘which - has” attracted interest from ‘major food
“companies, ‘could be used: to create lycopene-rich ketchup, pasta sauce, and: ‘other foods.
(Lycopene i is an antioxidant carotenoid which may reduce the risk ‘of cancer.) _

4G

at

_ Milk-derived products that prevent travelers’ diarthea: ‘ImmuCell Corporation i is developing
‘these products using ‘bovine anti-B. coli immuriogloBilins.

* 7 whe. 1h gt ad
: = : ee . . Zl i I;

The industry still is very much i in the. fbiinintive: stages, with Sinall companies forming alliances ‘with
larger partners while. continuing basicresearch. The néxt five years may see only a trickle of GMO
functional foods,. but the lorig-term i impacts on the ‘food industry of such new products are enormous.
Foods could be tailored to achieve Specific médical benefits, targeted’ ‘for people with certain medical
conditions, and designéd to prevent food-borne illness. In tropical areas where widespread diseases
still are prevalent, foods genetically modified to contain vaccines could control preventable digéases
that have plagued humans for centuries, Sm

f ¢f ee _ 6—hClCUUHuman clinical trials. already have derionstrated the effectiveness ‘of trdnsgenic plant- -derived
pharmaceuticals. In the past decade, intensive research has been’ focused onexpanding the use of
plants as pharmaceutical production systems through genetic enginéering. ‘Itndowis clear that plants
can be manipulated to produce a wide variety of such compounds, from’ vaccine antigens and 5.,
monoclonal antibodies to pharmaceutically valuable secondary metabolites.

= —— =i 20 lCOédAP a
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_ APotato A Day Keeps. The Doctor. Away..-An Edible Vaccine In Transgenic Potatoes

ce Research i in oe Plants and bd Human Hel group: atthe’ Be a Thompson Institute for-PlantBeaaaHn
eS 7 : eae difc 1995,
at this ¢ group: showed that ae only could transgenic potato plants express the E;-coli protein, but
also that potatoes expressing this protein could induce a specific immune response when fed

to mice as part of their normal diet. These results suggested that transgenic plant tissues

expressing vaccine antigens could be used for immunizationagainst a myriad of diseases, and

taised hopes that this technology might solve many of the problems associated with delivery.

__ of safé,effective vaccines to people in developing countries. Production of recombinant.

a vaccines. could beas low-cost:as. agriculture, distribution asconvenient as marketing fresh: -

: _ produce, and administration as simple and as safe as feeding a baby a banana!: The report
. describing the results: of a first oestrial « roy a: t plant-derived : vaccine. Provides

‘Tooth Decay| Antibody Red

is dn 1995, acuccher at Guy Se Hospi ain haere UK sdetnonistrated: that
2 transgenic tobacco. plants. could express and assemble:recombinant secretory
we antibodies to. figh: against bacterial colonization in the mouth and subsequent

development « of tooth decay. : he scientists expressed. each of the proteins in
separate tobacco. lines, andcreated a separate line which expressed all of the lines

by sexually crossing them.

For the human trials, the mouths of adult volunteers were sterilized with a

bacteriocidal mouthwash, and the tobacco-derived antibody solution applied to

the teeth: Overall, the results of this trial were spectacular. The plant-derived

antibody survived for longer periods of time than the synthetic antibody (three

days compared with one day) in the human mouth.
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; eens Prevent Diabetes :

3 K recent report despiibes tie Honient of a potato-based insulin vaccine that is almost 100
ey than - oe vaccine in, me sennae insulin- aeietivat diabetes

As agricultural biotechnology develops, it increasingly will find applications in non-agricultural

industries. Plants are efficient producers of proteins, and since biotechnology gives scientists the

tools to introduce code for proteins into plant DNA, plants eventually will be transformed into a

delivery mechanism for a broad variety of commercially attractive proteins. The first of the value

enhanced products already offers a glimpse of what the future could bring. Monsanto already has

demonstrated that specialty oils from its canola work could have application as industrial lubricants

and as ingredients in soaps and other personal care products. The key to the concept of plants as

factories is economics. The plant-derived product must be less costly to produce than with

traditional (chemical or other) means.

Agriculture’s traditional role in providing food, feed and fiber is being expanded by biotechnology

into entirely new forms of production. Some farms of the future very likely will be living factories

churning out industrial chemicals from genetically engineered plants. Research projects in Sweden,
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Australia and England, for example, haye developed plants producing unusual oils used in the =
production of polymers, plasticizers, lubricants, and other industrial products, thus potentially
providing a renewable alternative to petrochemical oul. a"

' wee

Acetylenic and epoxy ‘fatty acids are critical raw materials used i in production. of polymers | such a: as oe .
plastics and. certain chemicals. These fatty. acids, which are modified forms of those present in -
edible oils, are currently derived. from either: non-renewable petroleum ot chemically processed’ —
vegetable oils. At paper in the journal Science describes ‘the cloning and expression in transgenic.
plants of genes involved i in the synthesis of. acetylenic and epoxy fatty acids. The chemical
modifications of oil are done within the plant; obviating th the need for expensive industrial processing ©

so

and also eliminating waste,

The possibilities include components of, detergent’, nylon, ‘glue, paints, lubricants, and plastics.
Researchers believe that: specialty: oils eventually. will be produced i in flax. (linseéd) to minimize the
risk of contaminating édible oils ; through gene flow (it i is better'to target self-pollinating, oil crops
such as flax rather, ‘than outcrossing ‘ones such as canola or sunflower), But it may be beyond our ..
five year horizon before crop “mini-factories” are producing high value industrial compounds.
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The Plant net EY een Leaves:..Ehytomining For Gold

"Plants are being proposed as bio ical extractors of metals , particularly gold. However,

billion, which is not an

_ Concentrations ere comp ab aie natural ‘mine ore and. ane powders ore.

The authors slain that this liceess could be profitable by comparing the estimated gross
value of the gold extracted with the chemical cost of the ammonium thiocyanate. They

estimated that thecost of the ammonium thiocyanate wouldbe $3,627 per hectare, assuming

that ammonium thiocyanate: costs ‘$3 “per ‘Kilogram: ‘and was spread to a depth of 15

+t ilos th urrently selling at $300 per

eight would be needed for

uis theoretical concentration is

it gold. uptake by plants of different species illustrates the
e next logicalstep willbe the application of these studies to

ously, the phytomining process becomes more economically

The eon ton of: Significe
feasibility. of phytomi ning.

_ field tests around mines. Ob

Global Developments in Biotech Research

Most of the research on and production of biotech crops has occurred in North America, with the

United States and Canada leading the way, followed by Argentina, China, Australia, Mexico, Japan

and South Africa. Commercialization also is beginning in Europe, and, within just a few years,

Brazil likely will be a major producer of biotech products as well. The following section examines

some of the research and product development that is underway in several of these countries.

r gold, this level does not —

Poe Zealand ee

oy weight achieved _
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Canada

The early focus on crops in Canada has been on input traits, especially herbicide tolerance.

Attention now has expanded to output characteristics, with a wide variety of traits being pursued for

human, livestock and industrial markets. However, input characteristics such as herbicide tolerance,

disease and insect resistance, and stress tolerance still dominate the research agenda. Cost

reducing/yield enhancing traits accounted for 87% of the field trials in 1997, with 51% of trials still

targeting herbicide tolerance (Chart 6).

Plant biotechnology research focuses heavily on the Brassica family which includes canola

(Argentine and Polish varieties) and mustard. Canola has proven to be one of the most receptive

crops to genetic manipulations and has been the primary focus of much research. This year, canola

represented 43% of all field trials and transgenic canola varieties accounted for roughly 55% of

commercial acreage in 1998 (Chart 7). Potatoes also are receiving considerable attention, with 126

field trials (24%) in 1998. Other crops of interest include alfalfa, corn, soybeans and wheat.

Chart 7. Canadian Field Trials by Crop Type - 1998
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Regionally, the Prairie provinces account for the majority of biotech research (Chart 8).
Saskatchewan and Alberta each accounted for about one-third of field trials in 1997. Their research
focus is canola. Quebec and Ontario accounted for about 16% of 1997 field trials but their focus is
corn and soybeans. Research in the Maritime provinces centers on potatoes.
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Some of the most significant research initiatives underway suggest commercialization of the

products described in Table 33:

High oleic canola
Canola production from Juncea
Hybrid canola
Shatter resistant varieties
Canola meal enhancements

+

Crop Tyne ‘ Droduct

Oilseeds pHEn AR (SUD er High Eurucic Potential for industrial uses such as lubricants,
EScid & ane a

High ale canola
Canola oil and meal characteristics introduced in
Improved hybridization, creating male sterility and

Reduced levels or blocked production of “anti-
Yellow coated seeds to make meal more attractive,
Reduced ignin Joyvels
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|Wheat ; odified starch composition (low i| Heroic Aterant wheat Commercia fel ey ayer
Hig h amylose wheat 1Gontains high levels of non- digestible starch for useigh lysine wheat Replaces synthetic lysine in livestock feeds nsSs ection of large Starch
Modifi ied protein (gluten) For f food applications and 4 USE as a meat J

Barley -| Increased disease resistance fo a
_. Reduced J tip -

Alfalfa - Beduced SEI ophyl production . Results hhereased bay? Ns 5

The European Union

While discussion in Europe once focused on: mandatory. segrégation- of biotech grains, the EU now
has settled on labeling grains and food ingredients that contain genetically modified attributes. And,
despite some calls for moratoriums and other bans on, ‘the planting and even the importation of
biotech crops, Europe’s options: for. buying ‘GMO- free: grains and oilseeds likely will become
increasingly narrow as biotech’ adoption: exparids both i ink the ‘United: States, South America and
elsewhere. on Te a

» ,

Swen Bam

Even though the acceptance of biotechnology is proceeding at a slower pace than in North America, '

there also is considerable research underway on development of biotech crops in European nations. -

Most of the product development appears centered in France, Italy and the United Kingdom, and a

considerable number of new products are in the company pipelines (Tables 34, 35, 36, and 3.
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yet Table 34.° “Summary of Biotech 1 Developments it in ‘France

4 Crop. _. | Modification Category. eae see lira. a = Companyiinstitution_
(Chicory... [Herbicide Tolerance. & Male. Male stefliyHerbicie tolerant 7 {Plant Genetic Systems _
{Lettuce Altered Nitrogen ‘Metabolism! —__|Reduced nitrates) ¢ “TINRA mee
Corn "| Altered Carbohydrate ‘Metabolism -}Modified starches: - _ |Biocem -

. Altered Pigments | Regulated chain of.iosnthesis of ‘1Biocem

-| Herbicide Tolerance - Toutosinate tolerant - Ivan der Have.
y |Glyphosate tolerant Société de Production &

i. * d'approvisionnement du

{Herbicide Tolerance & Insect | Glufosinate tolerant/Insect'-. | Novartis/INRA
aed | ae cal OAS {Glyphosate tolerant/Glufosinate.. {Association Générale des

. a - -|Glyphosate tolerantinsect = =< |KWS

“ Herbicide Tolerance & Male * +... {Male sterility/Glufosinate.tolerant "(Plant Genetic Systems
_ Insect Resistance’ jInsect resistance derived from Bt |Mycogen

Aan. a . - ~ «ST Seciété de Production &
d'approvisionnement du

Asgrow France
; {Hillesh6g NK_

[Melon [Virus Resistance. Zucchini. Yellow Mosaic: ‘Virus {SEG SEMENCES
Oilseed Rape wy | Altered ‘Oil. Composition | High lauric acid ‘content {Centre Technical

tT oan) Herbicide Tolerance JGlutosinate tolerant: we | \ INRA
Se ep |Glyphosate tolerant’ ~ JINRA
. 7° }Herbicide Tolerance & Male Male sterility/Glufosinate tolerant |Plant Genetic Systems
_ Improved Nutritional Quality Phytic acid conversion Limagrain Genetics

Potato ~ {Altered Carbohydrate Metabolism j|Improved starch quality Agrevo France

ee oe ts wee eee pe ee > |GErMicopa
Soybean __ | Herbicide Tolerance — Glyphosate tolerant. __|Monsanto/Asgrow
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- Table 34. Summary of Biotech Developments in France—continued.

[Crops Modification Category _|trait_ Company/institution
{Squash _ Virus Resistance ut Wiruis resistant > Asgrow/Petosluis
| Sugar Beet ~ | Abiotic Stress Tolerance “., ., {Drought resistant. ~ - {Van der Have =

. Altéred Carbohydiate Mi stabolism Glyphosate tolérant/Glufosinate | “|Monsanto a 5
& Herbicide ‘Tolerance &Virus tolerant/Beet Necrotic Yellow Virus’

{Herbicide Tolerance |Glyphosate tolerant oe |Hilleshog NK y
J fe Beg mf, DLF-Trifotium

J Pe Glufosinate tolerant SES France

: AgrEvo France .

pe _|Virus Resistance _ cee .|/Beet Necrotic Yellow Virus . {Van der Have 5
- . [Sunflower Di _.___| Fungus resistant (sclerotinia _I\ ar]

Tobacco —S=—‘j Abiotic Stréss’ Tolerance Metaliothionein production — Seita
| - {Altered Nitrogen Metabolism - |Reduced nitrate production © —‘{Seita - ; "

Herbicide Tolerance, \lsoxazole tolerant. * .JRhéne-Poulenc: a
| ; Bromoxynil tolerant . . ‘|Seita

virus Resistance LM Virus resistant__ . Seita

aSource: OECD BioTrack Database. The BioTrack database of field trials includes records of field trials of genetically

' Table 35. Summary of Biotech Developitientsi in. aly ‘. wy a
Crop _|Modification Category | Trait a “[Company/institution '
LChicory |Herbicide Tolerance & Male___ i Male sieriliy/Glyphosate tolerant _ |Bejo Zadén _ a
Corn “(Herbicide Tolerance , ‘-"/Glufosinate tolerant — . ., [SES Italia

SC ne os . _ |Hoechst Schering AgrEvo

- a _ °|Force: Limagrain. a
oo ' |Asgrow "

{Insect Resistance _ {Insect resistance derived from Bt - IHilleshdg”, .

oe foo: es ~ |Pioneer Hi- Bred Italia SpA.
Herbicide Tolerance &insect ilInsect resistance derived from Mycogen B

Monsanto '

DeKalb

i
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Table 35. Suinmary ¢ of Biotech Developments in {taly—continued

- iVirus Resistance jCucumber Mosaic Virus-resistant

Crop _ Modification Category ~ ____|trait_ te 2. |Company/institution
\Botato.______ insect Resistance = {Potato tuber worm resistant — : ...|Metapontum Agrobios

Oy: f a an +Glyphasate tolerant. : _iMonsanto lialiana S na
{Squash | Viru a : ini Ye | Shui
Sugar Beet {HerbicideTolerance ~ oo Glyphosate. tolerant ° ‘Monsanto Europe SA
_..____jVirus Resistance: {Rizomaniatesistant | KWS Italia
Tomato Altered Fruit : Ripening” ae Improved processing ‘characteristics {Stazione Sperimentale per

' . IMndustria delle Conserve

Instituto Sperimentale per la

|S&G Sementi Spa

Source: OECD BioTrack Database - is

Tomato Yellow Leaf:Curl-virus resistant {Vilmorin SA_

- Table 36.. Summary of Biotech. Developments i in. the United. Kingdom
Crop [Mod ification Category. Trait "‘[Company/institution
Com |Herbicide Tolerance Glufosinate tolerant
JOilseed Rape {Altered Oil Composition |High'stearate/laurate oil content

Altered oil content

{Herbicide Tolerance Glufosinate tolerant

|Glyphosate tolerant

tHerbicide Tolerance &-Male Sterility [Male sterility/Fertility restorer/

{Male Sterility & Male Fertility Male Sterility & Male Fertility
Potato | {Altered Carbohydrate Metabolism Altered Carbohydrates. .

|Virus Resistance {Potato Léafroll virus resistant
Potato Virus X-resistant __

Sugar Beet Herbicide Tolerance Glyphosate tolerant ‘
. Glufosinate tolerant _.

[Tobacco Altered Pigments Phytochrome altered --_-

Source: OECD BioTrack Database c
}
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Table 37. Summary of Biotech Developments i in 1 Other EU. Countries -
x

Country Crop. Modification Category . Trait . c me Campany/InStitition
Austria Corn - [Herbicide Tolerance Glyphosate tolerance T.B. Agrartechnik :

Potato Altered Carbohydrate __nhibition of.amylose: Zisckerfotschung Tulln Ges ~
Denmark {Potato Virus Resistance © , Potato Virus Y resistant “ Landbrugets, Kartoffelfond Danish

Sugar Beet - Herbicide Tolerance. ____|Glyphosate tolerance le Danisco! * _
Finland {Barley Marker Genes _ .** 1. |Marker gene identification‘ [Boreal Plant Breeding Me

Pine/Spruce/Birch - {Marker Genes . Marker gene identification Finnish Forest Research Inst. 7
Potato Virus Resistance = _ {Potato Leafroll virus resistance Kemira Agro Ltdir 2 ie
Spring rapeseed _.|Altered Oil‘Composition. - . [Increased stearic acid content 7 a
Sugar Beet _|Herbicide Tolerance =. «__|Glyphosate tolerance Hillesho AB

Germany jRapeseed _ [Herbicide Toleratice -- jones tolerance Monsanto «, "
; ‘\Glufosinate tolerance. Biologische Bundesanstalt/

Deutsche Saatveredelung
* - |Hoechst Schering/AgrEvo

Potato Disease Resistance Fungal pathogen resistance . |MPI ftir Ziichtungsforschung
Sugar Beet Herbicide Tolerance ___|Glyphosate tolerance’. Monsanto...

Holland |Human somatic cells|Animal ~ ’ “lIntérleukine 2 T cell growth. — [Acadernisch Ziekenhuis Groningen.
Potato Altered Carbohydrate- . ‘Increased amylopectin. content/ Stichting Proefstation voorde

|Metabolism | . . Kanamycin resistance Akkerbouw én de Groenteteelt i in de

. | . foe . AVEBE. |
Improved Storage . |Reduced bruising CEBECO ZADEN B.V. °

i > . : , a. + 4 & a” . L

. 7 4 - 4

+ j 4 _ .
% i * + tem Wes \ aa

mtg ¢ abo , ‘ poo :¥ = Gl | . . i s ‘} 1 + * oa
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Key observations‘of Européan developments include: “ ° **.- |
. ee oo og * of, . . mo oom, >, fe t

: . oe oe ~ es ve aR . i '

Biotech developments in Europe have been very broad-based, covering a wide variety of

crops and products. Most countries have been involved to some e degree.
: . we ioe ae : y ot

Much of: the developinent thus far has been‘centered onfeed crops‘and- oilseeds, rather.than
food crops: (not ‘too dissimilar from the development i in North America); ‘but there isa ©:

growing : foctis on food and value-enhanced crops. From a ctop-by-crop standpoint, -
~ European biotéch development ! has been focused primarily on corn and: rapeseed (rather.

than soybeans as;in the United States), as we ‘as hjgher-value: Srops such as potatoes, a
sugat beets, and ‘tobacco. SE, te ce

she?

4 Poo

"While the private: sector: is playing a major olen: agricultiiral’| biotech: development i inva om
. Burope, organizations such as trade associations, academic institutes; ‘and: ‘co-operatives ”
also are playing significant roles. a

The breadth and depth of biotech development in Europe — and the investment and economic - 7 |
benefits that accompany it — should most likely lead to greater regulatory and c consumer -
acceptance in ‘the future. wise Se ROVERS ’

Bosh lo ae Co ete hag soe Le

: .

i to od

South America mo 8 coe
Ta a ee

Considerable biotechnology research also is underway in-South America. Since’soybeans dre atv +

early biotech ctop and some countries there are major producérs, it seemed logical-that they would *

move to early adoption. Brazil, the second largest exporter, likely will begin-planting Roundup:

Ready soybeans in 1999 and already has approved its crushing industry’s importation of US-origin -

Roundup Ready soybeans. Argentina, typically the third largest exporter, planted'3.5 million‘actes |

(28% of total crop) to. Roundup Ready soybeans, and likely increased that number substantially this

year. Once Brazil joins the United States and Argentina as a Roundup Ready producer,‘some 90%
of world soybean exports will: be genetically modified. Significant research also is focused on

introduction of other biotech Crops in Brazil, particularly ¢ com 1 varieties (Table 38). ee f

Key observations include:

Biotech development in Brazil has been focused thus far on commercial crops of

considerable economic importance, such as corn, soybeans, and tobacco.

The regulatory approval process in Brazil is about where it was in North America in the early

1990s. In Brazil, the planting , of most GMO crops is limited onlyto small, experimental
plots grown under government ’ monitoring, However, approval for widespread
production of Roundup Ready soybeans | is expected by the end of the year, in time for
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the crop that will be planted in 1999, and this will most likely.open the doors to broader
approval for other crops, whether developed in Brazil or ‘elsewhere.

. : . 7 Moaty

rs “ » . Pe,

Oh

Table 38. Summaryof Biotech Developments in Brazil

Corn Herbicide Tolerance Ammonium glyphosate tolerant ak Novartis seeds 8
Insect Resistance jInsect resistance Monsanto do Brasil

oo : : Novartis Seeds Ltda.

aye + re] . {Pioneer‘Sementes Ltda.
insect Resistance and nsect fesistance, ammonium ____| Novartis Seeds

Catton insect Resistance. insect resistance _: “LMonsante do Brasil .

Soybean Herbicide Tolerance Glyphosate tolerant » . ¢ {Géntro Nacional.de Pesquisa de Soja
. Monsanto do Brasil

ee Ammonium glufosinate resistance. | Hoechst Schering AgroEvo do Brasil

Sugar Cane | Herbicide Tolerance... [Ammonium glufdsinate resistance” |Coonerativa dos Productores de

Toha cco___. Virus Resistance wt Tomato. Spotted. Wilt Vir Is. [Profigen. da Brasil.Ltda
oad ¥

Source: OECD BioTrack Database

Japan © ee SR ; 4 co SG

In Japan, more than 40 transgenic plants have been developed to date. A tomato variety resistant

to tobacco mosai¢ virus has been commercially available since 1992. Two rice varieties resistant to.

rice stripe virus and a petunia variety resistant to cucumber mosaic virus also have been planted :. -°

since 1994. Other virus resistant melon, tobacco and potato varieties as well as a low protein rice

variety and a low-allergen rice variety, two late ripening tomato varieties, a long-life carnation-n 4

variety, three herbicide tolerant canola varieties, and other herbicide- tolerant soybeanand com, «

varieties have been tested in confined fields for assessments of their effects on-the environment. aan

Several .other corn, cotton and canola -varieties are being tested in Japan and awaiting :;
commercialization (Table 39). - a ah

eobe, 18 } . (fog

Noting the importance of biotechnology. to Japan's s food and agricultural system, the: Ministryof..,., -
Agriculture, Forestry and Fisheries (MAFF) plans to increase its support: for biotech’ research,
targeting the development of rice and vegetables (initially cucumbers and eggplants) resistant:to jn;

pests and other diseases. The enhanced support program, the “Super Resistance Plan”, is aimed at

preventing foreign domination of seeds used in Japan and increasing the number of patent filings: «

related to Japanese genetic research.

a Japan’ s Ministry of Agriculture, Forestry and Fisheries, “Current Status Of R&D In Biotechnology And
Its Practical Application In Agriculture, Forestry, Fisheries And The Food Industry In Japan,” December
1997 http: /iwww.s.affre. gO. jp/docs/sentan/eintro/r&d, htm.
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[Grop. a flodific ation oy Tiait _ a CO
(Carnation_“lAltered Cowra Violet Colored.‘catmation. — ee
yCorn : -- |HerbicidesTolerance.. _ .|Glufosinate'tolerant = 3 ¢ » 6 DeKalb. -

iGlyphosate tolerant : Monsanto
Jooce a {Bromoxynil tolerant |Rhone-Poulenc
insect Resistance }European: corn borer resistant |\DeKalb .
| a se |Monsanto

Northrup King
yoo oe , {Pioneer Hi-Bred international
|Herbicide Tolerance and | lEuropean corn borer resistant/Glyphosate }Monsanto. -
din natn insect resistant, Glufosinate tolerant. Plant Genetic Systems

Source: OECD BioTrack Database

Key observations include:

Thus far, agricultural biotech development in Japan has focused on many of the same crops
as elsewhere in the developed world (corn and potatoes). Reséarch also is underway on

several traditional Japanese crops, such as rice and vegetables. Japanesé- based biotech |
development i in this. ‘group of crops i is likely togain prominence in the not-too- distant

future. ‘ .

With the Japanese government having given a high priority to agricultural. biotech research,
it may take a more active role in biotech research than have governments in other i

industrialized countries. _ . . ; |

Elsewhere .

Development of agricultural biotechnology i is taking place in several other parts of the world,
including Australia and China. In Australia, agricultural biotech companies include Southern Cross

Biotech Pty, which has developed Reporcin, a pig growth hormone, and Biotech Australia, who is

active in all facets of the industry, including animal vaccines. In China, the government has

reportedly conducted some field trials of biotech crops, but details are not widely available. The

Consultative Group on International Agricultural Research (CGIAR) has noted the potential of

biotechnology to boost agricultural production in developing countries, and may devote a portion

of its resources to research in major developing-country crops such as rice and cassava.

As international trade in the ever-growing number of biotech crops expands, the plethora of

regulatory approvals (normally required for each new crop in each new country) will create an

increasing drag both on world agricultural trade and biotech research, possibly leading to calls for

some kind of multilateral approval process. Monsanto, as an example, is seeking the following

approvals for the worldwide commercialization of its biotech products (Table 40).

It is clear that the proliferation of biotech crops around the world is and will continue to be rapid.
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However, there are many hurdles that.companies must cross to get product approvals — and the

approval process, ‘its requirements and timeframe are different i in every country. This fragmented —-
apptoach"itiakes it obvious why an- international approval’ process” “through. the, he World” ‘Trade
Organization (WTO). or some other international entity is being pushed by.some..” me! noe Te

we oe a . . . " :
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Table 40. Monsanto’ 's-Worldwide Regulatory Approval. for Crops
| Atgentina 7996 Roundup Ready soybeans “Japan 7906 “New Leaf: insect-protectéd
a "oF : an “| potatoes *

} | 1999 : | Yieldgard insect protected corn Roundup Ready oilseed rape
} 2000 | Bollgard:insect-protected corn | | Roundup Ready soybeans

Roundup Ready corn | 1997 | Bollgard insect-protected corn

| 2001 | Roundup Ready cotton NewLeaf insect-protected
. of. Se potatoes (new varieties)

' Australia | 1996 | Ingard inséct-protected cotton | Roundup Ready cotton
| | Roundup Ready soybeans Yieldgard insect protected corn

; 1998 | Roundup Ready cotton 1998 | Roundup Ready corn

| Brazil 1999 | Roundup Ready soybeans | Mexico | 1996 | New Leaf insect-protected

{ | potatoes

2000 | Bollgard insect-protected cotton 1997 | Bollgard insect-protected corn

| Roundup Ready corn Roufhdup Ready ‘cotton
| Yieldgard insect protected corn | 1998 | Yieldgard insect-protected corn

2001 | Roundup Ready cotton .| 1999 | New Leaf Plus insect- and
: | | virus-protected potatoes

| Canada. | 1995 | Roundup Ready canola | NewLeaf’Y ifsect- and virus- .

foo | protected potatoes
| 1996 | Bollgard insect-protected cotton | | Roundup Ready corn

' New Leaf insect-protected S. Africa 1998 | Boligard insect-protected cotton

| potatoes Po

Roundup Ready soybeans 1999+ | Roundup Ready cotton

" | 1997 | New Leaf Plus insect- and 1 YieldGard insect-protected corn

1 | virus-protected potatoes |

NewLeaf Y insect- and virus- Thailand. | 1999+ | Bollgard insect-protected cotton

| protected potatoes

Roundup Ready cotton Roundup Ready cotton

YieldGard insect-protected corn YieldGard:insect-protected corn

| China | 1998 . | Bollgard insect-protected cotton | United | 1994 1 NewLeaf insect-protected

States potatoes

1999 | Yieldgard insect-protected corn 1995. | Boligard insect-protected cotton
+

EU 1996 | Roundup Ready soybeans Improved ripening tomatoes

1997 | NewLeaf insect-protected Roundup Ready soybeans

potatoes

1998 | Maisgard insect-protected corn 1996 | Roundup Ready canola

1999 | Roundup Ready corn Roundup Ready cotton ©
+

| Roundup Ready oilseed rape 1998 | New Leaf Plus insect- and

virus-protected potatoes _

Roundup Ready sugar beets: NewLeaf Y insect- and virus-

: | protected potatoes

‘| India 1999 | Bollgard insect-protected cotton © Roundup Ready corn
+

Yieldgard insect-protected corn Vietnam 1999+ | Bollgard insect-protected cotton
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Indonesia | 1999 | Bollgard insect-protected cotton Roundup Ready cotton

‘| Yieldgard ingect-protected’corn | Zimbabwe 1998 | Boligard insect-protected cotton
| Roundup Ready cotton \ - }| 1999+ | Roundup Ready cotton

£

we Th:i 
:

Source: Monsanto company reports, Investor reports’
'
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V. The Biotech Revolution: What Is At Stake?

The biotech revolution has generated such great interest SO easly t because the implications are so
profound anid so far-teaching. And, the previous chapters have Clearly indicated thé’wide range of
products that realistically, can be expectedi in the not-too-distant future. The remaining chapters.of
this report now attempt: to ‘identify and elaborate some of thé more important of those implications
in a systematic fashion. Since the most immediate and.most direct of the implications center on the
food em this s section develops a framework from which to begin a an examination of What 1 is at

framework that may. help. stimulate and organize identification. and evaltiation Lofe critical
implications. ae me, oes cof LRBaye

. ¢€ ‘ os . . ef “tt Hen 3

The Food and Agriculture System
yh yo

The food and agriculture system of any country typically i 1S divided into several components, with
the relative. size and importance of each dependent upon the country=s_ stage Of » -economic .

development.
vey ot Bo GT

‘A review of the US food system (1997) shows it contributing almost $1. 1 trillion to the total GDP.
It represents a, large portion of the total economy, 13.3% of total GDP.and employment for nearly .

18% of the’énitire labor force. It also reveals that the farm inputs component accounts for one-third,

farming about 6%, and the processing, distribution and retail components the remaining 61%.

Inputs 7 Farm. |. ~Processing/Distribution/Retail =
wo ead Processing Transport _ Wholesale/Retail. Food Service |

$357.8b | $60.6b — $181.5 . _ $36.2 g308.bb $130/4b.
33.2% |” 56% | 16.8% ~~ 3.4% 28.1% 12:9% ©

vet ‘ nn ra be

Viewed in this manner, it is apparent that 94% of the activity in the food system involves selling
products to'the farm séector.and taking that sector=s raw materials and turning them into corisumer

food products. The greatest proportion of the value added, by ‘far, is thus: seen as ‘being outside the

farm sector.

Developing country food systems-may be quite different. The relative size of the components

changes as the economy becomés progressively more developed. Typically, as development and

modernization occur, the industrial inputs: component expands (greater use of mechanization,

fertilizers, improved seeds, etc.), along with'the processing and distribution’ component. ‘As new

farming technology is introduced and each fariner can produce more, employment declines in the

farming sector, releasing labor into the economy for employment in other sectors.
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Relative Importance Shifts As Economic Development Proceeds
yt . . . . ! , iww : + oe att

Inputs | - , Farming — SO ‘Processing/Distribution/ |
a 1 bo. . . mo o . ‘ . | Retail 7 ” » o

y L. 7 YF fot et . 4 . fk "Ok wank

fe Byrds 2 ea
}o<- - : Wyte oe - ae yo in ajodg cae - -

The initial: impacts of the biotech revolution will vary greatly around the world, depending upon the
stage of development of a food system. This in turn means that the stakes will be different and at

different points in the system according to the stage of development.
oa ‘

we we,

The Potential Stakes

ADirt@ “Y ..- . ; . a ees _ ADifner@e ~. +

tet tal

Inputs Farm Processing/Distribution/Retail
: 7 . - . biog wee ee ented oe we . . : ote yt o] er

vo ie! _ a — a roe ce oe arias _. ce i wr
_ AFarmgate@ _Y ._ . coos +. + ADinner Plate@,

oe ot rot . oa he ps . ee oe +

Farmers have readily adopted the new biotechnology products because of attainable cost -. ~ -

economies, i.e., the net'returns from their use dre positive. How mich more potential is theré?. - _...

Anecdotal evidence would indicate that it is enormous. The cost to farmers of challenging the

forces of nature are staggering B the costs of insects, diseases, and weather abnormalities, plus

revenue loss. from lost product when the efforts to control the natural forcesare. unsuccessful.

gee en meas

' Consider for illustration the following costs:

F 4

Nematode infestations are estimated to cost agriculture throughout the world over. $100+-~

billion annually, a potentially huge saving if biotech methods.can prevent such damage. 42."

European corn borer damage costs US farmers some $1-2 billion annually.

The corn rootworm causes losses to US farmers of some $1 billion annually.
“Hoe

and budworm, which.can be effectively controlled with Bt cotton varieties, are variously.: >

estimated to reduce the value of the cotton crop by $280 million annually.

a

All cotton insect pests cost US farmers.an estimated $720 million annually. The bollworm: -
t
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. Livestock B annual losses from diseases, parasites, and insects cause literally untold

economic losses around the world-each year. Mt

Crop damage from early frosts, vandivulnérability to other diseases and insects .cause
enormous losses of plant and animal foods, losses which have the potential to be greatly
reduced and eliminated : eventually with promising new ‘technology.

While it is not possible to develop precise estimates of all the savings that might be achieved from
all the preventable.crop and livestock lossesworldwide, it is.obvious that the order of.magnitude is

huge B that might be achieved from hundreds of billion dollars annually i in reduced losses (with

undoubtedly corresponding quality: iiiiprovertients)’ B thus both’Teduibing’ farmers= production costs
while greatly i increasing the amount of food'and fiber available for’ consumption.

ra ear whens see att OTE OAR, uae Fa ue . aD eee od hast oe re

A pe

volume of some ‘productioni inputs, One: might quiskly 3 surmise that farmers expenditures for the
new technology seeds would expand considerably, while those for pesticides likely would fall over

time. Fertilizer sales in the aggregate might be more or less, depending upon the particular crop

properties developed (e.g., improved nutrient uptake). Water costs also likely would shift in relative

importance as plants are made to be more efficient users of midisture, more dtought tolerant, etc.

It is difficult to'know-on balance how the aggregate size ofthe inputs component of the food ‘system

will be changed because of several offsets (e.g., greater seed sales and lower insecticide sales). But,

consider the following: —
e - a4. ie ge

—— Ve eR a? - : ew a

Thesizé‘of:the farm production componerit would'seem-to éxparid’B first, moré product '

results from the adoption of new, loss-preventing technologies. And; ‘second, the

emergence, of value enhanced products could be expected to add significantly to

revenues, over and above what they were for:commodities, For example, the 10 billion
bushel corn:comrhodity crop-at $2.50 per bushel produces a total value of $25 billion.

If the average value of the cropis boosted only 10% by value enhanced corn products,

some $2.5 billion is added to revenues B if the value boost i is 25%, then revenues expand

by $6.25 billion.

Today, the gross 5 sales value of all US crop and livestock products at the farmgate is $209
‘billion. Value enharicement B across s all crops and livestock B if only 10% adds $21
billion’ in sales revenues! os

Simple arithmetié makés abundantly Clear that the stakes in the biotech revolution are high B billions,
and billions of cost savings and new sales, and just in the input and farm components of the food

chain.
yo

5 . fae 3

=
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The portion of the food: system from, the farmgate to the final consumer comprises just over three-
fifths of the total. ‘The final food product i is constantly changing i in attributes-and in value.. ‘Over

on

Inputs Farm |

. aren 7 ; . =

ee a | Production | ~~ a
So ty Py de sas '

; wee ‘wn 7 6 was ca ,
Fertilizer Seed Pesticide

a ee OS — _ . . , 2d

we It a tg oN ti a

time, more and more service attributes have been added to the basic raw material content, to enhance _ a
the value. Consider. how the raw material. proportion. of the consumers’ food dollar has changed. . :,
over time: wo my, te, wo ae Gye OD ee. :

_ 1950 | —Alcents . ; e |

'. 1960 33 cents L 5

_. Today 20. cents,

This vividly illustrates how the addition of services to the product changed relative value proportions | ,
of the components. .- | _ ee . oo, coe Cate te .

Sees : we
And, today, nearly 44% of all food expenditures (exclusive of alcoholic beverages), are for food 5
consumption outside the home or prepared. outside the home B clearly revealing the: demand for the
added value service component. Spd ty ,

ep “Food. d Expenditures :
At Home... ... +. -Away From: Home 2

a u billion S 4 ;
1950 390 .. - 12.5

1980 185.8 120.3 |
Today 380.2 297.9 i

Biotechnology promises to further enhance thé’c consumer vali of food products by again changing i’
and expandiiig the attributes B and beyond just adding a service (convenience) component. The I
value added may be health-related, or medicinal, or include some other Afunction.@ And, this value

enhancement may come about because the | raw fi materials B the genetically engineered components j
tee POPOL ’ iB are made more valuable. * . . or

eg COR BT ya ot : aie

It is much too early to reliably estimate addition to the value of consumer, foods from nutraceuticals- 1
functional foods. But, it also is obvious that the stakes are enormous here’B a mere 10% increase ‘
in value to the present consumer food expenditure base of $678 billion expands the system a i

L

J
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whopping $68 billion. oa
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More At Stake

‘

Processing/Distribution/Retail Consumption

Moreover, this may well prove to be the minor part of the value enhancement to the global food
system. The cost to global society today of the numerous diseases and insects that plague the

population simply cannot be reliably estimated. But, the addition of a malarial or cholera

preventative or treatment to a widely consumed food (such as rice or bananas) in those parts of the

world where tlie diseases are most prevalent would yield incalculable benefits. The reductions in

human misery and suffering would be tremendous, as would the added productivity from healthy
individuals able to function fully in daily productive economic pursuits.

Summary

What=s at stake? A few simple calculations make clear that the potential benefits from the biotech
revolution are enormous B the stakes are very great indeed. The stakes involve billions of dollars, -

all across the food system B national food systems and the global trade in food, as well. And, the

stakes for the global population in terms of the potential promise of nutraceuticals are enormous, not

even considering biotechnology=s potential to help curb hunger and malnutrition which continue

to afflict a significant proportion of the world=s people.

Document divulgué en vertu de la Loi sur I‘accés a oy

nat a

000404 -



|

Document disclosed under the Access to Information-Act-—

Document divulgué en vertu de la Loi sur I'accés & l'information

1998 citi iiss ip

VI. The Bidtech Revolution: Implications, for
the Food System Components; +...

Many of the: implications of the biotech revolution will prove to be obvious. Yet, many. will not,
nor will tracing through: the full ‘extent of their impacts. Also, ‘both their nuiriber and their
poteritial magnitude makes them difficult to évaluate Without some systematic approach. In this

food system as the framework — identifying _ and tracing the implications component by
component ~ starting first with’ tlie’ inputs sector, then’ moving to the farm sector and | on across to
the final consumer. In the following chapter, we'then examine e the “overatching” ‘implications,

those that span the entire system. Pe

Inputs Sector
tp le

launched by agriculture genetic and pesticide companies, for the most part, focusing on the
economically more important field crops. Crops with built-in insect resistance’can reduce or

eliminate the need for insecticide applications, while crops with herbicide ‘tolerance shifted

herbicide sales toward specific products. And, biotechnology already has been a’ major force in

- consolidation of the seed industry. This section further explores the - implications of -the--°

revolution for this component of the food system.

Agricultural Chemicals

The biotech revolution already has caused significant shifts in herbicides used on particular

crops. Over 30 million acres were planted this year to crops with Roundup herbicide tolerance.

Most (25 million acres) was accounted for by Roundup Ready soybeans, with. Roundup Ready

cotton also'a sizable portion.

and usage on particular crops has been rising even faster. ‘In 1996, when.Roundup Ready

actually declined 0.7%."

y

15 Calculations were made based on data in Agricultural Chemical Usage, Field Crops Summary from
the USDA Nationa! Agricultural Statistical Service. Calculating herbicide usage on a per-treated-acre

basis was necessary for a valid comparison, since the states and. the acreage covered by USDA’s

agricultural chemicals survey change from year to year.

a

Biotechnology: Fundamentally Reshaping the Agricuttié, Food aid Fiber Industry ~ Now. 406.
ate ate ot ’ Bae - seer ae ae he

séction, we begin this explanation and evaluation of the more important itnplications by using the

The beginning of the biotech revolution thus far has been centered on the inputs sector. It was

Monsanto acknowledges that Roundup sales volume currently is increasing at a 20% annual rate, -

soybeans first were planted on one million acres, the use of glyphosate (the active ingredient in ~

Roundup herbicide) increased by 13.1% per acre, compared to 9.3% per acre for all herbicides :

nationally (Tables 41 and 42). As Roundup Ready soybean acreage expanded to nine million”

- acres in 1997, use per treated acre rose 17, 4%, while overall herbicide use per treated acre

*

000405

ET

PRD E Ae



mre a alec

Document disclosed under the Accéss to Information Act -

Document divulgué en vertu de la Loi sur I'accés @ l'information

Biotechnology: Fandamentally Reshaping the Agriculture,. Food, and. Fiber Industry ~Nov. . .,, « ,,107
1998 ‘ -“

wo ea mm te a» tha win “ a we : oars ” ues i

When Roundup Ready cotton was introduced in 1997, 860,000 acres , were planted and '
glyphosate use per treated'acte increased 22. 7%, compared to only a5. 8% i increase nationally for
all herbicides (Table 43 and 44). e i” ey

It is important to note this discussion refers only to growth rates in usage., The.absolute amount

of glyphosate applied per | treated vacre (0. 81° Ibs) actually was. less: than the, national average
(1.218 pounds) which may, mean ‘that the adoption of- Roundup Ready. soybeans. contributed. to an
overall Teduetion i in herbicide volume per acre.

si Cy aM SR

Ue - tee,

. 8 ne “Table “1. “Soybeans: ‘Pesticide Usage by. Major State, , poe
», hh .Pergent of Acres Treated and Total Amount Applied , i”

Year/State | Area Planted ‘Herbicide “Tnseaticide 1 ;
: | 1000acres j; % - 4000 Ibs % 1000 Ibs .

1995 oe OO a
AR 3/450 * 91 3,664 °° | oe ns

GA *" * | + 320: 87 OAS 3400 FQ th

lo } . 97502-°° | 98 10,181 ot HCY
IN2@O of. + $0005 = | 99 . 6,019 Cs aay

1A - 9,300. °, . 100. 8,936 Se Bat

KY 7 4,170 98, 1,377... cate
LA 2/ 1,070 95 1,394. | 38 241 to
MN | 5,900 99 5471” — oe

MS 2/ 1,850 99 2,587

MO 2/ 4,600 94 4,918

NE 2/ 3,100 96 3,001
NC et: 1,150 -. 94 1,228 1000 ge A de

OH 2/ |, 4,050 J 98 5,923 ae

TTM2 =. |. 1,130 100 1,595 oo.
Total 51,840 "97 56,439 2. 427

1996 - | cy be |
AR2/ °° |} 3,850 92 4,491 - 7 ty

mo ~~ 9,900 : 97 10,670 ee

a 5,400 . 97 5,845 | oe 7 aay

IA 2/: - | 9,500 | 99 - 10,821 SC , bat |
LA 2/ 1,100 94 1,645 320 1610 ode

MN |. 5,950 98 —-7;826 n

MS 2/ 1,800 99 2,287 .

MO 2/ 4,100 98 5,373 “
NE 2/ 3,050 99 3,459

OH 2/ 4,500 98. 5,692 |
TN 2/ 1,200 100 1,770 ;

WI 2/ 920 99 750 7 | oa

Total 2/ 50,970 97 ~~ 60,629 4 273 4 ]
ys Dy, , , fe :

tl
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Table at. Soybeans: | Pesticide Usage by Major State;
Percent of Acres Treated and Total Amount Applied—continued

, ~ . ww! i ‘ata Tae, -4 hg a : ye ey oid. s

[Year/State “| Area‘ Planted ee “Fierbicide” —— ‘ae ‘insecticide 4 oy
fore 4 '4000.acres’ ee 4000 Ibs” ho “4000 ibs |:

JAR 2). 36005} 97 tar BOID de ae |
|DE:2/ 225 7 oe BAA }
(tl.2r° 10,000 98 11,136 - \
JIN — 5,450 99 7,062

| 10,500 | 99 _ 13,691 : |

1KS 21° 2,450 -* | 94 ~ ~ 2,047 | : |
{KY 2/ 1,300° -) °° 94 or "4460 7 Oa

|LA 2/ : 74,400 - ] 790 4,843: { 9°29 331° *
Mi 4,900 «| 98. a + * BAB? y 7 ert

|MN-2/ 6800. | - 9 + °6,902:. ty ah

|MS ar 2,100. J... 98 2,453 chet]
MO , 4, 900. 94 5,521 eth |
INE 2/ 3,500 99 4,093 ~ A

{NC 1,400 98 1,625 35 130

JOH 2t ’ 4,500 99. 5,307
JPA | 370— 86 661 |

{SD 2/ 3,500 “90 3,059 _ oy
{TN 2/: 4,320 100° “1,664 pe an
(Wi 1,000. A000 Ee 99B EP a ye
| Total 2/ "66,215 97 78,207. 1a” 734

4/7 Total applied: excludes: BES.(Bacillus thuringiensis). ‘Quantities are not availablé' becalise ‘amountsof
active ingredient are not comparable between products.

