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EXECUTIVE SUMMARY

Key question

The key question posed by the Commission on GeNgidalification (COGEM) for this study
was whether the plant breeding sector worldwidedmopolised by large multinationals due
to the application of genetic modification, andaf, what might be the possible consequences
for innovation in this sector? To answer this questa triangular study approach was chosen,
in which: 1) the relevant literature was review@q;interviews were held with eleven top
executives from the seed industry for a perspediiwen ‘within’, and; 3) an economic
assessment was conducted to examine the relagomdhindustry concentration, market
power and innovation in three US seed markets whenetically modified (GM) seeds have
been broadly used, namely, cotton, soybean andemdike findings from these three
different types of analyses were then compared symthesised, providing answers to the
study’s key question.

Three waves of structural change

Over the last one hundred years the global seadsindexperienced significant structural
changes. Three major waves of structural changethanseed industry were indentified
through exploration of historical data and reviewhe literature:

1. The first wave started in the early 1930s when m®mmercial seed firms were
established and continued to adapt public researthhybridisation and other
innovations, leading to growth in maize and otlesdssectors.

2. The second wave started in the 1970s fostered byintroduction of various
intellectual property (IP) rights, such as planedaters rights (PBRs) and patents,
which promised to increase returns from investmamtglant breeding research and
development (R&D). The introduction of strongerrights set off a wave of mergers
and acquisitions (M&As) by R&D-minded pharmaceuticpetrochemical and
agrochemical companies from the US and Europe.pknigent market leaders and
smaller regional and local seed companies genearaiytained their market position
and by the early 1990s many of the multinationbbt ted M&As activities in the
1970s and 1980s had divested their seed germplasetsa In the end, a limited
amount of consolidation was observed in a few seetbrs in the US and elsewhere.

3. The third wave started in the 1980s when, insgingthe potential of biotechnology, a
handful of agrochemical multinationals from the &®l Europe invested substantially
in genomics, genetic modification (GM) and otherwnéechnologies. For the
commercial introduction of a new GM or biotech sebubtechnology know-how,
access to seed germplasm and IP had to be coadinEttis led to a strong wave of
strategic M&A activities by these few multinatiosalvhich vertically integrated
germplasm and GM/biotech assets.

Between 1985 and 2009 annual sales in the glolealssmarket increased from 18 billion US
dollar to about 44 billion US dollar. Over the sap®iod, the ownership structure in the seed
industry changed drastically. In 1985 the top rdeed companies had a share of 12,7% of the
global seeds market. In 1996 the top nine seed anrep had a share of 16,7% and only one
was owned by a multinational. In 2009 the shartheftop three seed companies, all of them
owned by multinationals, had explosively grown t&84% of the global seeds market.
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The dynamic interplay of scientific breakthroughs, government policies and business
strategies

The literature review and the interviews with topeeutives from the seed industry further
revealed an ongoing dynamic interplay between sifiebreakthroughs, government policies
and business strategies.

» Scientific breakthroughs: Publicly funded research in plant sciences andeoubar
genetics has led to scientific breakthroughs imfplaeeding, such as hybridisation,
GM technologies as well as genotyping and phenotypchnologies. Each scientific
breakthrough drove a wave of private investmenth@nseed and biotech industry.

* Government policies:Governments around the world have generally parguewth
in agricultural productivity through various poks. On the one hand, science and
technology (S&T) policies and Intellectual Propetgws have sought to create
incentives for innovation. This positively influesdt the seed and biotech firms to
invest, merge and expand. On the other hand, Eyg&MO regulations were
implemented to manage food and environmental saféty relatively high regulatory
compliance costs for GMO approvals, however, haebably discouraged small and
medium sized seed and biotech firms and publicos@astitutions to bring GM crops
to the marketFinally competition and antitrust laws were impleneal to manage
market risks. Both in the US and in Europe biotéams were required to divest
certain germplasm assets before certain mergera@ndsitions could be approved.

« Business strategiesScientific breakthroughs, especially in plant batnology, and
government policies, in particular on IP rightseated profit opportunities for
innovations in plant breeding. The literature rewievealed the use of a variety of
business strategies in response to these oppaegiditvestments in in-house R&D in
plant science and breeding, R&D collaboration wittivate and public partners,
M&As and pursuit of IP rights including through ¢ss)licensing of IP. The
increasing investment in R&D for biotech seed iratns as well as large GMO
regulatory compliance and legal expenditures incesed seed companies to grow in
size and expand in new markets in order to achsetieal mass.

The role of R&D investments, IP and regulatory cost

There was a divergence of views among the intem@saabout the role of IP and legal costs
as drivers of structural change; some interviewamssidered IP and legal costs negligible
compared to the overall costs of business opematidnile others considered (increased) IP
and legal costs substantial. In a similar veintgheas a divergence of opinions on the role of
patent laws on structural change and the levelnobvation in the seed industry. Some
interviewees suggested that patent laws were iadsgble for private investment in R&D
while others argued that patent laws have a negatypact on the overall innovative activity
in the seed industry.

The estimated costs for bringing a GM crop to treekat provided by the interviewees also
varied widely, from 15-30 million US dollars to Q@0 million US dollars. Similarly, the

estimated regulatory compliance costs for GMO apgiso provided by the interviewees
varied from 10-30 million US dollars to 80-110 nah US dollars. With a view to

stewardship programmes, several interviewees pbiotd that in cases of licensing the
recipient of GM material, e.g. another seed compaay to have the appropriate tools to
follow the stewardship requirements to preventiliigbclaims accruing to the developer. In
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addition, maintaining and having access to regwatdata packages and stewardship
programmes will be vital for the development of arket