2/ Insufficient reports to.publish data.for one or: more ofthe. Pesticide classes.

Source: USDA-:NASS _ ‘eae

_ Table 42. Herbicide and Insecticide Usage on Soybeans a

. Area in USDA _ Herbicides .Glyphosate (Roundup) — ‘Insecticides ,-
Survey States , a |
1,000 acres | 1,000lbs ibs/ac | applications. 1,000 ibs Ibsiac | 1,000Ibs Ibs/ac

1995 51,840 86,439 1.122 a 6318 061 | 427 0.412 |
1996 50,970 * '60;629 1.226 1.1, 8,687 ‘069° | (273 L 0.536 °

1997 66,215 °78,207 1.218 f+ & 43> 14,915 081 | 731 °° 0652 }°°

% Change | fo Pe -

1995-96 9.3%. 10.0% 37.5% 13.1% 30.1%

1996-97 « «5 -0.7% - |i © ¥ 182% ‘71.7% "474A © 31%

-y ee 7 :

While herbicide tolerant varieties have most affected the soybean sector, insect resistant varieties

have had the greatest impact on cotton and corn. Through 1997, insect resistant varieties planted

000407
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were 18.5% of total US cotton acreage, compared to only 6.0% of corn area. It thus is § likely
easier to discern an effect on. insecticide use in cotton thanin corn. .»> ~.#

Overall insecticide use in cotton varies from. year to year depending upon ‘insect infestation
levels. This fluctuation was readily apparent in the ‘last.two years when insecticide use plunged

31.6% per. treated acre of cotton in 1996, but rebounded 12.2%'in 1997: “However, the effects of
insect resistant cotton can be seen by looking beyond the aggregate insecticide level. Malathion
is commonly used to control boll wéevils, rather than the bollworms and budworms' that are
targeted by Bt cotton. Excluding malathion,’ insecticide use fell 46.4% in-1996, significantly

exceeding the 31. 6% /o drop across all’ insecticides, and decreased by another 5: 6% i in 1997 while
overall usage rose." a .

Biotech crops not only have begun to affect ‘agerepate volume of agricultural chémicals’ used, but
also their prices. To comipete with new crop-plus:herbicide or built-in insecticide “systems, ”

makers of agricultural chemicals not included-in these systems+have had to reduce prices. This
has been particularly true in ctops where tolerance to nonselective herbicides (¢.g., Roundup or

Liberty) is available, since the need to use additional herbicides is severely littiited or eliminated.

For example, Roundup Ready soybeans offered'farmers herbicide cost'savings of $12 to $19 per

acre.’ (After the $6.50 per acre “technology fee,” net savings to farmers are $5.50 to $12.50 per

acre.) yo

i

16 Such a comparison for corn is more difficult due to the small acreage of biotech corn planted. Overall
insecticide usage per treated acre of corn dropped 13.2% in 1996, but rebounded 7.9%:in. 1997 (Tables 45

and 46). It is. difficult to isolate the effects of Bt corn, since it is targeted mostly at the: ‘European { corn

borer, and insecticides that combat the European corn borer a also are used to fight ‘other insect pests.-

Monsanto estimates total insecticide usage ‘of 1.5°million pounds annually for European corn borer
control in the 16 major corn-producing states in 1997. This compares to 13.6 million pourids of total.

insecticides used on corn in the 10 states that USDA surveyed. These 10 states represented 86% of the

acreage of the top 16 corn-producing states, suggesting that total insecticide usage. in the 16 states was.

15.7 million pounds. This: implies’ that insecticides used‘ to comibat Européan corn borer represented *
about 10% of all insecticides used on corn. Since 6% of corn acres were planted to Bt varieties,. the |

apparent reduction in insecticide usage was about 90,000 pounds, assuming no insecticides weré used on
the acres. “planted to Btcorn. -_- an eee a me

The same, situation applies regarding effects of herbicide tolerant corn. Imidazolinone tolerant varieties. -
were. planted on 4.5 million acres in 1997. ‘However, IMI corn (which is not transgenic) was introduced -> |
in the early 1990s. and already accounted for 3.4 million acres in; 1996. Its subsequent gradual adoption" ~ m3
has moderated the impact on herbicide sales in any particular year. Swed? a

Liberty. Link corn was commercialized, in, 1997 and planted ¢ on 700,000 acres. USDA has not included -
glufosinate-ammonium in its surveyed chemical” list, making it impossible to discern the effect of Liberty ~
Link corn on herbicide sales. sy +5: hg: ouie

: wont ,
17 The Ag Biotech and Seed Industry, | Furman Sélz LLC, March 1998.
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Table 43. Upland Cotton: -Pesticide Usage by Major State, F

Percent of Acres Treated and Total Amount Applied . | !
tis

\Year/ . 7 Wee | Fo PTE a oe ic Wy
{State { area Plante} “icHerbieide Insecticide 1/ | Fungicide | ~ ~Other' Chernical

1000 acres % 1000 Ibs % 1000 ibs; % 1000 ibs | % 1000 Ibs |

, y Cade Ma . : ~ - . q.. ay, : , | |
14995 | | a |
JAZ 2) 365. | 89 484 | 97 1,709 4 } 92 1,726

AR. }* 1,170. | 98 ©4208 | 84 4,527° 1° 20 - 2017 | 55 781

|CA2 | 1,470 P88 1,861 | 96 * 2,835 |: me 1 96. 6,713 | Py

{LA't 41085 #4? ‘98 - 2,400 | 98 -** 3476 1 17 7 1. 70 752

IMS. } 1,460 | 98 6,234. | 93 5,691 | 30 350. |: 9f 1,957": -

\TX2/. | 6,400... 98 7,430 61° 6,729 ' 36 1654 |. -

Total” - 11,650: | 97 22,618 75 + 20,6688 =719 | 56 13,577

1996 io | : : |
JAZ 315 75 357 { 89 1,029 | . 71 1,703 aii

AR |) 1,000 | 99. 2,750 | 93 1,303 | 28 + 1157 4 91 1,206 |

CA2/ | 1,000 | .90 , 4,856 ] 97 2,031}. -... | 95 5,180

GA } 1,350 | 100° 4,079} 73 633 | 48 1,234

[tA | 890 | ..84 1957 | 97. 1,486.)- 17 89. fF 69. | 546. -y
IMS: 1,120= "| “99 - 3981 |] 95 | 2417) 7 45° |° 99. 2;544 .
\TN 640 =| 400 1,889 {1 89 ~* 605 | 33 97 || (87. 732

TX2/. | 5,700 90 5,692 68 5,832 ' | 39 2,064 | 3

‘Total | 11,915 92 22,561 79 15,236 6 397 60 15,206 a

1997 of | oY Se

AL 535 =| 100 1667 } 85 | 469 | 17. 22 69° 482

AZ 2/ 325 87. 534 85 ~ =—- 705 86 770 i

AR 950 89 2,882 77 678 | 10. 83 | 84 1,335

CA 2/ " 880 93 1,227 | 92 2,242 98 3,471 ff

GA 1,440 |100 4623 | 90 895 | 85 4,397 boi

LA 630 90 2,331 | 85. 1,789 | 19 85 - 66 469 i

MS 985 100 3,124 | 100° ° 3,972 | 30 447 97 1,556 PD

MO 2/ ' 380 100 839-| 71 210 99 573 i

NC 2/ 670 97 «61,832 | 92 339 - | 96 1,093 b
sc — 290 «| 100 875 98 241 | 18 5 96 467

TN 490 98 1,275 85° 417 | 29 123. | 79 551 BO

TTM _ §,500 — 97 6,401 | 62. - 6,327. 53 2,398 7 : |

Total 13,075 =| 97. 27,611 | 77° |. 18,282 7 897 73 17,561 :

1/ Total applied excludes Bt’s (Bacillus thuringiensis). Quantities are not available because amounts of
active ingredient are not comparable between products. .. .

2/ Insufficient reports to publish data for one or more of the pesticide classes.
Source: USDA-NASS
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Table 44. ‘Herbicide and Insecticide Usage on Cotton

- Area in USDA| ' Herbicides -| Glyphosate (Roundup) Insecticides. |. Insecticides

." “4Survey States] -- nee , ne Except

oof Z _ _ ee _,.{'_ Malathion
. |, 1000 acres |1000 Ibs Ibs/ac | Applica- 1000 lbs Ibs/ac | 1000 !bs Ibs/ac |1000 Ibs. Ibs/ac

|: tions can

1995: |. 14,650. | 22,618. 2.002 |, NIA -- N/A = N/A |. 20,668 2.365| 18,925* 2.166

\1996 +} 11,9157. | 22,561 2.058 1.0 °991 . 0.66 |. 15,236 - 1.619 10,926 1.161

11997: 13,075). | 27,611 2.177 |, 1.3 1,542 0.81 18,282 ...1.816 | 44,036 1.096
|% Change |. od ao, _. a . mS :

1995-96 | ee de, 2.8% | NIA: NIA NIA | -31.6%, Beh A 46.4%

1996-97. sey, 8.8% | 30.0%; 55.6% 22.7% 12.2% | ng 56.6%

v Table 45. Corn: Pesticide Use by Major Staté; ‘

Percent of Acres Treated and Total Amount Applied ;

Year/State | AreaPlanted — __ Herbicide . Insecticide 1/3

1000 acres %.. ~ 1000 ibs % 1000 Ibs

J

1995 ho ge

DE 145 96 427 43 26

GA 400 89 712 19 88

IL 10,200 98 30,811 28° 2,118 ;

IN 2/ 5,400 97 16,842 20 759s

lA2/ 11,700 99. 32/957 | 28 2,821 "" |

KS — 2,150 92 4,397 39 645. 5)

KY 1,280 94° 3,537, 15 56

Mi 2,450 100 6,791 | 18 370

MN 6,700. 98 15,822. 6 400>

MO 1,650: 94 4,443. 30. 242: 1].
NE 2/ 8,000. 95 18,804 54 3,104 7

NC 800° 98 1,679 29 286 :

OH 2/ 3,300 98 | 10,233 | 17 419: -

PA 1,380 93. 4,169 29 295° .

SD 2,800 92 4,691. 7 153° 4

TX 2,100 91 2,840 58 843, = 4-

Wi 3,650 96 8,487, 25 830 fs.
Total 64,105 96 167,642 27 13,457 |e

: an
mag
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Table 45. Corn: Pesticide Use by Major Staté: ~

Oe
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Percent of Acres Treated and Total Amount Applied—continued |

2

|Year/State.. | AreaPlanted | Herbicide Insecticide 1)
{| 1000 acres” % -.4000 Ibs. oY 1000 Ibs. |

41996 {. . |
qh “ 11,000 99° 34,223 27 2,143

IN 5,600 98 18,856 35 1466 9 Jv.

WA j. 12,700 99 36,109 17 1,779 der,
\KS 2,500 94 5,784 40 515°

IKY » | 1,300 99 4,159. 24. 430 |

|MI 2,650 "98 | 7,250 21. 318 fe

MN ss s7,500 97 "17,819 | ABT 614

{Mo | 2,750". 8 (784700 | "7 492
NE. ° } 8500 98 19,817: J bt > 3,068 Oy

NC’ } 4,000. ‘97 "2/565 fo 3878 "376 |
OH |= | .,2,900 100 . - 40;029 » 286. BO.

IPA... | 1,450 98 4,371 54 419

|SC 400 98 1017. | . 2 . |. ,,.84

sD} | 4000 ft 708 OP 28 42
TX ~ { 2,400 - 91 2,770 74 712° .

wi 390088 870 TTB
| Total © 70,250 97 186,97 (800 14,218

1997

IL 41,200 98: 32,733 44 4,266.
IN 2/ ~ 6,000. 94 18,127 31. 1,023,
HA 12,200 98 36,144 192, 2,323
IML | 2,600 98 6,912, AA, - 200°
MN 7,000 91 13,956 10 291°

{MO 2,950 97 8,203 35 475

NE 2/ “1 > 91000 98 19,970 62 - 3,631 - oy
OH 2/ 3,600 100... 12,971 - 18 a4
sD... | ~~. 3,800 +93 6,346 10 317
We... f 3,800 «98 8,689 19. 433 -

Total 62,150 96 164,051 - 30 13,570

4/ Total applied excludes Bt's (Bacillus thuringiensis). Quantities are not available because amounts of
active ingredient are not comparable between products. s

2/ Insufficient reports to publish data for one or more of the pesticide classes.

Source: USDA-NASS
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Table 46. Herbicide and Insecticide Usage on Corn

. 3,

“Area in USDA — a Herbicides TO insecticides —
. |. Survey States .| .- Doe a vette

» . 1000acres | - 1000.Ibs _ Ibs/acre’ 1000 Ibs. . ~ ibs/acre

1995 | 64,105 167,642 2.724 13,457 0.777
1996 | 70,250 186,977 2.744 ° 14,218 0.675 |
1997, : 62,150 164,051 2.750 13,570 . 0.728

% Change] - - 4 | , ae

{1995-96 0.7%' | =43.2%

1996-97 t | © 0.2% J 1.9%

Apparently in response to ‘savings | that farmers were realizing from soybeans not requiring
herbicides’ other than Roundup, DuPont in September 1997. reduced the. -price of its Classic

herbicide by 40% to 45% and prices of Synchrony and Reliance (used on the:competing STS -
soybean system) by 70% to. 75%. Similarly, American Cyanamid this fall dropped prices for. :
Pursuit and Pursuit Plus — among the most widely used soybeari herbicides — as well as Squadron -

and Steel by 33% to 40%. - Prices of Raptor and Prowl also were'lowered, but less dramatically.

Monsanto also moved to reduce Roundup prices by $10 per gallon this fall, translating to roughly
$2.50 to $5. 00 per acre of soybeans. However, Monsanto raised the technology fee for Roundup -
Ready soybean seed by .$1.50 per bag, equivalent to about $2 per acre. Thesemoves Mey ,
reflect some mix of anticipation of the expiration of the US Roundup patent in 2000 and the price: «

reductions for competing herbicides.

AgrEvo does not charge a seed premium for its Liberty Link corn technology, though farmers:

response to pricing pressures in the general herbicide market, AgrEvo earlier, reduced the Liberty
price $2.50’ per acre for the 1998 season, to $4:00 per acre.

While the translation of Btc com adoption into insecticide cost-savings thus far has been difficult
to quantify, the link between Bt cotton and insecticide savings is more direct, mainly because of .:'

ay

.

wo

|

typically need to use atrazine and ammonium sulfate in addition to Liberty within that system. Ini+ |

the intensive use of insecticides on cotton. In 1995, the year before commercialization of Bt “

cotton, farmers lost 2.03 million bales to all insects and spent $880 million on insecticides,

according to.the National Cotton Council. The bollworms and budworms. against which Bt is. ’~

effective accounted for 785,000 bales of the camage. implying that the $340 million was spent. ,

on insecticides to combat the worms. oy

Monsanto reported that 60% of the growers who planted BollGard cotton in 1996 did not require
any insecticide applications, and that most others used only one application, compared to the 4 to

6 applications usually required. This suggests that those farmers saved at least $25 million on

insecticide spraying for bollworm and budworm, and potentially as much as $65 million on

ts

ae

—

. oe ee ee
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insecticides to fight ‘all spests."*- ' This ‘does’ not include ‘the 40% of faniiérs who were able to
reduce, but not eliminate, ‘applications of insecticide. mo RBS

Viewed? aliemnatively; Furman: ‘Selz: estiniates insecticide? Savings s (aot including other: benefits) .
from Bt cotton rin from'‘$11 to $54 per acte,‘depending ‘on infestation levél. ‘This indicates’that _

for the 1.8 million acres of BollGard planted in 1996, farmers saved between $19.8 million and

$97.2 million‘on inséctidides. ‘Thus, consid sfing both’ ways ‘of estiniating impacts, the’ market’ ‘for’
cotton insécticides: wastéeduced by $20 ‘million to’$100. million’ in 1996". "BdllGatd" éotton acreage "
rosé 42%. in 1997 and“ may have increased" by “half : ‘again’ ‘in 1998 ; implying ‘thatthe cotton’
insecticide. market‘has ‘béén: further reducéd,'Well below what‘it ‘would have been, withiout the ~

. : J . ten
acme, Ap og et. Oh ; gt at Foros oy . mae.

presence of Bt cotton. 4
bom44 . ’

: 13

ae SE AORE Le oth
ree ’

Input:dealers expect the future trend to ‘be higher seed: sales but lower agricultural chemical sales.
One-third of the retailagronomic dealerships 4 ina recent survey: said they expected ‘seed sales’ to

increase by 30% or moré -withiii threé“Years,“and‘another one-third ‘expected ‘iinicteases of 20%: to”

30%." On the-other hand, ‘the déaléiships’ expected “enhanced seed” to’ continue to shave: a large
negative impact‘on agricultural chéthi¢al'salés, with 17% predicting” their chemical’ sales’ would”
fall an additional 30%.or’more’in the next three years, while fully’ oneshalf of the Tespondents”
expectchemical sales 'to-fall-at least 20%. Sta

Fertilizer. .- nee eee ete See bee epee se ete - et ae pede

The Biotech revolution thus far has had--very Aittle effect on fertilizer usage. “Anticipation has”
been’ preeminent for yéars for-a’ potential ‘blockbuster seed product targeted at ‘fertilizer, while:

promise of nitrogen-fixing’ corn has ‘becéme theHoly Grail of plant breeding. Whilé blockbuster
products still are not apparent in 1 the near furute, some beginning developments jikely will affect 7

the-fertilizer sector.

Biotechcompanies may hot be able to produce nitrogen-fixing corn quite yet, but they do appear

to have focused on crops that require léss fertilizer. USDA’s APHIS field trials Teports indicate

that Monsanto’ is working of corm with “altered nitrogen metabolism.” While APHIS permits

such ambiguous: descriptions: to protect confidential ‘business information, interviews with

researchers not-employed by outside of Monsanto indicate that the company has identified a gene

that enhances nitrogen uptake from the soil -by as much as 10%. Though the specifics are

unknown, this would seem to suggest that less nitrogen would need to be applied to the crop _

while obtaining higher yields.

Researchers also have been: seeking ways: to’improve phosphate uptake in plants. Purdue
University researchers in 1996 were the first to clone phosphate transporter genes, using the

18 Assuming that this 60% of farmers also accounted for 60% of the 1:8 million acres Planted to
BollGard cotton in 1996 (representing 12:3% of total US cotton acreage).

*s

19 Third Annual Dealership Precision and Enhanced Seed Adoption Survey, conducted in 1998 by Farm

Chemicals Magazine and Purdue University’s Center for Agricultural Business.
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Arabidopsis, a favorite subject for biotech researchers because. its smal]. genome permits easier
identification and isolation of genes. In the first application. to a more. -complex.and economically -:
valuable crop, the researchers in 1998 showed the existence of phosphate transporter genes in the
tomato Plant. This ‘work AS, being extended | to developing plants .that;have;-a heightened:

expression¢ of the ‘transporter genes, to see if this i increases the efficiency of f phosphorous uptake.
pia des .

In research that would lead less directly to, lower ferlilizer use.on. crops, USDA?‘S § Agricultural
Research Service (ARS) has identified a gene that regulates hypernodulation i in, the soybean root’
system. Bacteria are involved i in the formation of.such nodules, -and once.in place at the nodules,
they ‘fix: nitrogen from, the air, converting it into ammonia. - Investigation focuses on. whether
these hypernodulated plants would leave additional nitrogen in the soil, providing: the Nitrogen to
crops. grown in rotation. (Standard soybean plants leave approximately 40 pounds of residual
nitrogen per acre. D. o> Lo . ee Cth a te a aot

“

“ ) ‘ . a 3) a.

Since nitrogen ‘fixation involves interaction between. sites on, the, plant, root system and’ bacteria, .
researchers also havebeen looking at modifications to microorganisins to’ allow,,crops.to be.
grown. with less fertilizer. Research Seeds, Inc., has.already: commercialized. transgenic rhizobia -
to be used as a ‘seed inoculant for. alfalfa, thereby increasing nitrogen fixation and yields. -
Performance is reported to be best on soils with’ low nitrogen. content and low indigenous
thizobial populations.

Towa State University researchers are working with another group of bacteria, Azospirillum. By

“infecting” crops such as corn, with Azospirillum, the:number, of root hairs is increased, and the «.

roots themselves. are lengthened. In theory, with. more rodt. hair surface,. less fertilizer would |
need to be applied to the plant. However, in practice, yields are reported. to be inconsistent. 7
Ultimately, researchers hope to be able to use transgenic Azospirillum to.cause nitrogen fixation”
in crops other than legumes, but there are technical issues even in the laboratory that would.
suggest this development to bei in the distant future.

Similar to the Research Seeds inoculant, EPA’s public reports of. field trials of transgenic. '
microorganisms indicate that i in 1998 there have. _been tests of three strains of Bradyrhizobium ,
japonicum engineered to. enhance ‘ “competitiveness” -and/or. nitrogen fixation i in,soybean plants..:, .
The company, name was made kept confidential by the EPA, and no further information was . -
available on the goal of the ‘research (e.g., increasing nitrogen availability for Tops grown An
rotation). a . ct : tg

woe a i

In addition to modifications to crops and microorganisms for the express purpose of more }
efficient fertilizer use, a third way. in which biotech might affect fertilizer usage is more indirect. . : °

— the reduction of nutrient content in waste from livestock and poultry. Monogastrics (hogs and-,. f

poultry) have difficulty absorbing phosphorous from plant- -based feeds since it is in the form of 3
phytic acid, which ends up in the animals’ excrement. However, ARS has developed corn in
which the phytic acid portion of overall] phosphorous content is reduced by two-thirds (in plants i
that still yield well).

ae "SMH é . .

wee ETE C . ‘ . ‘ |
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Another way to promote: the digestion and:absorption of phytic acid by monogastrics is to" adda an
enzyme.(phytase) to feed.. Phytase:recently.:has been released in’ the United States by‘BASF,
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Under present.practices, tmanure is applied to fields:as fertilizer, with the acreagé over which it is“
spread dependent upon the nutrient concentration in the’ manure. ‘If the’ céfcéntration of

phosphorous is: lowered through the use of low-phytate corn, thén fewer acres may bé required

fora given-amount-of manure. If low phytic acid.com wereto beWidely grown, it actually could

result in-an increased;amoutt. of; phosphate-based fertilizer. being purchased. =» « ye

Ped pa OT RSE RTL On ty vo be

ExSeed Genetics, Ine. “now is: ‘licensing Jow-phytate corn 1 technology from ARS and ‘it ‘will have
two varieties available for 1999-planting:.-Pioneer Hi-Bred also-is attempting to-incorporate this

technology.into.its hybrids, but: may be: ‘another one or two years:away from commercialization... oS
. : : . ES

o

which also sells-it in Europe: ‘Gist-Brocades has a-strategic alliance with BASF in animal feed*-”-

enzymes.and also sells phytase.. However; .a significant drawback to the products how available’

is ‘that. the. phytase. cannot: “yet be. ‘incorporated 4 ‘into: pelleted rations, ‘and -is. sensitive. ton

teniperatires, ms ties werd a a Co aR

Within. the five-year time horizon. of. this study, products with the highest likelihood. of being
marketed on a significant scale include low-phytate corn and perhaps:a more functional forin of

the. phytase enzyme... Both would be mildly positive for fertilizer sales, particularly those |

containing. phosphorous. :Over the.longer term,:however,-it is apparent that biotech-companies. =...

are seeking ways to enable plants to yield well with lower applications of fertilizers. Based:on

past success in developing crops with desired characteristics, it seems likely that biotech will

have. some effect on fertilizer needs, though this may stop short of the Holy Grail.of nitrogen-

fixing corn.

lon |.

hoy

Agricultural Equipment

The biotech revolution also has had little effect to date. on the agricultural machinery. ‘industry. —
And, the: long-term impact.on. the machinery market may’ be modest,as well.

The main issue related to biotechnology thus fat affecting equipment use has been the equipment
cleaning requirement after planting and harvesting biotech varieties. This is primarily because a

few crops have not. received approval for importation (for food or feed use, not seéd) into

particular nations (notably. US. biotech corn; and Canadian canola varieties in the European.

Union). Farmers planting such varieties must properly clean-out after planting and harvesting to

ensure that the crop goes.to domestic uses only. Proper. clean-out also is-necessary: to prevent

mixing standard and herbicide. tolerant seed, which would result in some plants being: killed: by

subsequent herbicide © application. oe

In the future, proper cleaning requirements.;will increase as a wider range of value enhanced
crops are commercialized. Farmers working’ with. more than-one «product must keep the

characteristics of one from “contaminating” another crop. . And, proper cleaning also likely will

tones
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have a food safety element, as.well.: For example,.a crop being : grown for industrial oil: obviously

must not get included i in a load of food quality: grain. . am a tly
aot se Ss a

Agricultural equipment sales also-likely will-be affected over time by feduced wéar'from reduced
application: trips for herbicides and. insecticides.. As bidtech crops are-grown ofi-ever larger

acreage, this could have a marginal negative impact on machinery sales, particularly tractors.

Herbicide tolerant: crops also:enable:no-till and other conservation tillage practices. In -1997,

46%-of - Roundup Ready soybean -acres were planted: using? no-till, versus 30:5%- for all US

soybean acres.” The reduced cultivation with no-till‘saves an average of $5 per-acre in

machinery wear. - oO ee ee ee” soe \ fool a *.

Another result of wider adoption of biotech-crops on equipment’sales is the ability of farmers to

adopt ultra-narrow-row-cotton plantiiig practices. Strippers; available as an alternative to

mechanical.pickers for,several years, cost.considerably less.than pickers. However, préviously

gins were inadequately equipped-andi.calibrated to remove foreign matter that the strippers

collected, sometimes causing price discounts. Equipment manufacturers and gins have attempted

to alleviate the problem, but seed biotechnology i is beginning to play a key role. The high level
of weed control possible..from herbicide tolerant cotton virtually eliminates foreign: matter,

enabling farmers to use strippers for-harvesting. Ds ; Se i
“tk Cae

Overall, awhile: biotechnology will have some effects-in specific-areas (such as ultra-narrow- “Tow
cotton), the total | unpact on equipment manufacturers is expected to be small. Te

Biotechnology : and the Seed Sector nn c ; 5

No sector has been more dramatically affected by the advent of biotechnology than the seed

industry. Before commercialization of the first biotech seeds in 1996, the industry was:relatively -

stable and predictable. Pioneer Hi-Bred had just under one-half of the corn seed market and just

over one-quarter of the certified soybean seed market in the United States, the only player with’ .

double-digit market shares in both crops. DeKalb Genetics ahd Northrup King eachthad‘market ~

shares for corn and soybeans of 5% to 10%. The rest of the industry was ‘severely fragmented

among many; often regional, brands. : Lae oo “ rette th
ioc . mo, . ¢ “ it i. 2 ote

. re . '

When biotech crops first entered the market only:two years-ago, the sector also was splitbetwéen --”
“gene providers” and seed companies. The gene providers were the large.biotech/agrochemicalTM!:

firms such as Monsanto .and Ciba-Geigy,’ which licensed -their genetic technologies to seéd*:” »

companies as the means for gaining access.to the farmer. for their products.”, Pionéer’s large! «-

market share made it of great interest to’ the gene providers, notably Monsanto’seeking to get its --~-*

Roundup Ready gene into a substantial amount of soybean seed and DuPont wanting access tora

wide market for its TopCross high-oil corn and STS soybean technologies (both non-transgenic).

Delta and Pine Land Company, the largest cotton seed supplier with perhaps three-quarters of the ‘'!

US market, was of interest to Monsanto for Fieensing its BollGard brand of Bt cotton: uo
ope Ge lot . / i '

mm --
PY

20 Purdue University’s Conservation Technology Information Center (CTIC), 1997.
—s=.
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There were some exceptions to the separation ‘between gene providers‘and seed companiés:

Ciba-Geigy had Ciba Seeds, and Sandoz owned Northrup King (both now merged: as Novartis).

And, Monsanto had owned HybriTech Seéd since the 1980s, -a .smallwheat research and ‘séed

program,and Hartz-Seed, which had a significant presenée in soybeans: « ce om
: a)

‘ ‘

The commercialization of biotech crops set off a flurry.of mergers, acquisitions -and<alliances
with seed. companies. The gene providers neededaccess :to.seed, ‘not only to incorporate “their--

pn bie

new developments for sale to farmers, but also to obtain.as germplasm for furtherresearch and

development.. Monsanto, first enteredin early 1996.into .a«strategic-alliance- with'-DeKalb

- Genetics, including taking an equity investment. Then;.in the fall:of 1996, Monsanto’ purchased’

Asgrow Agronomics from Empresas La Moderna‘[involving only thé tow ctop sééd (mainly -’°

soybean) business - ELM retained the fruit and vegetable seed business ‘as -part of its:Seminis © -

subsidiary]. (Monsanto had entered into a.partnership.agreement.and:taken an‘equity interest in *

Calgene in 1995, but ‘Calgene had only a liniited seed: business, ‘which ‘was s mostly i in cotton via’ ~. .

its Stoneville Pedigreed Seed subsidiary).
«

Dow AgroSciences.-formed- a strategic partnership with Mycogen Corporation and took a

controlling interest in1996. Mycogen had already built itself into the sixth-largest seed company

in the United States through acquisitions of Agtigenetics from Lubrizol-in 1992 andthe Lynks -

2 OF

and Keltgen seeds. brands. -from: Dow -AgtoSciences -itself..earliersin..1996...Mycogén-also. 7. = -

purchased Morgan Seeds, Argentina’s second-largest seed company, in the fall.of 1996. Thotigh

there were more seed. company deals, in bétween;. Dow. AgroSciences finally acquired the

remaining shares of Mycogen in in the fall of this year.
as ro *

In. August 1997, DuPont and Pioneer + HiBred, two of the largest companies in the agricultural
chemical and seed industries, which previously had formed biotech links through ‘licensing

agreements, decided to create a formal alliance.’ DuPont purchased 20% of the equityof Pioneer,

and the two formed an equally owned joint venture, Optimum Quality Grains. Optimum began:

in January 1998 “to develop, produce and market value enhanced ingredients derived from.

unique grains and ‘oilseeds that meet specific customer needs’ for. food and feed, worldwide.”

Given Optimum’s s focus on value enhanced. crops, DuPont has -kept its STS" ‘soybean line”

separate. . 3 re boos

In February 1998, DeKalb Genetics announced that: it was considering a: sale of the company,

setting off a new race. to control the “choke :point” of seed supplied to the farmer. ‘By May,

Monsanto had won the bidding war. DeKalb had already become akey outlet for Monsanto’s

YieldGard corn and Roundup Ready soybeans, and the only ‘seed company to sell Roundup

Ready corn in 1998. The acquisition gives Monsanto access to a substantial share - of the corn

and soybean seed markets.

At the same time, Monsanto also moved to acquire Delta and Pine Land Company. Delta and

Pine Land and its Paymaster Subsidiary,~along with the. Stoneville subsidiary of Calgene, have

been the sole suppliers of BollGard cotton seed, and more recently Roundup Ready cotton seed.
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Both the DeKalb and Delta and Pine Land acquisitions are being reviewed by the US Department
of Justice. ee seo r ee NH

The sctamble for seed companies: has continued apace during the remainder of 1998. ‘Cargill
sold its seeds division ~ Cargill Hybrid Seeds operations in North America —to AgrEVo'and the

operations in the rest of the world to Monsanto.’ This focus on international acquisitions’ is fast

developing this, year, as‘the,seed-company~gene provider alliance in the United States Has taken

shape. y.Phe--process of gene providers: securing access to. foreign’’seed "began in*1996, with

Mycogen’s' purchase of ‘the : Morgan . Seed.:Company,. the second- -largést. seed ‘supplier in

Argentina; and forming a‘strategic alliance withVerneuil Holding in!France..*Within the same

month, Monsanto. :formed, a technology collaboration ‘with .Emprésas. La Modernal'when it
purchased Asgrow. ¢In;Noveiriber 1997, Monsanto: purchased Agroceres, the‘leading:seed ‘corn

company in Brazil with:a 30%:market-share. .Then in May’ 1998, Mycogen acquired Dinamilho,

which has a 10% share of. Brazil’s seed corn market.. In June 1998, Monsanto gained, seed
operations in Central. vand: Latin America, Europe, Asia and Affica. when it it acquired Cargill's
international seed operations. ot, - mo

One area in which little activity has-been evident for US biotech compariies is the’European -

Union. . This is likely due to several reasons. The EU has experienced highly visible consiimer

resistance to biotech products, prompting considerable hesitancy by EU: governments to- allow "

planting of biotech seeds.- Also,-US biotech companies: already: have” spent-tremendous gums

purchasing.US and South American.seed companies, in addition to their-considerable outlays for

research and development. And, the EU is home of two of the world’s main'biotech‘companies: °

AgrEvo and Novartis. Nevertheless, assuming that there eventually will be broader acceptance

of biotechnology, it is likely that access to seed in the EU market will become important as well

(especially once biotech wheat varieties are developed). — Se ee aR
. . bow.

f oe . . : BEA otBy

After securing seed access and distribution-systems, the biotech companies began the next steps~- ”
in acting.on a “dirt-to-dinner” vision of their role in agriculture:. DuPont agreed in August 19971 --

to acquire ‘Protein:T echnologies International*(PTI), a value“added processor making soy proteins-*+ :

used in veggie burgers, processed ‘meat products, infant formula, soymilk: and other foods. 7

Monsanto and Cargill in May 1998 entered into an agreement to form a worldwide joint venture »-

that would involve Monsanto developing biotech products with output traits and Cargill # ~.

conducting the grain processing and animal feed manufacturing. This shift from biotech

companies integrating into the seed industry — a move'that is essentially. horizontal — to vertically -

integrating into bulk commodity Processing i is: further evidence’ of the restructuring of the ‘food cae

system. ‘
t

4 4:

+

Given the dramatic integration into the seed industry, » will the rest of the crop marketing be”
“taken over” as rapidly and extensively?

There are some specific reasons to believe. this will not be the case. Biotech companies have ¢

little experience with originating,. transporting, hedging,’ merchandising and processing grain.

While some might say that professionals.who can figure out how to modify the genetic structure *
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of plants can. figure. out grain merchandising, it isa. ‘high-volume, Jow-margin businéss where
practices have'evolved over time, and‘the-main industry players“are very large companies that

have succeeded at taking advantage of atbitrage, transportation and futures market - Opportunities.

The. managers of:‘biotech companies ‘do not rt have experience incthese markets... 0c -<

5 1tio. ‘te wa The : . we a

While “the managers. of. the recently acquired seed companies 'do have s some: -experierice farther.
along the:marketing. chain, at is amainily:i in ‘working with:farmérs:to.arrange seed production and .

~ performing fundamental storage and ‘transportation functions;;For the most: part, their expertise

covers the:parts: ‘of, the marketing ;chain that, are still: ‘upstream from: the merchandising: and bulk
commodity. Processing functions. et peg ee

ry f Sud te! Mg Na Mai abd Te gh, as

if the biotech: companies. have not: yet internalized these: capabilities through acquisitions wil
they do so in the Suture? . we

ab cee RG ee moy om

Archer Daniels:‘Midland,‘Bunge, Cargill, ConAgray and, ithe other. ‘major - players. in 1 the- ‘grain
merchandising. atid processing: industries:are very large companies in their-own.right. - Acquiring _
anyone would take tremendois resources, and it would saddlé the biotech: companies with what

. is mostly ‘a low-margin business‘(ignoring ConAgra’s consumer food operations). By-contrast,

the biotech: -companies have enjoyed: -high price-to- bamings ratios on their stocks and. .

considerable stock appreciation in recent years. Fe

This would also.20 against the trend’by. companies. such as Sara Lee toward “de-yerticalization,”: -
‘in which ‘they have been shedding: basic, processing capacity. and. focusing more on,markéting -:

branded products. After, all, one way: to. ‘increase © return-on-assets ratio is to. reduce Jow-margin a

assets. | 7 Ta Ree ee orn

Given the strong stock performance :of biotech .companies .in recent years. inrcontrast to the

lackluster stock performance of several ‘basic agricultural companies. (é:g.; ADM) in 1998, it |

would. -be expected .that :biotech companies at least. are.examining ‘acquisitions.,of grain

companies. Persistent rumors to that éffect have circulated for nionths. DuPont:hived off a.part

of its Conoco subsidiary this fall, generating considerable cash and further fueling the

speculation. -The underlying. question ds what the biotech firms-would gain by acquiring such

companies: a a

In 1998, Optimum Quality Grains’ value enhanced crops-are estimated to cover 1.42 million
acres. ‘Monsanto’s Laurate canola accounts for an additional 80,000 acres, bringing the total to

1.50 million acres. Even by including crops such-as waxy corn and-high-amylose corn which

have been on the market for several years, this adds 2.25 million acres, a total of 3.75 million

acres. This is.a relatively small fraction.of the 74 million acres of-biotech crops in the United

States this year. These present,.proportions would make acquisitions of large grain

merchandising/processing companies appear of dubious.value. However, some of theoutput trait

products rapidly being developed and likely to attract significant additional acreage could well
change the dynamics very quickly.

Biotechnology: Pundamentally:‘Reshaping the. Agriculture, Food and:Fiber Industry =‘Nove - . - 120
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What will the coming of additional ‘value enhanced erops-n mean for vertical integration in the
Suture? co re . or Lo. oe atte to, wet fT,

oe tos 4 eof} yk

The forward movement ‘across the food chain to processing would’ appear to be driven by the
need for processing facilities for’ value enhanced products to manufacture components and

further process into finished foods.. The review-of the pipeline suggests that over the next five

years several value added products will. appear, but-that they ‘are. unlikelyt6’be of significant

enough. volume (or value) to warrant biotech. companies forward’ in the. food.'system through

major acquisitions. This might suggest that ‘alliances:are more likely -in'the beginning, until the

value enhanced’ product introduction-becomes clearer. Biotech companies in the near future

likely will obtain benefits of integration through strategic alliances with large grain companies

and’ perhaps’ acquisitions of smaller. operations: (inéluding’ subsidiaries of larger companies).

‘The Monsanto pipeline from its: 1997 annual report suggests. that large scale introductions of
value enhanced products may be beyond: the five-year horizonof this study.’ In 2000 and 2001, it

expects to Commercialize oilseeds with modified’ fatty acid cotipositions; but since this primarily

involves canola, it is questionable how much acreage these crops ‘will claim five-years from now.

Monsanto has ‘other ‘valué enhanced:¢rops in development: but does not expect to commercialize

until “2002+” including modified basic-fatty acid composition® and also: valuable? individual

elements, such as s high beta-carotene canola oil. Ce Me we NE

’

This, ‘plus i its recent alliance with Cargill, would’ suggest that most’ of Monsanto’ S néeds related to a
the handling ‘and processing of value enhanced crops ‘can be"met' through thé joint vefittire over

the five-year time horizon. Monsanto-also‘has spent substafitial’ sums acquiring cotnpanies over

the last couple of years and still:must maintain a sizable research budget. tte z

DuPont appéars ‘in the opposite’ position. ‘It has pursued seed access mainly through: joint

ventures rather than’ outright acquisition — with Pioneer and Optimum Quality Grains. DuPont is

a massive company, and the recent partial spin-off of Conoco and expected sale of the remainder

in the future, Places it in an enviable: cash position.’ a oe
“

Nevertheless, the ‘growth of Optimum’ s value. enhanced. ‘crops still i is s limited, ‘and the flagship .
product (high-oil corn) does not require processing beyond the feed mill. Producers still can feed*

high-oil corn on the farm, so some portion of production never. requires specialized handling.

Thus, Optimum’s-’output would seem ‘not to - justify the acquisition of a large’ grain .

merchandising/processing: facilities quite yet, unless DuPont is structuring itself for the handlirig © wre
of much larger volumes of value enhanced crops in the future. a ned

The ‘situation is similar for Dow. Mycogeén’s (recently purchased by Dow AgroSciences) value=”
enhanced developments have been rather limited, not requiring large processing capacity: *!

AgrEvo and Novartis Still are limited to products with input traits, not yet requiring movement’ ®

into processing. ae 7 wae Lait
}

+:

g
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Nevertheless, there are a limited number of major. grain merchandising/processing ‘companies,

and it is likely that the biotech companies are closely watching means of securing access to:them.:

Strategic alliances would enable access to grain.“handling and. processing capacity without.’

necessitating large.cash outlays (e.g., Monsanto formed anvalliance with Cargill; ‘shortly after:

large: sums spent to: purchase DeKalb Genetics and Delta and Pine Land).. we a

DuPont does have a gap in the marketing. c chain between the: farmer, and delivery of slightly
processed soybeans to its new PTI. subsidiary. However, the soy protein products market still is

small in ‘comparison to mafkets for soyoil ‘and“soymeal made by the -large crushers: Thus, .

alliances or purchases of smaller processors seem sufficient at the: time. for companies like. .

DuPont/Optimum and Dow AgroSciences.. tS yo Ss

There-ate only a few ‘companies in the ‘soybean ‘crushing industry other than the large grain «..
companies. There aré more participants in corn wet-milling (despite ADM .and-Cargill’s.large: .-

share of capacity). Some operations are.more.or less “stand-alone” subsidiaries of. larger. -.

companies.’ A sale might make sense to both sides ifa biotech company believes it can éarn.

significantly more having the operation: process value. enhanced: crops than the current: owner —

receives processing bulk commodities. Purchase of small or medium-sized operations would

enable integrating both the hard assets (i.e., elevators, processing facilities and transportation

equipment) and professional capabilities (i.c., grain purchasing, commodity marketing, hedging

_and.transportation: logistics) into the biotech company before.output of value enhanced.crops.

exparids, . And; ‘the size-of the processing operation would be more proportional to the volume:of : .

value enhanced grain’ that willbeproduced inthe foreseeable future... eben,

By forming alliances, however, biotech companies wouldhave the additional benefit of gaining
access to the largest and most competitive grain merchandising/processing companies..in. the

world, such as ADM, Bunge and ConAgra. A biotech company through an alliance can secure -- ,

one or more of these large companies’ capabilities without ut huge capal outlays. My

Alliances also can open ¢ access to farmer cooperatives for biotech companies, which might not be
possible through acquisitions. Cooperatives have the attractive features of ability to provide

access to the farmer.in selling seed at retail and potentially in arranging for contract. growing of :.

value enhanced crops, as well as having some grain handling and merchandising capabilities.

Some co-ops also are significant players in the processing sector. Thus, alliances could: be used

to span r most of the area from “dirt to dinner.” re an sf

What about the construction oft new processing facilities for biotech crops?
a . : ' map vs . st

A final issue is whether the biotech companies:could simply construct their own facilities for the
processing value enhanced crops. Alternatively, if a biotech company were to form an alliance

with a group of farmers, the producers may:be«willing to pay. for-and operate the processing

facility if the agreement is binding and the farmers expect to get.an adequate premium. Similar

farmers groups have banded together to build processing facilities in an attempt to capture more

of the value added to the grain, notably in the corn wet-milling industry.
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An argument against such arrangements in the near term is that-sizable new facilities have come © .n

on line in the soybean. crushing industry. during: the last couple of years (and additional new ~,-

capacity is possible), while the. corn. wet-milling : industry, ‘also has .been experiencing .

overcapacity during the last couple: of years... Thérefore, the prospects fora. new facility, to be.
able to “fall back” on processing bulk commodities if processing volume for value enhanced

crops is insufficient does not appear. enticing at the: moment. be Oo
Ee ers py we

Nevertheless, the potential exists for biotech companies and/or associated farmer: ‘groups to. build:
facilitiés for specific value enhanced crops,, where there is: -compelling demand for the processed. .-.

products, and the economics of growing and processing the crop are right. This may coincide-'....,
with opportunities for smaller processing facilities that can be built and operated at economies
that are competitive with the current world-scale facilities that dominate theprocessing. sector «= ]
(somewhat analogous to the rise of “mini-mills” in the steel industry). Still, since the world--1.-,

scale facilities enjoy significant economies of scale, it should be emphasized that the operational - sort

econotnics would have to be relatively close to those of large facilities, and the proper site and: .7.

value’ enhanced ¢ ‘crop would haye to'be chosen, in order to make sucha venture viable. 9), yi

re

Toads . : 7 L
The Farm Sector. - ot . we

As the sectors move: to accommodate the new processes, new technologies, new products and ad
markets, and, likely new policies.— a completely new. system.develops. The farming sectors - -s

around the world already are increasingly interdependent and buffeted about by a wide-range of-..

economic, political and natural forces well beyond their borders. The advent of biotechnology
promises to bring more major shifts. | oe . Lo 1

oe ‘ oe : - Cte, , / 4 +t

While farm sectors will differ in terns: of the-influence biotech will have, the general nature of the +

changes and implications likely will be similar the world over. This section explores the likely +>

developments for the US farm sector as illustrative of those. that can be expected elsewhere,
especially 1 in the developed countries.

Agriculture Today SO eae gs
. Loy : . . oo re a lav

Very powerful trends. have been driving agriculture over . thes: last several decades, forcing 0%
evolution of the sector and its place in the rural economy (Table 47). The farm population that. «4

was 25% of the total in 1935 is well below 2% today and so small it no longer is counted
separately by the Census-Bureau. And, farming’ s place in-the ruralkeconomy has changed from
once being the economic engine to a relatively small force today — perhaps fewer than 10% of the

rural counties have as much as 20% of the economic activity dependent on farming.
To: , Le .' 4 ya

Table 47. Number of Farms: ‘by Size (Sales), 4996
aa t .

Sales Size “Number. %: of Total Sales % of Total -
‘thousands, . . billions -

'

a. a. a. fg a.
een
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. -: fLessthan $100,000 | - 1725 - + 83:6. | 44.9 “1 20.4

:1$100,000-to.$249,999 208 -. =; 10.4 “48.4 , 21.9

{$250,000 to$499,999 | 79 38. 847 20 18.7 |

_{$500, 900 and over. tee 2. 25. | 925 AA. 9 |
; Total LL 2064 _ a 100. 0. . 220. 5 ; 100. O_ |

Source: ERS, USDA! 5 Be

Today’s farms are'in'two distinct categories: ne
bee rod . at . . eT vt ' set os - -wigs af _ oF eid

° Commercial farms nunibering 339;000-(16. 4%. of total US fms), with 19963 ‘sales of
$175: 6 billion. (80%: of total US farm’ sales). a a ad

rah One ee ‘ ce tee :

-‘e Non-commercial farms numbering 1. B illion (83.6% of total farms), with- 1996
~ sales of $45:billion: 20% of total farm sales). te St

eke EY MOP TEA yt LAE coal Ne fet oa “ ate +

For most'of this césittty! firmer? ‘primary:foctis‘has beén‘on the technical: aspects of farming, on
reducing 1init‘costs of output: Perhaps because they ate commodity producers atid’ price takers,

most farmers have paid: ‘relatively less attention to the marketing’function: leading’ many to

suggest this — and risk management — as an area of emphasis for i improving farm income. It has

already bécome ‘apparent that biotechnology : can take contributions:to ‘further décieasés- in‘unit

costs, and is becoming. clearer‘that it has enormous ‘potential: :to : “improve fatmets’‘riargins

through expanding -the réveniie base;"as well. “Value enhanced products’ ‘ihcreaSingly will-offer-

farmers new opportunitiés, but also -will create the need for farifiers to locate new product: «

“markets and information about pricing options, negotiate contract premiums for wider margins, ©

and produce the product to the contractor’s precise specifications. Farmers still must focus on

lowering their on-fatm costs, but increasingly they will‘be driven:‘to search out wider ‘Margins, in

nontraditional markets: =‘ . es ne
'

These changes and the changing basic market for commodities likely will precipitate an
evolution of commercial producers into two broad groups ~ those continuing:to concentrate’

mostly on cost reducing/yield enhancing biotech commodities (traditional producers) and those

focusing on differentiated, value enhanced crops (industrial producers). The former group can °

be expected to concentrate on cost efficiencies while thé latter seek ‘margin enhancements

through development of value enhanced markets.

e Traditional Producers. These large producers are likely to embrace biotechnology

products, but will focus on the cost reducing/yield enhancing varieties that are similar

to traditional bulk commodities, require little change in production or management

procedures. They will focus on investment in land and machinery and will

increasingly embrace modern technology with expectations to increase the size of

their operation. They likely will continue to own a major portion of-their operation's

land and resources: These operations likely will maintain the characteristics of most

commercial farms today.’ ms
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e Industrial Producers. These operations will differ from traditional ‘farms in the type

of biotechnology products they adopt and in developing new sophisticated business

‘and management strategies. These growers will use high technology operations to

better focus on trait-specific commodities-and specific. attribute: raw materials... They
will use extensive, coordinated mafkets-with wider margins through contracts and
strategic alliances rather than the general commodity markets.4>,

There also may emerge a group of producers: whose primary,jfocus is on. developing

and supplying markets competitively, rather: than managing their own assets. In

- contrast to the large-scale growers: that, typically own most of.their assets. (land,

machinery; equipment), this “negotiator” arranges for most’ services through sub-

contracts, custom operations, hired labor (often through a custom:service), and leases _

(sub-contracts) land. .The-competitive advantage of the negotiator is knowledge of

markets, leveraged resources from basic contractors, and:.personal deal-making

capacity. In many ways, these farmers will be middlemen: for many operations,

«.. Regotiating With end-users (processors/handlers/distributors).tojproduce trait-specific.

commodities or specialty. crops;. and then négotiating further awith, landowners, and: .
-owners of machinery and labor needed to produce, the commodity... ema oe

4 . om] ce val t Slope, as vot

Today’ s commercial farms little, resemble a “way.of ‘ife” as they « once 2 did. In. recent years,’ they
have ‘become thriving, business operations using high levels of technology and fully focused on..,
‘market .growth.. Biotechnology and precision farming are promising cost savings and significant

returns-to early adopters. They likely will.prove as. important or more:,than any previous -

technological. or-economic 2 development. Seta ay a. “

4 .

Biotechnology, in particular, likely will greatly affect the structure (and numerous other aspects) .
of the farm sector as we know it. However, the effects are likely to vary greatly between cost .

reducing/yield enhancing crops and value enhanced crops.

Cost Reducing/Vield Enhancing Crops - we

Crops that are. substantially equivalent to ‘their traditional counterparts and. : are developed to.
reduce. production ,costs or boost yields likely. will cause relatively small ‘changes to the farm
sector. Key aspects include: oo

Management and Operations .. —

als wre tas . an

° Increased management. skill may be, needed ~ greater evaluation of the “biotech
package” will be required; .

e A new cost structure (ecinloey fees) may require different assessments before
selecting.a new “seed system ’?;;"<j:4-+.. nt 4

..@ Information requirements on competing crops and products may become greater;
e Few new investments or capital are likely to be necessary;

e Less labor may be required. ZTEUEERPEeeerer000424
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Contracting and Legal Requirements | , _
we eo “, : a : & bee “od :

e Saving: seed not allowed under technology agreenents ~ on-site testing by biotech
companies to test for compliance i is allowed;. ae ‘

e Non-biotech refuges may be required, to prevent pests from developing
resistance;

No added incentive to contract production, unlike with value enhanced : crops;
Growers must:ensure that crop is.sold domestically if the export market i is closed

(e.g., the crop is not approved for ‘use elsewhere); 1452" vt
e May be small amount of non-GMO contracting for specific f food uses (baby food,

tofu, etc.). Dory

amen

=C

\
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farm Consolidation.

e Definite advantages to early adopters, likely to be larger farms;
“oi @ Increased yields pushing prices lower may increase returns to scale, possibly

accelerating: the trend towards larger farms.

Vertical Integration

e Little possibility for integration, except into seed production;
° Opportunity for small Seate: Purposes, €. Bs new: product testing: ,

‘ i . ge

Storage and Ident Preservation (IP)

e IP may be needed for products not approved in export markets;
e Increased demand for storage facilities.

‘

Value Enhanced Crops” *

The changes effected by value enhanced crops (high oil com, high methionine soybeans, etc.,) on

the farm sector could be more substantial. Among the major factors are:

Management and Operation

@ More labor will be necessary;

e Need for closer and more skilled management;

-e@ Information needs grow considerably, including:

© Greater reliance on the contractor;

® Legal information related to contract;

® Farm press and extension services may be less helpful, as they likely will

have with no product history information, and the products will have a

smaller market;

® Internet sources of data (premium listings) may become more important,

® More complex choices of crops to produce and companies offering

premiums for them;

Overall, greater information requirements but fewer sources, particularly

for early adopters;

® Greater investment needed for storage facilities and IP equipment.

Contracting and Legal Requirements

Contracts may guarantee outlets and premiums for product, but two major questions

remain. All of the following are possibilities: -
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- Who bears the tisk?- Ss Ree
‘® For a'commodity-like product With accéss to many of the traditional

market outlets, there may be a flat price offered;

© Fortew, highly specialized products, there may bea flat’ price offered,
* ‘along with a premiuin; °

© Prémiums'may incréasé fotcrops with a higher * ‘yield drag.”

@ Who negotiates with whom? |

0 Seed/technology companies; re

Grain companies; - oe

© Coops may play a gieater role, credibility with farmers; own: Storage
facilities, etc.

~ Consolidation

e Advantages to early adopters;
e Small farmers less likely to be first to attempt growing specialized crops;

e ‘Contiactors “deal: mire ‘with large farmers ~ small ‘farmers could ‘ gain business .
through co-ops or open sign-ups;

e After initial adoption, small farmers find a niche with some products.
ayo

. Vertical Integration a

° Co: -ops” ‘work with biotech companies as “franchisees” to deliver producers and
product; * a a oO .

oo Grain | companies may éstablish closer ties with’ + larger farmers;
“e No indication of biotech compahies or others wanting to own farmland; but rhight

buy land for high-risk industrial and/or high-value nutraceutical products.

Storage

. e@ IP required for all outlets and points along the distribution chain;

“*@ Outlets may be more distant and require more investment;
e Greater ‘delivery and timing constraints: :

gO GP) : , 7 ae

oF .

Outstanding | Issues * -

“e Concern already exists — before bidtech — about concentration and consolidation
. - throughout the food industry, and about the continued role and function, of

independent family farms. ~° “

‘e Given the long tradition of indépeitident family farms in the’ United States and
elsewhere, there is ‘concern ‘that biotéch leads to increased’ contracting, eventually
turning farmers into contract employees of large companies. How legitimate is this
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concern? Would crop farmers eventually follow the contract broiler grower model?

Would farm numbers stabilize or shrink if this course of events took place?

e Even though biotechnology ‘ may. “lead. to ‘added vertical integration, the
“chain” always skips owning farmland for ‘their own production purposes. Why?
What “rate of return” scenario always precludes this?

e How will small farms be affected by biotechnology? Is ability. to afford biotech seeds
(gene fees) a misplaced concern, given the apparent economic benefits? Will they

benefit substantially from lower costs of production? Will more niche low-volume

highly specialized production opportunities become available?

¢ How will farmers’ relationships with seed and other input companies be affected by

the biotech-revolution? How will relationships with lenders be.affected? a

Agricultural Processing Sector.

The term “grail” | is used throughout this section to refer to cereal grains, , oilseeds and
other field crops.

The processing seotnent of the food marketing chain is not a single industry. Rather, it is
composed of at least three distinct divisions: bulk commodity processing; food manufacturing;

and feed manufacturing. Bulk commodity processing encompasses activities traditionally

thought of-as Processing, including soybean crushing, wheat flour milling and corn wet-milling.

The food manufacturing category mainly consists of makers of packaged food items that are sold
through grocery stores, but it also more broadly encompasses a range of food items made in an

industrial. process and sold through a variety of outlets. Feed manufacturing refers to making
compound feed through grinding and. mixing of. ingredients. such as cereal grains and protein

meals, whether ‘done by a feed company, feedlot, or hog or broiler production operation.

Bulk Commodity Processors

Yield Enhancing and Cost Reducing Crops. Bulk commodity processors likely will be little
affected by yield enhancing or cost reducing biotech crops., Generally, | the. new crops are
“substantially equivalent” to their nonbiotech counterparts ~ quantity, content, “and nutritional

value of the meal, oil, and other derived products are little different than the standard commodity.

Any effects on bulk processors likely are in operations and sales. On the operations side, a direct
effect is that herbicide tolerant crops contain significantly less foreign. matter upon harvest than
nonbiotech crops, especially soybeans and cotton. Monsanto reports foreign mattér “teduced by
one-third for Roundup Ready soybeans, a noticeable effect for crushers located in areas with

traditionally high weed pressure. (Mid- -South, and Southeast). For cotton, herbicide tolerant

varieties permit farmers to adopt’ thé , growing practice of, ultra-narrow row. planting which
enables harvest by cheaper, éfficient strippers.
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Indirectly, biotech:crops that enhance yield will increase supplies and lower’ farmers’ ‘cost curves.

For example, seed companies report Bt corn can improve. yields 16 bushels “per acre over - ‘

nonbiotech varieties. To the extent that supplies are larger and crop prices reduced ~ not

necessarily farmers’? margins ~the.trend is reinforced among: Brain merchandising! and! processing
| firms toward | high throughput in large scale facilities. coe

Biotech. crops also may affect bulk commodity processors: af sales to customers ‘sénsitive-to the -
presence of biotech products are made -more different (e-g., EU. buyers-of corn. gluten feed or

soymeal). ‘However, since theit introduction, latge commodity processors’ “have ‘steadfastly

qmaintained there is no reason that biotech crops should r not ‘be: ‘commingledi in their raw material

~and output streams. ee 2 a,
— ye . . Pot . gee es

“Since, ‘biotech. crop. introductions in 1996, foreign importers: of soymeal could’ “purchase: from
Brazil rather than the United States (at least for the part of the yéar when Brazil :had exportable

supplies): -However, recent higher US:exports to-the EU in years immediately prior to widescale

plantingofRoundup Ready soybeans, suggest little.impact:on-bulk processors. Moreover, Brazil -

- now has: s: approved Roundup Ready soybeans for planting, and. ‘significant ¢ acreage is expected i in
(1999. . re toy .

“although it appears unlikely, there may: be. some niche market opportunity for identity- preserved
agrain if the end-consumer were willing to pay for processéd products guaranteed to-not contain’

‘genetically modified material: Since 1996, Greenpeace and other organizations-have!published:

lists of potential suppliers of nontransgenic commiodities. . However, telephone’ conversations. -

_ with these firms reveals they often ate very small operations, and:that: whilethey“have-storage ~

“capacity and ‘have even put-together shipments in the past-of such items asfood-quality soybeanis,

most. were operations with “good: intentions” with. little real capability to» put-.together .

nontransgenic commodity shipments of any size. tes :
cut

:

Moreover, potential buyers, often i in the EU, typically requested.a guarantee from the suppliers of.
100%: nontransgenic. . This almost always proves to be a “deal-breaker,” as ‘suppliers would -

provide signed statements from ‘farmers who grew the crops, but: were unwilling: to take legal °

liability for'an entire shipment. As a result, the few shipments reported to have taken place

involved very small volumes — insignificant in terms of the scope of overall US commodity

exports to the EU. oo me , 7 * tng ES

Value Enhanced Crops. The effects of value enhanced crops on bulk processors'may be more
é far-reaching. Value enhanced crops that require processing and can generate enough additional

value to “pay” for processing will be able to carve out niche markets. A segment of US

processing capacity likely will be focused on such value enhanced: crops, and the remainder of

‘the processing sector may continue: to ‘mill ‘standard commodities; which~ may: include yield

enhanced/cost reducing biotech crops. commingled with nonbiotech crops.
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Only biotech crops that intrinsically have additional value to merit identity-preservation,

handling and processing will succeed commercially. (This ignores crops that do. not require

processing-such as.corn that could be fed to livestock on the farm. where produced.)

Ata minimtim: value énhanced crops will. result -in heightened management requirements. at.
companies/facilities that process these crops. Managers.must decide whether they want to:

process.a value enhanced crop, or to process only standard commodities. This may even involve

a decision of whether to,enter into the processing business, or whether to ) build anew facility. °.

- wen pe , : . : ,4b on we wwe ' rz , aeAt companies that- ‘process. value enhanced commodities, heightened operational, marketing and-
risk management skills will be necessary.. At the facility, managers.must ensure the IP. system

remains intact by dedicating bins to storage of the value enhanced grain, and then properly —

supervising employees to make sure that no commingling of value enhanced and standard grain —

or two different varieties of value enhanced grain — takes place during load-in or load-out.. If the .

output from processing a particular variety, of value enhanced grain has a specialized use, then

company management-must enter into agreements with customers that will purchase the product -

at a-profitable price. : The company.also must be able to sell any by-products, requiring , sales

skills that might be+a deterrent to‘new entrants, as companies considering such.a.:move often

uriderestimate the difficulty of selling processed products, believing that commodities “sell :

themselves.”

t tmet ee Pl oa ad. 3 naw a weet

Risk- management is: -another difficult- -area 1 for companies processing value. enhanced grain. The re
raw -materials:and/or’ the: item produced ‘ may not have a close economic relationship with,
commodities for Whichthere are futures contracts or major exchanges. For example, if soybeans.

can be. modified to; contain oil used only in specific industrial applications, then the value of that .

oil may not fluctuate-in ‘stépwith soybean oil futures traded on the Chicago Board of Trade. If
the secondary: products.made during the processing of seven commodities —/ in this example,

soybean: meal produced when retrieving the value enhanced oil ~-are not equivalent to the

standard products (in nutritional quality or other attributes), another level of complexity is added.

Large. companies: may be able to approach investment banks. or other. sophisticated. financial -

institutions. about having derivatives written for the. value.enhanced products; but this involves

transaction costs. and. likely. would be out of reach for -smaller . organizations interested in

processing value enhanced grains... . ae an ory
a ye :
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Still, while these management needs must be addressed, the ‘most important question about.
processing these crops is whether it takes place at facilities dedicated solely to processing such

crops or at facilities. that process value.enhanced crops part of the year and standard: ‘erops for the ,

remainder. a am aa,

m4

An associated question is the sizeof;facilities to process value ‘enhanced grains. Technical -
factors oppose performing “runs”:of both standard grains and-value enhanced grains at. a single

processing facility. - Specifically, most agricultural processing involves continuous flow of raw

materials rather than processing of discrete batches. If not, then some products may:have to be

sold at a discount. (get

ate
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One possible: scenario for the birth of. an industry-o over the next: five'yéars is outlinéd below. Thé ” *
processing of value enhanced crops likely will take place:in separate ' ‘runs at: facilities that'still — .
spend the majority of.the year processing standard commodities. - Only after one: or more value. ‘
enhanced crops that have demonstrable écotioritics ‘and that! can ‘command an ‘adequately: sized’
market are introduced will investors and credit providers be willing to dedicate a: facility to the: ?

processing of such crops. Similarly, it probably will be necessary for one organization.to be-a

trailblazer in*‘setting aside ‘a‘ facility for the processing ‘of ‘value enhanced gtains, which if >

successful ‘will entice‘other: organizations to construct facilities or carve: ‘them ‘out of theit existing .

“stable” of facilities. | ©... oe re

Food Manufacturers’. : ‘

| Food manufacturers ‘generally’ are: much t moré rigid i in the. suppliers they use ‘and-thé “sanctity” of
, maintaining their énd=products than'are bulk: processors. “Food manufactures tend to use a small

number of ‘suppliers ‘verified-to-be ‘capable ‘of delivering product -tecting: strict‘specifications.

Food manufacturers also are more likely. to have long-term ‘contractual agreements with their

suppliers, though the'price of the ingrédiénts they’purchase thay‘be tiéd in a predetermined way

to a market price-that fluctuates (e.g., threé’Gents over-CBOT futiires prices for soybean oil). On

the output ‘side,-prices for packaged food:products«tend--to' ‘change much ‘less frequently. and

sharply than day-to-day and-second-to-second ptice changes for the’grains and oilseeds that bulk

processors purchase, ‘as well as’ the vegetable ‘oil, protein theal and ‘starch ‘based Products that

they produce. mo oe ne oe .

j q

Also, food manufacturers are already unwilling to charige the jabels, on-their products except for -
marketing reasons (€.g., a more eye-catching label featured:in .a‘new'adveitising campaign). ‘The

consumer acceptarice issues associatéd with ‘biotechnology ‘ could add another level of

complexity, though a label that could go beyond statirig that thé item. contains genetically

modified material and’ maké'a positive claim es 8. - margarine that’ teduces cholesterol) may be

attractive to manufacturers. oe mos t '

By the very definition of-a value ‘enhanced product, the product m must - offer 2 a health.benefit, a
processing advantage (e.g., functionality).or some other valuable trait, or else the manufacturer '

will not use the product and certainly not pay a.premium for it. Food manufacturers typically

have to store and use a range of ingredierits, which makes them relatively - ‘well-positioned to.

handle value ‘enhanced product: alongside’. standard product. - ‘ Furthermore, “many . food

manufacturers ‘leave ‘some flexibility yon :the ‘label for switching. oils or other ingredients

according to price’*(e:g:;. “may contain. soybean ‘oil and/or cottonseed oil”). Thus, food:

manufacturers are likely to make clear-cut ‘decisions about whether to use a value enhanced

product — and store it in an IP manner — or else exclude it entirely from the raw materials they
use. ' a yt ee le:

str,

-_ =

we

Feed Manufacturers,. = 9 | °°),
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The feed manufacturing industry encompasses both traditional, independent feed mills and feed

mills which are a “captive” part of livestock and poultry feeding operations. For example, Tyson

Foods’ feed. milling capacity. may:be as high as, 12 million’tons per year, exceeding that of Purina:
Mills, now.a division-of Koch Industries.. Due to-its vertical integration, the poultry. sector is a
leader i in the use of captive feed mills, though large operations.across all species, including cattle
feedlots, often | have such feed milling facilities. ms Ca AE
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Feed mills focus: on having the right mix. of nutrients.‘e. 2.5 ‘energy,-amino acids) it in- the rations
that they produce. They use linear programming models to meet: ;predetermined nutrient-levels at
least. cost.. Any feed. ingredient from a value enhanced crop. will have to. be able: to deliver

nutritional characteristics at equal or lower cost than alternative sources.. For example, if a high-

lysine biotech-soybean is developed, the meal will have to be priced competitive. with animal-

based protein ingredients (e.g., fish meal, poultry, byproduct meal), as well as synthetic lysine.

Because these alternative-sources of nutrients. are, well known and: their-prices often are reported

publicly, it is easier.to-quantify the .valueof feed-oriented, biotech traits than traits dependent

upon people’s tastes and preferences (e. Ss oil with a more healthful: ‘fatty acid. profile).
be pod 1 : ge + a moor ge cy te

Another aspect. of. this relatively strict adherence: to: least-cost formulations is that livestock and
poultry operations are likely to be open to biotech developments that save money and/or.improve
feeding performance. There;is no consumer acceptance issue for the-initial consumers of the feed

(i.e., livestock and poultry); the operations -would.-be-affected only.if:people who. purchase meat
and poultry demand it-not come from.animals-fed. genetically. modified product. In.the- livestock
market, acceptance of BST as a growth hormone for dairy cattle has paved the way somewhat. -.

There, will. be drawbacks for both captive | feed milling operations. cand - independent feed
manufacturers.- The link between the consumer and the producer is,.most direct for-poultry
operations, as the company. provides: the feed that is.used and,then slaughters the birds.and-sells -
the parts in. branded trays. at.grocery stores, or further processes the poultry. meat into packaged

food items (e.g., Tyson frozen-dinners). If one poultry company is known to use biotech product

while another company does not, then consumers may choose to purchase one product over, the
other. Similarly, if one independent feed milling operation is:known to use a particular biotech

product: while another company does not, then a livestock operation may choose:to. purchase .

nonbiotech feed rather than put.its own sales of fattened livestock at risk. Dota
: Bae
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Although independent. feed, manufacturers. shave. to be. ‘cognizant of the ‘aversion of, some.
customers to frequent changes i in feed. rations — and potentially toward the inclusion of biotech -..
products — such manufacturers are selling a-near-commodity and must compete on price. .

Accordingly, they are more likely than captive operations to alter rations according to market: » ©

conditions... Whereas feed costs represent only a portion of the overall cost structure: of.a-

livestock or poultry operation, the cost, of ingredients is the main determinant of finished: feed -.g

sold by an independent feed mill. Because of their flexibility to switch among different - +5

ingredients and their need to go with the lowest-cost ingredients, independent feed manufacturers

may generally be more receptive to incorporating into their rations biotech products that have ‘a ~';

significant advantage.
innhtnhkRtnbhaenRteaenkkiernnee | = ee.
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This sedtion” ‘examines potential implications of ‘bidiechnology” for grain handling and
transportation in North. America. Thete has ‘been a ‘greatTM deal of discussion in ‘recent years

regarding thé expected’ increase ‘iti identity preserved ap). handling’ requirements accompanying
the introduction of transgenic-crops. In someé tases these: Special handling requirements arisé

from the need to-ensure’ that“transgenics are ‘nét co-mingled ‘with dther transgenics or Hon-

transgenic grain of the same type, even though their respective end-use perfoririance

characteristics may be very similar. In other casés,.the-need for segregation or IP arisesfrom the

fact that the transgenic’ grain ‘has ‘uniqué end-tise performance characteristics: Cléarly, the nature | ;
of these new handling requirements will dépénd* heavily on the type ‘of genetic middification ~~
involved; the” degréé'of risk associated- with co-mingling: with-other grains, the’ ‘ability 46’ ‘visually’
ideritify. the variety and distinguish it from other varieties of:the same grain, and°the cost of”

“
“4 Pepe eg tte lbstesting for varietal. Purity” Or other identifying features.~ OR SE uate et

. \ ; Bab r Pe TEs,

Besides the i issue sof special handling requirements and IP, there are a number of thet’important —
implications of the. commercialization of. transgenic _ varieties : for. grain ‘handling and

transportation: Forexample, the adoption and:commercialization of transgenics is‘likelyto: affect
‘grain flows, -as proprietary rights ‘to ‘certain ‘varieties’‘and ‘théir unique performarice attribtites-
dictate that only certain companiés ‘are involved in their handling: and | processing.’ The costs’
associated with identity preserved handling may also:result‘in‘an increase in‘the: ‘proportion of °

some crops that bypass the bulk handling system and are shipped directly to nearby processors.

The commercial control of novel transgenic varieties by a small number of companies also has

the potential to fundamentally impact thé‘réle grain companiés‘play’in the' marketing of. certain

crops. Currently, grain companies play'a key role in the movement of grain from farmers to end
users, whether they are doniestic processors or offshore buyers.. ‘These companies participate in

this process by taking ownership of the grain,blending it with other parcels of similar. grain, °

aggregating the grain into economically.sized shipments and selling it to various other players —

other trading companies or to end users. Throughout this“process, these companies‘also play'a

role ‘in price discovery and the transference of price. and 1 quality risk.- The introduction of

handling service for a fee as opposed to trading the grain in the traditional sense. It is likely that
these companies will take ownership of the grain less frequently. However, they- still will be

required to maintain and warrant that the product.being- handled will remain‘pure and will-not be

co-mingled with other crops.’ These ahd other ‘possible implications are examined in greater

detail below. ot

Scientific Versus Economic Viability of Transgenic Crops

wert
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Underlying many of the above issues is the. question, of how many. transgenic crops will

ultimately prove to be economically viable and.enter the bulk grain-handling and transportation

system. .While we now know. that it is scientifically possible to produce a multitude of crops
with novel traits, this. does mot suggest how many will prove economically viable. For example,
several genetically altered canola’ varietiés. are being “developed with unique fatty acid profiles
and highly specific end-uses. ‘However, in. "virtually all cases, the genetically modified product
has been developed to replace an existing product. . _Laurate canola,.for-example,¢has been

developed to compete. with imported-palm. kernel and coconut oil. (which have high lauric acid
content) in the production, of. liquid soaps; -detergents and other products: in North. America.?!
Whether the market value of laurate canola will.be sufficiently high. to-offset the additional costs
associated its production, handling: and- processing (versus using: spalm ‘kernel, or coconut oil)
remains an. open question, 4,00 wy foe J, Me sae ee

A related question isw Swhiether the markets for the transgenic crops 2 are large. enough (and lucrative
enough). to warrant, ‘introduction into the. bulk handling and transportation: system. It can be
expected that a. numbér of: transgenic crops will be. produced that will never.enter. the bulk
handling system. ‘This j is likely to be the case where either the volume. produced i is too small to
warrant the ‘introduction “of. a new segregation. and possibly other sIP measures)- into the
commercial handling system, or the risk of co-mingling with other varieties is too high (as would
be the case with a toxic variety).’ 2 ey ae Ls .

*%
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While dozens of newtransgenic crops, with novel output traits are currently being. developed, it is
expected . that only. a limited , number will: have sufficient economic.,value,.to warrant ‘the
introduction of new. segregations, and identity preserved handling requirements within, the. bulk,
commercial, grain handling and transportation “em +. re eres y |

Segregationé/identiy Preserved Handling Requirements a hy
guy

ee .

It is important to fecognize that the. notion of. identity. preserved grain n represents. -a continuum ;as _
opposed to.a singular concept.. At.one end of the continuum is a-highly generic commodity, such

.as.com, This type of commodity can be readily co-mingled, has.-a: small ‘number of:readily
measurable. quality parameters (moisture, dockage,. broken kernels, etc.), is -visually.’.
distinguishable from other grains and represents a relatively low risk in terms of. inadvertent: COs
mingling with other low value. commodities. a Does fort

. / . fy , . a Me i , ft

At the other end of the spectrum is a highly specialized, high value, variety that requires a high-~,

eh . y : ge Po, ot, ef

21 Calgene (the leading developer of laurate canola) also has touted the benefits of laurate canola oil for TM
use in making candy coatings, coffee whiteners, _teduced- fat cream fillings, crackers and whipped« «

toppings. woo

22 A study prepared for the Canadian Wheat Board in 1997 estimated that the cost of adding a new 4
segregation ranged between C$0. 60/tonne and C$1.28/tonne. (Meeting Customers’ Quality

Requirements with Quality Segregations — by Maurice Demmans and Clarence Roth — December 1997).

degree of IP, is not readily distinguishable from other varieties and represents a high risk in terms. :

1
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of inadvertenit.co-mingling with other products. An exainple of this would bé a getietically
altered soybeari-variety that‘has a modified‘fatty acid: profile used fora’ ‘specific industrial purpose
and is toxic to humans. In addition, this particular . soybean variety may. be. visually

indistinguishable from other soybean varieties and requirés ‘a ‘costly tésting ‘procedure for
identification (thereby. making it unfeasible to verify its idetitity .at tegular intervals in the

marketing process). In such ‘a case, not only will the handling:system ‘may ‘be forced to provide
the physical capability to ‘handle this-soybean variety separately (We., the physical segregation),

but additional safeguard‘measures willbe required to ensure that there-is no possibility Of uxing —

this variety. with other:soybean varieties: In fact,the participants ' an thé -haridling system. may. fot |

bé willing to take on the-risk‘of ensuring the ‘complete ségtegation.of this product, This ‘can be

referred to.as. “zeto tolerance” TPt. 2 ee OT 4 Fs
. ' ee) : Lop ae
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Within these extremes, anuniber: of alternative IP requirements can be: defitied. For exaitiple,
malting barley is currently IP in both Canada and the United States tésomeé degree i in'the’sense *

that it is often sold-and ‘segregated according; to -variety.. Given.thatitis not possible to’ ‘visually

distinguish between: ‘most-maltirig: barley varieties; voluntary: ‘Systems'have ‘been'put in place.to °
ensure that requirementsfor varietal purity are met. ‘ Similar’ ‘voluntary ‘systems will undoubtedly

emerge in the future for some transgénic crops, particularly’ int Cases. where’ the risk of co
mingling with other varieties is Small (in tetms ofpublic’health risks, ‘trade safictions,étc.). In ~
such cases, the.grain handling company and/ot shipper will entér into a‘voluntary’ ‘agreement with |
the buyer, processor or the “owner” of the seed variety. to 1 handle the.crop.in.acertain fashion, or
simply :guarantee acertainlével.of varietal purity in the ‘salés- “specifications. ‘This mayinvolve’

measures: such as obtaining documentation ‘from’ farmers’ certifying the‘variety grown,

requirements to handle a restticted number of varieties in ‘approved facilities,’ sanitation

‘procedures, €tc. In-some cases the transgenic. grain may be ideiitified by thé inhérént quality ‘of

the seed. For example, a telatively simple test-tiay-be. devisedto identify: ‘soybéans with a

particular fatty acid profile, which would d greatly facilitate the IP " Process.

The complexity of the IP issue becomes.Clear. when a scenario where commodities and varieties
requiring both low level and high:level IP are handled in the same system.- Depending on the

reason for the:IP and segregation, the presence of one variety ‘réquiring a high level Of IP’ will

require that all similar; inseparable commodities are monitored and tested in the samé maniier. A

toxic commodity (asin the above example). would require “iron-clad” handling procediires’ to

ensure non-contamination of other grains, as well as testing: to ensure purity. In addition, and

perhaps more importantly, the non-toxic, indistinguishablevarieties handled i in the same system,

would require similar monitoring and testing procedures. .

In cases where there is a higher perceived ‘or teal risk associated with co-mingling, additional IP
measures may be required and are likely to be imposed by a regulatory body stich asthe US

Federal Grain Inspection Service (FGIS)‘or.the Canadian Grain’ Commission (CGC).- For

example, transgenic crops with specialized output traits are likely to require a higher level of IP.

Again, the type of IP system required will depend heavily on the degree of risk associated with

the product and the ease‘with which the product can be identified. A rélatively high risk product
that can be easily identified and ‘distinguished from other varieties”may not require ‘an elaborate

000435
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IP system as.it can be easily tested at key. points in the marketing chain. On-the other-hand, a

high-risk product that is not readily identifiable may require more. rigorous: IP requirements. ’

Future Models for IP Handling Systems. a tg

Cost Reducing/Y iela Enhancing ‘Transgenics. Genetic modifications t to. crops ‘that felate’ only
to the input characteristics of the plant, such as herbicide tolerance, insect tolerance; etc.; are
likely to. have. more ‘limited IP.,requirements since, the seed. will perform , the .same ,as .non-
transgenic varieties. of: the same crop. The major issue with these transgenics is the mere fact that
they have been genetically modified through recombinant DNA technology, which may prohibit
their entry into some: domestic or export market ‘channels (e.g.,:herbicide tolerant canola to
Europe). By allowing’transgenics with trade restrictions into the commercial handling system

(and in fact even by;allowing their production), the risk is introduced-that non-transgenic grain

may become contaminated. Rather than requiring elaborate:IP ‘measures to deal with. transgenic

and non-transgenic. varieties. of the same crop, one option is .to allow the co-mingling of
transgenic and non-transgenic. varieties, with the recognition’ that;one of the costs of introducing
the transgenic variety may, be the, loss. of certain domestic or ‘export:markets. In such cases a
great deal of industry consultation i is required, as these decisions: will affect a number of parties.
Another option is to develop, IP protocols. within the commercial grain handling system: that are
acceptable to the various markets, (as discussed in the next section). Lek,

Value Enhanced ‘Transgenics. ‘For “transgenics, that ‘alter ‘the ‘functional: characteristics ‘of the
crop, the IP requirements are likely to be more substantial. In cases. where the product poses

significant: health Tisks, one option,-will be to simply .not allow the. product to, enter the
commercial handling. system. Rather, ‘the. crop will be either.shipped to local-processors or will
be handled. by other means such as utilizing containers, Possibly loaded on the farm..-. ae

» ‘ sf
ed

In cases where the risks are trade-related or purely economic (such as loss in value associated
with the blending of two varieties with different end-use characteristics), transgenic varieties,will

be allowed to enter the commercial handling under various IP protocols. In some cases this will

involve transgenic varieties that are not ‘readily distinguishable from non-transgenic varieties.and.

that require costly testing procedures,” One method to deal with these types of transgenics:will |
be to utilize a system of audit trails.and sampling throughout the marketing chain, accompanied.,

by “official” varietal testing at. key transaction points (such as export position). Under this .

system, if a cargo fails to meet. the requirements for varietal content, the shipper would-have .

recourse to the party that last handled the grain. ‘This party. would then have the opportunity, to

test the sample it took when it received the grain, and so on. The basic principle of this system is

to work backwards. in the marketing chain until the source of the “contamination” is determined .

and claims. assessed. This type of system is.currently being examined by the Canadian grain
industry under the leadership of the Canadian Grain Commission.

23 Currently, the Canadian Grain Commission: charges roughly C$500 per sample for full high protein
liquid chromotography (HPLC) and electrophoresis. The cost of an 1 electrophoresis sample on 30kernels |
is approximately C$155 per sample.
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The advantage of the above: system is “that the requirements for! costly and tithe- consuming | tests
are Kept to a minimum. However, there appear to be a number of shortesmings ¢ of this ype. of
system as well. First, this type of: system: relies heavily on the integrity. of the participants to
ensure that’ representative ‘samples are taken at: each point’ in ‘the marketing. chain. Second,” in|
cases Where’ there are ‘tight tolerances, one farmer: ‘(ot small grain company) may" ‘be responsible .
fot ‘the contamination ‘of: ‘an entire cargo. . In ‘slich cases it 18’ difficult ‘to recover “the: “Costs of
demurrage, discharging, loss of value, ete. Fi ‘inally,. the existence of: volunteer grain'in most ‘fields’
will make it extremely difficult to: ‘guarantee *100% varietal purity. To limit ‘the: likelihood: of
volunteer grain, ‘growers: of transgenic vatiétiés will be required to adopt sanitation procedures
and policies Similar to those used by’ orgainic farmers.

‘bay a ee . SL ye oa ff
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As noted above; ‘some tratisgenics will have inherent quality characteristics that allow them t to be .
readily identified. Tn these’ ‘Gases, thie ability to monitor thé‘identity, of the j grain at thultiple points. -
in -the marketing: ‘chain ‘is érihanced - considerably. ‘However. ‘they: may still require s strict, RP
policies and practices due to inseparability from other varieties: Pte
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Clearly there are significant obstacles to accommodating IP*shipmerits within the existing
commercial grain handling system. To facilitate thisprocess, research will be needed ‘to hasten,

the development of mote cost-effective ‘testing procedurés” for transgenic and’‘non- transgenic
varieties. Another possibility is: ‘the: ‘introdiiction of-additional: genes t that ; provide- -visual-markers.

to facilitate identification and the IP process: ‘Companies involvedi it developing. new,transgénic! -
crops should recognize ‘that an‘ important part of the “economic viability of jihe, _variety" is the
ability to identify itin a cost-effective fashion. , Beis

The Role of the Grain Company in Marketing

Traditionally, grain handling companies have played an important role i in the marketing and price
discovery process for most crops. In most cases, the companiés are free to buy arid: sell a given

commodity and in the process they assume risk in return for the chance to earn a positive

handling margin or profit. Thus, most ‘crops are traded ina relatively unrestricted marketplace
with multiple ‘buyers and sellers (as ‘well as multiple potential destinations) where ‘thé activities — .

of grain companies play an important role in the determination of the market price for the

commodity.

Two major exceptions to this are wheat and barley produced in Western Canada which are

handled on behalf of the Canadian Wheat Board (CWB) by a number of grain companies.

However, even in this case, the grain companies compete to some degree for deliveries of CWB

grain by varying the cost of their handling services to the farmer. Although they take on virtually
no price risk, they do assume all quality, and purity risks associated with handling and shipping
the grain.

With the introduction of transgeni¢’ crops, ‘with highly specialized end uses, crops will beconie

“de- commoditized” in the sense that ‘their’ Value will be driven largely by the ‘unique
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characteristics of the particular variety (sometimes referred to as hedonic pricing). In addition,

many of these transgenics are likely to have very, limited marketing channels and, will not be

traded in an open market to the same degree as in the past. For example, a particular transgenic
com may be controlled by: one company ‘that has contracted the production with producers and/or
signed exclusive processing agreements with a limited number of. companies. | While grain
companies may: still play a role in handling this type. of corn, ‘they ¢ are much more. likely. to do it
for. a fixed ‘handling fee than to trade the product , in the traditional sense, where, they take
beneficial ownership and assume ‘all risks ~ price, purity, and quality. -Thus,grain companies may
find that their role- increasingly changes. from one.of, grain, ‘trading, to that of: providing ‘@ grain
handlirig service. This service may, include, administering a contract system; with farmers, as well
as ensuring that various IP’ protocols are.met with respect to both ‘the production and ‘handling of
the crop. This will require greater management capability on the part of grain companies in the
areas of testing and monitoring, : as well as a much higher level of communication with farmers.

The hallmarks of succéss “for grain. companies ‘of the future, will be ‘strong relationships with
farmers, highly. trained field staff and solid information, “systems for monitoring. and tracking the
flow of : grain.

Fp : yh ee : us . . Ags : |

HandlingMargin Formula a . So, a * : . : ; 4

With the growth i in value ‘enhancedbiotech crops, it is necessary to question what effect will toll
handling, or fixed fee handling, have on margins? _ In very simplistic, terms, for the operator: of
grain handling facilities, fixed fee handling will reduce price risk born by. the facility operator,
increase handling and. IP tisk, reduce blending opportunities, reduce (eliminate), -arbitrage
opportunities, and reduce futures market opportunities.

In North America, toll handling fees likely will be higher than current ‘ ‘visible” elevation rates to
compensate for lost opportunities elsewhere (e.g., blending, arbitrage) in addition to covering the

added cost of IP requirements. Will increased handling costs impede the development of value

enhanced biotech crops and their ability, to compete? ca rr

To clarify the margins that fixed fee arrangements will need to generate in order to compete with
the traditional commodity handling and merchandising system, ‘the following formula has, been
developed.

Mye= — [(Sye(Moom- Ry + Ry + On + O; + Ouy +O, + C,)] + [0-Sre B+ 0]
- (

ve.

Where M,,..> Moon
+
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In simplistic terms, this formula states that the theoretical fixed fee margin for a value enhanced _
crop is equal to the traditional margin, reduced due to the lower price risk, increased by factors

for lost opportunities, increased to cover the cost of the identity preservation program, increased

for negative impacts on handling other grains, and weighted with respect to the portion of the
wi

_ facility utilized by the value enhanced crop program. In addition, it is argued that the fixed fee «

must be greater than the marginfor the standard commodity to attract grain companies to handle ae

h
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the value enhanced crop. The following provides.a more:detailed descriptioti of: the formula and---

its components: ° ee : yh os so sO

M,, is the theoretical: gross haridling margin to be earned through handling value enhanced grain
for a fixed fee (tariff),‘or toll. In théory, this margin‘must be-équal'to-or gréater than the gross

margin generated by handling standard varieties of the:same crop: It should be said that for’ the

grain handling business in North America, handling is often bundled with other services such as

input sales and financing, and thérefore a specific “grain ‘handling. margin” is ‘often difficult to.

isolate: ‘Nonetheless, handling value enhanced grain must providé thé handlér the sameé, or |

better, returns as handling the vonimodity, 0 or else the eran company: is better. off not handling"
the value enhanced: gtain-- Tot cs 3 oS ee hat |
pa Tk, oe es Se bo 2 tee dee |

S. . is:the portion of the total s space: 2 of the facility. dedicated to handling-value- enhanced ‘grain. ‘In:
determining the appropriate margin for handling/marketing value enhanced grain, consideration
must be-given to the factors'directly related to the value enhanced’ grain“as well as to factors

effecting | the: profitability. of other crops (if any): haridled‘by: the facility (see LS, Below).

Moon 1S: the typical handling 1 margin earned at the facility for similar commodities and therefore i 1S:
presented as the “base-case.” . oo a -

R,, is a:tisk.factor representing: the price risk usually associated. with’ handling :the ‘Standard

commodity. This factor is. deducted fromi the:base case margin Since handling grain for a fixed.’ |

, fee -will:reduce any price risk-expostire for the facility operator: — - » Tha .

R,, is a risk factor representing the risk associated with handling the value enhanced grain under

an identity preserved program: ‘The onus'on maintaining the sanitation, segregation and identity ”

of the grain handled is on the operator of the facility. Therefore, the margin must be large

enough to compensate for this added risk. This is a positive factor. in the equation, contributing

to the requited margin:(M,,). :This is not insignificant. ‘The greater the risk of commingling’ the.

value enhanced grain, the greater.the margin required by the facility operator:to handle the crop.

As indicated elsewhere in this section, handling some combinations of crops may prove tobe too -

risky for any firm to handle. It should be clear that.consideration, or calculation, of this factor,

must include other crops handled by the facility:

O, is a. factor representing the opportunity (and profit potential) of blending. In most grain
handling operations, a ‘significant portion of revenues are earned through blending. This is the
process of purchasing various; qualities of the same grain,, and purposely commingling low

quality grain with higher. quality grain at selected rates to achieve a higher. grade (and higher

price) for ‘the whole amount of grain. Facilities handling value enhanced grain under a toll
arrangement have no price risk and therefore no opportunity to benefit from this type of

blending. This factor is presented to compensate for the loss of blending revenues.NeeO, is a factor representing the additional profit opportunities available from futures trading and
hedging. Facility operators that buy and sell the grain moving through their facilities most often
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reduce price risk through the process of hedging in futures contracts. Hedging is not a perfect

science and there is more often than not, a time lag between: buying (or selling) the physical grain

and the first opportunity to hedge the transaction in the futures market.”* This time lag provides

both opportunity and_risk -- price movement in the futures can either be beneficial or detrimental

to the hedger. It can’ be argued.that, on balance,. when hedgers enter and exit the futures markets,
this hedging activity provicies additional margins. . TM

0,5i isa factor representing ‘the, additional profit opportunities available from arbitraging a ‘cash
or inventory position. When operators, of grain handling facilities. take ownership -of the grain ’

handled, they: search for the best opportunities to purchase or sell the grain, regardless-of-the.
market. This “arbitrage” between markets provides additional positive revenues... In the everit

that a grain handling facility is handling grain on a toll basis, this revenue must then be

compensated for in the toll, or-margin-for the value enhanced grain. are

° eg Boge ate a Lf poe,
O, is a factor representing the profit opportunities available from handling commodities, through» :;7-

properly executed transportation and logistics programs. Transportation programs and priciigs ;

policies often provide additional revenues for grain handlers. Through the use of contract rates,

multi-car, incentives and‘other such programs, grain handlers can increase;their handling margins .

for grain they own. Again, this revenue must be compensated for in a fixed-fee arrangement. — .

C,, is the-cost associated with an IP program. Depending on the.extent. of the IP. program.and:the - -

risk associated with it, the operator of a grain handling facility will incur additional expenses.”

including, but not limited*to, sampling, - ‘testing procedures and information and monitoring: .

systems. :

. a ‘ bape ot my

1- Si is-the’ portion of the total space of the: facility not dedicated.to handling the value enhanced:
grain... co vee : ; a . : “ So . oes

The formula describes two basic areas of revenue. First, there is. revenue generated from the -
portion-of the facility. dedicated to the value enhanced grain being. handled, segregated from all+...-

other. grain i in the facility: re os . oe »

: oy . ro! t a ae 4 1 Fo

(SM, -R, +R, + O, + O; + On, + Ov + ©)" Pa EG

The margin to handle the-value enhanced grain (M,.) must be equal to or’greater than a typical’

margin (M,,,,), while also Compensating for lost ancillary revenues such as from blending (O,),

transportation and logistics (O,), futures: tradinig (O,) and arbitrage (O,,,). Moreover, ‘the margin '

to handle value ‘enhanced grain’ “must” compensaté for~ additional risk’ due to’ segregation” “9
requirements (R, ) as well as the cost to perform: the identity preservation requirements. ‘The lack" “
of price risk (R,) allows the’ margin requirements to be reduced. “"l

Y vo. . . . a

Po RE haa , a7

a4 Although cash grain is traded (bought and Sold) Nirtually 24 hours a day, futures markets are open only: fot short cates
periods (less than four hours) each day.

———flog
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The second area of consideration is:the potential lost revenue opportunities relating to the other .
grains handled i in the facility that must be compensated for: Me nnd

he o

a. SRG +O) a oo
Depending on the characteristics of the value enhanced grain, segregation may be an issue for
both the value enhanced grain and the other grain being handled. For éxample;-a facility ~

handling both standard canola and Laurate canola would be running the risk of commingling

either. .For this'reason; the risk = in-dollar terms ~ ‘of | commingling the value’ ‘enhanced biotech ©

‘canola with the:standard-canola must be considered: anc ‘weighed. eg

Each of these t two-areas of.consideration i is weighted by. its. share:of the space: of the facility. The
sum of these is.then divided by the total space.allotted to: the value. enhaneed grain Go) to obtain’
‘a margin on a. perunit basis {ton or ‘bushel). ye ahr Oe:

wa “e tome ue . o re tag

cte

“Considering risk. as a cost, iti iS ; clear. that the reduction of price:tisk to.the facility: operator is the S.
‘only. area of cost reduction. All.other components increase the cost, and:the required margin, to

the operator. In theory, therefore, the cost to handle value enhanced crops is higher than the cost

“to handle standard commodities. be a .
: eo : ne . noe . xs.as : ~ eog, . . > b

. How much higher is the question. : ‘Grain companies will.accept:calculated risks and will operate.
_in a fashion to mitigate those risks. ‘Ultimately,-they will determine the ‘marketing channels

_ through ‘which:new value enhanced:biotech: ‘crops will flow. - a Ske

. oe # , am i oe

“Marketing F lows and Nature of Shipments. 7

Related to the. above is the’ impact of biotechnology on the ‘marketing flows and nature of
shipments. Clearly, the most effective method of.IP-is to ensure that the grain is handled within

‘a closed loop system and never enters the bulk handling and transportation system.-. Thus, in

cases of high risk-crops, it is expected that-marketing flows will bypass the:commercial ‘handling
system and grain will be shipped directly toa local processor, likely by truck. ‘This will reduce

the amount of grain entering the commercial system, although grain-companies may:still play a. ~

_ role = through the utilization of facilities that specialize in the handling of.the high risk crop, in’

monitoring: the crop and coordinating the ‘Shipment of the grain from the farm. "gate to » the

processor. _—_. ty Coat te ay.

As noted above, the flow of transgenic varieties is likely to be controlled by.a relatively small

number of companies in the future that will be in a position to determine who has the right to

handle and/or process a given product. Thus, grain companiés and transportation providers will!

face an increasing risk of being locked- out of the marketing chain for certain crops/varieties

unless they are able to negotiate a handling:agreement with the company that controls the

product. This seldom. occurred in the past.when most crops were true commodities in terms of

their handling and Processing, ete
un

ady MER eG
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Fone = tale

With. the de-commoditization.of soine crops; it-is also reasonable to expect that in some cases,
grain will be handléd in smaller parcels and bysdifferent modes, such as trucks and containers.
While ultimately this will impact the design’ of grain handling facilities, it is likely that this will
take place over many years, as comparies. carefully. assess the economic viability of new

transgenic crops before investing in specialized handling systems.

lel - ee ao 4 Ce

Consolidation/Vertical Integration PS re ae
Ste eT aR tn * ‘ ree

With transgenic crops. expected to’ account for the majority - of ctop acreage ifi | North ‘America in
the future, and a small ‘number of companies. controlling the predominant varieties; the question
arises as to how much vertical integration will occur into the grain handling business. While

numerous strategic moves. have-;been’ made by the biotech ‘companies to acquire seed and

biotechnology -research companies;” to ‘date; none have, vertically integrated into. the’ primary

grain handling business. Perhaps the most notable exception :is the joint:venture entered:into by

Monsanto and Cargill. In this arrangement, Cargill will be handling. and processing value

enhanced crops. developed by. Monsanto. This includes the marketing of byproducts’ —such as

meal. from. crushédsLaurate canola = to Cargill’ s Nutrena Feed Division. a,
Sah be rer .

The burden will be on the grain companies to demonstrate that they can provide grain-handling -
services and act as an interface to farmers on a more cost effective basis than the biotech '

companies., The introduction of transgenic varieties may also have the effect. of accelerating the.

consolidation of grain handling companies -in North America.as .they attempt to: position

themselves to play a role in the handling of these new varieties. -One of the most désirable i

features of a grain handling company in this regard will be the ability to provide a broad,

geographically diversified origination network. This type of network. offers: the :potential :for '

biotech companies to gain access to a large number of farmers through a single relationship with

the grain company (e.g., Monsanto-Cargill). Geographic diversity further reduces the‘risk: of |

crop failure due to factors such as a localized: ‘drought or early frost ae ‘

It is: expected that-on’*:balance, biotechnology will j increase the. amount of grain handled by the
commercial handling and transportation system: : While some transgenic crops will bypass the |
commercial handling system andibe trucked directly to local processors, this is likely to be more

than offset by.the yield increases achieved through better weed control, disease resistance; insect.

resistance, and even drought tolerance. The contribution of biotechnology to the-development'of-

hybrid. crops also will result in significant yield increases in the future. 3 ae

Configuration of Grain Elevators. te fas A

The grain handling system in North America has been undergoing a process rationalization, with~ . EE

the building of-high throughput (HTP) elevators to replace the existing smaller, less-efficient :: ie

elevators. This is particularly pronounced in Western Canada, where 60:new HTP elevators are ° '

expected to be constructed over the next two to three years. For the most part, these HTP.- ; .

. 7

000442:
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elevators, with fewer separations than their smaller ‘counterpatts they are replacirig, are designed

to handle-large volumes’ of a few grains. It‘is expected that over the next thtee“to-five years the

number of primary elevators in Western Canadatwill"fall-from approximately 1,050, to around —

400. : “The ¢ question hasibeen:raised 2 as: fo Whether this restructuring’ of the: elevator: system makes

~7 fen. Poy eta Layee att : ak a : c* an ' oy

On ‘balance,. it. is: expected that.while some. modifications will-be required to handle- transgenic”
crops, a large portion of the grain will continue to «move-in: bulk (particularly: input trait”

transgenics). The major modifications to the grain handling system are more likely to-be in the

areas of information systems as, opposed to physical modifications tothe elevators ‘Only a small

number of. transgenic crops will:prove to ibe economically viable, thus itis not éxpected thatthe: ~~

number of segregations:will increase. significantly: over the next five'years. Howéver;ias mofé-*'

0 output trait oriented transgenics’ ‘reach.commercialization, thé need.for’ additional segregation"

over + other countries’ piven’ that the.eystem already deals: with: a large umber of septegatioris... “For”. 4
example, there are approximately -68 segregations: for ‘Wheat and batley alone. in” Weéstern' y,

Canada.”*.- cocdbit a ae beak at ois

a Be ca! Co td ete Reb a

Another pattern that is likely to. emerge is the concentration of production of specific transgenic

crops around a selected elevator or local processor. This:presents both risks andopportiinities to

grain handling .companies. . Elevators in some locations!are likely to see.their handling volume .. |

suffer-as local IP processors of certain transgenic crops are constructed. On‘'the other hand,‘ these”

companies may be able to play an important role in the. origination and delivery of these crops to
the processor by positioning themselves properly. This might include dedicating smaller .
‘facilities to. transgenic crops as opposed to closing them down.

Impacts on Transportation’ ee

The impacts of biotechnology on grain transportation (primarily. rail and ‘truck transportation) are
expected to be much less dramatic than onthe grain handling companies. There are two reasons

for this: :

e Railways and trucking companies already operate in an‘TP environment inthe sense that
there i is seldom ever any co-mingling of shipments while they aré.in the possession Of the
carrier: In addition, it‘is generally the shipper, not the c carrier, , that bears the responsibility,
for the quality of the grain loaded. :

¢ Railways and trucking companies seldom take ownership of the cargo or get involved in

the marketing of grains. Thus, the introduction of transgenic crops likely will not have a

significant impact on their role in the grain marketing system.

Loe

26 This, of course, does not mean that every elevator is equipped to handle all of these segregations. Soil

types, climatic conditions and other factors result fave. a limiting effect on the number ofsegregations
required at any given location.

pnt
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However, the grain transportation sector likely will be impacted by the introduction of transgenic

crops in several ways. First, while the total amount of grain produced is likely to increase (with

the associated yield advantages of transgenic crops), it is not clear that this will necessarily

translate in higher rail car shipments. As discussed earlier, it is likely that some transgenic crops

will bypass the commercial grain handling system and get trucked directly to a processor.

Another possible impact on rail carriers is that there may be an increase in domestic rail

shipments as transgenic crops are railed to domestic processors.

The pricing of grain transportation services will also be affected by transgenic crops with unique

output traits. Presently, some rail companies price their rail freight on the basis of the shipper’s

lowest cost alternative. For example, the rates for shipping corn to the Pacific Northwest ports

often is related directly to the cost of barging corn down the Mississippi River and exporting

through the Center Gulf. To engage in this type of “market-based pricing” the railways rely on a

certain degree of uniformity and price transparency. With the introduction of transgenic crops

with unique traits, it will be much more difficult to obtain accurate pricing information on the

value of these crops. It also raises the question as to whether the railways will be able to

differentiate their pricing for different types of transgenic corn, soybeans or other crops.

Finally, a minor implication for grain carriers may be an increased requirement for cleaning rail

cars or trucks in between loads to ensure that there is no contamination of different varieties of a

given crop.

Role of the CWB

The Canadian Wheat Board sees its role regarding transgenic wheat and barley involving two

main areas. First, it has begun a process of consulting with customers to ensure they are fully

aware of the implications of allowing transgenic wheat or barley into the system. The CWB

does not want to find that a country is unwilling to accept a transgenic wheat or barley

variety after it has already been introduced into commercial production. The CWB plans on

conducting a major survey of their customers this winter on this point. Secondly, the CWB

plans to work with the research community to ensure that it is aware of the traits in wheat and

barley that would be desirable from the end-users standpoint. This will include milling

characteristics, baking characteristics, malting and brewing characteristic for barley, etc. The

CWB does not now see its role as being directly involved in the development of new

transgenic varieties for wheat or barley.

The Consumer Sector

Consumer Acceptance in the United States

Consumer reaction to agricultural biotechnology has been fairly quiet in the United States, with

some concerns raised by small groups but little reaction from the mass market or major consumer

000444
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organizations. | Many‘ have ‘interpreted this lack of protest’ ‘as an. indidétion of strong support
among the public for GMO’ foods, but it is unclear from § Suivey data | coinplied to date ‘just how

strong consumer support for GMOs? may’ ‘be. oe +
ee

: os

One researcher, Sociology Professor Thomas Hoban of North Carolina State'Univetsity, reports
that over the past decade, surveys have consistently shown generally positive attitudes about

biotechnology : from American consumefts.: He reports that:
ge te fo . oagS’

A variety ofs surveys’. at dking: different questions, have vittually all arrived atthe =. ‘
+. game réstilt .. .“bétween two-thirds and‘ threé-fourths of US. consitmers support”

» biotechnology -and “are | willing to accept food enhanced by biotechnology Se OY
*" techniques." ane Eg eget

A recent ‘survey by FDA reported that 78% of. ‘Americans agrééd with currént ‘abeling poliey, © mo
which requires labels only when-there is a substantial’change-in a food’s compositiénTM’ Even:

when presented with the position of critics of the current t policy, 57% still favored current —

regulations: ns PE De et ae AD sit yN
! Po ep Ee et wa *

But other ‘surveys have found that American consumers éxpress Somé reservations about biotech. '
A poll by Novartis in February.4997 found that 93%-of Gonstimers felt that GMO foods should ~"

be labeled, with 73% indicating that they felt strongly about this.. Moreover, few’"Améri¢an. «

consumers are. aware that biotech foods have already enteredtheir food stipply: Consumer

awareness of biotech has hovered-atourid 60% to 70% for the ‘last ten years, acootding to surveys,

but only 30% to 40% of consumers describe themselves as” “Knowing more than - just “a little?”

about biotech. oo

In Europe, major retailers and food companies have taken:publi¢ stands against GMO foods. No~
such opposition has emerged from major food industry players in the United States. ‘Thus’ far,

the only major objections to'GMO foods have come from organic-food circles — a fairly’ small

market which a accounts for’ less than 2% ot total-food. sales. iih the United States: ;
oy 5ue “y

Labeling

The question of labeling foods that may or may not contain GMOs has been very coritentious in

Europe and may yet crop up in other markets. However, it has yet to-emerge as a major issue in

the United States. While seemingly a simple i issue at first glance, the question of labeling 3 isin |

fact quite’ complex and defies easy answers, oo -

The biotech industry’s experiences with BST, and the consumer reaction it briefly sparked,
served as powerful influences. as the industry prepared to release the first wave of crop

biotechnology onto the market. After a long: battle over the labeling issues surrounding BST, it

ag

27 Thomas J. Hoban, Consumer Acceptance of Biotechnology: An International Perspective,’ Nature

Biotechnology, March 15, 1997.

Cy
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was finally, decided that retail product. manufacturers could label their dairy products with
wording along. ‘the lines of* ‘made with. milk from cows not treated with BST” as long as this' was
not done in such a way as to imply that the product was somehow better for this.. Consequently,

on products that label themselves as BST-free, one typically. sees a disclaimer such as “there is

no ‘difference between milk from,cows treated with BST and those not treated with: BST.”

The industty has been largely opposed to. labeling, and ‘following. ‘the BST example,, they
successfully supported legislation that made it illegal to label non-GMO foods in such a way as

to imply that they were better than foods containing,GMOs. : However, labeling alsocould be a

positive- “factor, for agricultural t biotech, since it allots ‘manufacturers forconveythe; benefits of

Europe promoting the positive uses 5 and potential. of GMO foods, and the UK Safeway grocery
chain successfully launched .a tomato paste labeled as “genetically modified.” The paste, made

from tomatoes developed | by Zeneca, carried-a label with wording to the effect of ‘ ‘genetically,

modified for. superior performance" and has been:a success in the franchise:'s stores. 0 ey,

t ge Vie é Loom sf os aoa) ne ‘awl

Labeling of f foods with GMOs has been a major issue in Europe, but after more ‘than t two" years
of debate, the complexities of the issue have stymied efforts to find a resolution acceptable to all

parties. _European consumers feel very. strongly they have the right to know whether they are _-

consuming GMOs, and: governments. as. well.as consumers have called for food labeling. -The. .

EU’s Novel. Food Regulation: requires. food processors to Jabel final products that“may. contain...

or may consist” of:GMOs. However, as Agriculture.Commissioner Franz Fischler has pointed: fi

out, this wouldultimately . lead ito. nearly all food: products being, labeled that they “may contain |
GMOs,” which then provides little information to-the consumer. .

Even if the labeling were required, the question of what products would require labeling is

equally difficult: For instance, no genetic material-remains in some. products such.as soybean oil, ;

so they would be truly indistinguishable from their. traditional counterparts. Consequently,-no '-

labeling, would: be necessary — but some surveys of ‘European consumers. have indicated that they -
would like such products. labeled nonetheless. _Would. one,label meat. from a traditional variety —_-
cow that had been fed GMOs? After much discussion, European regulatory agencies find
themselves still grappling with these questions. po

The Opposition: Its Concerns oes a tela Es

Opposition to GMO. foods has not been nearly : as strong in the United States ¢ as in Europe, where Sd :
Greenpeace and other environmental organizations have made it a major issue. Center for: +1

Science in the Public Interest (CSPI), the “food police” who have launched campaigns against

movie popcorn butter and olestra have not voiced significant opposition to GMO foods, although: ‘! mw
they called for labeling of GMO foods ‘in a.recent letter to.the International Association of -«

Consumer Food Organizations. However, several groups — The Campaign for Food Safety.

(formerly the Pure Food Campaign), The Union of Concerned Scientists, The Alliance for Bio- ij
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Integrity, The Council for Responsible Genetics, and others — have voiced their opposition to

genetic engineering of agricultural products. Their concerns with agricultural-biotech include”: -
we ate ve A

¢ Control of plant genetics concentrated in the hands of a few companies;

.@ New toxins and allergens in foods; |
, met ea a wotte | “ Ts ., be dt, nn rnd

‘© Other darfiaging éffects on‘health caised by whnatural'foods;) * ""
: . :. not 4 J Eee pete, a ay es th . it

Reo r : - Shoo BE Ae ee » edie Stl lo 4 a8 ce a : . we €

-e. Increased use of chemicals on -crops, resulting in“increased contamination of water,

food, environment, and animal. species ~ increased | incidence of Teproductive' |
7 problems and ‘birth defects, ‘cancer, and other diseases; cone

ee of *
ye

e Genetic pollution - accidental introduction: of defective genes into the gene pool,
. weakening: Species; OF cE a © oe,

e The accidental creation ‘of new: ‘plant diseases, new W pests, ‘and new weed vatieties
* gesistant to herbicides; ~

- The spread of diseases across species barter; and -

@ Distuption of thie ecosystem, Jocally adrglobally, loss of biodiversity, disruption
of. the food-chain: and global food sunely.

The tryptophan ‘scare in * the late 1980s was; in Some. ‘initial accounts, inaccurately linked | to:
biotechnology. Tainted tryptophan, an amino acid sold asa dietary supplement, killed more than”:

30 Americans and: permanently disabled ‘or- afflicted more than<5, 000: others‘with a blood - ie

disorder, eosinophilia. myalgia syndrome (EMS).. The-manufacturer, Showa Denko: K-K.; Japan: Sis
third largest chemical company, had used a strain of the B. amyloliquefaciens bacteria which was .
genetically engineered to Produce. greater amounts of tryptophan, ti - ee

moog

However, the compariy. feduced the amount. of carbon tised tofilter out impurities. from. the final:
product, and-this was ‘the: likely culprit behind the EMS cases. Studies have shown that the:

disease-causing molecule only appears during purification, and cases of EMS have been linked-to.

L-tryptophan ‘produced long before the use of ‘the " genetically-engineered - bacterium:
Nevertheless, some papers carried stories equating genetic engineering of foodstuffs with death

and disability, and these images have remained with opponénts of biotech until this day.
*

28 Health and Environmental Risks, Students for Alternatives to Genetic Engineering (SAGE).
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VII. The Biotech Revolution: Overarching Implications

Business Restructuring

The biotech revolution emerges at a time when economic and other forces already are precipitating

a tremendous restructuring of the agriculture and food industries all around the world. If the

evidence to date is any guide, biotechnology could well accelerate and expand both the pace and

breadth of the reorganization of the global food system.

Consolidation to achieve economies of size and operation long has been evident in the food system,

and continues, at varying paces depending upon the component or segment of the food system.

The broiler industry long ago industrialized.

The pork industry today approaches 50% of output from integrated, large-scale facilities.

Dairy is moving rapidly to exploit the economies available, resulting both in major

geographic shifts in location of production as well as very significant increases in the size

of farms.

The beef industry also moves to capture benefits of integration demonstrated by the broiler

and other industries.

The cooperative sector too is experiencing a tremendous restructuring, reflecting the

structural shifts among its membership.

Recent Cooperative Mergers and A

and alliances: among and between
that are noteworthy. include:

( of, ae od asiny ;

ets more than billion pounds of milk. Lee BHEREBEEtt fe
~—000448
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es ce to form Cenex Harvest States Ph Senne

uni ied members neues i ionualy across. the entire country. The new érgeutinsiion? S
operations cover the farm-to-market chain, through products and services that include

__ agronomy, petroleum, grainmarketing, feeds, wheat milling, oilseed processing and refining,

businesses, form alliance with

oe ts P operative Announce Intent to merge
Farmland Industries, ‘Cenex Harvest States launch Country Energy
Agrilink Foods.completes acquisition.of Dean Foods Vegetable

Le MFApiconperaieds fe Pion Industries, Inc. consider feed:manufacturing and

i estock ar :

‘Often organized as “‘closed-membership” cooperatives, they are focused on expanding income
by adding value to commodities and payingdividends to their owners, rather than providing
Services. and products’ for members. In addition to cash investment, they often require a
commitment t ry. producer-owners to deliver specified amounts of raw commodities — crops or
livestock — -each year. The businessesalso carry tisk because they often enter highly competitive

markets, ‘sometimes with new products.
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activity to date has been centered in the farm inputs component of the food system, but there is

ample reason to suggest that this is but early activity in what could become a wholesale restructuring

of the food system.

Novartis-LOL Alliance’

nt recently. eeformation of a joint venture to
the ee and feed markets, ee Novartis Seeds’
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Key. Mergers, Acquisitions and ante

1994 Ameriean Home Products buys American C3

E “Monsanto purchases Agracetus from WR Grace for $150 million.
Monsanto « agrees to acquire Asgrow for $240 million.

ues _ Monsanto: gains. 55% of Calgene, Inc.

_ Services, es
and Corn States International for st 02 billion. 5 inceh

1998 “ABS Global forms strategic partnership with Infigen, Inc. and
gee Holding

“ NV to develop cattle breeding technologies and biopharmaceutical

- production‘in cows’ milk. The partnership will develop herds of

transgenic cattle capable of producing various pharmaceutical products.

Dow AgroSciences increases its stake in Mycogen to 63% in exchange for

$75 million.

Monsanto enters into broad technology agreement with GeneTrace to

investigate the genomes of plants and animals — a $17.2 million deal.

4997 “Monsanto agrees to. buy. Holden’s Foundation Sepals; Corn States Hybrid
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The pioneering companies have revealed glimpses of their strategies — e.g., Monsanto (“farmgate
to dinner plate”), DuPont (“dirt to dinner”). Not long ago, Monsanto and:DuPont + were primarily

considered chemical: companies. Now they are transforming themselves: into “dife sciénces” *

companies and spending billions of dollars on research, technology and other biotechnology assets.

Through direct investment and alliances, the two companies aré gaining control of seed producers

for most major US crops. Despite Monsanto’s lead in controlling technology for and developing
products in the first wave of biotech crops, DuPont has focused its attentions farther down the food

chain. Eventually, DuPont hopes to be able to take orders from food companies for new crop‘or food

products, create the product in their laboratories, contract with farmers to grow the product and then

process it into a food ingredient. This merger evidence thus far does give some notion of what the
drivers ate. Appendix B provides details on the business strategies of many key players in
agricultural biotechnology.

a
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Monsanto ae

In inemid-1 980 Monsanto’ Ss seat! Richard Mahoney decided to turn it into a life science
company. ‘That meant focusing on three areas: agricultural products, food ingredients, an

medicine. ‘Mahoneystarted selling off businesses that did not fit into that strategy, culminating i

the e spin-off of the remaining chemical business into anew company, Solutia, early last year.

BobShapiro took over as president in 1993, and started buying again, targeting seed companies,
Monsanto has: spent over $8 billion acquiring seed and agricultural biotechnology companies since

In 1996 Monsanto entered into an epicoment for 49. I equity interest in Calgene,.a

by sean al ieee oo ——— Grete Se paid
$4 billion fortwo c mpanies that vi cating new

the ae of. Holden’ s and Corn States Hybrid Service Inc. In December, the compan
acquireda controlling interest in Agroceres. It is anticipated that Monsanto will make addition
alliances and collaborations with, and acquisitions of, other seed companies to enhance its abili

to. bring new products to market and to gain worldwide distribution of its numerous agricultura

products currently being marketed or in the product pipeline.

IMonsanto’sacquisition of seed companies is driven by its quest to sell proprietary, geneticall

engineered traits in the global market. The seed business is the vehicle to deliver the technology,
In the United States, Monsanto now holds 85% of the cotton seed market, 33% market share 1

soybeans, and 15% of the corn seed business. In its ability to merge the seed and crop protectio

chemicals industries, Monsanto has leveraged biotechnology to created significant new custome

benefits not possible through either the seed or chemical industries individually.
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The biotech revolution “stakes” - discussed earlier — are enormous, and distributed throughout the

food system — not just confined to one segment. The biotech companies developing the means for
-expanding value so-thoroughily across the system are not.content to not. participate in “capturing”
‘more of that ‘added value. But, to do that requires more’ active involvenient~ from ownership to

allegiances and alliances, at least ~ i.e., the “dirt to dinner” strategy now driven from the: “inputs
end” (“left end”) of the food chain.

i 7 t s :

‘One of the: basic questions of the business restructuring is whether. it will céntinué to be driven from
the “inputs” side or the “consumer” side. From the “left” side. would suggest that the companies that

-have developed the new technology will move: ‘to ‘advance their control.on through the food system

“= that they will move from segment to segment across the food chain (literally, “dirt to dinner”).

This would entail “life sciences” companies becoming food processors, marketers, financiers, and

food retailing companies, if much of the added value is to.be captured. or controlled. _How they

would accomplish that — in traditional ways such as “vertical integration” through acquisition or

morémidern arrangements such 4 as strategic alliances, partherships, etc. ~ remains to be seén:
ghee eo ya. ‘ re wo fa OT, y ‘

Or, whether the “right” (consumer). side ‘of the food system becomes eiiergized and begins to exert
influence “backward” through the food chain now isan Open question. To date, little of such

movement has been seen, despite its apparent logic. Food companies, close in the marketing chain

to the consurner; follow charigés in'cofistimer tastes ‘and preferences and shifting habits, and would ~

seem the logical place to discern the’products that consumers want, and then to “message” those

requiremenits “back” through the system to the food manufacturers and “component producers.”

While little such transmission from “dinner to dirt” is yet ‘evident, it likely will come as more of the

possibilities of} biotectinology become e evident. a,

ae,
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*

The “Dirt to Dinner” Strategy — Exemplified by DuPont

q, +

| DuPont | Seed Chemicals} bo Contract i Value Enhanced Processing ‘Consumer —

ae

lad oe

aes

eae

+ : . : : i

* tye ge pe soe af bt

This combination of E. I. DuPont de Nemours, Pioneer Hi-Bred International, Optimum Quality
Grains, Protein Technologies International, and Nutritious Foods touches, if not saturates, all points
from input supplier to consumer. The commodity/product base: may, be, thin, but it, could be
expanded. . eee . he

There is considerable interest in how any ‘eventual restructuring of the food industry may” occur, and
what the implications could be.: _ Numerous: concerns.abound, .and include:

coe & eens lot tual Ce Lee : ohn

Concentration of economic/market power in just afew majo or companies, the originators of
the new technology products and the companies with whom they may choose.to,align

themselves. This is pethaps the most widely voiced concern and raises numerous other

questions. Will the initiating input companies move to expand their activity to
encompass the entire food system? Will this “reach” be broad-based across all food

groups and products — or will some companies specialize in one or a very few
. commodities. (Could a technology company utilize the new technology for one crop.—

say potatoes — and then through acquisitions, alliances or partnerships control all aspects

from raw material through food manufacture for that crop?) By refusing to license the

technology to others, it could effectively control the entire food chain for this particular
crop product (Chart 9).

Will the food industry be dominated by a few companies controlling the production and manufacture

of specific crops and résulting products? For example, might one technology company with partner

acquisitions, alliances, etc. control potatoes (say) throughout, another control other vegetables,

another oilseeds and products, another grains, etc., so that no more than a half dozen or so companies

‘have effective control? What happens to other companies who are not part of the technology

company alliance? Are they left out completely, or if not, might they have to accept unfavorable
terms to be included?
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° Chart 9. An Example New Structure for the Food and Agriculture System (Potatoes) -
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Such a forward or backward integration across all segments of the food system, whether through
acquisitions or formal alliances of various sorts, would produce a new structure. The food system
long was characterized by a series of discrete “ arms-length” transactions’ ‘with commodity or product
ownership transferring several times. ' Farmers, Bought inputsfrom their suppliers, produced their
crop and’ livestock commodities, and then sold.them -at the farmgate. They thus relinquished
ownership at ‘that point and had’no further involvement with: ‘them as the raw material moved through
‘the system becoming : a food product. The commodity typically was assembled by a “first handler”
and then gold to processors ‘who produced, components which moved to food manufacturers and on
to retail (with each change reflecting a. change: of ownership).

New structures likely will be much different — many. of the “arms length” transactions may
disappear, shortening the entire chain and perhaps, involving far fewet players.

as

- Tenpacts on Markets and Marketing —° ~- i

The concept of the marketing chain for agriculture and food products is ‘well known and undérstood | .
— and, the large investments of the past-in US marketing infrastructure are very importarit in the t

system’s overall efficiency. Every year, millions of tons of food commodities are produced, :
assembled through facilities designed on the basis-of efficiency (and, to protect the product, avoid ar

contamination and to meet other specific requirements), stored to permit orderly product flows to ,

processors and then through wholesale and retail facilities and into consumption, both in the United
States and abroad. The system has evolved to meet.specific characteristics of current products and
processes. And, as both are changed by biotechriology, the system and the services it provides ; at
each level will change atatnatically. oe

+

How much these systems and services will. change depends, of course, upon how drastically the
commodities are changed and how great additional service requirements become. For commodities

that are currently handled, stored and processed in bulk at very low cost,’ a‘change i in charatteristics i
so that separate handling and processing is required could mean a huge change in the system. |

The current system serves bulk commodities very efficientlyand other products much less so, but
there are many types of products marketed that require more or different levels of services and have
quite different costs. Examples of differences can be seen when the system’s key functions are
examined specifically. nS -

Assembly/Storage. The bulk system | ishighlyefficient, assemibling products from-millions
of farms for storage; shipment, and processing. There are high levels of competition

_ between cooperatives and private firms’ to ‘provide assembly services, and costs are

highly transparent. Virtually each delivery is priced separately with low transaction costs
since the products are highly fuingible, grade and standards'are clear and well known, the
markets are large and highly liquid’ and the ‘price ‘discovery system (based heavily on
futures markets) is transparent. Risks associated with inventories or delivery contracts

of either commodities or products are minimal and risk management procedures well
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defined.
~

How different the assembly/storage function is for biotech products depends on the

changes produced. For products with changes in production cost or yield only, changes

in marketing will be minimal.” ‘However, for products for'which the processing (or

- othe?) value ‘has been sharply increased although ‘the product appears | little’ ‘changed, the

marketing Tequirements likely will be:very different: FT keke oe.
soa“ a:

* - 4 oi <

For. example, corn products that:have been transformed into significantly more valuable
~ products willrequire physical. segregation, as well as additional testing to’ establish their

characteristics. Then, that’corn will require special protection as it moves: thiough the
.” system to be sure that it is not replaced’ by “normal” corn; and, in somé. cases, that the

value enhanced corn‘does not “pollute” the stock of commodity. corn. ‘Costs of these
" extra services:are.much higher; depending, in part, on the ‘number and ‘difficulty of tests
‘that must-be made, the extent.to which:containers (or other storage ‘Units) be sealed and

. certified, and-other.spécial protections to preserve some special-attribute of the: e product,

Grain typically is sold subject to tests for moisture, foreign matter and other“ ‘normal”
standards. In addition, value ‘enhanced corn will require Special tests to determiné the

extent to which the value added: characteristics are present; and be subject.to an

. additional systetti of discounts 6r'prefiiiumis - likely spécific if the production contract.

- Once these markets develop ‘nationally, special definitions, gtades and standatds:likely -

will'develop, as well. However, at present, value enhanced categoriés likely are highly -

ambiguous, ‘lack gradesand standards and hhavé more volatile Premium and: discount

. Structures. . he
cae

~ .

Transactions/Costs: While much of the concern about-impacts of biotechnology on the
f,

marketing ‘system has focused ‘on‘the ‘high cost of idéntity-preserved marketing, ‘the

additional-marketing ‘services required for transactions likely will be costly.as well in

part, because of the requirement for additionalservices, and partly because the current

system for fungible commodities has such extremely low costs. .
ZS:

The current system transfers ownership and manages risk in a alarge number of ways,”
including spot sales, contracts for future deliveries at specific locations, contracts for the

delivery of warehouse receipts, and many-others. Price risk is managed through well |

established and understood procedures. Prices. are ‘highly sensitive to actual or

anticipated ‘shifts, in supply and- demand, and mackets tend to be highly liquid and
af ie

Oo ett ae a

° This assumes no segregation requirement on the basis of the biotechnology; process used to increase yield
or reduce costs. If overseas markets require segregation: of products that are produced using certain

biotechnology processes, the additional costs’ will-raise- questions of whether or not those specific

biotechnologies will be used extensively. And, the labeling/handling requirements imposed in thosemarkets

will define the additional levels of services required at each point in the marketing chain.
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extremely transparent. Market-information is widely available from both public and ©

commercial sources. ,

. a a re De

Marketing transactions. fot biotech products with little or only. modest changes’ in’
characteristics: likely: will be unchanged. However, for. value enhanced cominodities,

, marketing: transactions likely will require.a modified market channel that requires greater‘
“amounts of services and is more.costly, with. the amount of the cost depending ‘both on

_ the amount of services required and the efficiency of the new market channel -"-
. n5 , . ae TL yee

“Other Functions - - Storage, Transportation, Processing, Wholesaling and Retailing. For
each. of these.services, costs likely will be unchanged; for biotech prdducts:that are *

: themselves little changed; ‘but significantly, higher for those. with value. enhanced
characteristics. And, the increase in marketing. costs. will depend on: -the changes made
and the. amount of additional services required. A. key. factor in the increase is the extent
to which ‘identity preservation is required, and to which increased protection is required.
In general, each. of. these costs likely will, be increased significantly throughout the
system. “

Observations
: . Lo , >. a - : + 1 tg

whose ie Jom ony - apbeee res

There are ‘many ‘instances i in 2 oUF r markets i in which generic and characteristic-specific corhinodities
are handled side- -by-side. In some cases, identical products face separate markets that depend on

different uses. For example, milk, fruit-and vegetable market- orders Separate markets for fresh and
processed. products... Producers focus, at least initially.on the ‘ “premium ” market, usually, for fresh
(or fluid) products and expect to divert the balance of their output to a “secondary” market; usually

the market for processed products. They sometimes limit production to the needs of the premium

market (depending on. premiums and, ,production costs), but frequently have produced premium-
eligible product far beyond market needs, and have profitable sales in-both markets. ‘While the
marketing requirements for the different markets are unique, the productthat is sent. tothe bottler

or the cheese maker,in market orderareas has come-to be identical (although, it once was.different

and processed products once came.from Class B-milk). Thus, .the market order example is unique,

since the market separations are managed in conformity with federal regulations and product use;
£rather than well-defined demand requirements for commodity characteristics. ops

Markets defined separately for systems for similar products: include food-quality feed. grains,
especially white corn, high starch and high-oil corn, malting: barley,:food quality oats and others.

Food quality soybeans destined for markets in Japan are. another example. - Organically-grown

commodities provide another example (especially vegetables, but other commodities, as well) of

side-by-side markets for quite similar products with differences in characteristics. In fact, many fruit

and vegetable commodities are produced to rigid specifications (variety, time of planting, cultural

practices, harvest processes andtiming, etc.) For those commodities, the growth of markets for

tailor-made commodities implies relatively small. changes.

~ ae a

’
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For othér conimoditieswhere.there:ate few-changes in.cultural: practices, bit major changes in the
value-of the commodity :produced, it ‘still is likely “producers will produce first for’ specific

“premium” markets, primarily under’ contract. but, 1f premiums-are large, likely will ‘produce

additional: amounts * ‘on: speculation” AS HOW is done under thé market orders.’ pee Gael.
AL os ep ae, Paes nt. a we é My

Food: 3 Quality Soybean Example: Page EE te ag he

In J apan, “food quality” soybeans are: ised to make: ‘a variety: ‘Of specialty food: products, and very
white, large soybeans with increased protein levels produce: greater amounts of highet quality soy

foods. Soybeans for food purposes originally came from: China, :andChinése'varietiéscontinue to

be prized for this purpose. However, Chinese domestic markets have grown to the point where

declining amounts are available’for export. Japanese importers ‘have ‘increasingly: turned to US -”

producers, and prefer US soybeans-over Latin American beans fot-this purposé?*And, importers

greatly prefer to Ampott soybeans: atid ‘process them, rather ‘than n import Processed: products.
On, af : oad »t “es - ee He

Three, somenhat separate market chaniels have developed for food quality soybeass as.a result!

Selections i in Japan, the result of repeated selection and cleaning, processes.in Japan from -
US run-of-the-mill No. 2:yellow soybeans (or higher). The largest, whitest-beans are

then processed into food: products for:the domestic markets. ‘This approach ‘also.is.sed' *

’ {almost exclusively) in‘Kotea, Taiwan and other: markets that produce:large ‘quantities ".

of: oriental, } soy-based fe foods. ms wo i
ET eae gt t booscg : ws , he : . ot as ve a "i

Selections i in the United States - the IOM: market; “Soybeans produced.in: moretthatt60
.. counties:in- Indiana, Ohio and Michigawhave‘higher protein,‘less oil;. somewhat larger «>* *

-. beans ‘and: whiter color than other US soybeans. A number of ‘firms toutinely-clean; *

- select and isolate beans from these areasfor the Japanese market. The sélected bearis are. ~”

then shipped to Japan, where they are again evaluated‘on the basis:of Japanesé ‘markét

criteria. Those selected receive very substantial. premiums above run-of-the-mill

soybeans,. while those-rejected ‘are sold ‘locally... While the premitmns<ténd to~be

‘significant, they go to the selecting shippér. Producers typically do: not receive e premiums

' for IOM soybeans selected for ' shipment. ke 8

‘Contract production. In ‘the western soybean belt, significant amounts of soybeans are
» produced under contract for Japanese food markets, (and, for local processing into food

products for orienta] markets). Contracts vary-widely, but tend to specify cultural and
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handling practices, sometimes specify-varieties, and include.other constraints.” Variety.

specifications are especially important because yields can be affected, and lower-yielding -

varieties command higher premiums. : In many-cases, contracts prohibit pesticides.and. '

-some require organic production and handling practices’. Contracts tend to vary widely,’ - '
and premiums vary widely, as well. Contract terms frequently are based on local market

prices for soybeans, with.specific premiums. In recent years, when generic soybean -

prices were high, the low yields of food quality soybean varieties led to very high

premiums.-Producers observe that the.costs of meeting contract specifications are high ‘.

_and. that high premiums are required to. stimulate production: The: availability . of |
information about this market, practices.used:and other Key trends i islow. 7.2.

Li :

The food Suality soybean example highlights the difficulty of oroviding efficient st marketing s services! :.:
to a market that is,relatively small in size, that demands costly services in both. production and. .
marketing (IP,-selection, specific variety use, specific cultural practices) and’ for which. market: ... ;

premiums are not easily evaluated. As a result, it is.likely that producers will initially require

relatively high premiums for the production to specification of characteristic-specific products. .-

Risk Management

A key uncertainty .regarding: the likely transition.to_characteristic-specific. commodities is the

management of risks of several kinds. The most basic risk is price risk. Today’s large, highly liquid

markets with their transparent price discovery ptocess permit very. low risk premiums-and high levels

of marketing efficiency. Modified marketing channels for characteristic specific commodities likely

will be able,to.define a stable basis with generic commodities in most cases, and continue to manage

inventory and contract delivery risks through the use of new approaches to. well..established

mechanisms — futures contracts, options and-others.’, However;.as characteristic-specific products

become more important and generic markets become less important; new approaches to manage risk

even in these large markets:will be needed. - --- - +.

As markets for designer-type crops become better differentiated (either in terms of premiums relative

to the basic commodity, or in terms of markets for the starch, protein, or other designer component),

producers in several studies indicate that they will increasingly use contracts to insure that their

higher costs of production of these products are covered. Costs include the risk of falling short of

the specifications for the designer. crop; lower yields (from seeds produced for designer qualities,

rather than simply for yield), higher agronomic costs (e.g., better, weed control), requirements for

cleaner, more’ uniform products of specified color, etc., and required levels of protein, starch, oil, etc.

°°'In spite of their general apprehension about the need for higher skills to manage contract risks, commercid

producers interviewed in a number of studies tend to find the contracting process quite manageable, and to

be familiar with it. They believe such commitments reduce risk if they are well designed, and based ona

careful risk audit. However, the use of contracts is believed to significantly alter traditional relationships

among producers, landlords, lenders, suppliers, custom operators, and other service suppliers in favor of

producers, but does so at an additional cost in terms of much greater management cost and complexity.

atl
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Both production.and marketing of trait-specific crops is seen as more expensive and requiring much

greater coordination and planning and much more information than ‘undifferentiated bulk
commodities. Major-concerns include whether ptemiuins ‘available will cover costs, and the need

to “lock-in” sufficient margins before begitining the production process.
' “gah. 2 te Jf adh,

For example, ‘four general types. of contacts (and a very large number of variations on each) are
commonly mentioned for use with grain production:

OY “Ga, Se

marketing (or salés); cs es
_bailment prodiiétion agrééments;” Nas
* personal sérvice contracts; and’ TE

ant pool’ contracts with j a closed coopeititive,
t : . : ‘ ite. Teas c enn

: rs . oo}b La oe 4; aa

he tte x . + 7 ,

Marketing contracts involve a firm agreement to accept’‘or deliver'a specified quantity of the crop,
and are widely used with a large number of variations. Key characteristics are normally described
(with tolerances), along with agronomic, storage, and other requirements. Pricing is typically

established prior to production, but‘thay be pegged to‘the commodity markét with a premium.
Bailment contracts are: distinguished ‘by ‘the fact that the contractor provides the seed: (and, possibly,

other inputs and retains-ownership of the output). Pool contracts with 4 closed cooperative are

generally sales contracts involving. delivery by the producer toa closed. cooperative’ facility jointly... . ..

owned and ‘Operated*by a group ‘of prodiicers for the purpose of adding value to the raw product.

These cooperativés'typically require’ the ‘purchase of equity instruments by each producér i in direct

proportion to that producér’s rights and commitment to deliver under the contract. mo

As producers r move to apply new technologies to. meet the needs of new markets for designer (or
merely modified) products, key considerations include:

Marketing Rélationships: Once a producer executes a contract for his product ¢ or services,
~” anew relationship i is forged. Key dimensions of change involve:

title to the crop;

eligibility for federal crop insurance and farm program provisions;

rights in the event of a contract breach;

-assumption of physical and quality risks during production a and after harvest;
security interests in the crop produced; ‘and’ *

rights of landlords under crop sharing.:

3! Bailment production contracts are arrangements’ where the contractor typically provides seeds witha.

specific genetic trait to the farmer. Title of the growing crop and ‘the finished product belongs to the

contractor, while the producer cultivates (according to specifications) the crop on behalf of the contractor.

The contractor provides most of the-non-land prodiiction inputs through personal service contracts. These
fee contracts sometimes involve more management decision-making from the contractor. The contractor is

providing compensation to the producer for the use of land, labor and machinery.
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REE TG , aot CoyYield Implications. ‘Many specialty grains have lower yields than do traditional crops. or. Lo
are susceptible to greater production risks from weather, insects or: -Other sources than
standard varieties. Premiums, need, to. -be large. enough. to compensate for .any likely
differences:in yield. Such contracts also tend to delineate the responsibility of both the

_ contractor.and producer in the case of yield losses... rs
gee Gee ee * os an

agin a:

Grower Obligations for Quantity, ‘The producer’ s obligation to deliver a specified
quantity also may be a source of risk. Producers should be aware of how shortfalls or

excess production frequently are outlined in the: contract. Payment penalties for a
shortfall could reduce premium payments and even returns well below that. which could

be ‘achieved in the commodity market. Quantity-oriented contracts. that require the
producer to. locate substitute product involves more risk, especially if the producer
assumes “Act of God” ‘Production risks, such as natural disasters which are beyond the -

ee producer’s ¢ontrol. os a ee nei

a ars Co Oa oe

Grower Obligations ‘for Quality. In most c cases, quality ; standards for.n moisture, foreign.wo
matter, test weight and condition must be: ‘met along with. the specific trait in the crop (i.e.
oil, content in high oil corn).. Quality is determined bya combination, of producers’ crop |
management ‘techniques, genetics, and the normal “Acts of God” that may.occur..

~-Penalties may be set-for quality problems that are directly related to the producer’ S
~practices and are thereby under his direct control. Insurance costs and.other maintenance ?
expenses should be specified in the contract and cover the growing, harvest, andpost-.
harvest periods.

ee 5 ye +4

Transfer of Ownership. In some cases, title to the grain is held by the contractor and in
other cases by the producer. In the latter, ownership risk is present during the production

_ process and potentially during the storage period. Contracts include the definition of the

ra

understand. when the risk i is terminated.

Tomorrow’s Markets. : Ss 4 4

This advent and growth. of marketsfor specialty; designer-type commodities implies an increasingly
market oriented sector, newly released from .the constraints of more than 60-years of stringent
government programs and regulations. The sector also can expect:

Somewhat greater price volatility as public stockholding is ended, and government -

intervention is reduced, including annual land idling programs.
foe

x

hy. . “rh

_ Better markets. at home and abroad,- and. better access to foreign markets as current,,,.
agreements are better enforced and new trade agreements negotiated.

- ot
rc

= . A a ” ry “|
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.Growing.total'markets and possibly higher real prices as ‘market neéd§ core to dorninate the

-sector’s outlook, replacing the. supply. surplus orientation: that ‘characterized most of the

post World War II period. ~ - ‘4 po
co

To an important extent, the technology and market trends are requiring their i increasing
integration into the'‘production/processing system. Key ‘trends:include:

Consumers’ rapidly growing demands for produst “specifications, based “on: key
components (protein, fat, fiber, etc.) and their low tolerance for lack of quality,

wees uniformity or consistency. ‘In‘the future, far more ‘than 4 in the past, the consumer will
_ ‘* *. be King. 'This thas not”affectédfarmers uch ‘in ‘the past’ when concerns ‘aboiit®

te consumers” preferences: were ‘left primarily 16 processors, ‘and farmers sold °
- coramodities. In the future, sinderstanding arid satisfying’ vend-user neéds Will be-

th ’ tt my ous 43 fo sh. eodue ” . : wet oe . eg ae an 4
wie 5 :

inoteasingly important, and willrequire much greater coordination : throughout: a

Rapidly rowing: emphasis 6 on food’ safety; and legal requiréments for accountability and
coritrol of procéssing, storage and 'tréatment applications’at ‘each level:

1S. Bid haere

Processor willingness to. offer‘Premiums only for commodities that meet increasingly

~ precise specifications.- we Ens A Bata we eaters Belay nee ae a eam

Information Needs
Pee : . * “¢ . sotto ie

Shee . a Loe ‘ wh

Farming will be more cedinplex and more technical i inthe future, and? éoininercial operations: will i
“require highly sophisticated knowledge.about factots: ‘and forces off the farth in much ‘more’ ‘détail’
as they plan and manage their operations. One major response to'this need is the devélopment aind

a

reliancé on teams of highly skilled-managers, rather than‘single decision makers, muth as is done’ .
throughout agribusiness. A second i is the i increasingreliance’ on Private, commercial’ information
providers. © pe, wo : ‘ , oe

Knowledge and information: will have-a more important future role-in maintaining effective éonttol

tee

- ae,

of farming operations and in transferring risk, for at least two key reasons. First, producers will need-. °

far more information to manage their. operations and to deal with théir ever-more complex

production and marketing systems, and those with the most technical information ‘and-knowledge »

have very large comparative advantages. Second, the dramatic expansion in ‘the use of chemical,

biological, and physical processes involved in production has increased both the‘need and value of

information to producers. The ability to understand and_utilize neW ‘genetically ‘altered or value

enhanced crops and technology like | precision farming is a strong advantage . in agricultural

production.

Because of the large and growing value of information and the expanding role of the private sector

in providing it, the role of information in the Competition for market Shate also is expanding rapidly,

and will continue to do so in the future, especially for new (and even more technical) products. To
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compete for sales to commercial farmers, the provision of highly. specific..information (and,

increasingly, technical assistance) i in the application, use and management:of new products will be
required. In addition, the suppliers who are able to provide this information convincingly are likely

to gain a significant market advantage as a result. -

a Sp rr

, Amplications for International Trade Policy ,4. - ,:: ot

The WTO and Phytosanitary Standards .

One of the major breakthroughs in the last round of GATT/WTO negotiations was the agreement

on Sanitary and | Phytosanitary Measures (SPS). The SPS agreement-codified for the first time the

principle that such measures should be used. only in response.to legitimate health or scientific
concerns. It states that phytosanitary trade barriers should-be “applied only to the extent necessary
to protect human, animal or plant life or health . . . based on scientific.principles and . . . not

maintained without sufficient scientific evidence.”*? It was widely believed that this agreement

would at last allow for an objective system of evaluating the-scientific basis behind phytosanitary

trade barriers. And coupled with the WTO’s added power to enforce decisions, it seemed that the

days of import bans based on dubious health concerns might be over.
; i. t 2oota,

However, the picture was clouded considerably -by the WTO. dispute. settlement panel? s recent ruling
in the US/EU case over hormone-treated beef. The decision left both sides claiming victory for

different reasons. The panel reiterated that bans such as the EU ban on hormones were allowable

only if used for health reasons, not if they were implemented for trade reasons. It affirmed that there

must be a scientific basis for any food safety standards and found that the EU had not:shown

sufficient scientific justification for its ban, seemingly.siding with the United States and Canada in

the dispute. However, it also agreed. with the EU that member states could have theright to
establish, on a-.scientific basis, levels of consumer -protection that are higher than prevailing

international health standards. There has not yet been a test case in the WTO over GMOs or similar
agricultural biotech products, and it seems increasingly uncertain how the WTO would rile.

If the WTO fails to live up to its initial promise of allowing for purely. scientific decisions in SPS

disputes and ending the use of SPS measures as trade barriers, how:else could this goal be

accomplished? Rules and agreements through Codex Alimentarius could-be one-answer;although

the Codex Commission has not yet considered any measures.pertaining to GMO foods. ‘Given that

the majority of Codex members are developing countries, where biotech development and adoption

have been relatively slow, the problem is not likely to be resolved through Codex any-time soon.

A new multilateral organization could be formed to take up the issues of GMO approval, regulatory

harmonization, and/or risk assessment — but as long as individual members assert the right to reject —

products based on non-scientific factors, any such organization would have no more power than the

» Article 2, Paragraph 2, Agreement o on ‘the Application of Sanitary and Phytosanitary Measures, ‘World
Trade Organization. sagt a
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current WTO dispute resolution mechanism.

The multiplicity of : national appidval processes - ~ and” the: lack of an overarching multilateral
approval process — — becomes a mofe ‘acute problem when’GMO crops are approved i in one country
but not in ‘others. This has been the case with several GMO. crops this year that are being grown in
the United States but have yet to be approved in Europe or other markets. The BU has made it clear

that trade could be severely disrupted. if unapproved ‘crops : are not. segregated from traditional and

approved GMO: varieties. 7
apt Cag . ‘, Lo

et ee a my wi’ eo, 7 46 roe Be

Unfortunately, hither sided in this debate has shown considerable villingness to: compromise. ‘Rather .
than wait ‘for EU approval before planting’new GMO crops, the United: States, has. planted ‘the: crops”
and urged the EU to speed up its approval process. 3 The EU considers these actions to be an
attempt to force GMOs‘onan increasingly skeptical European public, and has hinted that it may hold

a moratorium on new GMO approvals. Without a multilateral means of solving this type of dispute, ~
many more aré likely to appear. The problem could become much more acute if this problem

becomes a-severe hindrance to trade, or if a crop were judged safe byone country but deemed:unsafe

in another.’ oo ‘ o

The Regulatory Approval Process

Canada. The Canadian Food | Inspection Agency (CFIA) is the lead agency responsible for
regulation of agricultural products, but other agencies-also are involved in the’approval process.

Health Canada reviews novel foods for food safety and sets data requirements for safety and risk

assessments of all foods. It also identifies hazards and specifies the standards that food inspectors

observe.’ The Pest Management Regulatory Agency (PMRA), a unit of Health Canada, has

responsibility for registration and regulation of pest control products, and it evaluates products that

have pesticidal properties. Environment Canada works with regulatory agencies to help develop

standards for products that may affect the environment, and Agriculture and Agri-Food Canada

performs risk assessments for new types of products.

The CFIA. governs-novel foods based on guidelines consistent with those used by international

authorities. Its main principles are:

-To build on current legislation where possible, rather than to create new legislation for new

products.

To focus on product characteristics rather than the method of production. Currently, all

products developed through recombinant DNA technology are evaluated for unintended

33 The United States has begun to show some flexibility on the situation, as trade associations such as the

North American Export Grain Association have begun to call on biotech companies to hold off on the

widespread release of new GMOs until they are approved in the EU (see Reuters, US Grain Exporters Fault

Seed Companies on Genetic Mess, 1998).
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” effects that may result from the introduction of new genes or DNA sequences. 3
wade.

.

To conduct evaluations for each product on the basis of its unique characteristics and to
establish appropriate safety levels based on the best scientific information. The Agency .

" considers products : safe if they fall below an 1 acceptable risklevel, a level not defined as .
the > complete absence of risk.

vos go. G4

Prodhidts that ‘ate either new (“not familiar”, i.e. bearing littlé reséniblaice toexisting ‘products) ‘or
judged to be not substantially equivalent to existing products are forwarded to Agriculture and Agri- °
Food Canada for a risk assessment. Once the risk assessment is complete, or if it is not needed, the.
product would be registered, by, CE IA and sent to Health ‘Canada for’a food safety assessment by. -
Health Catiada; if one were deemed necessary. It also. would be forwarded to PMRA. and/or,
Environment Canada if necessary. “Once this process is complete and the product has been approved, |
it can be commercialized._ :
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Government Policy: ‘on the labeling of novel foods i is based" von ‘the i following principles:

Require mandatory labeling if there 4 18 a health or safety’ concern; i-e! from. Allergens ora
- Significant. Nutrient .or compositional - -change (these decisions are inade by Health
Canada)..

Ensure labeling is understandable, truthful and not misleading. © “=
vie “Ht ; - ot fi power sf eSHBEEaE
~ Permit voluntary ‘positive labeling. on the condition that: ‘the Claim is fiot misleading’ or

. deceptive and the. claim itself is factual. “ -
7 coe rare, 1 : , “ a ow aS

Perit: voluntary. negative labelingon the condition, that the. claim i is not: misleading or
‘: deceptive and the claim itselfis factual. ES ae ”
ee ip oA / OP ute oo : i, owe sty ree voc ife 6

J apan. In Japan, the approval ptocess for GMO etops: differs baséd'on-whethet the-crop is.intended
forhuman.or animal consumption. In all cases, however, thé first step in-the process is .a review by

the Ministry of Agriculture (MoA) to determine whether the product could b have: an impact on the

environment. This Teview steks to answer questions such ; ass fo es "a Nel

7 Ss « ~ a : weooe . re og a . , - . 4
- Could the emo spread trough pollination?” ohh % aan opiterd a Sons sat see toe

. tho ox Pee os vot abe Te : ts - beh

" If the product has a pesticide or other:such trait, how: will it affect- ‘other: parts af the food ae
chain? , att ' as gp Te to

If the product is intended for animal consumption, the MoA will then evaluate the safety of the
product, and its effects ‘on livestock. After this review is complete, the MoA‘will then approve or?”

disapprove the crop. If the product is.intended for human consumption, the- Ministry of Health &

Welfare (MoHW) and the Council for Food Safety will conduct an evaluation. Thée’MoHW willtest

the product and obtain data regarding various aspects pertaining to human consumption ~ digestion,

metabolic effects, toxicity, etc. Once the tests are complete, the Council for Food'Safety will

evaluate the data and make a recommendation t to the MoHW, which has the final sayi in approving

the product. me Bore ee th Phe

The Japanese government currently is considering:the issue of labeling food products containing:

GMOs. The MoA established an advisory council last year to-study the issue, and the Ministry

proposed two alternatives earlier this year: One proposal would -have-made labeling of GMO

products mandatory, while the other would have made it voluntary for producérs, distributors, and

processors. If labels were required for-consumer food products, the labels would be one of three

types, indicating that the food 1) does contain GMOs, 2) does not contain GMOs, of 3) may contain

GMOs. The government is currently. receiving public comments'on the proposal, and may make a

final ruling by the end of the year.

eae

Australia/New 4 Zealand. Regulation of’ GMOsis handied by the Australia New Zealand Food
“has
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Standards Council (ANZFSC). . In general, the saleof foods :made through gene technology .is

prohibited unless ANZFSC has assessed them as safe for human consumption. The Australian

Quarantine. and Inspection Service.(AQIS) also may evaluate new crops if there are. potential

environmental implications., ‘Approved foods will be listed in. the Council’s standards: guidelines.

ANZFSC is still considering the issue of labeling GMO foods. It has recommended: mandatory

labeling for GMOs that are “substantially different” from existing foods, while a recommendation

for foods that are not substantially different from their traditional ‘sounterpatts is due in December.
* : £ . t

Ao . ‘ ’ ss lobe F te ae!

European Union. To enter the EU’s regulatory approval process, a GMO must have a sponsoring
country that proposes the product for review.. The product is then open:for comments from all

member states. After the comment period, the product then goes to three EU scientific‘committees,

then one regulatory.committee for review. If the product is approved through all stages, then the

sponsor proposes. a, finallegislative procedure at the EU level whieh would -formally.:release the

product for planting, trade, etc.,.as thecasemaybe. pk
oF ~ , 7 ' ty fr

a yea . tae

Once the product is approved at the EU level, member states must change their domestic laws to
conform with the EU law governing the product. Austria and Luxembourg have refused to do so,

trying to maintain bans on GMO corn. By asserting one of the clauses ‘in the EU ‘charter; member: ~

states do have the right to do this, as long as they can establish a scientific basis for doing so.

However, Austria and Luxembourg did not do so — the deadline by which they. had to submit this

scientific justification passed, and they provided no attempt at a justification. Consequently, the EU

may take them to the European Court to enforce the EU laws on the issue.

. . , : Loot, . art tie x

Regulation 90/220, which established the current approval framework, is currently being.reviewed
by the EU. They expect to -have.a.proposal ready by the end of 1998. However, the review of this

proposal. could take, up to three years. ye

The Biosafety Protocol oe | : ne oo ye

The Biosafety Protocol is ‘currently being negotiated to address the “... safe transfer, handling and
use of living modified organisms, ... specifically focusing on transboundary movement.” It sprang

from the United Nations Convention on Biological Diversity (CBD), which called-on the parties to

the Convention to examine the “need for and modalities of” a biosafety protocol “settirig out

appropriate procedures ... in the field of the safe transfer, handling and use of any living modified”

organism resulting from biotechnology that may have an adverse effect on the conservation and

sustainable use of biological diversity.”** The United States is not a party to the CBD and so cannot ~

e.

* Decision II/S of the Conference of the Parties to the Convention on Biological Diversity.

* While the WTO’s Sanitary and Phytosanitary Agreement provides an opportunity for countries to restrict

trade in products when it is deemed that it would be necessary, to protect “human, animal or plant life and.

health” (this includes considerationof ‘relevant ecological and environmental conditions’ ), the Biosafety
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become a party to the Protocol. President Clinton has’ signed the CBD! but i its S prospects for
ratification in the Senate s seer: dim. ° we Da ce te bP ing oo Nie:

og Mc . ot veg eat ‘Bhs - a TEL “ty ade Heh o. :

As the tiegotiations over.the Biosafety Protocol began, the Unita: Statés insisted that there w was no
need for.such a protocol, since it felt that-GMOs often were essentially equivalent to their traditional

counterparts, and’ thus théte was no‘need for'a separate protocol {0° govern them: ‘However, the’
partiés ‘to the: ‘CBD. decided ‘that-a Biosafety Protocol ' ‘was necessary. . The United States, ‘despite -

‘being a non-signiatory to the‘CBD, has been participating inthe: negotiations, “but it has no-ability to°
block agreement’ on the Protocol. iA two-week set. of negotiations: cori¢hided i in. ‘August, and will
resume in F ebruary, at which titne- negotiations are scheduled for:conipletion ' The Protocol. lmay not 7

. be formally adopted fot some: timé thereafter to allow: for legal. editing and processing. “
“ me 1

he

Key issues in the negotiations include the scope: ‘hat is, product‘coverage) ofthe Protocol asa whole’
we oe . Bo + - ay . "he

as well as thescope of its various parts.: The CBD réfets Specifically to a protocol: ‘limited to “living »
modified ‘orgariisms” (MOs):. A significant number -of } developing: counties have atgued for a

scope which covers:all: LMOs, including. products: ‘of LMOs: (that is,:procéssed products which °

contain, or were produced from, LMOs). A nutiber of other couritries would like to limit'the Scope

to viable organisms, with the more restrictive parts:of the Protocol limited to a subset of these. For

example, many developing countries have asked for notification by exporters arid consént' by ©

importers (Advance Informed Agreement - AIA) for all international shipments of LMQs in order

to better.track products entering ‘their borders: Prior to-consent, a risk:assessment would ‘be required “

“Which could considerably delay approval for trade: ‘to begin. + se
Be ae, 7 ‘

a bo ar pet '

lacontrast. theUnited States argues that sucht notice isneeded only ina sinall ‘number of cases, such -
as when the organism is shipped as seed for the deliberate introductioninto the ecosystem. While

this also would require a risk assessment, it would be on a more limited subset of trade. And, once’

approval ‘had been givenfor an LMO, trade ‘could proceed: ‘without ‘the teed for continued

notification and consent procedures (unléss specifically required by.the. impéiting. ccouritry that might
deem LMOs a concern). Cariada also maintains that there should be: some measurement. of the degree
of risk of each LMO, and that low-risk LMOs should not be: Subjéct tS‘AIA\ In‘the context of the

AJA procedures, there also is debate as to whether it should be the importer or the exporter who

notifies the relevant authorityi in the importing country of the shipinetit. ane

Many developing countries are seeking to’ impose responsibility of LMOs on’ éxporters. These
countries also are seeking that the exporting country be held liable to provide compensation for any
adverse environmental impact from the deliberate ot accidéntal release of an LMO. Although:the

structure of tules for such liability has not been developed; proposals‘have included the following:

No liability provisions’ °

Requirements for importers or exporters’ to be bonded °

Protocol could:place an obligation on Parties to:assess the environmental: impact of a new genetically
modified product before trade occurs.
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_ The creation of an international liability fund «- . Saget

Placing liability on ‘the country sending the. GMOs. or deferring. this decision until. the.
‘Conference of the Party has determined how ability | provisions within the CBD will be

. established and implemented. ,.. 0.0, et , a:whee

LF ood ew RTE PR . , 5 : yo . ~

In the negotiations, ‘the United. States i ds pushing to ensure that trade with, non+signatories will not
be. restricted by 1 the, Protocol, and that the: Protocol will not supersede.or undermine any. existing. |
‘agreements on international. trade, particularly those within the WTO. It remains uncertain how
these negotiations ultimately will turn out, but it seems quite possible that the United, States will be

ood

bound by many. ‘ofi its decisions even if it remains.a non-signatory, F orjexample, if-a Party to the __
Protocol. requires. that it be notified: ‘of all LMO: ‘shipments, that a risk assessment be undertaken.on
those LMOs by the exporter, and that consent be granted before any. shipment can occur, then all

countries exporting, to. that t country Gncluding | non-signatories) will: need to, fone, with: these -

i

processes s could become | very restrictive to future agricultural commodity trade. It is . important that: .
a pragmatic approach, to. trade | inbiotech products,be adopted while, ensuring that legitimate . -

. wo * . ‘ be
So, a . al

environmental concerns: be: addressed. ON,
. . . wi . : oa , : . wae

Consumer Acceptance San
a . soe — soe wt: nee . tae ater Cte gee tee tee mn a Tette oe te teem

The.question of. consumer acceptance looms large. over ‘the agricultural biotech industry.. The pace.
of acceptance thus far has been quite swift and largely noncontroversial,. except .for Europe...
Continued acceptance of new products likely will portend a bright future for the industry. However,

consumer repudiation would put the entire industry i in jeopardy, .as .well.as:huge investments over

. «f

Consumer ¢ awareness of agricultural biotechnology v varies es widely from country. to country. Surveys -
in developed countries found awareness greatest in Germany, Austria, Denmark, and Japan, where
over 90% of consumers had heard about biotech. . Awareness was. lowest .in southern Europe
(Greece, Italy,. Spain), averaging about 40%, 6 a. on Pooks

f

+ 
Law hae

When asked if they would consider purchasing a: tomato that had ‘been: genetically modified,
consumers in Germany and Austria were least likely to do so. Thirty percent of Germans said they

might buy such a product, while only 22% of Austrian consumers surveyed would consider doing .

so. The most receptive consumers were in Canada (74%), the United. States (73%), Portugal (72%), -

and Japan.(69%). The results of this survey were largely the same when consumers were asked

about a tomato genetically modified to be better tasting or fresher, although overall approval was -

(somewhat strangely) slightly lower. A different group of surveys found German, Austrian, and

Swedish consumers most likely to describe GMO foods as a “serious” health risk (about 60% in each

country), while the level of concern was lowest in Italy, Norway, and the United States.

°° Thomas J. Hoban, Consumer Acceptance of Biotechnology: An International Perspective, Nature

Biotechnology, March 15, 1997. .
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“However, other:surveys.have yielded different results. :-Some‘surveys-in Japan havé révealed that’*

consumers are:concerned about-GMO-foods. Oné survey by the Society for Techno-Innovation of '*

Agriculture, Forestry, and Fisheries found that 91% of:consumers wanted safety information on

-GMO foods,while:63% were unawate that GMO foods had then already béén-6n'sale. Consumer

organizations have-collectedover.a millionsignatures in Japan-calling for labeling of GMO foods.

In Canada, when consumers wete asked if all GMO foods (notjust those that are substahtially altered

from traditional varieties) should ‘be: labeled, 98%.responded i in 1 the affirmative, ..
te : : “eG ' . seg

Consumer ¢ concern’ about GMO foods: has been quite strong in-the: European’ ‘Union: ‘While this is
attributable to several factors, the -news in 1996 that linked Mad Cow disease with the fatal human

brain ailmerit Créutzfeldt-Jakob Disease. Beef:consumption all over Europe plummeted as the néws

spread. While-~American consumers seém to -have‘considérable confidencé in their food safety

regulatory agencies, European-consumers did not-havethe same faith even before the nad ‘cow scare.

Consequently, their concerns about-the:safety of their food‘supply are heightened, and: biotechnology -
had the misfortune of: entering the public eye while the memory.of this. crisis — and.of the repeated”

‘assurancés from public figires that were ultimatelyproven untrue —.was still fresh: Other-reasons’

why Europeans ate more concerned about GMO ‘foodsmay lie in cultural differences inperceptions .

of food (Europeans see agriculture as s dess ofa business than. do Americans, some say) and stronger

“environmental concems. ©. fe Coe, Boe hae Eg
mee oe ay Fo et ape anaemia tanta - - awe ae . Be aoe tee com ee? oie

Green parties in | Europe: soon: nused't the GMOis issue to o their advantage. The food industry i in Europe. « a
«had: always: been divided.on thei issue of: agricultural: ‘biotech ‘and consumer acceptance. F armers,
research companies, -and séed. «companies comprised one side, while the ‘food processors and~’

rmanufacturers comprised the other: . There has-been ‘little, if-any,. communication between ‘thé two
‘ groups, and the food companies had taken-no responsibility forpromoting consumer acceptance of

agricultural biotech; viewing this.as.solely the responsibility, ofthe other camp. As the mad cow:
crisis unfolded, the greens were ‘successfully able to jump on biotechnology as a néwissue-and have
considerably chilled the debate. However; the fear of falling behind in agricultural:competitiveness. -’”

is becoming a stronger motivating factor to encourage a more positive attitude towards agricultural

biotech. : ; SB ,

a

Special Focus: The 1998 Swiss Referendum on 2 GMOs.

On June 7; 1998, Switzerland voted by a 2: 1 majority. against’ an initiative to. ban’ genetic °
engineering.- The initiative, called the “Gene Protection Initiative (GPI)”, had- as goals ‘the

prohibition of all transgenic animals, the banning ofall field releases of:transgenic.crops, and the -

prevention of pateriting certain inventions of biotechnology. Before the popular vote-took place,

i Parliament committed itself to enact a strict regulatory framework, but no bans.
J : , : . ° foo. OM oo . .

This.was one of the most intense campaigns that Switzerland had ever seen for'a referendum. The

f media’s close reporting of biotechnology in the 2% years leading up to the vote resulted in-a' marked -
. increase in public understanding. In a thorough survey; general opposition to genetic engineering

t decreased from 62% to 33% and acceptance increased from 25% to '39%.
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The collection of signatures for the GPI began in May.1992:and.was completed with about 111,000 -
names, in October.1993.. The.central.féatures of the proposal were three specific bans, including:

. No transgenic animals should be.allowed, not evén for biomedical research;. abe

The release of all.transgenic organisms should be banned, including. transgenic ‘crops for

farms;and. + - 4:

The patenting of: transgenic plants and animals should be forbidden, also. products and
processes derived from them. This would have ‘included human therapeutic proteins

- produced in Plants 0 or, animals. Boag tn

The n main. supporters of the GPI were diverse environmental groups ranging: from Pro Natura to
Greenpeace to the, World Wildlife. Fund. Further supporters were animal welfare organizations,
organic farmers, one consumer group and some NGOs for developing countries. Their arguments

for the GPI were based primarily on perceived risks. and-on ethical grounds. The-risks mentioned
concerned both human health. and ‘the environment. ° It alsowas argued: that intrusions into an
animal’s genome violated its intrinsic. dignity and that patenting of plants ¢ and animals» ‘was unethical,
because they were products of natiire. ye . Pee

Opposition to the initiative was s led by an alliance of university researchers with the pharmaceutical
industry: Later on, the lobby organization for the promotion of Swiss industry led the campaign“All”

major political parties of.the right joined, and other important partners were the -academies,

professional associations of scientists and medical; doctors, the universities and the National

Farmers’ Association.. Their.argument cited most often against the GPI was that its ban on

transgenic animals would stop a great deal of medical research. .The ban was therefore expected to

lead to a loss of jobs and a situation where.no new jobs would be created by discouraging start-ups

and spin-offs, which had-become so important in other industrialized countries. It.was argued that

pharmaceutical. companies would move not only experiments using transgenic animals, but entire

research programs out of the country.

Many observers felt during the first few months of the campaign that the GPI was going to be
accepted, but the initiative lost ground in the last two months. There were many reasons for this

change. Three events initiated by the proponents of modern | biotechnology received considerable

media coverage. First was a press conference of all Swiss Nobel prize laureates, even those not

working i in biology. They decried the loss of research potential, pointing to a probable lowering of
standards.in the universities. Then came a.televised interview with three of the seven federal

councilors, explaining why the government unanimously opposed. the GPI. Finally, scientists
organized their own demonstration in the streets of Zurich and Geneva. =~ Lota

* With 41% of registered voters taking part in the decision-making process, 67% were opposed to the
GPI and 33% for it. Public opinion on gene technology changed very considerably over the last 2%

years. ‘Whereas initially 62% opposed genetic-engineering, only 33% opponents remained; while

those with a basically positive. attitude:towards the technology rose from 25% to 39%. Those in

favor of general bans decreased from.22% to-12%. The number of those who say they would not
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eat genetically modified food has gone down from 62% to 48%.

One may wonder whether the experience gained in one country debating the pros and cons of a new

technology will help understand or predict the process in another. Although every country has its

own social and political traditions, some generalizations, applicable to other countries, would

therefore appear justified. Knowledge of moder biology is an important basis for accepting modern

biotechnology. Many studies have shown that optimism towards biotechnology

increases with factual knowledge. Also, the more different sources spread the same reliable

information, the more credible it becomes. Finally, acceptance and understanding need time to

develop along with familiarity of products and services.

National and Global Regulatory Framework

Since the mid-1980s, biotech safety issues, along with regulation of testing and approval have been

divided among three agencies, including FDA (primarily concerned with food additives), EPA

(primarily concerned with impacts on the environment) and USDA (primarily concerned with the

testing, control and oversight of genetically engineered plants).

A continui 1g question is whether a “super agency” will be created, as some (largely
environmental ctivists) have adv. cated. However, mostobservers believe the odds of this
are small, especially in: the: absence of some regulatory. problem. ‘While the currentsystem
is seen by all concerned to be cumbersome, it has been hammered out over more than 13

Globalization of Regulations

Two decades ago, agricultural and food production was primarily destined for domestic

consumption, and food and agriculture issues concerned domestic producers and consumers. Food

safety, quality, cost and other issues were based on domestic policies and concerns, and reflected

almost totally the US culture and values. In addition, because the US markets were so large, US

preferences for products and presentation were generally imposed on imports of products attempting

to penetrate US markets.

US policies regulated prices and supported producers’ incomes, established food safety levels (often

very different from those overseas) and supported infrastructure and other investments across the

sector with virtually no concern for foreign markets or competitors, except in the case of

complementary products such as tropical products and others.
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. Today,. a very ‘large share of the regulations ha affect U us See See ees have -

é as oe the co or
producers, export | subsidies,

mS fea most prominent, the Ura :
_ Free Trade

The basic concept upon which these agreements were developed is that trade and investment based

on competitive production and pricing (rather than government intervention) is the most efficient

system available — a conclusion demonstrated by the collapse of central planning in the former

Soviet Union, and elsewhere. As a result, the expectation long has been that a series of future

negotiations and agreements would lead inevitably to increased market access and larger, more

competitive markets.

However, market expansion has been more difficult than expected, with substantial controversies

involving approval of a number of “conventional” products. And, the advent of biotechnology is

further complicating this process. The concept of equivalency of safety inspection processes is

difficult to establish objectively, and continues to limit access for a number of products.

To a large degree, the difficulty of gaining approval for biotechnology products appears both to be

political (based on concerns about human or environmental damage that some believe could happen,

rather than events or incidents that have been documented — and, based on the argument that

extensive labeling should be done so that those with concerns can choose not to consume biotech

products). The counter concern is that many such arguments reflect the desire to protect markets,

rather than concerns about food safety or quality — that the sanitary/phytosanitary provisions in the

Uruguay Round Agreement require both testing and restrictions on trade be based on scientific

conclusions.

As the production of'biotech products expands and the next round of negotiations under the

WTO approaches, the position of the main negotiators regarding these disputes assumes

enormous importance. The Uruguay Round began a process of dismantling border measures
that restrict trade, and the next Round was widely expected to-continue that process with

significant, new steps toward more open markets. ‘However; it has become increasingly clear
that US producers have made enormous investments in biotechnology as a means of

advancing their competitive position across the food and agriculture sectors. The disapproval
_by major trading partners of products that have been tested and ; approved for production in
the United States will be seen both as a severe violation of previous trade agreements and an
indication of future f protectionist efforts; and can. be expected to trigger: severe confrontations
_~ both in the current WTO structure, and i in the ‘upcoming, negotiating round.
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The shift in‘agricultural research Spending that has taken placei in recent years, , from, the government
and.academia to the private. sector, ‘has changed.dramatically: the félationships between these players,
and biotechnology ‘seems likely.to accelerate that change. Private-sector. agricultural research ‘has
grown substantially since the late’ 1970s, while public agricultural research has (in dollar terms)

remained fairly § flat during the. Same period. fo:

collaboration ‘on research: has: expanded ‘greatly. While this has always been: present to:some degree,
the federal govetiunent made efforts to expand private-public cooperation: ‘It allowedfor. private
patenting. of products developed through federally-funded research, and it established Cooperative

private companies: ‘to develop technology- °° : :BEEBE AEE HE 4. i" ps pan st

Biotechnology may’ incréase the. ‘trend’toward joint private/public. research, due i in large part ‘to its
high costs. Universities have found themselves. (and their research. budgets). “overwhelmed by
biotechnology in the: past few years, asthe costs involved in new: equipment, attracting top scientists,

-~ ete., have begun to-draw funds away from other uses. Some-in academia: have said that t the’ sudden
large flows of:funds toward. biotech research. has made the: setting: of priorities amore ‘difficult.
Consequently, universities are likely to become increasingly interested i in. public/privatepaitnerships,
particularly if it leads to innovations that can be commercialized and realize a return on investment.

Returns on research investment allow the university to bolster its research budget.

At the same time, biotech companiesof all sizes reportedlyare showing greater interest in partnering

with universities to perform research. The companies: benefit not only: through’ the sharing of
resources and information on individual projects; but from the links with the university, which may
serve as a talent pool for future scieritists. Universities often perform basic research that-companies

may not be willing to fund themselves but can certainly benefit from.

In some cases, the public/private distinction i ‘is beginning to blur. One’ major pharmaceutical
company builta building on a major Land Grant University (LGU) campus, and leased the building
to the university .at a concessional rate. It ‘will be used in conjunction with academic researchers to

have existed for decades, and both parties usually benefit from the arrangements, so it is difficult to

say that increased private-sector involvement in university research will be good or bad.

One of the maj or changes: that has taken: placedn: public agricultural research is that public/private -

Research and Developmient Artangements’ (CRADAS) a as s agreements between ‘federal labsand |

develop new animal vaccines, This type of relationship can bypass a university’s: traditional:
methods for allocating research money. But is this inherently bad? Private/academic partnerships.
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However, several issues remain:

Will increased university investment in biotech-related research (particularly plant and

animal sciences) draw funding away from other agricultural disciplines, such as

agricultural economics, soil science, etc.?

Will universities be able to maintain their academic independence in an era of increased

partnership with (and funding from) the private sector?

Conventional wisdom holds that the private sector will not do basic research that holds little

commercial potential but is nonetheless important for future innovations. If the day

comes when nearly all research is done by or in collaboration with the private sector,

who will do basic research?

How will returns be shared if products are developed jointly by a university and a private

company?

Extension Services

Many have questioned how the role of extension services will change in the era of biotechnology.

In the past, the traditional flow of agricultural information and research flowed from the LGUs

through the extension service to the farmer. With more research taking place outside of the LGUs,

the old structure may not continue in its present form. But what will take its place?

Extension agents see their traditional role being filled by several newcomers, including private

company personnel (technical and sales), independent consultants, or on-farm technical staff. These

trends likely will continue, as more technology is developed in the private sector. The perception

of LGU extension agents as independent, unbiased advisors also may change as private/academic

partnerships grow stronger. If extension agents find themselves with less information to extend,

fewer farmers to extend it to, and greater competition, how can they redefine their role in the coming

years? There are several implications for extension services, including:

Can extension services maintain their role as independent evaluators of product claims made

by private companies in the biotech era, when research costs have increased? If so, how

can they get access to information for new proprietary technology?

Will extension agents find themselves working only with small farmers, with organic
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farmers, or with those. ‘who grow: non-biotech crops?
ae \ non i ie p

Can: extension services carve out arole as market information advisors, ;e. g., -serving as:an
independent source.of information on the various contracts for production of biotech

-- crops'offered by technology companies or food. Processors? ie os

Intellectual Property Rights
Peat

Agricultural Biogechnology Patents
oa .

Det wd:

The concept of patenting life forms’ is fairly new. Traditional. law. held that: life forms could not be
patented,-but a Supreme Court-decision in 1980 .allowed:the first suchpatent. Ina cast involving

a patent fora crude-oil-eating bacteria, the Court said that as long asthe “hand-of man” was.present. . -

_ in the life form, then it could be patented. A new plant discovery that'i is not artificially altered,:
however, still cannot tbe patented.

In Burope ‘and most other countries, plant and.animal varieties catinot themselves be patented.
However, whatconstitutes a “variety” is.a matter of debate; and many aspects of a GMO plant:can .

be patented. ;One:can, for instance, get a patent in Europe for a gene, :the gene vector, and the

transformed plant.cell ' that: results from theinsertion. ofthegene,but not the actual plant itself. There ,
is, however, some debate in the EU over whether GMOcrops should be allowed to have-patents.

Some argue that anew variety made by traditional breeding should not be allowed to have a patent,
while GMO crops:should. The EU recently passed a ‘biotech directive which. stated that transgenic

crops should.get some: Kind. of:intellectual ; Property: nights GER) protection w while. traditional varieties

should:not..: . * .

Most other countries follow the EU system on these issues, although many recognize “breeders”

rights,” known in the United States as Plant Variety Protection (PVP). PVP is administered by

USDA rather than the Patent Office; and offers protection similar to a patent. They give breeders

a “breeders? exception,” allowing the. ‘breeder to bar anyone. else- from using or growing their

invention. . .

US patent law now provides 20 years of protection from the date of filing. This was changed in

1995; prior to which-one got 17 years from date of patent issue, and as part of an international effort

to harmonize patents,'as most other countries in the-world used (and still use) a 20-year period. In

return for changing : its.patent period, the United States Successfullyurged other countries to adopt
more stringent patent protection.

4

«

‘There remain, however, some’ differences between US patent law and that prevailing in other
countries. Most countries (the EU, Japan, etc.) operate on a “first-to-file” principle, while the United -

States operates on “first-to-invent.” However, many US companies often end up trying to be the first

to file, since doing so ‘is a benefit when applying for patents in other countries. Also, many countries

publish patent.applications. during the approval Process — the EU, for i instance, does.so 18 months -

after date of filing. ae

mH
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The Patent Cooperation Treaty (PCT) is in some ways a multilateral patent approval body. By filing

a patent application in a PCT member state, then filing a PCT application within one year, the

application is treated as if the applying company had filed'the sarne application on: ‘the original filing
date in all of the desighated countries.*” There is‘then two examinations of the application. One
exam covers aspects of patent law that‘are common to all of the designated states; while the: second
covers aspects of law that are different in each.

Intellectual Property Disputes
wos

Intellectual: property disputes are nothing new to the food and agriculture industries...Farm input
companies long ‘have been on the lookout for infringement of their patents by competitors.’ It is

likely, however; that such disputes may become more prévalent in the era of biotechnology for two:
reasons: the amount of money involved i in R&D, and the t relative easeof copying anew innovation -

once it has‘been perfected.” ce pie oo oad
Lhe. Se gad

r,

Before biotechnology, seed companies could infringe on another’s patents by buying a competitor’s
seeds:and crossing the primary ‘germplasny with their own. These‘disputes still take place today," * ua
including a recent lawsuit in which Pioneer alleges that three of its competitors have done this with”

its hybrid corn seed. Biotéchnology, however, makes this type of action somewhat’ easiér:’ “Ifa
plant’s gene map is widely. known,-and a-seed company. develops-a-certain-trait;- ~a-competitor-may—~—-— ——.
be able. to reproduce this trait easily. A few examples of disputes that have arisen’ to date include: J

A complicated dispute between’ Mycogen; Novartis: ‘and Monsanto over r the: Bt gene.
‘Monsanto alleged:a patent violation by.the other two parties when théy began selling Bt’:

corn after Monsanto already had patented the gene. The jury found that Novartis’ 4?

product was a unique invention, while ruling for Mycogen 1 in asserting that the patent |

“Was SO narrow as to be unenforceable.

A patetit dispute between Enzo: Biochem and: Calgene, in. which the court ruled against Enzo!
and invalidated two ofthreé patents. ‘The dispute over genetic antisense technology; used» ©

in a variety of medical and agricultural applications, delayed commercialization of'the , + '

technology for over two years. _

An anti-trust suit by Zeneca against Monsanto, in which Zeneca alleges that Monsanto uses’ ?>

its Roundup Ready crép licensing agreements to’ keep competing equivalent: ‘herbicides-
(such as Zeneca’ s Touchdown and-AgrEvo’s Liberty) out of the market.” oo vee

37 PCT members include the NAFTA countries, Europe, the FSU, China, India, Tapan, Brazil; Australia, New “eg
Zealand, and most of the Francophone African countries. te“a

he
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- Intellectual Property in Making of Bt Crops

Me The US Patent Office has. granted. over200-patents for the use ofthe Btbacterium for insect resistance
_in crops. Nearly 40groups have legal meni to one piece of the overall process. The following is a

_ description of the: patent ‘process.Zeaas
Isolate a specific Bt gene from an attractive Bacillus thurmgiensis strain:
: Mycogen holds a Bt gene library with over 30 issued or pending patents.

“Monsanto has bought access to Ecogen’s Bt library.

Agi yo owns a patent to the Cry1Ab Bt gene and believes the: entire industry (except DeKalb) is using this
_ gene. AgrEvo also has patented a Cry9C gene.

“Agtbvo} has a patent for truncating nat eBt genes. :

een the gene via ‘one oor hese: mettieds :
2 Electroporation — electric field, drives gene in 1 (DeKalb owns a process here):

Gene Gun — inicro particle bombardment.
— DuPont holds the basic patent for gene gun use (and licenses ‘itto: DeKalb andothers).
—— DeKalb holds process patent for gene gun use with bar and pat genes to create glufosinate resistant

corn. DeKalb also holds a matter patent-for genes using bar/pat genes for glufosinate resistance in

com:.

— AgrEvo also claims ownership to bar/pat technology for glufosinate resistance in corn.

— Pioneer claims it filed for ‘gene gun biolistics transformation ereeets patents first and hopes to

invalidate DeKalb patents.

— DeKalb holds process patent for Bt com when using: gene gun firing into:com callus.
-—— DeKalb holds process patent forBt com when ueIne gene gun on regenerable corn:cells.

Agrobacterium —— transfer DNA fro; bacteria. -
‘Transfection: — tub surface of cells. wee :

Tissue regeneration:

Grow tiny plant tissue out into full-sized plant.

Cross-breed genetically engineered plant with normal plant.
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The Terminator Gene

*

The question of how to disseminate anew w technology while ensuritig the developer a return on his -
research investment has long been an economic and scientific: problem. Companies often have.

abandoned research in certain areas if they were unable to realize an‘acceptable return. F or the seed”

industry, hybrid seeds solved this problem to a degree, but the age-old practice of saving seed

remained'a disincentive to investment in new seed varieties. The terminator gene (or “technology

protection system,” TPS) may. definitively solve this problem but notwithout creating a fair

amount of controversy. . oe aon

The gene, developed by USDA’s Agricultural Research Service in conjunction with Delta atid Pine
Land Co., makes a plant’s seeds sterile. Using this technology, seed companies can ensure that ’

farmers do not save-seed for future*plantings: ~The: licensing agreements that- -aécompany-most:
biotech seeds forbid the saving of seed, but the terminator takes this one step further.

oe a

Detractors of the new technology, from environmentalists to rural developrtient advodétes, say that
the terminator gene will end the traditional practice of Saving seed and -will keep farmets dependent

on the seed company year after year. They also question the effects of such- technology on other
crops,biodiversity, and are particularly concerned about the effects that could result if the gene were
to cross species and be transferred to nearby wild plants. The terminator would hit developing —

countries particulatly hard, ‘since few farmers i in these countries can afford to ‘buy, new seed each

year.

The developers defend the. new technology, saying that it isa necessary tool to allow seed companies
to protect and realize a fair return from their investments in research. and commercialization. A

USDA spokesperson said that by protecting these investments anid promoting. further seed research,

the terminator may benefit farmers by giving them greater access to new and’ improved seed

varieties. Delta and Pine Land also has argued that sterile seeds may: prevent genetically modified |

traits such as disease resistance from escaping into wild plants and causing dangerous mutations.
Thus far, the terminator has been tested in cotton and tobacco seeds, but it may be-years before the

technology is transferred to other crops: Thé company has until October 1999 to license the

technology to other companies. ce oe ae .

Outstanding Issues

Several issues remain unanswered pertaining to agricultural biotechnology and intellectual property |
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rights, including: ‘ . oo ce aes

oN of UNA @r.

Are existing:treaties.and agreements ‘sifficient to: help companies protect iheit f technology"
and investments? If not, how can. thes situation be remedied? ht

.. SP we ake

How can biotech. companies ensure that ‘their seed agreements will be enforced (Particularly
io, prohibitions against saving seed) inother-countries? “* “' me
“Fr, - af i Ly , f oY te os an ce .

‘Different nations have: different time periods: for granting new. patents, will this: discourage
“trade and/or investment? oc... ne

There have been many joint ventures (JVs) in the biotech field: AgrEvo, Optimum Quality
“~ * Grains; and Intermouiitain; just to name ‘a few: What would ‘happen ifthere was an.

unfriendly parting ‘of the ways ‘betwéen-parént companies?’ .How would they divide

wee ownérship of the JV’ s intellectual: Property?’ ‘How could they-ensure that agreements

- ++ could-bé-honored?. - oe a ORG os

Will the terminator gene be accepted by farmers? By foreign regulators?

rapt che Biotechnology in-the Developing World Fn tt a ee cee nee
“7 tad Mog lus oe vo Bee

The development of agricultural biotechnology holds the promise of diamatically increasing | food
production around the world without putting further pressure on already strained land and water

resources. It could ease, and hopefully even-eventually eliminate, thé’critical problem of chronic

malnutrition that continues to plague almost one billion:people. It could transform marginal,

poverty-stricken farmers and‘struggling agricultural systems-into productive, self-sufficient and

profitable’ producers and healthy agricultural economies.

Commercial biotechnology developments, however, have so fat been concentrated in the developed
countries by highly sophisticated companies, and up to‘now adoption has been by the technically-

advanced and already productive farmers. How this technology will be used by the developing

world, and' whether it will ultimately pull struggling nations and their farmers and populations out

of poverty and hunger, or in fact widen the‘gap between the “have”. and-“have-not” nations is a

subject of much debate.

Developing countries ate currently dealing with biotechnology in vastly different ways, due mainly

to differences in agricultural policy, political goals and’interests and available economic resources.

Agricultural biotechnology is by far the least developed in Africa, but even within that region, there

are large differences between countries. Kenya, Zimbabwe and Nigeria appear to have the most

thought-out Programs and priorities in place.

Most Asian countries are involved i in 1 biotechuology, but here too are -¢ sighificant differences from
country to country. South Korea, Singapore and other newly industrialized nations are applying
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agricultural biotechnology mainly for high-value products, generally pharmaceuticals, while India

and China have focused on agricultural’ biotechnology to improve crop production. India has

devoted muchpublic fundingto biotech research, while China — after establishing itself as a leader

in traditional forms of biotechnology such as the production of antibiotics — is now relying heavily
on foreign technology.

' at . . sos . . % ah” te . on . ‘

In Latin America, most countries established national: .biotechnology programs in- nthe. 1980s, but
because of the lack of a qualified scientific community, the majority of the nations in the region have

concentrated moreon access to global technology, rather than developing-biotechnology through

basic research in the country., Argentina, Brazil, Cuba and ‘Mexico are the few countries. in Latin

American involved in basic biotechnology research 3
3 . .* : ! he f re ce) . rt .

The United Nations sponsored group, CGIAR, has been closely working with developing countries
in the last: several years to help develop and expand research in agricultural: -biotechnology. But
funding: for biotech research has represented only a very small part of the CGIAR budget, and pales
even more in comparison to the funding for biotech research by the public and private‘sectors in
developed countries.

4 sya tt

Despite the “Green Revolution” of the 1960s and 1970s, hundreds of millions of people throughout
_ the world-continue to be- chronically ‘undernourished. “Moreover; food: production needs-are growing:

persistently, as the world’s population continues to increase. The most critical areas, now and in the

future, will be developing nations:. - . . ee

Malnutrition is a 1 daily fact of. life for s some > 800 ‘million people. Twenty percent: of the
population in developing countries suffers from inadequate caloric and nutritional intake. ++

The problem is the most acute in Sub-Saharan Africa, with almost 40% of its population

being malnourished. South Asia is still expected to have some 200 million -

undernourished people by 2010, and the problem will remain widespread 1 in Sub- Saharan

Africa with over 300. millionpeople forecast to be “food insecure.’

The world’s population is expected to grow by 25 billion people in the next 25.years, and
94% of that increased population will live-in-developing countries. The highest growth.

will come.in Sub-Saharan Africa (3.2%), followed by East Asia (1.2%)... rey

Global food production will have to. increase significantly in the next 25 years — some
experts say. by 200% or more. Demand.for cereals and livestock products. will. grow .-‘;

much faster in developing than.in developed countries.”

ye oe, oh naib tue! . : . . : : / : : oe

38 Agricultural Biotechnology in Developing Nations: Place, } Role and Contradictions, Jose de Souza Silva,
the Brazilian Public Enterprise for AgriculturalResearch. - ve

39 World ‘Agriculture: Towards 201 0, the Food and Agriculture Organization of the United Nations, 1995.
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Cropland areas are dwindling in developing countries, along with declining: access to ‘forests, oo: ~
" rangeland:and: fisheries. In Asia, the current'0.15‘héctares of ‘available cropland per
pérson is forecast to fall to only 0:09 hectares:by 2025: Around’ 1:8 billion hectares of a: if
land-in the developing countries are estimated still to be eligible for crop production, but’

+. this is not prime farmland by any definition. - - At least 45% is ‘under forest or in: ‘protected ~
‘2 areas'and niot:teadily available for production, and another 50% ‘is only marginally. fit for”

ee

production. Almost all of this untapped resource is divided between” Latin

~. America/Caribbean-areas (48%)-arid Sub-Saharan Africa’ (2%). There i 18° file land ‘
‘

available 4 in. n South ‘Asia andi in other ‘parts of Africa: RS Ps MP RY a
. . Pee ‘ : La

bo, . a poe ‘ cg te ged
“he . a, ats DROS aes.

Many people seé. * biotechnology aS a way-to- 5 greatly reduice’or alleviate hiiiger and malnutrition by
giving bigger ‘yields oti much. thée’same areas, by improving thé‘niitritional content ‘offood, “by:

nutraceuticals that help-with disease treatment or preverition, by: ‘Gréatly’ reducing efivirorimental: -“"~
degradation fy from area expansion, reducing water: pollution, Pesticides, commercial fertilizers, etc:

4 a . My hee.
*

But not everyone is enamored with biotechnology S potential; especially for the developing world.
Biotechnology is ‘now sparking the same concerns that’ were in fact raised against the. Gréen —

Revolution = that its-benefits will go: mostly to the world's large;‘rich’ farthets, that it:could widen

_ the prosperity gap-between déveloped ‘countries and developing sidtions, and that’ it ‘could catise:
ta me : "hit ee,

potential harm-to the:environment and regional ecosystems: PEEP ee heritage Bes oe meee
oF Loe seats

‘et : Ae chee ae . Sythe. ye a. ?

Critics also often note 5 that ‘biotech products to. date are: little suitéd for developing countries. Rice
and wheat are the biggest food sources:and ‘production-crops in developing ‘coutitries,-and very: Hittlé, -

if any; significant biotechnology developments are being made in ‘those crops: Cassava and other” .
tuber crops also-are important nutritional crops in those nations, but except for: potatoes and Squash,

very little biotechnology research is occurring in those areas. The potential to produce improved’

varieties of tuber crops such as cassava is considered high, but so far these crops have been under-
me

developed in genetic terms, and they remain very vulnerable to disease andinsects; © «* 2

The éxpansion of intellectual property rights to include plants and aiimals has been aii important
factor in the growth of-biotechnology in:recent years, encouraging’ private sector investment. The’

recent introduction-of proprietary new products ahd the promise ‘of more to come creates: an:

increasing concern that intellectual property rights could slow down the transfer of improved crop”

varieties and animal breeds to developing countries unable to afford the technology. —

There is likely tobe tontinued controversy about use of the so-called terniinator gene. Critics argue
this is inappropriate for agriculture in‘developing countries, since fatmefs might‘be unable to‘afford

the new seed every year. .The very recent: CGIAR decision to. exclude. it from: ‘its’Tesearch program

brought new attention to-the issue.
ge bagel

There also is concern in some quarters about the loss of indigenous crops from biotech alternatives.

Loss of varieties and individual genes could negatively impact production in developing countries.

“Traditional” varieties (indigenous :crops)'as ‘opposed to “modern” varieties (seeds produced through *
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public and private research) are important because.of particular characteristics as well as sources of

genetic diversity, and they.’ often. have superior performance, especially-in marginal environments.
Their potential loss. is viewed asa threat .by.some to the long-term sustainability of agriculture in
marginal areas, A related, concern is that introduction of biotech crops-will.alter the insect/disease
balance that has been reached. over time. Widespread use,of a crop genetically modified for insect
resistance might force the: insect to seek other food sources and ‘thus endanger other crops,

: nape eh oy 7 he ope 7 a “4 a

The view: that: biotechnology may: ‘not st hold much: .promise for the. developing world i is confined
largely to activist groups such as Greenpeace, the Union for Concerned. Scientists and. others. These
concems will receive attention from international bodies such as’ the FAO and the CGIAR.

Regardless, more biotechnology -tesearch oriented to the developing world is underway. The CGIAR .

has given biotechnology;research, high priority, and its various centers are conducting biotech

wb bow Lea b pe on vo ‘ae rh é ae pee SM Ee Tea
Biotechnology and the Environment

ot

Co eh ots ite Fe! , an code te
“Supercrops, ‘superweeds, superbugs” —all possible 1 results of agricultural biotechnology according |.”
to theexperts., Will biotechnology:help the world-grow more food on less lad and stop the steady...

degradation | of. the.fragile. environment, or .will:the. science- spin out-of control and create
environmental problems never before experienced. by-mankind?- Agricultural biotechnology-by-its——-ry- no
very nature will-change the environment to some extent, and — also because of its very nature — some

of those changes .are' impossible to predict: Will the beneficial impacts outweigh the, possible +, ws

adverse effects?. The controversy over the relationship between biotechnology and the environment.
likely. will. intensify as use‘of the technology. spreads, and as with any other developing science, those.
on the forefront of the biotechnology ; revolution, will have to spend some time anticipating possible:
problems and: identifying solutions. . :

Environmental Challenges.

The global environment faces incredible challenges today from a growing and hungry world. There -.,7

is a growing concern by. experts in-the field that the world’s natural resources are being severely.-» - ;

degraded. , Problems include uncontrolled deforestation, massive soil erosion, incteasing water. ._:

scarcity, extensive water quality deterioration, pollution and over-development of vital.coastal and ..

aquatic ecosystems, and loss of genetic resources... 1 ay

The potential damage could include nearly two billion hectares. of land (roughly. the-size of North. -
America) that have suffered some. degree of environmental. damage over the. past 50 years, with’ ,

significant amounts (perhaps 5 to 10, million hectares worldwide) becoming unproductive annually .

as degradation proceeds, mostly in developing nations. In those areas of the world, virtually all of.

the land well-suited to cultivation is already in use.” However, current trends imply that per capita

x, to “eg er we, . «

“0 Sustainability Growth, and Poverty A Alleviation APolicy and Agroecological Perspective IFPRI and the . °
Johns Hopkins University Press. 1

000486

eat ee ee nee eee tee re ee Lae eee nn

4

an _—_

om - " te -
‘wm | —_ =z
hk ma



rp rene ne xtonce meme wPPR TENE CSETOSED UNUEr THE ACCESS TO IAPOTMGLION ACTS *

Document divulgué en vertu de la Loi sur I'accés &@ l'information

Biotechnology: Fundamentally. Reshaping the Agriculture, Food ‘and Fiber Industry “ Nov. 1998 . “1372

availability of arable land in the developing countries.could fall-by néarly One-half = ‘from 0.65
hectares to about 0.4 hectares by 2010, thus sharply.increasing pressure:on the. land base and making

even more‘difficult the task of. protecting these enormously important resources. St ke rt
. aah 1

we : et, a . fog na rn

The disturbing rate of the destruction of some of the world’s most environmentally important : forests
has received much attention. Although there is disagreement on the size of thé atea that'is being

affected, it is safe to say that many millions of hectares of tropical forests are beirig lost every year
to agricultural production and industrialized uses. This rate could slow, 48 there is more-awareness

of the problem, but significant aréas of important forests are likely to‘be converted to somé form of

agricultural use over the next 20 years + some 90 million hectares of additional land may come under

crop production by the year 2010 in. developing nations, s,,excluding China. oe

foe. .

But the increasing pressure.on fresh water supplies is seen by many as an event bigger problem than
deforestation. Most-experts believe that technological advances will continue:to make it possible
to increase agricultural production with ‘a relatively modest increase of land in-use. ,However,

improvements in water use. efficiency are unlikely in the medium term. Africa and Asia already
show a worsening shortage i in per capita freshwater availability. Food.supplies in the developing
countries are heavily dependent on irrigation, and this dependence is expected to grow.. Agriculture |
now uses more water. than any other sector, accounting for nearly 70% of total consumption. of |

- managed water- resources, but growing industrial-and domestic: ‘demand will: Straini the ‘supply-even cores men age
more and will likely cause the price of water in developing areas to increase. In most price wars over
water, the agricultural sector is usually the least able to afford the higher costs. 7

. . + ey ,

i..7 -f ‘ ef eat af : ye a? e : s . ‘ 3 a7

Chemical use in agriculture production i is still -high;- - especially in many’ ‘developing: countries.”
Developing countries account fora large portion of the global consumption of chémical inputs (50%

of insecticides for example), and this heavy use has had damaging. effects on the environment and

human health j in many, regions. vo . te ee a Tees
os . . a a ' wt gt /

Finally, c concerns about global warming and climate change have caused nations-to look ‘closely at
environmental policies. Agricultural activities are-a major contributor to sources of greenhouse

gases, which in turn contribute to climate change. er Ste To

The Contribution of Biotechnology - os ;
8 dg te i

Agricultural biotechnology holds great promise for helping to. resolve s some of the key environmental
problems. While biotechnology can enhance the productivity and sustainability of any agricultural

system, it is nearly ideally suited to-sustainable-agricultural: approaches because'of its capacity to

develop crop characteristics specifically, suited toa complex, low-chiemical environment.

Herbicide resistant gene-modified- crops reduce the:need:for chemical inputs. Farmers
using the Roundup Ready, soybean, for example, can cut chemical use by 10% to 40%.

Bt corn eliminates :the need to ‘Spray for corn borer.
vue Moo ae, .

m0 1 gt tr.

.
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Higher yielding GMO crops will ease the strain on land resources.

Biotech crops reduce energy usage as farmers have to make fewer passes through fields

in applying chemicals. Less fuel use means less carbon entering the atmosphere as CO,.

Herbicide resistant crops encourage the adoption of conservation tillage, especially no-

till, which reduce erosion of topsoil.

The development of nitrogen-fixing plants will reduce the use of chemical fertilizers,

which are being used more heavily in developing countries.

“TheOWABATERSTM

ce A biotechnology a alle bioremediatio puts ctl occurring bacteria to work for the
: environment. — By stimulating the. growth and activity of a type of bacteria called
: Pseudomonas, thatlives in soil and “eats” hydrocarbons such as oil, this new tool is being
used to clean up: many of the most seriously. contaminated waster sites.in the country, at

ae one-tenth elas cost of ces a eniedigs: iit the oe Exxon Valdez

methods.

“Superbugs and Superweeds.” Many critics are worried that insects or weeds may develop

resistance to the technology used to suppress them. Most of the concern has been

centered around Bt corn and Bt cotton, in which case it is feared by some that the Bt

crops will add so much of the Bt toxin to the environment that insects will develop a

resistance to it. In the case of weeds, the so-called phenomena of “weed shifting” could

occur, where species most susceptible to the herbicide would decline over time, while

less susceptible, superweeds, would build up. Many environmental groups warn that

farmers would then be forced to use more pesticides if insects and weeds develop

immunity.

Gene Flow and Biological Pollution. New evidence shows that genes can move from

transgenic crops to wild relatives more often than once thought. Some scientists worry

that as more biotech crops are planted, it is only a matter of time before the transfer of

an engineered gene creates a new weed or a super hardy one.

It is clear that agricultural biotechnology could be both good and bad for the environment. Because

the technology is so new, accurate predictions of how it will impact the environment are impossible.



Document dieclosea — nT — to a ” -
Document divulgué en vertu de la Loi sur I'accés & l'information

Biotechnology: Fundamentally Reshaping the Agriculture, Food and Fiber Industry — Nov. 1998 189

Given the large investment in the new science, and the rapid acceptance by farmers, the brisk pace

of biotechnology innovations will likely continue, and the environmental impacts will become more

evident as it evolves.

Financial Services

Throughout the system, plants and animals bred or engineered for specific end uses require fine-

tuned production practices that are virtually unique to each specific end product. Regulations on the

use of specific drugs or chemicals require greater coordination of activities at more than one level

of the agricultural system. Also, some new technologies, such as prescription application of fertilizer

and chemicals for varying soil types in the same field, may not be economical at the single farm

level. Much of this change may be dictated to farmers. As a result, input suppliers will need to work

more closely with contractors to anticipate producer needs (since some farmers could become more

like today’s poultry producers, responding to specifications of prime contractors).

: greater aha and ower prices. oe oes for these rails, they likely will reduce
their reliance on traditional commodities and buy “high specification” grains and livestock.

New linkages among food firms, producers, and input suppliers can be expected as this

struggle for better markets and better products to supply them proceeds, These linkages could

take many forms including acquisitions, joint ventures, contractual and partnership

arrangements.In many cases, they couldmean a more integrated production and marketing

system, motivated by the need of producers and input suppliers to meet both consumer

_-Tequirements and to deal: with larger, more aggressiveproducers competitively. As a result,
the distinction among, segments could become even more: blurred.

The expected shifts at both the producer and consumer levels could encourage input and food

processing firms to seek new alliances and partnerships at many levels. An example of such a

partnership could include firms with special technologies (including biological compounds, genetics,

special chemical or production and manufacturing processes) to develop a corn borer resistant hybrid

or a stress tolerant variety of tomato or a soybean variety with increased protein content. The joint

venture may be between the input manufacturer and a distributor/dealer network which has a strong

position in local markets and excellent customer contracts and relationships. Many of these potential

alliances likely will cross the traditional market boundaries as seed and chemical companies join on

a particular product, and equipment firms jointly introduce a chemical product and the appropriate

application system. And, the new alliances could extend throughout the entire system from the input

supplier to the producer to the processor and distributor, as is currently underway in the hog industry

where links exist among feed companies, genetic companies, packing plants and food distributors.

At the same time that new alliances emerge across the sector, producers could actually compete for

000489



Document disclosed under the Access to Information Act -

Document divulgué en vertu de la Loi sur I'accés @ l'inform

Biotechnology: Fundamentally Reshaping the Agriculture, Food and Fiber Industry — Nov. 1998 190

more than they previously did, in a number of areas. For example, they could compete for contracts

to supply large amounts of product to important processors, and they could compete for financing

and in many other areas. Unlike now, in the future, they must be increasingly prepared to be as

efficient as their neighbor in meeting market demands.

In part because tomorrow’s farm sector could have somewhat more volatile markets and prices,

farmers are developing a broad range of new approaches to manage their risk. Many of the changes

underway in this area still are undefined, in part because the 1996 shift in farm policies was sudden

and happened recently. And, while the outlines of change in this area are becoming somewhat

clearer, these new relationships are still developing.

- To animportant degree, the increased blurring of the demarcations between production levels

under contract, forward contracting, joint ventures and other arrangements is being done in

_ an effort to.control and manage risk, as well.as to control and manage operations. In general,

~ these a etene cnet 5 are te-distributing mis without cle. indications of where it will be borne

: the market as producers

, some may be shifted

ation
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Key-instruments in use or under consideration by large farmérs today inclide?’:-.° ~46 71

yt

; Forward contracting for production inputs, otherservices and cropsales! * “' . Oo

+?

for increasing numbers of: crops at very low costs nationwide.

_ Revenue insurance, based on newly developing goveriitnent programs. © ali.’
" ¢ -Yield insurance. Co

ty «Futures: ‘and:options contracts used to hedge. production operations. ee
ew ‘ pay 3 oe aa

The revenue insurance programs, in particular, are being evaluated by the government and will be
offered widely in the near.future. However, the assessmézit anid management of risk could become

an increasingly, important competitive issue in the future, especially as fixed investment per farm
increases with the use of: precision. farming, and as greater specialization.occurs. ‘In fact; new classes
of risk are developing thatproducers have rarely considered before,-including ‘the risk ‘of liability
from product:contamination and.other-health risks, or: possible contamination through :the-use-of

biotech products or other new technologies. At this time, farmers'are orily beginning to be sensitive

to such risks. However, they may become significantly more important as the sector‘becomes more

integrated and:consumers more sensitive. Management and control of both conventional ‘price and .

competition in:the future. . - ca oa
le e

at

Financing the Farmer — Control ‘of the Crop Value Chain | oo oo, wi ee

By many standards, notably ‘economic ‘performance and éfficiency, the most*énvied -vertical

marketing chain in the US food: ‘system is the poultry sector. The integration of this segment of.

agriculture began three decades ago, incorporating fragmented producers, processors, and marketing-
minded integrators. Today, the poultry sector, relative:to most other commodity/product value

chains j is a “model of integrated: efficiency.” fons os re

-e sig : . ak ro.

One question increasingly raised is the fature:rote of. biotechnology companies as, potential
integrators with the ability to.finance production agriculture in the future — the combination of
technology and financial power working in concert such that value enhanced crops are integrated .

much like the historical experience of the poultry sector:"Current evidence suggests this may well

be emerging as aspractical possibility.. Evidence: of the further integration process for crops is

linkagés between biotech companies:and upstream grain:and oilseed handlers, for example, the

Monsanto-Cargill alliance, enhanced by:a Cargill-Toshoku linkage.

The expansion of control by biotech firms across various crop segments must be based on the
existence of “practical need.” There is little doubt that the new technology, integrated with precision

farming procedures and related, information systems already reflects an expressed need of producers
(the fast pace of biotech product growth). This then raises the issue of how such integration would
be financed — “what about ample production agriculture financing?” Twenty year trends clearly

000491

..Crop-insurance, and other property insurance, from ‘both public and private ‘sources. Tn ,

particular, disaster-level crop insurance subsidized ‘by the:government is: ‘being: offered « i

weet eer meni i
production’ risks. and. other liabilities .could- become: -an®additional focus- “of negotiations-and:—— ---. --—-
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show that producers have come to rely much-less on public/government'financing, and much more : ‘

on financing from commercial bankers. (The public/government share has fallen from.43% in 1980

to 31% today, while private financing institutions”:share rose from 30% t0*46% over:the same-

period.) Moreover; individual (i.e., personal) financing-has declined (from 27% in 1980, to 23%

today) and has been offset in recent years largely -by agricultural. supplier financing. .-

oe

The questions 1 that arise at this point include:
ae

tye

Will industrial 1 financing fill ‘any void emerging from further:declines in federalfinancing
'.’ and perhaps'even commercial financing?

ft i he. oe to . . i wn a toe : . et

wilt commercial banks continue to expand their financing to producers? eho

likely must look to more lucrative financial markets than production agriculture. They. may not

entirely abandon agricultural producers, but will look to “bigger” financial.deals in order to-return:. -
their shareholders’ value. Government, continuing the trend of reduced public sector role, will not

fill any void left by, commercial bankers. - Would this offer a “window of opportunity” for input

suppliers to package input product sales and crop financing along with integrating both. production —
and. product.marketing practices. through-the-value-chain via-bulk- processing and further sales-into>:

domestic and export markets? ‘If this proved an attractive package to producers, especially if

financing elsewhere was becoming more difficult, it could start a further integration process for the

crop sector driven by an aggressive financial commitment on the part of the new-integrators:.. - +

The pace and extent of any such integration similar to the poultry model would be heavily influenced

by a couple of factors ~ a high-margin product or a high-risk product: If there are very high margins

to be generated; then the biotech company, will have the incentive to attempt to. control. the;

production, handling and processing. functions ‘for that crop,.paying a fixed- fee (with a

premium/discount schedule based on performance) to the farmer and the-elevator and processor for

their services. The company would thus absorb the risk of a bad crop, but it would be compensated

with considerable reward when weather conditioris are normal. ot 2

The other case in which control of marketing chain segments may be necessary involves a high-risk - :..

biotech crop, in terms of potential liability to the company. For example, this might include oilseeds - -

containing a medical substance or oil for an industrial application, both harmful-if allowed, into

regular food products. For such products, the biotech company may want to control the marketing

chain to be able to properly monitor the ctop,:control its processing, and distribution...

a
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VII. “Overview of the Food System of the Future.”
we ‘ dr goog ee

Itis very: clear that the advent oft new | biotech products a are producing. vast: change i in the food system
as the new technology is being very rapidly adopted by producers and accepted. by consumers in

large parts of the world: The. newproducts. already are yielding considerable: raw ‘material cost
savings andpromise to create vast additional value.throughout the system. “Those‘savings-and the

promise of that additional value already are precipitatingmajor change in the US ‘food system, and
likely willcause a fundamental restructuringthroughout the global systema as business entities

attempt to position themselves to capture parts of that-added. valuey rr

The purposé of this section, drawing. upon all the. information provided: by thisstudy, is to present
a synthesis B a- suggestion: of one view of what the food-system-might bé Jiké five years hence
(2003). It includes. explicit z and- implicit assumptions : about future developments. rit is not: intended
to be a forecast, but rather one view whose purposeis to stimulate thinking and:help clients. develop
their own view of just how fundamentally the food: system may ‘evolve in the next few years.

-- =o -

Widespread adoption of biotech crops.
. * eo ey a. + wpe ah. gt

“United States and-Cariada. Early’ products have proved so o siceéssful that it’ 48 s likely oe

“to o reduce production’ ‘costs but also to obtain wider : margins ‘through’ value enhanced ot
- crops. Extensive adoption of GMO vegetable crops also can n be! Texpertad: eG

‘Latin America. Rapid and widespread adoption ofc ctop 5 products i in . Argentina; Brazil, ;
- Mexico and others B ‘becoming avery Significant Proportion of maj or field crops, a

the major producing countries. mo we i

Europe. The EU grudgingly moves to embrace biotechnology, recognizing that the fast

pace of adoption elsewhére has enormous implications for the global competitiveness

(reduced) of its: f60d industry, the cost of its Common Agricultural Policy, and

others. Consumer resistarice continues but wanes over time.

Japan. Widespread consumer acceptance continues B produces GMO crops extensively,
especially vegetables and rice.

2, * ‘ae

Australia. Adoption of several-crop varieties has océurréd-and can be expected to
continue at a rapid ‘pace.’ A’significant amount of biotech research also will emerge.

Lo ! coe oye ty roe ,

Business restructuring continues:.: Biotech companies pursue.a Strategy of attempting to
capture a large share of the added value that their new technology now makes possible B this
requires a systematic reinvention’ of the companies themselves in some cases, and
restructuring throughout the food system..." . os : ;
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» «themselves, even more, becoming broad-based food” “companies, primarily through’ 2 .

-acquisitions, alliances, mergers and partnerships. Sonie.companiés with carly Ie leads in”

Inputs sector. Consolidation continues among, agricultural chemical and seed companies .
B the shake out leaves a few maj or players able to continue technology development and
distribution to the farm sector. The farm machinery and fertilizer industries remain lite

affected; in terms of restructuring, TR Bae ates
yg ree ate : no wee, . . "¢ . vee

Food, system. Biotech companies -will: extend their. éperations across one ora few food:.”’
»system-segments B if not all B:to capture the added value: “Biotech companies redefine

certain crops move io dominate the production and procéssing of those crops. -

One. company:might be .structlred’ so:as to become predominant. in Gilséeds' (say),
. providing farm technology to:enablé.low cost production’ ‘of value enhanced products; °

- intended for component markets or specific‘end uses. That? ‘comipaity- -would: control the ~

Taw. material from the farm through processing into components: edible: ‘oils; industtial- a

oils; animal feed, ete..and on through delivery to the final consumer or: end user, CES

te . oy . my ‘ .
oes? : at a ee

Farms | ‘Assembly 8 “4 “Component 1 Food Product — “] ‘Consumer!
Crop (Contracting) ¢ |, -Identity 5.) "Processing “|” nManufacture: “js End-User ©

‘ Preservation .

Farm sector. “The commercial farm sector becomes dominated. by. two groups. Much of the
farm. sector continues to. /produce.commodities, but with biotech varieties to further

reduce unit costs. A significant portion of the sector moves into production of value

enhanced crops and a new system begins to emerge. All‘biotech companies do not seek

to own. farmland, but rather contract with farmers (with firm specifications) for value

enhanced products. These companies provide farmers with the needed technology and

other specialized inputs and instructions (practices), and may even provide financing to

farmers (requiring alliance with capital mobilizers). They:also take the product from

farmers at harvest for identity preservation. and to enable movement of the product to

specialized processing facilities. Participating farmers are able to shift much of the risk

to the technology companies who then use various means (direct contracts with USDA=s

~. Risk Management Agency, for example) to manage it. Required: management, skills

change quickly, information flows shift, markets change character,B all fundamentally

changing the nature of farms and farmers, especially for those.in alliances with biotech
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companies. Be ey et oe ee! Boek ca
é Roe toe . : Dae te

Commodities: become components. Commodity progacuon begins. A > decline and

*; i. ay “y ny + ,as ‘markets decline. os eo Fae ee ae
batt ub tty Fhe, ma a

Processing: facilities and Brodue components: ‘or food ingredients, then. move e component
“into next! Stage | processing; ‘atid then’‘on into food’pioducts and directly' to the ‘constimer

“+. or to the end-user. Conipanies may-extend their business activities all’ the way to the
consumer with branded products or 1 to just a segment | back.

Niche markets thrive. Organic faiming continties and natural (non-biotech) niche markets
emerge. But, cost and price still dominate the food system,and ¢ consumers continue to

respond toboth = "" Sekt “

Food sector grows. The food sectorgrows in total. Farméts= production ¢dsts go down,
competitiveness of the system increases in international markets, more e higher ‘value

‘products éfierge B the value of éntire system output increases.

A five year time horizon is a relatively short time-in which to see'fuindamental industry change B it
typically is very gradual. Yet, the stage is now set B with enough evidence in hand B to see the

broad outlines of food system changes. This view,dimas it may be, likely is enough to’propel many
firms into significant changes to position themselves for how to expect the system to evolve.

so 8 : san Po : Loe . * . phe
te
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IX. Key Considerations B What to o Watch i in the Future

The pace ¢ of the biotech revolution thus far has been extremely rapid.. Buti iti is s only i in its is beginning
stages, and will unfold much more fully j in | the. next ‘five years. As noted earlier, the Astakes@ riding
on the continued. growth and successful ‘development of the area alteady are enormous, and will
become even more so with’ each new: ‘product and’ the’ passage of time. Thus, it is critical from a
business perspective to-constantly watch the unfolding, monitoring new developments and products, :

and also factors and forces that could Preeipitate new directions ¢ or, change the pace. .

. e : ah we ty .. .

The purpose. of this section.is to suggest. some of the'n “many y factors that could, affect ‘the current
development i and, adoption pace of agricultural biotechnology. Others will emerge over time, but
this list suggests those relevant for. the near-term. ao ee ee

bo

ve Reg eh | Key F actors to Monitor
ay

The | pace of farmer adoption of existing and new crop and livestock products

- Ate the economics still there?
te “HH

i ho hye

The progress in consumer acceptance " vie

_ Does this: continue apace around the ‘world?

Could there bea slowly building backlash? ‘

Actions of regulatory bodies, both domestic and ‘itemnational

Are they changing, stances? Becoming more or less stringent?

The development of sanitary and phytosanitary provisions for the next WTO

, negotiating round

The final negotiation and control of the Biosafety Protocol

Emergence of value enhanced products

F or what purpose? How Widespread is their use? How big a margin?

Episodes and events

Major risks or scientific blunders ~ -

Te tw — imnen it
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Natures own biological reaction

.. Activity in the food system

The structure of the food chain B do food companies become more. important
drivers? Do food companies begin demanding tailor-made components and

ingredients B driven from the consumer end Abackward@?

Further marketing chain restructuring B. Who is involved? What function will they
. serve in the food system? Where do they fit in the new system?

‘Research activity/product approvals/introduction

Which companies introduce products? Is a ‘pattern emerging, suggesting more
. products to come in a given area? . :

Foreign companies becoming players? Where?

New Abasic research@ developments reported by public sector agencies

oo Nutraceuticals and industrial products) - ae s

A frontier area B any new developments are significant

Size of margins of new products

The role of governments

Encouraging or discouraging B biotech development and expansion

Developing couniry adoption and reaction

Political stance regarding adoption and use

Pace of adoption of existing products
-

Development of new products specifically targeted

HEH
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“Appendix A. ‘Chronology of Mergers, Acquisitions, .

‘Alliances in Ag Biotech, 1993 to Present Oo

= , +1993 Monsanto: purchases 5% of Delta and-Pine Land . 2°: woe
Lf For $6 million, Monsanto purchases.a ‘share of the leading : eottonseed: company.

and the two collaborate on the introduction of Bollgard,.Monsanto’s Bt cotton.

1994 American Home buys American’Cyanamid for about $9.7 billion: Analysts « ”.

1. *4 4 and investors have questioned whether’ American Home might:-sell the unit as a

«. wresultof ending a planned.$35 billion therger.with Monsanto Co. in October 1998.

American Home, based in Madison, New Jersey, is the world’ s 3 seventh- largest

drugmaker. wea a oe, in
ty 4 foe , ty f, att rn

1995 -. .. Monsanto. purchases. share of Calgene vt Te,
' 4°. For $30:million in cash and.'an. ‘estimated $170 million’ in asséets,. including

intéllectual property, Monsanto purchases 49:9% of Calgene’s’stock. Monsanto

gained access to Calgene’s oilseeds technology, and Calgene’s. seed subsidiary,

Stoneville Pedigreed Seed, was *licenised to. produce: "Monsanto’ s° ‘ Boligard

wot. = Cottonseed. net

peo an TE Be a - Lo re ae
1995 Mycogen contracts delivery of Bt corn with Cargill ©

Upon commercializing its Bt corn in 1995; Mycogen contracted with Cargill to

Dae chaniel its transgefiit-seed througli-Cargill’s'séed.dealer network. ..

12/95 ' Pioneer buys stake in-Mycogen ee
In a $51 million deal; Pioneer acquires. 13. 5% of. Mycogen and contracts for
Mycogen’ S relevant | Bt technology and patents. ns

1/96 Monsanto purchases interest in Ecogen ee ah
Monsanto purchases a-14% equity interest in Ecogen for. $25 million. Ecogen
held an extensive library of Bt genes: for its biopesticides: business to which

Monsanto was’ able to obtain. licensing rights for biotechnology derived

commercial applications.

1/96 DowElanco purchases interest in Mycogen 4. oo

- . . DowElanco purchases.'Lubrizol’s 30% interest in Mycogen for $126 million and
te purchases 15% directly from‘Mycogen for $26 million plus its United. AgriSeeds

. business:unit. In tum,;:Mycogen purchased Lubrizol’s oilseeds technology and

_ patents for $8 million, thus'ending Lubrizol’s relationship with Mycogen.

a ys pote ae at ‘ Le ee,

3/96... DeKalb and Monsanto enter into research collaboration
Signed three cross-licensing agreements covering technology related to insect-

and herbicide resistant corn. Monsanto also made an equity investment in

DeKalb, acquiring 10% of the Class A voting stock and 45% of the publicly
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3/96

8/96 -»

9/96

9/96

9/96

10/96

10/96

*

traded,Class B. non-voting stock.,, Monsanto received a non-exclusive. license to

DeKalb’s Bt com technology, and DeKalb received a non-exclusive, ‘worldwide
license for Monsanto’s.Bt corn.

DuPont and Continental Grain in Marketing Alliance -

Formed amarketing alliance to‘produce and export DuPont’s Optimum high oil
- corn to poultry and livestock industries worldwide.

::.,. Monsanto purchases Agracetus.from WR Grace *. * yen.

For $150-million, Monsanto: purchases: Agracetus,.a transgenic plant research and
“ development company which had:licensed technology to ) Monsanto previously.

topes Pog aThost fy te

BASF buys portion of Sandoz. Ltd.’ s corn herbicide business: -
For $695 million plus $83 million in net working capital, BASF purchases all
rights for agricultural uses of Sandoz's corn herbicides: in.the: United States and + #44

‘Canada, including several name vbrands..worldwide and Sandoz Agro, Inc.’s

--«, Beaumont, -Texas manufacturing facility. .. . Cote tao
?

cat pp ie we wll, - og ,

Monsanto agrees to acquire. Asgrow.. :
For $240 million, Monsanto acquires Asgrow Agronomies business of Seminis,
Inc., a subsidiary of Empresas La Moderna, 8. A. Asgrow i is a major US soybean __ .....

seed company with international ‘Operations: . hoa me
bow oy : a. Petites ey
Boe te i Reha aT Oe ee

Monsanto. enters into technology collaboration with: ‘Empresas. La Moderna
Monsanto becomes “preferred provider” of agronomic and quality traits that will

be used by ELM in its fruit and vegetable seed and produce-businesses. ELM is

the global leader in the vegetable ‘seed market . and thas 22% market share

worldwide. ny a, sf ,

Mycogen acquires Morgan Seeds . . - bo,

Mycogen. paid:$27.4 million in cash, iicluding repayment of. long-term debt, for
Morgan Seeds, Argentina’s sécond largest seed company. : Mycogen. wil] merge

its Agrigenetics,:S.A.,' subsidiary. in Argentina with Morgan. to market its seed

products in several South American countries. pot

Mycogen forms strategic alliance with Verneuil Holding _—...

Agreement for-..Mycogen to exchange its existing European. seed business and

. other assets for an:18.75%‘interest.in Verneuil Holding -and to obtain an option to

purchase another -16.25% ‘of: Verneuil’s stock now owned by DowElanco.

DowElanco, a partnership of Dow Chemical and Eli Lilly, is Mycogen’s largest

stockholder, with approximately 48% of the company’s common shares. Verneuil

Holding markets: hybrid ‘seed: corn, sunflower, wheat, barley and-other seed

products. oho net

he GT
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11/96 Monsanto and Delta and Pine Land agree to form a cotton seed venture in.
: China’ Soon 1 Ta! . : pte DRY

" The-venture is' between: Delta and Pine Land Pte Ltd. and ‘Hebei'Provincial Seed

'. Jnidiistry Group Corp: ‘Delta and Piné’Land China ‘is an 80% owned: ‘Subsidiary of

D&M International, which is jointly ownéd ‘by -Monsanito -arid-Delta and Pine

Land. Delta and Pine Land China owns two:thirds of the new venture and one-

/ 2°”. . thirds owned’by the Hebei Provincé: Thé néw ‘venture; Hebei Ji Dai Cotton Seed

‘Technology Co.’Ltd., will produce and market varieties of cotton seed developed

by Delta and Pine Land, which contain the Bt ‘gene technology developed by

Monsanto. Le
’ yo ‘ : : of ~

11/96 *-* ’- \Monsaitto'gains 55% of:Calgene, Inc. ~ rt
Monsanto purchases additional stock of Calgene,. giving-it a 54.6% ‘of the firm’s

outstanding shares. The additional purchase amounts to -6. 25 million shares,

“ cee boosting the 49.9%stake it: fad | acquired j in June. *

12/96 DowElanco boosts its: stake i in Mycogen
DowElanco takes a controlling stake - in order to ‘thwart a possible Monsanto

acquisition of Mycogen. cd

97. Monsanto agrees to buy Holden’ s Foundation Seeds, Corn States Hybrid
Services, and Corn States International

By acquiring Holden’s and its two distributors for $1. 02 billion, Monsanto
‘beconies the largest US producer of foundation corn’(parent seed for hybrids) and .

will.have an important distribution network for its Own genetic technology.

1/997 - » ArQule Ine. and Monsanto agree to collaboration ,
' Companies agree-to'a five-year collaboration to develop ‘new agrochemicals.
- ArQule will provide’ some of its molecular compound sets, which Monsanto will

:* use to speed‘up thé development of new crop protection products.

5/97 Ribozyme and DowElanco sign commercialization agreement

Ribozyme Pharmaceuticals, Inc. and DowElanco agree to commercialization of

&

RPI’s tibozymé “technology by DowElanco ‘in. several areas of agriculture. ~

Agreement provides DowElanco’ with a worldwide non-exclusive license to

commercialize oil, meéal and starch products in- corn afd other crops. RPI ©

specializes in use of ribozymes (form of RNA)’’and: has demonstrated that

ribozymes can be incorporated into corn genomes and modify oil characteristics

in corn mn by changing the ratio of saturated to unsaturated oils. :

5/97 Dow. Chemical agrees to 6 Buy out minority ownership shares of Eli Lilly and
Co. in their agchemventure DowElanco. Dow paid Lilly $900 million in cash

and $300 million‘ of :the. joint: venture’s undistributed’‘first-quarter profits.

DowElanco has sdles of about $2. billion. ‘Dow .also is majority owner of

Mycogen. my

000501
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5/97

5/97

6/97

6/97 :

6/97
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| Schering-Plough Corp. acquires animal healthbusiness of Mallinckrodt Inc.
_-for $405..million in cash. The unit had 1996. sales of :$456 -million. _ With the

addition.,of the Mallinckrodt -veterinary business, Schering-Plough will be the

sixth-largest animal- health business.
ete! Fg

. Novartis AG agrees. to acquire the, ag chemical business of Merck and Co.
The, business had 1996.sales of $200 million. Novartis has crop: Protection sales

of about. $4 billion. foe a a pay

a id t

Embrex, Inc. acquires technology of Agrimatic Corp. under development for
turkey egg. injection processes. Embrex, obtained Agrimatic’s. machinery, -.-:

technology and patents in this area.

we A ER te ge te ee,

Symbiotics Corp. acquires the veterinary diagnostics business of Rhdéne

Merieux. Symbiotics will pay $12 million in cash, about $3 million in stock, and

additional payments conditional on milestones in three years. . __.

ae To OOS, y ted : :

Zeneca-acquires MOGEN International NV through a proposed. public tender

offer for its shares. Mogen develops and licenses plant bioengineering

- _ technology, including disease resistance ‘genes. This transaction values the
company at $50 million. Co og.

CO oy ee, : wh

Neogen Corp. acquires Triple Crown division of W.J. Bartus, Inc. Triple

Crown-makes and:sells equine care products to veterinarians. .

Pioneer agrees to use the proprietary “GeneScape” genomic bioinformatics

and other gene expression technology of CuraGen Corp. to.search for genes

for crop performance. Pioneer will make an equity investment of $7.5 million in

CuraGen and will fund a. five-year. research program. Pioneer also will have

worldwide seed and ag products rights to any discoveries, while CuraGen will

retain rights for human and animal health applications. .

DeKalb. Genetics purchases assets from National Starch and Chemical
. Company and will conduct,joint development of quality grain traits

DeKalb purchases, assets .of-the Custom Farm Seed (CFS) division. National

Starch, a former unit of-Unilver and now owned by ICI, is a leading processor of

waxy and high-amylose corn and developer of seed products.

PE Applied Biosystems division of Perkin-Elmer Corp. acquires Linkage
Genetics, Inc. The combined unit -will be called: PE AgGen, made up of an

animal:testing business and a plant testing business. The firm will provide genetic

testing services for identification and breeding of plants and animals, for disease

screening, and to verify parentage or genetic identity. .

{ . |
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uw 1197 - ‘Delta and Pine Land-Co. agrees to have’ Strategic Diaghosties Inc. develop
| and supply immunoassay test kits to assist Delta and Pine in "quality assurance

and testing of i its seed products.
as ete ge peb . ce aie ao: Pil 7

197 Novartis Seeds Inc. is’ ‘formed by.1 Novartis Seéds AG to combitie" its US seed
-"_-eompanies into one cotporate unit. Formed by the merget of Sandoz. and Ciba,

Novartis‘had four companies in the United States: “Ciba Seeds, ‘Northrup King,

r

, a Rogers Brothers and SG." So - ed

cop Stag Cae. 3 poe a,
, : * at

97-0 Rhdiié-Poulene anhouitces plans to tiansforn itself into a “life sciences”
- + +-company. ‘It plans to spin off its: chemicals, fibers ‘and polymers busihésses into a

new company. It also will acquire full control”of its Rhéne*Poulenc Rorer

. pharmaceutical subsidiary, and combine it with its vaccine business Pasteur

--% the life’ science group!” . BE eee
“oye ' . -

7/97 + Royall Gist-Brocadés: NV acquires | the. dairy’ “and dietary enzyme business of

annually. .
po vl tte . , . Bee Sa, RR $M

1197 oO - B. A. 7. Andustries PLC purchases” ‘igaretté business ‘of’ " Exipresas La
Moderna SA. | : .

8/97 ‘DuPont, ‘Pioneer agree to form a research allianee and separate ‘joint venture
. company (Optimum Quality Grains) ~ Oe, ae
roe DuPont invests:$1.7billion inPioneér; owning ‘20% of its stock and gaining two

board seats. The collaborative venture will study genetic modifications of corn,

and Pioneer’ Ss Nutrition Industry.Markets business.
, a o re . wt . . : i . wo

8/97 DuPont to buy Raiston Puriaa’s: Protein Technologies International
$1.5 billion deal — Protéin Technologies: ‘International supplies about 75% of the
worldwide market. for soy proteins used in’ processed foods:' This" represents a
major‘move of DuPont into the food ingredient business, as’ PTI is'a supplier of

specialized soy proteins to the food industry.

9/97 Monsanto spins-off cheniival liriits into Solutia, Inc. “”
The chemical division of Monsanto becomes the independent, ‘public- -owned
enterprise Solutia; Inc. ' The life ‘sciences division will retain the name Monsanto

~ and will increasingly -focus on’ technology-driven, agricultural products,

pharmaceuticals arid food: ‘iigredients.
. r : . AE .e "

9/97 Novartis Crop’ Protectién: signs three-yéar “chemistry. supply” agreement
~ with Chiron Technologies! a unit of biotech company Chiron Corp. for Chiron to

-Merieux Connaught, Animal Health and. Plant Health: will’ be’ the other units of ©

Genencor Internatioial. ‘Thé sales of the acquired ‘lines total “$3.5 million -

soybeans, and other oilseeds to improve their oil, protein and carbohydrate
composition. The Jvewill: include DuPont’s Optimum Quality Grains business

000503



Biotechnology: aoe Reshaping fhe Agriculture, _ Food and. Fiber Industry ~ Nov. 1998 - _201..

10/97

10/97.

10/97

10/97.

10/97

/e

Document disclosed under the Access to Information Act -

Document divulgué en vertu de [a Lof sur I‘accés a informa

supply combinatorial.chemistry libraries generated by .Chiron’s “multipin” solid-

. _ state synthesis technologies... me pee meg

A

Microarray _ Technology Access Agreement with. DuPont , Agricultural ~

rg ate

Intellicoat Corp. completes. acquisition of Fielder’s Choice Hybrids
Intellicoat, a subsidiary of Landec, paid approximately $3.0 million in cash and

_ $7, 8. million in its common stock for Fielder’s. .Based in Indiana, Fielder’s
Choice, offers a comprehensive line-up of. elite corn hybrids and supplies to .miore
‘than’ 10, 000 producer customers: Intellicoat is; developing and, testing seed
coatings that are designed to reduce seed chilling injury, increase planting

. flexibility and.enable. seeds to germinate more rapidly. and. uniformly. Landec

designs and, ‘manufacturés polymer products for a variety of industrial, medical
_and agricultural applications... De

"Nestle proposes link with Australian{ group ForBio Ltd. nF
Nestle would market ForBio’s genetically modified caffeine-free coffee. beans,
allowing them to sell caffeine-free beans with improved flavor and aroma more
cheaply. + « ForBio. expects. that large.scale propagation of the new plants with .
caffeine-free beans would be possible in about two years. .

Molecular’ Dynamics | and . Amersham Pharmacia Biotech sign. DNA

Products

Molecular Dynamics and Amersham announced their collaboration with DuPont
_for-the continued development of new microarray technologies. .DuPont will use: . .

these technologies to study gene. expression levels in-agricultural seed and plant
Species:and to. accelerate, development of agriculturalsproducts leading to greater
plant health and disease resistance... , oS af

Thermo Ecotek signs agreement to acquire ‘Novartis’ Bt. product line
Subsidiary Thermo Trilogy, Corp. signs,agreement. to: acquire the sprayable Bt-

biopesticide product lines from Novartis and Sandoz for approximately $19.1
million,in,cash. The Bt product line has.worldwide annual, sales of about $21 - -

million. ; Thermo Ecotek is an environmental, company involved in clean
, combustion, and engineered clean’ fuels;. Thermo. Trilogy. specializes in naturally
_ derived products for protecting crops and is a world leader in virus, and nematode
technology. . | oe ie ‘

Monsanto signs plant genetics research. collaboration. with, “Millennium
Pharmaceuticals. cng mo

Monsanto will establish. a new subsidiary to collaborate with Millennium i in the
area of genomics to develop plant and agricultural products. Monsanto will pay
Millennium $118 million i in upfront licensing and technology transfer fees as part
of the collaboration agreement. It also would pay up to an additional $100 million

over five years .if certain research targets are reached. At the same time, ~~

~ Monsanto. hinted that an.alliance with a food .processor could be in the offing —
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te ‘enabling -biotech:crops: with -enhanted nutritional traits’ 6 be processed ‘and kept’
separate to retain their value. ..8: 0 0 eR ag

a _This'deal is said.to be the largest ever in-the genomics field'to date, “and is one of

10/97

10/97

10/97

11/97

11/97

11/97. -

11/97

“4. the largest: cash payments for biotechnology transfer. This also représenits a ‘major:
» . commitmént to genomics research on ‘thepart: of. ‘Monsanto; ‘which ‘also has a.

-. nonexclusive :deal’ with ‘Incyte“Pharmaceuticals: ' “Monsanto jntends to use

genomics technology in development aréas like pest, chefnical and disease

" fesistance tor production iof- “iniproved: ‘food:additives: sand for’ other: nutritional --

* Products... a ED :

ony CO OTe Siu

DeKalb Genetics forms alliance:with’China National Seed Grotip Corp. to
produce and market DeKalb corn hybrids | in China. .

aoe en ; ea oon Meee eI

AgrEvo forms a. new cotton: seed business. ‘The business is a-joint venture of
Cotton Seed International Proprietary Ltd. of Australia and AgtEvo. AgrEvo, the

-~4..¢ “apticultural joint venture of Hoéchst’'AG.and Schering AG; will: own 51% of the:

‘company, to ‘be called AgrEvo Cotton Seéd International. ~The’ ‘company will

develop -cotton varieties incorporating - Bt insect i-resistarice: arid. LibertyLink

herbicide toleranée.. — Be NE thE

Belt Fo cs Me ee ee eT ate :

Rhéne-Poulene Agro. forms. 50/50 joint venture with Biogemiiia; pooling their
plant biotechnology research ‘resources, ‘targeting plant” disease | resistatice.

Biogemma was created earlier this: year byt French seed: companies Limagrain and:

Pau-Euralis. nas : ott pra -

ava

¢

AT

Mycogen obtains exclusive worldwide rights for use:of the peptidyl membrane.**~'
interactive’ molécules technology. of Demeter :BioTechnologies ‘Ltd. both -to.

develop transgenic disease. résistant plants and to fight’bacterial-and fungal crop

diseases by direct spray-on application. Mycogen made an initial $1. 25 million

oa: payment, and will’ make additional. milestone payments as: products’ are: re developed
ca and: commercialized ;

Dow Chemical and Cargill form a joint venture to be called Cargill Dow
Polymers LLC, which’ will develop 4 and market polylactic acid polymers.

Monsanto acquires: control of Sementes Agroceres SA, the leading seed corn
+ company in Brazil.“Agroceres gives.‘Monsanto about 30%. of the Brazilian seed

’ cormmarket; «Gane ah

7 at a ot Tee a Ee : :

Monsanto and Empresas La Moderna, SA form an exclusive relationship
with newly-formed ag genomics company Mendel Biotechnology Inc.

- Monsanto and ELM each paid'$15 million to fund-a ‘five-year research project,

_ and each will get ari 20% equity stakein- Mendel. Each also will have rights to

products of Mendel’s research. in‘its area of specialty.- Monsanto in agronomics

000505
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12/97

12/97 ....

12/97

12/97. >

12/97

12/97

1/98 . .

1/98

1/98

- DowElanco agrees, to. use Seed. Genetics. Inc.’ ‘to. develép, market and license

insect control technology as. i becomes available. a te 54

_ &-Cie,.a subsidiary of Groupe Limagrain Holdings. Vilmorin will purchase $1.5

| Agritope | to be funded by: Vilmorin. ro, Bo a aan

ea meee nee NN RR OR BEEN Fe MAR gt CTP UT RS
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and .advances“in plant genetics and genomics: for: several: -ctops, and ELM for
research in vegetable seeds and fresh and processed: fruits:and vegetables.

DowElanco forms a ‘partnership, with. SemBioSys- Genetics Ine. to use
recombinant plants to produce proteins. for pharmaceutical, vaccine; industrial and
feed uses.’ ‘The ‘first commercial-product.would be produced.in+1999 and the
venture is expected to have annual sales of, $100 million within the next decade.

‘res; : - : -F } ron . ae : aint“elasate at |

high oil- ‘corm inbreds developed using DowElanco technology, as.well as future
biotech traits. DowElanco will use SGI to commercialize novel biotech-based

a.
: 4 . . ' : . . oc r

Hoechst Roussel Vet. acquires Tri Bio Laboratories, a US marketer of poultry
vaccines. Lo oe - re oot : we * 4 ’ a e 44

- " Peg touat

ate =©

Ta tye ~ thine

Agritope Inc. establishes research and. development agreement with Vilmorin

million in- convertible preferred.shares. in.Agritope. Vilmorin also will have an

option to purchase additional shares for up to $5.5 million.: Vilmorin will provide
proprietary. vegetable and flower seed varieties and technology. for -projects- at-——— oe

|

Garst. ‘Seed . Company . cand: “American Cyanamid. agree to collaborate on
introducing IMI tolerance into corn hybrid parents. Oo ' re ta
Zeneca Agrochemicals purchases-a.20% equity interest in,ExSeed Genetics, a
technology company developing grain products v with added value for end users in

the milling, feed and food processing | industries; .

Monsanto. and IBM form a broad: -technology nee including genomics
research.’ They will work together to develop advanced bioinformatics to identify

and map the genomes of major plants and human diseases, using IBM’s pattern
discovery. algorithm “Teiresias.?

7

Monsanto and Flamel Technologies SA sign research agreement for the
development of an enhanced formulation of Roundup herbicide. Flamel will *

apply its Agsome Agrochemical. Delivery System. to Certain proprietary Monsanto
products. Flamel will receive R&D payments and potential milestone payments.

In addition, Flamel will receive royalties on the sales of all products which utilize

the Agsome technology. ° me . Sat

Mycogen forms joint venture. with IG Boswell. ‘Company to develop and
market new cotton varieties around the world. Mycogen will hold 51% in the -

sce
1
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* + *yénture, to -be‘called Phytogen Seed ‘Company, LLC and will contribute cash, and

cotton breeding material from its earlier cotton breeding activities:

1/98... ABS’ Global‘forms: ‘strategic partnership with Infigen, Inc::and Pharming
Holding -NV to" develop cattle breeding technologies and~ biopharmaceutical

production in cows’ milk. The partnership-will develop herds of transgenic cattle

“a capable of'producing ‘various pharmaceutical products.’ owe

1/98 - Monsanto establishes partnership with ‘Ag. Canada spring ‘wheat researchers
to-develop Roundup herbicide resistant wheat. The multi-year deal will involve |

. » < Canadian government Support through the Federal il matching:investment Initiative, :
matching. Monsanto funds.

or a, an! at . me, , Co, oa be '

1/98 Empresas La Moderna increases its share of its seed subsidiary Seminis Inc.

_ from 62% to 92%, at a cost of $284 million.

1/998 "| Dow: -AgtoStiences ‘nereades ‘its stake'i Mycogen to. 63%.in excharige for $75
million and ‘Dow’s 16.25% équity interest in French seed ‘company Verneuil

Holding. Mycogen will then own 35% of Verneuil. 7

2/98 - The. Scotts Company acquires 80%of privately-held. Sanford Scientific Inc.
‘A plant bioenginéering - company focused..on ornamental plants, Sanford holds
exclusive rights-to use-of “gerie guri” technology in turf and:ornamentals. Scotts

‘will add Sanford’s technologies and ‘expertise’ to its research‘to develop turf and

- flower varieties‘with improved insect‘and diséase resistance, herbicide tolerance,

novel: ‘fragrances and other. traits. soy ae

3/98: © Pioneer sells its*2 million shares of:Mycogen Corp. to. Dow. AgroSciences at
$20. 06 Per share.” ro. [re . .

4/98 — Monsanto: ‘establishes a: plant biotechnology joint venture with Cultor, a
Finnish food and sweetener group, to develop and commercialize micro-

ingredients for-animal feed production iri plants. The new joint venture’ was based‘ . -

eo on Cultor subsidiary Finnfeeds International’s partnership with Agracetus, which

had been formed in. 1996 to focus on the development of feed: dienzyme ‘products in
‘plants... “Heer ‘

4/98 AgriBiotech enters into research agreement with the Noble Foundation to use
plant transformation to develop alfalfa with improved digestibility traits using

genes developed by Noble.’ ‘AgriBiotechwill fund the research at Noble and will °
~own the lines developed. : ” s

4/98. Monsanto énters into broad technology agreement with GeneTrace to

investigaté’ the genomes of plants and animals. - Monsanto will put-$17.2 into

privately-held GeneTrace, and obtain options to exclusive licenses to all aspects

000507
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» 4 Of GeneTrace’s technologies for plant and animal . agriculture, funded R&D,

equipment purchases, and supply agreements as ‘well. as an equity investment.

4/98 . |... Pioneer expands‘its gene discovery collaboration with CuraGen.Corp. It will ae

double i its funding at CuraGen t to atleast $5 million annually. =“?

4/98 Rhéne-Poulenc Agro and French research firm Biogemma agree to form a
plant biotechnology joint venture called RHOBIO to pursue agrobiotechnology

“+g sTM4, _ Tesearch-in several areas, including disease resistance and enabling technologies... :-« :
- oe . » et / / ws ; ‘ wn Sa 

mo, ney .

4/98 «331 Mycogen. acquires Brazilian hybrid seed corn .coempany Dinamilho Carol

Productos. Agricolas Ltda. The transaction -will be financed.through a line of

credit from Dow AgroSciences, Mycogen’s majority owner. Financial terms were

- +, not disclosed. _Dinamilho-had 1997 sales of about $12.million. «=, ete

4/98 DuPont purchases Hybrinova SA, the hybrid wheat subsidiary of Lafarge SA in
-t-c. iy. + France... Hybrinova includes R&D. capabilities, a patented:chemical hybridizing - - -

* agent, and:.a hybrid wheat seeds business. Terms ofthe. purchase were: not

disclosed..

5/98 ’. -Monsanto ‘agrees to buy Delta and:Pine Land. for about.$1.9 billion. in_stock.... ee
,. Monsanto owned:4.7% of Delta Pine and agreed to issue 0.8625 Monsanto share

- foreach-Delta Pine share. Delta Pine is-a leading, breeder,-producer and marketer

_ ,.. cof-cotton-seed:.-It currently sells Monsanto’s Bollgard and Ingard insect-protected

‘cotton in.the United. States, Mexico, Australia and.China, and Roundup Ready

cotton in the United States. . oo

5/98: - - DeKalb Genetics agrees,to , merge with Monsanto by which Monsanto will —

acquire all of the shares of DeKalb capital stock that it-does not already own.

Monsanto, which owns 40% of DeKalb’s outstanding shares, has agreed to pay a

cash price of $100 for each of the remaining shares or $2.3 billion. . oat '

5/98 |... Cargill and Monsanto agree to form a. worldwide joint venture t to create and
- market new. products enhanced through biotechnology for the:grain processing

-and -animal, feed markets. .The 50/50 joint venture draws .on -Monsanto’s
capabilities in genomics, biotechnology and seeds and from Cargill’s global
agricultural input, processing and marketing infrastructure. Both companies plan

~.4a - . to invest $25 million during the first year. + a a, we Mays

preter. ie . Soa

6/98:.. - American Home Products,and Monsanto enter into agreement to combine

the two companies in a merger of equals transaction, The combined company

would have a market capitalization in excess of $96 billion. The combined life

sciences company will have a new name and strong global.-businesses in | -

pharmaceuticals, agriculture, animal health, consumer health care and nutrition,

with combined expected sales in 1998 of $23 billion. The merger likely will

000508 I
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result in#a'$3 billionR&D: budget with $2.billion. earmarked for pharmaceuticals
and‘the:'rémaining $1 billion ‘for biotechnology and i gendmits and related areas,

‘
tla

Monsanto Canada acquires a. ‘majority equity position in the Guelph- based _
‘First Line-Séeds Ltd. The’‘agreement significantly ‘expands: both. companies’

* capabilities to Serve the Canadian’Soybeat market. a
. rake £ oe

ah 4 a

Forage: .Génetics and"‘Monsanto: ‘Sign letter” of. ‘intent to collaborate in- the
research: and: development. of important agronomic traits that add valte to alfalfa.

‘Monsanto. will contribute.gene ‘technology, and’ Forage ‘Geneti¢s will contribute.
-alfalfa transformation and: germplasm. Ofte of the’ first ‘commercial targets is

likely. td. be Rotindup Ready alfalfa sornetime after the year 2000. °

Pioneer: ‘and Monsanto announce ‘agreement granting Pioneer use of the
“Roundup: Ready. gerie:in- hybrid canola. -The commercial: licensé; an expansion of

an-eaflier agreement, allows.the u use of the ° gene in 1 Pioneer catiola-varieties.
PAP, ude wetaed ow LS ae MEER eg

AgriBioTech completes acquisitions. of Peterson Seed Co. and ‘W-D Seed
Growers with combined annual revenues of about $25 million.” AgriBioTech

leading alfalfa and clover production company. managing’ significant acres of

Proprietary Seed production i in the Northwest.

ee ER. eg lo eH

Enipresas ‘La: Moderna agrees ‘to ‘buy two South Korean seed conipanies for
$117 million. La Moderna. will buy the Hungnong Seed*Compafiy Ltd. and

ChoongAng:Seed Company: through its subsidiary Seminis.' -La Moderna also

agrees to‘increase its stake-to.90% from 50% i in Nath Sluis Ltd., an Indian biotech _

company, with: a$1.5 thilliofi investment. . ee 1
pe eo ‘LF eet Vit: . “4 a fy a “Rye,

Monsanto ‘purchases Cargill’s international ‘seed” operations if“Central and
Latin America, Europe,'Asia-and Africa for ‘$1.4 billion. The acquisition includes

seed research; :production and testing facilities in 24 countries and sales and

distribution operations in 51 countries: Cargill’s international’ seed businesses

specialize in the development and marketing of corn, sunflower and rapeseed

seeds and also market soybeans, alfalfa, sorghum, wheat and rice seed. The

“aequisition. does not anclude Cargill’ s seed’ operations ‘in- the United States and”
‘Canada. - a a ft Ce, La

Gene Logic and-Hoechst’Schering AgrEvo GnibH enter into a genomics
alliance targeting the discovery ‘of genes for the development of novel crop

protection and crop improvement products. As part of the alliance, Gene Logic

will constrtict.a:‘research. database using its proprietary. gene expression and

bioinformatics ‘technologies. The agreement is for an exclusive three-year term

: 306°

- purchased both companies ‘for "about ‘$15 million in’cash“and 336,365 shares.of
AgriBioTéch common stock ‘with:a Value-of $6 million: “Peterson Specializes'in |

alfalfa; other forages.and tirfgrass ‘distribution ‘inthe East ‘and Midwest. WD is a

ae

"
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"Global Agro. signs, an, , exclusive agreement, with ‘The. Salk Institute for

_ respective branded seed products. , The amendment permits both companies’

-The Novartis Research Foundation will invest $600 million over the next.ten

~~ ~~ Docuinent disttosed under the Accessto Tiyormation Act = —
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i

with the possibility of.a five year extension. Research and,database access fees J
paid: by AgrEvo to.Gene Logic could reach more than $45 million;over the full

term of the agreement.

Monsanto acquires Plant. Breeding: International Cambridge Ltd. from
Unilever Ple for about $525, million in.cash.(20 times revenues!). , The deal

includes plant breeding operations in Scotland. and France, ..as- well as PBI

Sattzucht, its German affiliate company. =PBI ,breeds and markets winter: wheat,

_ barley, rapeseed, potatoes and- other crops, primarily in. the;WUK,’ France. and

. Germany. PBI’s strength-in the:cereal seeds ;complements Monsanto’s position in

_.corn, soybeans and cotton seeds. Monsanto indicates this; acquisition may

" complete a recent extensive. series of, seed ‘acquisitions totaling more than $8.
billion. ro

2 : ate
‘ 

*, 2 :

Biological: Studies. wnder’.which Global Agro, an. international technology

resource organization, will commercialize and license novel ‘Plant technologies
developedby the Institute.” a 7 oO

Forage Genetics, Inc. announces a technology:commercialization and equity
_,Stake.agreement with Global Agro.. ForageGenetics.will have.certain exclusive

- rights to technology housed within ‘Global Agro; Including technology # from’ The

Salk Institute. . so mt, qe .
?

i

Rohm. and Haas forms alliance with Isagro Italia to distribute crop protection

products in Italy. .Rohm-and Haas:agrees.to-acquire’a minority position in Isagro,

and Isagro will add-a number, of Rohm and Haas crop protection products to its

existing line. — Fg Te

a

Mycogen Seeds and Novartis.Seed amend:a‘cross-license agreement to allow
both companies to market seed corn with.their proprietary Bt-based insect

resistance broadly through other seed companies. A 1993 cross-license:‘agreement *~

limited each to. selling products-containing their shared-Bt trait only’ in their

distributors to market products containing the trait under the: distributors’ own

brands. ; aw! .

Mycogen and Rhéne-Poulenc Agro sign a letter of intent to pool plant
biotechnology assets to develop and market biotech plants and seed products

containing stacked traits. Initially, cotton and sugarcane containing Mycogen’s Bt

insect resistant genetics and Rhéne-Poulenc’s herbicide resistant genetics will be&*

targeted.

oe

years to fund the new Novartis. Agricultural Discovery Institute (NADI). The
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creationof NADI ‘is a.strategic move to optimize Cross-businéss |synergies in

genomics research within the ‘agribusiness and phatmaéeutical industries.
oof er,

7/98 _ Euribrid and Hendrix Poultry Breeders sign letter -of intent to.merge both
companies’ egg layer breeding businesses, Hisex and Bovans, into.a 50/50 joint

-venture that will ‘be the third-largest layer breeding ¢oncern in the world. ~The ~

‘merger signals that the’ avian genetics industry is priming to become part of the

,.. consolidation of agriculture that-is 6ccurring’at the production level These types

i.2 4 + ‘of. combinations are! increasingly necessary for’ genetics: players’ to access

efficiencies, scale and technologies t0 compéte..' or woe Fe

7/98 78. CuraGen and DuPont agree to collaborate to exploie the power of genomics to °
vL. 2. ‘enhance crops protection’ product “discovery and development. Under the

. agreement, ‘CuraGen will usé its proprietary processes and technologies. to
'. characterizé the genetic comporients arid metabolic pathways underlying the

action of a highly promising new DuPont-crop protection product. -:°”

7/98 - :.,AgriBioTéch forms a biotechnology commercialization and equity stake ©

mo ‘agfeement with Global Agro Inc: and signs letter of intent with FFR

‘Cooperative to form a long-term, worldwide research alliance’ to develop and

.-? ..commercialize-improved proprietary seed products. Asan equity owner in-Global.. |...

Agro, AgriBioTech will have worldwide‘exclusivetechnology rights forall of its

turfgrass and forage grass ‘species. _AgnBioTech will license its rights from
uw Pt "'Global’Agro to PFR. Do, ‘ ” ee ata Oo 7

71/98 “Forage: Genetics, ‘Mycogen: and New Mexico State:University’ ‘form a three-
a ' way research and ‘development ‘collaboration designed‘to improve the forage

quality of alfalfa. The: initial focus of the program will“be the: development of

transgenic alfalfa with increased bypass protein composition'to enhance efficiency

- of utilization by cattle: Mycogen and‘New Mexico. Staté will provide alfalfa

transformation and gene technology and Forage. Genetics will: contribute alfalfa

germplasm.

LB
‘wat

7/98 Mycogen and Croplan-Genetics sign a definitive agreement to co-market TMF
brandcorn silage hybrids developed by Mycogen. Croplan Genetics, the seed

marketing: division of Land O’Lakes, ‘will begin taking orders for the silage-

specific seed corn later this summer for delivery and planting next spring. The

TMF line of seed corn products, sold primarily to dairy and cattle producets,

offers improved harvestiblity and better digestibility.

8/98 Louisiana. State University and American Cyanamid sign a global licensing
_agreement to bring .a new technology to weed control in-rice production. The

rice lines will be tolerant to a family of herbicides, the imadazolinones, produced

and marketed. by. American Cyanamid.
: edocs sob
4 - i
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8/98 ,

8/98

8/98

3/98

9/98

9/98

semen le

: Novartis will.invest $20 million to expand its plant biotechnology research

facility, in North Carolina. The facility will, operate under the: name Novartis
Agribusiness Biotech Research Inc. and will work closely with Novartis

: Agribusiness Research centers around the world: ; Me

OF h : f . x .° f > °

oA newly established, Belgium-based: agricultural biotechnology company,
CropDesign NV, will undertake functional, genomics research. in plants,

. focusing on _genes:- ‘thatcontrol cell division. CropDesign has completed a $5.
_ million round of. financing and expects that the same consortium: will invest

another $6 million j inthe 18 months. — - - Cat
”

oy Forage Genetics and ‘Novartis Seeds .agree, to work. together to. develop,

.. ¢million:Donald Danforth Plant Science Center.. The center. was.created to advance —

_ credits from the state of Missouri. " . . ae

- could: improve the value of canola and-other crops: Performance Plant’s Growth’

evaluate and release new NK .Brand alfalfa. varieties with,the Roundup Ready

- trait. Forage Genetics announced earlier this year.a global agreement with

_Monéganto to develop alfalfa -germplasm \ with the Roundup Ready and: other gene
improvement technologies. ; ekmn .

covering the use of Maxwell’s PureBright technology. The,PureBright system |
utilizes pulsed power to deliver intense light pulses in rapid sequence Which kill a

. wide_rarige .of-microorganisms .in..water, pharmaceutical. Products; --on-food- and.

packaging st surfaces and on medical products. - 44

The Missouri Botanical Garden, Washington University, the,University of
Missouri, the University of Illinois and Monsanto will be partners in the $146

-knowledge in basic plant science and generate scientific breakthroughs. Financial

commitments: included: $60 million fromthe Danforth Foundation with $50

million; pledged: over the next ten years;. $40: million. from Monsanto with an

additional $30:million pledged-and a 40.3 acre tract of land, and $25 million i in tax

-4

Dow AgroSciences signs definitive agreement with Mycogen to buy the

Outstanding shares of Mycogen. it already does not own.: The Dow division’

already owns 68% of Mycogen’s stock. After the tender, if Dow AgroSciences

acquires at least 90% of the Mycogen shares, Mycogen will merge with Dow

. AgroSciences. - Cy

Dow AgroSciences announces a $1.2 million research and marketing alliance
with Performance Plants Inc. to introduce a new plant gene technology the

‘Enhancement Technology and: Augmented Microbial and Plant Expression

Technology are expected..to ‘produce plants with improved traits resulting in

higher crop and oil yields from canola, sunflower, peanuts, cotton and. silage corn.

GET technology enhances yield and AMPLE technology increases protein or oil

209. ¢
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content in-oilséeds.. -Performatice Plarits was founded i in 1995 ‘by members of the

plant biology group: ‘at Queen’ s University i in Ontario: es
tay . “Poe

‘Dow. ‘AgroSeiences -announces: plans to. invest “iti ‘a ‘three-year genomics
research alliance with BioSource Technologies; Inic. -BidSource has proprietary

gene identification technology that will be used to identify and patent novel genes

. : “a 2:
tw ‘ 3 ‘ as ee a te 7 - ;

“.Dow' AgroSciences forms a‘new company. to. pibvide the agriculture industry
with, actess“to a ‘broad. range: ‘of biotechnology resources. The new company,

- Advanced AgriTraits LLC, will serve as a licensing and. partnering: network. Dow

AgroSciences ‘will contribute :accéss to’ its own proprietary genes and’ variety of

crop traits and hopes to create’ the most comprehensive portfolio of genetic traits,

biotechnology tools and elitegermplasm’ available to companies around the world.
- Illinois Foundation : Seeds - plans to sign - the first agreement with ‘Advanced
+ AgnTraits~ oO ON p et ye bo a

. _ . .
wotee wt * thon

Zeneca ‘announces it will: ‘invest. $82. 5 million in a- ten-year research program
in alliance with the John ‘Innés ‘Center and Sainsbury-Laboratory.. The program

-will explore. advanced. genomic techniques for the development of improved .

wheat ‘varieties. This:i is ‘the first Private investment in cereals at:the J ohn Inhes

“Mycogen signs agreements to acquire two seed companiesthat develop and
market seed products for corn and sorghum in Brazil. The:acquisition of Hibridos

Colorado Ltda. And FT Biogenetica de Milho Ltda., together with the purchase of

Dinamilho Carol-Productos Agricolas-‘Ltda in April, position’ ‘Mycogen tobe a=

significant Player 4 in: the Brazilian seed corn market. BGS
hae : ‘

“ag . . won? Cok . a an

DuPont: announces a research alliance with -the John Innes Center and
Sainsbury Laboratory to develop’new whéat germplasm and grain varieties.

Research’:from -the alliance will. be commercialized: through DuPont Wheat

Enterprise, a center that develops cereal-based ingredients for food-manufacturing,

health care and other industries. ;

Monsanto Australia and. Agriculturé~ Victoria’ Services have agreed to

produce canola varieties which‘are resistant to Monsanto’s Roundup CT Extra

- Pesticide. Monsanto will pay-Agriculture Victoria Services, the commiercial arm

of the state government’s Department of Natural Resources and Environment, to

evaluate short and medium-term’ season ‘Roundup Ready canola varieties

specifically for Australian conditions. The first commercial variety" is expected to

be on the market in 2002. ce

af

¥

for industrial : ‘and. agricultural applications. -The: goal ‘of the alliance i is to create -
“specific crop: traits désirable for’biotech’ Products. eo

Hafe Ask
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9/98. .. Cheminova, the Danish-based_ producer of generic agrochemicals, reaches ia:

deal with Monsanto that. will-allow its Glyfos--glyphosate to. be used on

Monsanto’s GM soybeans in the United States beginning next year’s growing —

season. .: Cheminova-already,has a:licensing, agreement inthe United States for; «°,

glyphosate on ordinary, crops: ee Po ee peep ann
: Tee oe r. e ¢ oar on yar my He “e ent ROE

9/98 . DuPont Crop: Protection: Products | commissions,,,from -The Automation
Partnership (TAP) its Haystack system for..alitomated: ‘storage, retrieval and
sample preparation. system to accelerate - high-throughput .crop protection —
discovery. Haystack operates as.a compound mianagement system, Storing neat’

and: dissolved compounds -in, ideal ,conditions,:scheduling:sample. preparation and

' delivering any.combination.of samples .to scientists for screening.’.This is the first

- .» Haystack operation to. be. implemented i in: ‘the > Agrochemical industry... «7 5

Oy ay Mt Be Bact. r Oh iho tt ,

9/998 Bayer AG and ‘AgrEvo. GmbH ‘establish an. $85. million capital, fund with two
US banks to,fund new agticultural-related biotechnology. companies::; The AgBio-
Capital Fund will be administered by Burrill & Co. Bank to establish.young and”

innovative companies in the field of plant genetic technology. Bayer. and AgrEvo

. each.contributed'$25 million:to the fund: and -the remainder, will be © supplied by

Transamerica Business Credit. Co. and: Royal Bank Credit Corp... .

ee eet bee ype ge. ee apart slat,

9/98. AgriBioTech and Mycogen sign letter of intent to jointly;.develop insect
resistant alfalfa varieties. Mycogen will screen its Bt gene ‘strain library to

identify genes active against the target pests selected. by AgriBioTech.

_ AgriBioTech will provide its-transformation, regeneration, breeding activities and

proprietary germplasm. ;; Soa tN ‘ els

ie

* ak rae mo

9/98. AgrEvo GmbH agrees to. buy Cargill Hybrid Seeds North America ‘for $650
million by November. 2.,-.The acquisition includes: research, and’ production

facilities in 14 US states and one: Canadian province. © Cargill will retain
ownership of its Inter Mountain ;Canola (canola :seed..research: and breeding

business in Canada and the United. States), Goertzen Seed*Research (US wheat

‘seed research and breeding business), : and Cargill’ s,Canadian seed distribution

business. cop te nt

we ee
of 4 Ba

9/98 Oxford GlycoSciences Ple signs a five-year, $27.5. million collaboration in

_plant proteomic research with: Pioneer Hi-Bred International. Pioneer will

apply .Oxford’s proteomics: technology platform to its-plant. gene database to

discover genes for improving seed.products. The partnership will initially focus

on-corn and. later expand to include research in sunflowers and.soybeans. It is

estimated that Pioneer has gene sequence information for about 80% of the genes

in corn. Pioneer will provide Oxford with a $12.5 million paymerit up-front,

followed by research and development funding and additional .payments for

certain milestone achievements.

ai

B“J
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/ 9/98 Rhéne-Poulenc Agro and the National Agricultural Centre for Soya

. Research .in. Brazil -signed a research. agreement ‘to ‘develop genetically
_ modified soybean varieties suited specifically to tropical’ markets. The aim of the

research is .to:develop varieties containing genes for inséct:and. disease resistance,

as well as tolerance to Rhéne-Poulenc’ s new herbicides.

- 10/98... Monsanto agrees to:allow herbicide makers to sell prodiicts ‘that.can be used
over. its-Roundup Ready. crops on theé.condition that they~buy, their main

’ "ingredient from: Monsanto ‘and pay" a. _ technology fee. Monsanto | entered

limited rights to: make: herbicides ‘with alyphosate and to market those Products for
“use with Monsanito’s: Roundup Ready. seeds.” etal

yo as wet nyt pore a te r ue .

10/98 Delta and Pine Land is negotiating with the USDA to exclusively license the
US government’s interest in the controversial ‘terminator’ technology patent, a

s3geneti¢ technique’ that renders-crop seed unable to: germinate.. Under US law, + <

) | sincé Delta and Pine worked with: USDA :to develop the technology, the company

.. ° *has the option.to negotiate an exclusive dicense..Delta and Pine has indicated that

’ sit will apply for patents.in87 ‘countries. - «+ ee

% ij=

10/98 AgriBioTech seeks to be acquired as it needs additional resources to fund its

“ela. ‘growth. .The company hired Merrill Lynch & ‘Co. to-explore.alternatives to boost

. .' the -value-of the company’s shares, which have;fallen 64%: in the last three

_¥-£+° months..- Possible buyers include: Monsanto, DuPont, Novartis, Zeneca, Dow —

Chemical, or AprEvo. . 5. bers

10/98 - ' American -Homé Products and Monsanto abandon planned combination. -

-AHP agreed in June-to‘acquire Monsanto .in‘a stock:swap valued at $35.08 billion.

The collapse leaves AHP once again on its own in the expensive race to develop

new drugs, and opens the door to speculation.that Monsanto might be a takeover

target. Estimated initial sales of the combined company: -would-have totaled $23

billion. Fed .

ane
10/98 Rh6éne-Poulenc Agro and Dow AgroSciences sign-letter of intent to conduct.

research in plant biotechnology. with the. goal of developing genetically modified |

plants and seed products ‘containing multiple traits. ‘The collaboration will focus

on corm, canola, soybeans, sunflower, sugarcane and. cotton. Crops will be

++ modified using insect resistance:genes from: Dow AgroSciences and herbicide

; ztolerance-genes;from,Rhéne-Poulenc. This alliance‘extends the agreement signed

- by RhGéne-Poulenc with’ Mycogen-in July: 1998 by adding Dow’s insect control

genes and opening the effort to additional crops.

10/98 :- Eco Soil. Systems, Inc: acquired all of Mycogen’s license, patent and other

proprietary rights to the. Xanthomonas campestris microorganism for use in

the contro! of Poa‘annua grass. °
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- AgrEvo’s Dutch-subsidiary-agrees to acquire Leen de Mos; a 2 vegetable seed
.producerin Holland. Leenide Mos operates in Holland andwSpain and

., concentrates ;.on . the | breeding of various: ‘lettuce varieties and. glasshouse
cucumbers. tem - ¢ ay

tly

Novartis ‘Seeds and:Land’ O’Lakes, Inc. form a joint venture*to develop.

_ Specialty corn hybrids: for.the food and feed- markets... Novartis will: purchase a.
50% interest in Wilson: Seeds,,‘Inc:, an independently operated’company currently
owned by. Land O'Lakes... In. addition, the, whife,corn genetics of, ‘Sturdy, Grow
Hybrids; a white corn breeding company willi also: be licensed to.the: ‘joint venture
through. Novartis Seeds. Novartis. Seeds and: Sturdy ‘Grow. formed ar “agreement

om gy

in March 1998 resulting in the introduction of the first. white corn hybrid with the
Bt trait. igen rtd A, Sate 7 bee.

ro

; . . Ty a oe . . eo 3 1
°

“University: of: -California-Berkley sells Novartis access ‘to its. Department of
- Plant and- Microbial: Biology for $50 million. $25 million was initially put down

to. fund the construction: of new campus laboratories. -Another $25 million will be
paid « out over the next five years to fund research: : Novartis. will:-have the first
opportunity to negotiate the rights to take the department’s discoveries to market,

Lt tee at ene cB ce ce et a mee eed at te te ts ae ee eee

improved alfalfa ;varieties. + The coordinated -research program .will include

. technology development, ‘plant breeding and testing. -FFR is a plant breeding
organization owned by several eastern and southern cooperatives. °°

- Bayer AG and Paradigm Genetics Inc. sign. contract to collaborate in the

séatch for novel screening targets which will ;lead to the development. of new

: herbicides. Paradigm will receive. up to $40 million, - including milestone
payments. . Paradigm also. will receive success fees:for all products. that reach the
market. ‘This is the third: cooperation project in the field of genetic. engineering in

crop protection that Bayer has signed this year. . dade >

American Home Products.agrees to work with Zeneca Group Plé to develop
new varieties of canola seed: by 2001 that are tolerant to the Pursuit and Odyssey

brands of imidazolinone herbicides sold by AHP’s American Gyanamid unit.

: oy mo : Teg OME RY

American Home Products (American Cyanamid) agrees’ to’ work:with United
Grain Growers Ltd. and AgriPro Seeds Inc. to develop: herbicide, tolerant

wheat seeds. These could be available in the United States. by. 2001 ‘and 1 in Canada
by 2003. . oe

"4

expertise ‘in canola ~breeding and crop protection. The agreement links

Cyanamid’s expertise in herbicide tolerant crops and weed control with Zeneca’s

—

Forage. Genetics establishes a strategic research alliance with FFR to develop

eo;

Zeneca Seeds and Cyanamid form global alliance to combine their technical’. 3
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expertise in biotechiiology and” “plant breeding. ' The initial goal is to. have
. improved varieties of SMART canola (tolerant to Pursuit and id Odyssey, herbicides)

. on the market ‘by 2001.

_ Salado, the only salt-tolerant variety marketed in the world. Garst will retain retail

distribution rights. for the ABI brand i in the United. States.

ABT also agreed to acquire Moore Seed ‘Processors and Production Plus+.
“Moore is the leading | handler’ of creeping red fesciie located in Alberta, Canada. _

- The Moore’s acquisition will ‘enhance ABT’s production’ access-to a number of —

acquisition is expected to bolster ABT’s sorghum operation unit, Seed Resource.

11/98 .. DuPont_and Lynx Therapeutics collaborate. on genomics research, DuPont

Lynx is assured $22 million and could collect up to $60 million if it delivers on
technical milestones and «maps the genome of an unspecified crop.

DuPont and '3-Dimensional Pharmaceuticals, Inc. announce strategic
collaboration. DuPont has licensed 3-Dimensional Pharmaceutical’s proprietary

11/98 |

t.

eo

eT Bee Rt ag

AgriBiotech-in conjunétion Witir Gatst Seca ‘Co. agrees’ t6 purchase alfalfa
business unit of AgriPro Seeds Inc. (ABI). AgriBioTech is purchasing the

alfalfa business unit and the international sorghum business unit, while Garst; a

member of Advanta Seeds Group, is purchasing the business units relating to the

corn, soybeans, wheat, cotton, sunflowers and domestic sorghum. The program is

the world’s elite breeder-of grazing alfalfa and breeder of the non-dormant variety

turfgrass species. Production Plus+ is located in Texas and is a producer and

distributor of forage and grain sorghum in the United States.and Mexico. The:

will have exclusive access to Lynx’s DNA: sequence’ ‘analysis technologies for-the
study of corn, soybeans, :wheat-and rice. As part of-the five-year collaboration,

DirectedDiversity technology for generating chemical compounds with a

prescribed set of properties. DuPont will have exclusive license to all active

compounds identified, and 3DP will receive licensing fees and milestone

payments on resulting products,

AgriBioTech Inc. sells assets related to the chemical and fertilizer division of

Willamette Seed Co. to Wilbur-Ellis Co. The division has approximately $20

million in sales and the purchase price will be approximately $10 million in cash

for fixed assets, inventory and accounts receivable. The chemical and fertilizer

division of Willamette Seed specializes in the distribution of chemicals and the

D: i disclesed-undesthe-A to-date ion-eh -
s ‘

Document divulgué en vertu de la Loi sur ‘accés a ‘ivorm

manufacturing and distribution of fertilizer to farmers in the Willamette Valley of

Oregon, many of whom are contract growers for turfgrass seed production. Sale

of the business will allow AgriBioTech to focus on its core forage and turfgrass

seed business.

Novartis signs 10-year agreement with the Minas Gerais-based cooperative

Coopadap (Cooperativa Agricola do Alto Paranaiba) in order to research and

000517.
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ons Blo. ot we ae ~ : : . . : a

develop hybrid soybean seeds. Novartis plans to launch a new type of soybean

a seed in Brazil next year. | ‘ The company ‘reported | a ‘US$777 million turnover in
"Brazil last year, of which US$24 million came from. seeds. ‘Novartis. plans to
invest US$100 million,in the country through the ‘year 2000, including” the
construction this month of a new , biotechnology. laboratory i in Uberlandia.
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Appendix B. Strategies of Major Players in Agricultural —

Biotechnology BG

“teams which: are. based: centrally: and regional’ business: teams: are: charged with getting-the: echnblogy or product t to
othe: customer. The:technology - teams have full responsibility: for shepherding a portfolio of molecules or biotech | |
‘y : ‘om: the: lab:t¢ fhe market. AS ‘corresponding: tegional business teant works with the ‘echnology. team from the 4

-The business: teams: are in- fact organized on @ crop: “basis: because it is the crop that determiies how thuch,‘value ,
technology adds: ~

usiniess; as swell as. Broviding efowth,
from its Benomics program. , With |
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AgriBioTech

Business

ABT is the largest agricultural seed company in the United States that specializes in developing, processing,

packaging and distributing varieties of forage and cool season turfgrass seeds.

Strategy

ABT sees opportunities to enhance profitability in the forage seed sector through increased sales of higher-margin

proprietary seeds. ABT also expects forage seed customers will place a premium on new valued added varieties that

increase their profitability through increased sales, greater milk or meat production or higher margins. ABT plans to

increase its profitability by implementing the following key strategies:

Vertical Integration. ABT seeks to continue to vertically integrate its forage and turfgrass seed operations and thus

increase the percentage of the wholesale seed dollar it retains. This is being achieved by owning companies which

meet its needs with respect to proprietary research and development, seed processing and the continued

development of a national and international sales network.

Development of Proprietary Seed Varieties. ABT believes that its research capability will allow it to develop

proprietary seed varieties with value-added characteristics that improve yield, nutritional quality, persistence, and

insect and disease tolerance for forages and quality, color, persistence and insect and disease tolerance for

turfgrasses. ABT believes that development of propriety seed varieties through traditional genetic research programs

has become an essential foundation for transforming the forage and turfgrass seed sectors into high margin

businesses similar to the other proprietary seed sectors.

Biotechnology Access. ABT expects that the introduction of proprietary seed varieties with value-added

characteristics will provide the genetic platform from which specific value-added genes may be introduced through

biotechnology. ABT is seeking to become the licensee or partner of choice for owners of biotechnology genes in

order to accelerate introduction of these value-added genes to its customers through biotechnology.

ABT plans to continue to build its company in the United States by acquiring and integrating companies which

specialize in research and development, processing and distribution. Its acquisition strategy consists of acquiring

geographically dispersed companies with strong management and operations.

Research

ABT estimates that each of the industry's top five alfalfa research companies, including its wholly-owned

subsidiaries, spend more on proprietary alfalfa variety development than is spent’by all industry members on variety

development for all other forage species combined. This minimal level of research expenditure on variety

development for secondary forage species reflects the current fragmented nature of the forage sector, and the lack of

critical mass within any one company to justify research and development spending.

ABT's goal is to alter this scenario by consolidating the industry and achieving the economies of scale necessary to

conduct research on both alfalfa and non-alfalfa forages. This research is aimed at developing value-added forage

seed products with improved characteristics in yield, nutritional quality, persistence, and disease and insect

tolerance. ABT believes biotechnology breakthroughs similar to those experienced with other crops will follow in

the forage and turfgrass sectors, although possibly not for some time.
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BASF

Business

BASF Agricultural Products group a large agricultural chemical company with annual turnover of US$ 2.0 billion.

This position was achieved after the 1997 integration of the Sandoz Ltd. corn herbicide business. To accommodate

its expanded: operation, BASF began construction of an 80,000 square-foot expansion of our laboratories and

administrative offices in Research Triangle Park, NC.

Strategy

With ‘an expanding line of products, BASF is seeking innovative solutions to crop protection needs in corn,

soybeans, wheat, cotton; rice and ‘specialty.crops, suchas fresh fruits.and vegetables. In 1997, BASF introduced

Pyramit miticide/insecticide for fruits and almonds, and Nexter miticide/insecticide for citrus.

BASF intends to make an investment in plant biotechnology of US$60:million per year. BASF hopes to develop its

first. gene-modified: varieties within the next five years. In contrast to early genetic varieties providing only

agronomic. advantages, BASF intends. to. target varieties with advantageous consumer or processor related

characteristics. BASF intends to cooperate with:and invest in existing plant breeding companies.
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Calgene

Business

Calgene: is a biotechnology company that is developing a portfolio of genetically engineered plants and plant
products for the food, seed and oleochemical industries. Calgene’s research and business efforts are focused in three
core crop areas — fresh produce, edible and industrial plant oils and cotton —-where Calgene believes biotechnology

can provide substantial added commercial value in consumer, industrial and seed markets.

In March 1996, Calgene and Monsanto entered into an agreement under which Monsanto contributed Gargiulo,

Inc., $30 million and certain oils and produce related technology to Calgene in exchange for a 49.9% equity interest
in Calgene. In November 1996, Calgene and Monsanto closed a transaction whereby Monsanto purchased

6,250,000 shares of Calgene common stock, bringing Monsanto's equity investment in Calgene to approximately

54.6%. In:1997, Monsanto acquired all of the outstanding shares of Calgene.

Strategy

Calgene's business strategy is to build and grow operating businesses in its three core crop areas to facilitate the

market introduction of genetically engineered proprietary products. Implementation of this strategy will provide

Calgene with direct access to markets where it will sell fresh and processed plant products having improved quality

traits and/or cost of production advantages, and to markets where it will sell seed that has been engineered with

value-added agronomic traits. Calgene has selected fresh produce (tomatoes and strawberries), edible and industrial

plant oils (canola) and cotton as its core crops:on the basis of the following criteria:

e Calgene has efficiently transformed and regenerated these crops: with proven plant transformation methods,

thereby making the crops suitable candidates for genetic engineering.

¢ These crops offer significant long-term profit opportunities for genetically engineered products in seed (input)

or crop and product (output) markets; or both.

¢ Market characteristics offer a realistic opportunity to attain 'a leading market share in the input or output

markets, or both.

Calgene addresses its core crop opportunities through a combination of operating. subsidiaries and commercial

partnerships. It is developing genetically engineered, premium quality, fresh market tomatoes and strawberries

through its Gargiulo subsidiary. In plant oils, Calgene has developed and is growing genetically engineered laurate

canola and is developing.a portfolio of genetically engineered canola oils, some of which it intends to distribute and

process through its Calgene Chemical subsidiary. Calgene Chemical currently distributes industrial and edible

vegetable oils, and manufactures vegetable oil-based specialty chemicals. In cotton, Calgene is currently

developing and marketing conventional seed varieties and genetically engineered herbicide resistant seed varieties

through its Stoneville subsidiary and is developing and intends to market genetically engineered insect resistant

cotton varieties.

In certain market segments where the capital investment and other commitments required to serve the markets

exceed Calgene's resources, it has established relationships with major corporations which have leading positions in

the targeted segments. These arrangements provide for the other company.to pay Calgene royalties based on

genetically engineered product sales or usage, to purchase genetically engineered and nongenetically engineered

plant-based raw materials from Calgene or to assist in product and market development.
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DeKalb Genetics Corp.

Business

DeKalb Genetics Corporation, the No. 2 US seed company, is engaged in the development of seed (corn, soybeans,

sorghum, alfalfa and sunflower) and hybrid swine breeding stock. DeKalb uses the application of genetic research

to agriculture and is one of the leaders in ag biotech with over 10 biotech corn patents issued over the past two

years.

In May 1998, DeKalb agreed to merge with Monsanto, by. which Monsanto acquired all..of the shares of DeKalb

capital stock it did not already own.

Strategy

DeKalb has. continued to expand its biotechnology programs. In 1997, a new research station dedicated to

developing grain quality traits began operating in Ames, Iowa. An additional breeding program directed to

transgenes that.influence agronomic traits is slated to open in 1998.

DeKalb also‘is expanding research into corn with specialty processing traits. The company entered into a research

collaboration with National Starch and: Chemical Company, a leading processor of waxy and high-amylose corn.

Influx of New Products. Conventionally bred hybrids remain the mainstay of DeKalb’s product line, but hybrids

with specific traits are accounting for a growing portion of sales volume. In 1997, the company released a record 25

corn hybrids to the marketplace, including 15 products with specific traits.

DeKalb plans to play a leadership role.as specific trait products capture a growing share of the market. In 1998, the

company made. available greater'supplies of Bt corn hybrids, while launching the industry’s first Roundup Ready

corn hybrids. No other competitor will have significant quantities of Roundup Ready corn until the year 2000.

DeKalb, which developed the Roundup Ready trait, should also benefit from licensing royalties when competitors

enter this market segment.

Speed to Market. DeKalb has ‘made significant investments to accelerate the commercial release of its specific trait

products. In 1997, a new. foundation seed facility. opened in Hawaii, .and operations in Puerto Rico were greatly

expanded, allowing the company to increase its ramp-up capabilities.. Winter. resources for research are also

critically. important to reduce product development cycle time. In 1997; DeKalb nearly tripled its winter research

acreage, expanding in Hawaii and opening a new station in Mexico.

Argentina is another key player in DeKalb’s speed-to-market objective. For years, the company has grown seed in

South America to compensate for US production shortfalls. Now, however, off-season production has become an

important means of getting more of the newest products into the hands of customers.

Increasing Capital Expenditures. Overall, seed capital expenditures are increasing dramatically, driven by the

company’s sales growth and quality upgrade objectives. DeKalb spent more than $48 million in 1997 on North

American seed activities, compared with $22 million in 1996. By far the largest project was a new drying, shelling,

and bulk storage facility in Constantine, Michigan. The company is also in the process of modifying a newly

acquired plant in Dwight, Illinois to condition foundation seed. Another key project in 1997 was a $3 million seed

research complex which houses DeKalb’s plant pathology, corn germplasm resources, and a corn breeding program.

Looking further ahead, the research pipeline is full of promising products, both conventional and specific trait.

DeKalb also stands to benefit from a strong technology position andits .cross-licensing agreements with other

industry participants. DeKalb expects a growing stream of licensing revenues as biotechnology continues to

transform agriculture.
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Research

DeKalb commits significant resources (approximately 13 percent of DeKalb Seed's consolidated worldwide

revenues in fiscal year 1997) to the research and development of improved products. Total worldwide research and

development expenditures by DeKalb Seed were $50.2 million, $40.9 million and $36.7 million for fiscal years

1997, 1996 and 1995, respectively. About 80 percent of research expenditures are for corn, the DeKalb product line

with'the most attractive margins, while biotechnology research expenditures represented approximately 12% of total

seed:research and development spending for fiscal year 1997.
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DNAP Holding Corporation

Strategy

DNAP Holding ‘positioned itself to bring genetically improved varieties of fruits and vegetables to consumers

worldwide. Its strategic assets include premier biotechnology capability, recently augmented by a technology

collaboration agreement with Monsanto, more than 15,000 acres of field-grown crops under cultivation in Mexico

andthe US, and.a distribution network covering the United States, Canada, and Mexico.

DNAP Holding will continue developing corporate alliances in agricultural biotechnology, which could include

contract research for the production of proprietary varieties using plant genetic engineering, joint ventures for

commercialization of its technology and licensing arrangements for its technology. Research includes proof of

concept research with:new genes or production of genetically modified plants.

DNAP Holding also. will bring ‘new. products. tothe marketplace, supplementing the widely distributed Master’s

Touch brand fruits.and vegetables, which offer a consistently high quality choice to consumers in grocery stores,

restaurants and foodservice operators. Second-generation products incorporating genetic engineering breakthroughs

are nearing the production stage.

Research

Continuing projects at DNA Plant Technology fall into two categories: developing new techniques for altering the

genetic makeup of plants, and the application of those techniques for the development of improved varieties. DNAP

scientists pioneered and patented Transwitch technology which allows scientists to selectively regulate (switch off)

genes that control undesirable traits in plants, e.g., ethylene production in tomatoes:and softening in peppers. DNAP

scientists also have pioneered and. patented many of the enabling technologies necessary for genetic engineering in

plants, such as*:promoters,: gene. introduction ‘technology, selectable markers, and plant regeneration technology.

DNAP scientists have used these technologies to develop new varieties of tomatoes with a shelf life of more than

double-the typical tomato shelf life of 7-10 days.

DNAP continues to conduct contract research and joint venture development programs with government agencies

and a large number of major companies throughout the world, as well as with the ELM subsidiary Seminis

Vegetable Seeds, the global leader in commercial vegetable seed sales.
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Dow AgroSciences LLC

Strategy

Dow AgroSciences is increasing its focus on biotechnology as the Dow Chemical Company’s strategy is to use

biotechnology as a key platform to accelerate Dow's growth. The company plans to implement this strategy by

leveraging existing capabilities and creating new strengths for Dow.

Dow is making significant investments in biotechnology to provide the company with core enabling technology,

fund projects in functional genomics, extend an external network for acquiring technology and capture value. To

enhance core enabling technology, Dow AgroSciences continues its internal buildup of research and development

capabilities related to biotechnology. Dow Chemical supports Dow AgroSciences' research with its core capabilities

in analytical and ‘materials sciences, biocatalysis, process research and information technology. Through Dow's

involvement with Mycogen Corporation, the company has access to a significant library of gene technology coupled

with the ability to put genes in plants.

Dow also is: building.a unique data base to assemble the massive amount of data generated in genomics research.

With this data base, Dow will be able to leverage its high-speed data analysis as well as applications development

expertise and apply it.to creating new products.

Dow also is acquiring technology through an external network that includes research and marketing alliances with

Performance Plants and SemBioSys. Other alliances include the Plant Biotech Institute at the University of

Saskatchewan and, through Mycogen, collaborations with Rhéne-Poulenc and Pioneer.

Dow's investment: in leading seed companies around the world includes Mycogen Seeds (North America), Morgan

Seeds (Argentina), Dinamilho (Brazil), Verneuil Semences (Europe) and Phytogen (US). Dow AgroSciences has

formed a new company, Advanced AgriTraits LLC; to serve as a clearinghouse for companies seeking to bolster

their biotechnology offerings via strategic alliances and/or licensing arrangements for:genetic traits, germplasm and

other biotech capabilities. Illinois Foundation Seeds, Inc. has indicated ina letter of intent'that it plans to license to

Advanced AgriTraits rights to a substantial portion of its portfolio of proprietary germplasm.

Dow also has created value-added grain alliances with food processors and marketers. To capture greater value from

our development of seeds with improved quality traits, Dow’s approach is to form alliances with companies rather

than acquire assets. Two current projects involve growing canola and sunflowers for retail vegetable oil producers

in cooperation with grain handlers and oil seed crushers.

In biotechnology, Dow AgroSciences has more than 20 projects expected to contribute significant sales between

now and 2005. Dow Chemical also plans to develop industrial applications for biotechnology that include making

chemicals and plastics highly cost effective with unique functionality.

Research

Dow AgroSciences LLC and Rhéne-Poulenc Agro have signed a letter of intent to conduct research in the field of

plant biotechnology to develop genetically modified plants and seed products containing multiple traits (see Rhéne-

Poulenc box).

Dow also plans to invest in a three-year genomics research alliance with Biosource Technologies, Inc., of Vacaville,

Calif. The ultimate goal of the alliance is to create specific crop traits desirable for biotechnology products. This

will be achieved by combining proprietary functional genomics discovery technology from Biosource with Dow's

sophisticated assay technology. The result will be processes that are faster and more efficient than historical

methods of functional genomics.
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Dow AgroSciences and Oxford Asymmetry International (OAI) have signed an 18-month research agreement

involving the discovery, synthesis, and screening of new chemical compounds for agricultural applications. Under

this agreement, OAI will provide Dow AgroSciences with novel compounds that show potential for biological

activity and for use as agricultural chemicals.

000527



Document disclosed under the Access to Information Act -

Document divulgué en vertu de la Loi sur I'accés @ l'information

Biotechnology: Fundamentally Reshaping the Agriculture, Food and Fiber Industry — Nov. 1998 225

Delta and Pine Land Company

Business

Delta and Pine Land Company, the No. 1 cotton seed marketer/producer in the United States, is primarily engaged

in the breeding, production, conditioning and marketing of proprietary varieties of cotton seed in the United States

and other cotton producing nations. D&PL also breeds, produces, conditions and distributes soybean seed in the

United States: Monsanto:acquired the company in May 1998.

Since 1915, D&PL.has:bred, produced and/or marketed upland picker varieties of cotton seed for varieties that are

grown primarily east of Texas and in Arizona. It has used its extensive classical plant breeding programs to develop

a gene pool necessary for producing cotton varieties with improved agronomic traits important to farmers, such as

crop yield, and to textile manufacturers, such.as.enhanced fiber characteristics,

Strategy

Collaborative biotechnology licensing agreements which were executed with Monsanto in 1992 and subsequently

revised in 1993 and 1996, provide for the commercialization of Monsanto's Bollgard ("Bt") gene technology in

D&PL's varieties. The selected Bt produces proteins toxic to certain lepidopteran larvae, the principal cotton pests in

many cotton growing areas. Monsanto created a transgenic cotton plant by: inserting Bt genes into cotton plant

tissue. The gene and related technology were patented or licensed from others by Monsanto and were licensed to

D&PL for-use under the trade name Bollgard.

In D&PL's primary markets, the cost of insecticides is the largest single expenditure for many cotton growers,

exceeding the. cost of seed. The insect resistant capabilities of transgenic cotton containing the Bollgard gene is

intended to reduce the amount’ of insecticide required to be applied by cotton growers using seed containing the

gene. In October 1995, Monsanto was notified that the EPA had completed its initial registration of the Bollgard

gene technology, thus clearing the way for commercial seed sales. In 1996, D&PL sold commercially for the first

time two NuCOTN varieties in accordance with the terms of the Bollgard Gene License and Seed Services

Agreement between D&PL and Monsanto.

D&PL also has developed transgenic cotton and transgenic soybean varieties that are tolerant to Monsanto’s

Roundup herbicide. In 1996, such Roundup Ready plants were approved, and in February 1996, D&PL and

Monsanto executed the Roundup Ready Gene License and Seed Services Agreement which provides for the

commercialization of Roundup Ready cotton seed. In February 1997,.D&PL-and Monsanto executed the Roundup

Ready Soybean License Agreement which provides for the commercialization of Roundup Ready soybean seed.

D&PL has agreements with other providers of technology that it is evaluating for potential commercial applications

and/or introduction. D&PL also contracts with third parties to perform research on the company's behalf for

germplasm protection techniques and enabling technologies that have potential commercial applications in varietal

crops around the world.
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DuPont

Strategy

Maintaining world class efforts in biotechnology and applying it to both the life sciences and traditional chemical

businesses, DuPont is positioned to capture the full potential of biotechnology. One-third of DuPont’s annual

research and development expenditure is focused on these businesses.:In 1997, DuPont strengthened its position in

the feed, food and industrial materials markets through an alliance with seed company Pioneer Hi-Bred International

and through the purchase of Protein Technologies International from Ralston Purina. These actions were to

strengthen its position. as one of the top:suppliers of crop protection and enhanced food and feed products

worldwide.

DuPont believes that the application of biotechnology will redefine the company in the coming decades. While

currently applied largely in the pharmaceuticals, food and feed businesses, biotechnology also has enormous

potential in its traditional materials businesses. DuPont expects that it will eventually produce chemicals and

specialty products from plants.and microorganisms instead of petrochemicals.

Life Sciences:consists:of Agricultural Products, with-a focus on crop protection chemicals and an increasing role in

biotechnology: and. food. Principal agricultural products include Optimum modified corn and soybeans, the

herbicides Basis Gold and-Accent. for corn, Classic , Canopy and Synchrony for soybeans, Glean and Ally for

cereals, Londax for rice, Staple for cotton, and a range of fungicides and insecticides.

DuPont’s. new: relationships with recognized life sciences entities will hasten its:becoming a major player in the

world of biotechnology. The alliance with Pioneer Hi-Bred International.and the purchase of Protein Technologies

International from Ralston Purina positions DuPont for major long-term growth in what it views as a business with

virtually unlimited potential. Unlike:other biotech:companies that.are focused on the current wave of input traits

forinsect: and herbicide resistance, DuPont chose to forgo these opportunities: and focus on grain qualities, or

“output trai

DuPont is convinced there will be strong linkages between ‘biotechnology and the specialty materials that are its

stock in trade. Biotech methodology will be effectively employed in the design of sophisticated materials formerly

dependent ‘on: traditional ‘chemical. processes..One <outcome is. more environment-friendly products in terms of

manufacturing processes, applications and ultimate disposition.

DuPont is looking outside for resources that, in years past, it would have developed internally. During 1997, it

announced $7 billion in acquisitions, with. approximately half of that investment to strengthen its competitive

position in biotechnology which, in effect, will redefine its life sciences businesses.
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Mycogen

Business

Mycogen Corporation is'a diversified agribusiness and biotechnology company that develops and markets seed for

improved crop varieties and provides crop. protection products and services. The company is organized into two

business segments, Seed and Crop Protection. In 1998, Mycogen became a wholly-owned subsidiary of Dow

AgroSciences,

The Seed segment produces and markets seed for major agricultural crops and uses biotechnology and traditional
and marker-assisted breeding to develop crop varieties with genetically enhanced pest and disease resistance,

improved vegetable oil profiles and other value-added characteristics. The Crop Protection segment manufactures

and markets environmentally compatible spray-on biopesticide products and operates Soilserv, Inc., which provides

crop protection services to growers of high-value crops.

Strategy

Mycogen's primary focus is:on expanding and strengthening its global seeds business through internal growth,

acquisitions and alliances. It also is exploring opportunities to leverage its technology and intellectual property

assets to generate additional revenue by developing and marketing value-added input and output traits in markets

not served by the Seed segment. The:Crop Protection segment continues to focus on providing specialized products

and services to high-value niche markets such as vegetables, tree fruit and nuts, vines and omamentals.

Mycogen has made significant progress toward its goal of building a global seeds business. Agrigenetics, Inc., d/b/a

Mycogen Seeds, a wholly-owned subsidiary of Mycogen, ranks fourth in the United States in sales of seed corn,

accounting for the majority of its seed revenues, second in hybrid sunflower seed sales, and among the top five in

soybean, sorghum and alfalfa. In September 1996, Mycogen purchased all of the common stock of Santa Ursula

S.A.A.1-C..e 1, which did business as Morgan’Seeds; thethird largest seed company in Argentina. Mycogen merged

Morgan Seeds into: one of Mycogen Seeds' existing wholly-owned subsidiaries, Mycoyen, S.A., which continues to

do business under the name Morgan Seeds. Morgan Seeds ranks second in Argentina in seed corn sales and third in

hybrid sunflower seed sales and. is.a major exporter-of seed products throughout South America.

Through an alliance with Verneuil, the company also has ‘established a foothold in the important European seeds

market. Mycogen also maintains cotton breeding and transformation programs and is evaluating opportunities to

enter the cotton seed business to leverage its strong intellectual property position for insect resistant cotton.

Mycogen maintains extensive corn and sunflower breeding programs in both North and South America. Mycogen

also maintains breeding programs in:cotton, soybean, and sorghum. The objectives of these programs is to develop

diverse pools of germplasm that: allow. it:to:produce seed products with outstanding agronomic characteristics and

wide adaptability that makes such.seed products suitable for planting in various climates and maturity zones.

Mycogen has entered into licensing agreements to expand access to materials for breeding and developing new

products.

In the area of value-added genes for input traits, Mycogen has discovered and patented more than 50 unique Bt

protein toxin genes, some of which are being used to develop crop varieties with resistance to insects and other

pests. The company maintains a program to discover novel genes with insecticidal activity. It also has licensed

genetic material to confer disease resistance and tolerance to herbicides used for weed control.

Mycogen's collaboration with Pioneer to develop Bt-based pest resistance traits in corm, soybean, canola, sunflower,

sorghum and wheat has allowed Mycogen to accelerate product development programs in those crops. The Bt gene

sequences that produce these pest resistance traits are covered by issued or pending patents.
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Specialty Oils -- Mycogen Seeds has developed sunflower, rape (canola), corn and peanut seeds with genetically

enhanced oil properties. In 1996, it acquired rights to oilseed technology for those crops which it had developed !

jointly with SVO Specialty Products, a subsidiary of Lubrizol. In addition to producing and marketing seeds for

these crops, Mycogen has forward-integrated into production of crude high oleic sunflower oil for AC Humko, the

largest marketer of edible oils in the United States. Also in 1996, Mycogen entered into a collaborative program

with DowElanco Canada, Inc., a wholly owned subsidiary of DowElanco, to conduct a joint breeding program and

investigate and develop value-added traits in canola. The company has targeted other specialty oil opportunities that

would be of interest to food ingredient suppliers and purchasers. These projects, currently in a research phase,

address opportunities for reduced or no saturate vegetable oils, new. feedstocks for all natural hard butters where

chemical modification (such as hydrogenation) of the fats can be reduced or eliminated, and fats tailored for use by

the confection industry as substitutes for cocoa butter.

High Oil Corn — Through third party license agreements, Mycogen will introduce, for the 1998 planting season, a

limited quantity of seed for corn that produces up to twice as much oil as traditional grain corn.
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Novartis AG

Strategy

Novartis’s overall strategy is to focus on life sciences by disposing of noncore units and using acquisitions to fill out

its agriculture and drug lines. In agriculture, Novartis Seeds continues to develop and expand a unique,

comprehensive germplasm base using modern breeding technologies, while continuing to conduct extensive

research on genetically modified seeds in order to confer traits such as insect resistance, disease resistance and

tolerance to environmentally-friendly herbicides.

Research

Research goals include the transfer of genes resistant to herbicides, insects and various diseases; improved yield in

adverse climatic:conditions:or difficult terrain; creation of hybrid species; and.improved overall quality of the plant.

In July 1998, The Novartis Research Foundation announced the planned investment of $600 million over the next

ten years to fund one of the largest initiatives. in plant genomics. The first step will’be the creation of the Novartis

Agricultural Discovery. Institute (NADI), which will be one of the largest single research endeavors dedicated to

agricultural genomics.research and development.

NADI will be a key to Novartis’ strategic focus on biotechnology research, maximizing cross-sector cooperation

between Crop Protection and Seeds, and working in tandem with the Novartis Agribusiness Biotech Research

facility at Research Triangle Park, North Carolina,:and with numerous Novartis research stations worldwide. The

new Institute will add to Novartis’ substantial number of alliances with leading institutions and major universities in

the United States and overseas.
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Optimum Quality Grains (DuPont/Pioneer)

Business

Founded in January: 1998, Optimum Quality Grains, L.L:C. (OQG) develops, produces and markets value enhanced

ingredients derived from unique grains and oilseeds that meet:specific customer needs for food-and feed, worldwide.

OQG was formed to: develop markets:and to market products developed through the research alliance between

DuPont and Pioneer Hi-Bred International, Inc:

This research alliance is one of the world’s largest private agricultural R&D collaborations. OQG applies research in

genetic modification of soybeans, corn and other oilseeds to improve their oil, protein and carbohydrate

composition.

Strategy

Leveraging Demand. To create demand for Optimum High Oil Corn, OQG worked with both overseas livestock

producers and domestic grower/feeders. This was because both groups have limited access to other economical

animal feed energy sources. The experience allowed OQG to better quantify additional values associated with the

product, such as improved milling characteristics, reduced dust and enhanced overall consistency resulting from the

identity preservation process. As a result, US acreage of Optimum High Oil Com has grown from virtually nothing

to more than one‘million acres in just a few years.

Familiarizing Consumers. To create a market for Optimum Low Saturate Soybeans, which produce oil that has only

half the ‘saturated fat.of commodity ‘soybean:oil, OQG partnered with Iowa State University and Hy-Vee Food

Stores, Inc:, a major Midwest grocery store chain. LoSatSoy oil. is.on Hy-Vee shelves, fueling demand for a value

enhanced soybean that farmers can grow profitably on thousands of acres to support new markets.

Stacking Amino Acid Traits For Better Nutrition. OQG will soon be launching technology that stacks multiple,

selected:.amino ‘acid traits on the ‘Optimum High Oil ‘Corn platform. By listening to the needs of livestock and

poultry producers, OQG learned that increased amounts of important amino :acids such as lysine and methionine

would offer additional, important advantages to these customers and focused our efforts on fulfilling these needs.

Taking The 'Beany" Taste Out Of Soybeans.:A significant barrier to the increased use.of soy protein in the human

diet has been the characteristic "beany" taste and the presence of indigestible: sugars. which cause abdominal

discomfort... Research efforts directed at these problems have now produced Optimum High Sucrose Soybeans,

which contain higher sucrose for better flavor and have greatly reduced levels of indigestible carbohydrates.

OQG licenses technology to independent seed ‘companies which market seed capable of producing Optimum grains.

Optimum Quality Grains partners with more than 80 such seed companies, supplying research, testing and

promotional support.
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Pioneer Hi-Bred International

Business

Pioneer Hi-Bred International, Inc., develops, produces, supports.and sells a lineup of seed genetics including corn,

soybean, alfalfa, canola and wheat varieties, as well as sorghum, canola and sunflower hybrids. In addition, Pioneer

offers a line of plant microbial products to enhance the value of silages and high moisture grains.

Strategy

Pioneer is an industry leader in research and product development, owns what it believes to be the industry's finest

collection of crop genetics (germplasm) the key to its success of in the past and its future. Researchers are focused

on improving this germplasm base using the latest in technology.

Seed. corn and soybean seed are expected to maintain a dominant role in Pioneer operations for the foreseeable

future: Pioneer is focused on developing superior corn hybrids for grain.and silage as part of the animal feed market.

Improving traditional agronomic traits continues to be important as researchers are working to develop hybrids with

superior harvestable yield,.and. create products that reduce crop losses, grower input costs, and risk through

agronomic improvements such as insect, disease, and herbicide resistance.

End Use Focus. Within Pioneer Hi-Bred's overall research emphasis, focusing. on the end use is an area of

increasing importance. In the coming years, end users such as livestock feeders, grain processors, food processors,

and others are expected to demand specific qualities in the crops they use as:an.input:in developing other products.

In the future; the commodity grain market is expected to segment based on these changing demands, which will

increasingly ‘influence seed purchase decisions. Developing products for the specialty and identity-preserved

markets is also important to the soybean research focus. Pioneer researchers are leading the way in developing

soybean seed with improved meal and oil qualities suitable for these markets.

The emphasis on end-use markets was dramatically strengthened by an alliance with DuPont, which was completed

in early fiscal 1998. In the alliance, Pioneer and DuPont formed a broad research alliance and a separate joint

venture company (Optimum Quality Grains) designed to speed the discovery and delivery of new crop traits that

benefit end users. A key focus of the research alliance is to develop corn, soybeans, and other oilseeds with traits

that deliver added value for end users of these products.

Research

Currently, Pioneer has more than 1,000 research agreements with third parties specializing in technology that can

help improve the core germplasm base. Recent alliances will allow Pioneer to map the genes that make up its seed

products. Pioneer was the first commercial seed company to undertake such a project. The goal is to determine

which genes, or groups of genes, control valuable traits and eventually have the ability to arrange these genes to

work more efficiently in its commercial products.

|
000534



Document disclosed under the Access to Information Act - .

Document divulgué en vertu de la Loi sur I'accés @ 'informatign

Biotechnology: Fundamentally Reshaping the Agriculture, Food and Fiber Industry — Nov. 1998 232

Protein Technologies International (DuPont)

Business

Protein Technologies International is a leading producer of dietary soy protein, fiber food ingredients, and leading

marketer of polymer products worldwide. Principal markets served include food, meat, paper/paperboard and

animal feed industries.: DuPont purchased Protein Technologies International from Ralston Purina in 1997 to

strengthen its position as.a producer of enhanced food and feed products.

Products

PTI's food ingredient products include:

e SUPRO and SUPRO-PLUS. brand isolated soy. protein (high-quality proteins used in processed meats,

beverages and ‘nutritional products);

e -FIBRIM brand soy fiber (an excellent source of dietary fiber for baked goods, cereals, snacks and beverages);

and

e _ KEYCEL and SOLKA FLOC powdered cellulose (used in many foods as functional ingredients or non-caloric

bulking additives).

PTI's soy polymer group manufactures and markets a line of functional soy polymers designed for high-quality

paper and paper-board coating products under the PRO-COTE brand name.

Manufacturing: PTI has: two domestic food’ soy protein plants in Memphis, TN, and Pryor, OK, and two

international soy: protein plants located. in Hannan, Japan, and leper, Belgium. In addition, there is an industrial

protein plant in Louisville, KY, a powdered alpha cellulose plant in Urbana, OH, anda dairy food systems plant in

Hager City, WI.

Key Alliances

Nutritious Foods, Inc., an affiliated company of Protein Technologies International, was created in 1995 to develop

and market food products using soy protein.
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Rh6ne-Poulenc

Business

Rh6ne-Poulenc, S.A. is a leading life sciences company, growing through inovations in human, plant and animal

health. ‘Rhéne-Poulenc Ag Company is the North American arm. of one.of the world's leading makers of crop and

plant. protection. products. :Rhéne-Poulenc’s .crop protection and. plant improvement product line includes

insecticides, herbicides, fungicides, nematicides and plant growth regulators.

The: Specialty Products Group provides: products to such markets as golf courses, lawn-care companies and for

nursery, sod farm and ornamental plant production.

Strategy

Rhéne-Poulenc: expects the crop protection market to. be dominated: by the introduction of new crop protection

products supplemented with biotechnology. Therefore, the company is focusing on innovation in both chemistry

and biotechnology. as the best way. to. serve its customers and lay a foundation for future growth.

Rhone-Poulenc has invested ‘significantly in ag biotechnology, devoting about 15% of its innovation effort in that

area, and expects to introduce three new. genes for herbicide tolerance by the year 2003. However, unlike many

other companies in the crop protection business, Rhéne-Poulenc believes that it is not essential to own a seed

company: Instead, Rhéne-Poulenc’s strategy is to focus on innovation and invest in the development of genes that

offer a distinct competitive advantage over other companies. This allows the company to spend resources on

research and product development instead of incurring the expense of acquiring a seed company. Additionally, the

company has expanded partnerships.and alliances to a number. of key players in the seed and biotech research

industries.

Rhone-Poulenc also is counting on its new lines of “environmental friendly” and “low-dose” crop protection

products to contribute substantially to the company’s future growth.

Research

Recently, Dow AgroSciences LLC and. Rhone-Poulenc Agro, signed.a letter of intent to conduct research in the

field of plant biotechnology.to develop genetically modified plants and.seed products containing multiple traits. The

proposed research alliance would supplement the collaboration proposed in the July 1998 letter of intent between

Rh6ne-Poulenc Agro and Mycogen Corporation, a majority-owned subsidiary of Dow AgroSciences, by adding

Dow AgroSciences’ significant portfolio of non-Bt insect control proteins and by opening the cooperative efforts to

additional crops.

The collaboration will initially focus on modifying six crops; corn, canola, soybeans, sunflower, sugarcane and

cotton. The crops would be modified using proteins developed by Dow AgroSciences, which provide insect

resistance, and Rhéne-Poulenc Agro’s gene sequences, which provide tolerance to herbicides, including glyphosate,

bromoxynil and isoxazoles. The letter of intent also provides for future expansion of the research collaboration to

allow for the incorporation of additional traits.
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Zeneca

Strategy

Zeneca Plant Science (ZPS)° focuses on applying bioscience skills to enhance the quality and efficiency of

downstream food production while conferring environmental benefits.

Zeneca is one of the. leading food biotechnology companies in Europe and is the first company in the world to have

a genetically modified whole food cleared for sale on both sides of the Atlantic. Its first commercial tomato puree

product, made from genetically modified tomatoes, is now sold in 'Sainsbury' and 'Safeway' stores across the UK.

ZPS.has ‘embarked on several-research projects to improve food quality and crop yields through biotechnology

including the development of anti-fungal proteins for the banana industry.

Recently, Zeneca Seeds and Cyanamid formed a global. alliance to combine their technical expertise in canola

breeding and crop. protection. The agreement links Cyanamid's expertise in herbicide tolerant crops and weed

control with Zeneca's expertise in biotechnology and advanced.plant breeding. The initial goal is to have improved

varieties of SMART canola (tolerant to the herbicides: Pursuit and Odyssey which kill conventional canola) on the

market: by the. year 2001: The companies will use transgenic and mutagenic:procedures to speed transfer of the

SMART trait into superior Zeneca hybrids and open-pollinated canola varieties. This technology, applicable to

Argentine and Polish canolas, and mustards, will be licensed to other seed companies worldwide.
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Appendix C. Glossary of Terms

Agriculture and Agri-Food Canada: Performs risk assessments for new types of products

which are forwarded to it by the Canadian Food Inspection Agency (CFIA).

Amino acids: Naturally occurring biological molecules with a variety of functions. Among the

amino acids, there are 20 that are used as building blocks for making proteins.

Animal and Plant Health Inspection Services (APHIS): Agency of the U.S. Department of

Agriculture that regulates genetically modified plants through a permit system.

Arabidopsis thalia: A member of the mustard plant family that could become the first plant to

have its entire genome sequenced (through the Arabidopsis Sequencing Program).

Biosafety Protocol: A treaty currently being negotiated aimed at governing international

movements of genetically modified organisms would require Advanced Informed Agreement

(AIA), under certain conditions, for international shipments of GMOs.

Biotechnology: The science of shifting DNA and creating specific traits by modifying the

genetic makeup for plants and animals.

BollGard (Bt): Monsanto-developed biotech insect resistant cotton variety with Bt bacteria

engineered into genes.

Bacillus thuringiensis (Bt): A naturally occurring bacterium that produces a protein toxic to

certain insects that cause significant crop damage. The bacteria are often used for biological pest

control. Recently, the gene that codes for the toxic protein has been engineered into other soil

bacteria and also directly into some crop plants.

Bacteria: One of the five kingdoms of living things. Bacteria are structurally simple single cells

with no nucleus.

Bacteriophage (or phage): A virus that infects bacteria. They are used by genetic engineers to

introduce genes into bacterial cells.

Base: One of the building blocks of DNA or RNA. A nitrogen containing base combines with

sugar and phosphate molecules to make nucleotide. The four bases in DNA are adenine (A),

guanine (G), cytosine (C), and thymine (T).

Base pair: Two nucleotides held together by a weak bond between complementary bases. In

DNA molecules, adenine is paired with thymine and guanine is paired with cytosine. = _ = = a = | = ef jem jel | = -_ = z_ = Bam-| ez =
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Bovine Somatotropin (BST): Also known as Bovine Growth Hormone (BGH). One of the first

genetically engineered products to be commercialized, this synthetic hormone is manufactured

by bacteria using copies of a dairy cow’s genes and is intended to boost milk yields.

Canadian Food Inspection Agency (CFIA): Lead agency in Canada responsible for regulation

of agricultural products.

Chromosomes: Threadlike bodies that carry the genes. They can be seen in the nucleus of a

cell just before it divides in two.

Clone: A collection of genetically identical copies of gene, cell, or organism.

Codex Alimentarius: International body formed to establish international food standards.

Consultative Group on International Agricultural Research (CGIAR): Cosponsored by the

United Nations and the World Bank; probably the world's preeminent public agricultural research

body.

De-commoditization: Refers to instances in which the value of crops is driven largely by the

unique characteristics of the particular variety, and not by the commodity itself.

Dolly: The first mammal (a sheep) cloned from a cell of an adult. Introduced in February 1997.

DNA: Deoxyribonucleic acid. The genetic material of organisms (except retroviruses), made of

two complementary chains of nucleotides wound in a helix.

Environment Canada: Works with regulatory agencies to help develop standards for products

that may affect the environment.

Environmental Protection Agency (EPA): The US federal agency charged with safeguarding

the environment, which includes regulating the use of pesticides, and approving the use of

pesticide resistant genetically modified plants.

Enzyme: Any of various proteins, formed in plant and animal cells or made synthetically, that

act as organic catalysts in initiating or speeding up specific chemical reactions.

European corn borer: Insect pest of the lepidoptera class that causes severe damage and

production losses to corn.

Federal Food, Drug and Cosmetic Act (FFDCA): Legislation that authorizes EPA to set

tolerances or establish exemptions from the requirement of a tolerance for pesticide residues in or

on food crops.
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Federal Insecticide, Fungicide, Rodenticide Act (FIFRA): Legislation that gives EPA the

responsibility for regulating the distribution, sale, use and testing of pesticides in order to protect

humans and the environment.

FlavrSavr tomato: Developed by Calgene. First high-profile genetically modified food to reach

the consumer marketplace.

Food and Drug Administration (FDA): The US federal agency responsible for regulating food

additives and new foods (except meat and poultry products), cosmetics, medicines, and animal

feed and drugs. FDA normally gives final clearance for GMO plants.

Functional Foods: Food products that provide a health benefit beyond basic nutrition, either

because they have been fortified with added nutrients or genetically modified to contain higher

levels of nutrients. Products currently on the market are all nontransgenic.

Gene: The physical unit of inheritance, made up of a particular sequence of nucleotides on a

particular site on a particular chromosome.

Gene expression: The conversion of the gene's nucleotide sequence into an actual process or

structure in the cell. Some genes are expressed only at certain times during an organism's life

and not at others.

Gene flow: The passage of particular genes through a population of animals or plants as a result

of cross-fertilizations within the population. Also referred to as “gene jumping.”

Gene markers: Genes used to identify certain regions of a chromosome and then to trace the

inheritance of that region related to a particular trait.

Gene providers: Biotech/agrochemical firms which license their genetic technologies to seed

companies in order to gain access to the farmer for their products.

Genetically Modified Organism (GMO): Transgenic organisms. Any organism that contains a

gene from a different organism. GMO's result from the use of biotechnology.

Genome: All the genes in a complete set of chromosomes.

Glufosinate: Chemical name for the active ingredient in AgrEvo’s Liberty herbicide. DeKalb

has developed GR corn tolerant of herbicides containing glufosinate.

Glyphosate: Chemical name for the active ingredient in the Roundup herbicide.

Health Canada: Reviews novel foods for food safety and sets data requirements for safety and

risk assessments of all foods.
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High throughput (HTP) elevators: Large elevators with fewer separations than their smaller

counterparts, designed to handle large volumes of a few grains.

Human Genome Project: An international research effort begun in the 1980s to map and

sequence all 100,000 or so genes found in human DNA.

Identity Preservation (IP): Separating crops with specific attributes from other crops without

those same attributes, or biotech crops from non-biotech crops, in the handling process. Crops

that have been separated are referred to as Identity Preserved.

IMI: Imidazolinone herbicide tolerant.

Input Traits: Modifications to the seed that reduce farmers’ input costs by changing

requirements for cultivation, herbicides and insecticides.

Intellectual Property Rights (IPR): The rights given to persons for unique creations of their

minds. They usually give the creator an exclusive right over the use of his/her creation for a

certain period of time. Protection is normally in the form of patents or copyrights.

In-vitro Fertilization: Fertilization method in which eggs are obtained from the female animal's

ovaries, matured and fertilized in a culture environment, and either implanted into recipients or

frozen at an early stage.

Lepidoptera: A large order of insects, consisting of butterflies and moths, characterized by two

pairs of broad wings covered with very fine scales. The larvae are caterpillars. The European

corn borer belongs to this order.

Liberty Link seeds: Products with built-in tolerance to AgrEvo’s Liberty herbicide.

Life Science: As in life science companies. companies involved in development of products to

enhance the function of plant, animal and human life.

Living Modified Organism (LMO): A term frequently used in Canada to mean transgenic

organisms. Any organism that contains a gene from a different organism. LMO's result from the

use of biotechnology.

Malathion: Insecticide commonly used to control boll weevils.

Molecule: The smallest particle of an element or compound that can exist in the free state and

still retain the characteristics of the element or compound.

Monogastrics: Hogs and poultry.
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Nontransgenic: Products containing built-in traits (e.g., insect resistance, herbicide tolerance or

modified oil, starch or protein compositions) but are developed using traditional breeding

methods, rather than biotechnology.

Novel Food Regulation: EU requirement that food processors label final products that "may

contain or may consist" of GMOs.

Nutraceuticals: Modified products with a specific health function. These products have yet to

be introduced commercially. Often interchanged with the term “functional foods”.

Patent Cooperation Treaty (PCT): A multilateral patent approval body, whose members

include the NAFTA countries, Europe, the former Soviet Union, China, India, Japan, Brazil,

Australia, New Zealand and some African nations.

Pest Management Regulatory Agency (PMRA): A unit of Health Canada. Has responsibility

for registration and regulation of pest control products, and it evaluates products that have

pesticidal properties.

Photorhabdus luminescens: A new insecticidal toxin discovered at University of Wisconsin.

May challenge the current monopoly of Bt for insect resistant crops.

Phytic Acid: Referred to as phytate. A naturally occurring plant compound used to store

phosphorus, and can inhibit an animal's phosphorus absorption.

Plant Variety Protection Act: Passed in 1970 to permit genetic traits and transformation

methods to be patented.

Porcine somatotropin: Form of somatotropin (synthetic growth hormone) for use in hogs. The

product has not been adopted to the extent of BST.

Porcine Stress Syndrome (PSS): A genetic condition that contributes to the incidence of pale,

soft and exudative pork, and that has been found to be associated with other problems such as

lower conception rate, smaller litter size and higher mortality rate.

Posilac: Monsanto’s branded version of bovine somatotropin.

Recombinant DNA: Novel DNA made joining DNA fragments from different sources.

Roundup Ready: Developed by Monsanto, products tolerant to Roundup herbicide.

Sanitary and Phytosanitary (SPS) Agreement: Concluded in the Uruguay Round.

Established for the first time that SPS regulations should be used only in response to legitimate

health or scientific concerns.
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STS soybeans: Developed: by. DuPont, soybeanss are tolerant to sulfonylurea herbicide,

commonly referred to by the brand name Synchrony

Stacked Trait Product: A product that contains multiple traits or modifications. The first of

these, Monsanto’s.Roundup Ready/BollGard cotton, appeared on the market in 1997.

Terminator Gene: Developed by USDA, and Delta and Pine Land Company (variously called a

"terminator gene" or a "killer:gene"), Disables a seed's ability to germinate when planted.

Transgenic: Any organism — plant, bacteria or animal — that contains a gene from a different

organism. Transgenic products result from the use of biotechnology.

Value enhanced products: Altered composition and/or characteristics to make the product

more valuable than a corresponding commodity.

World Trade Organization (WTO): International body established on January 1, 1995, by the

Uruguay Round negotiations. Acts as a forum for international trade negotiations, handles trade

disputes, monitors national trade policies, administers WTO trade agreements.

YieldGard: Insect-protected corn developed by Monsanto. Provides resistance to the European

and Southwestern corn borers.
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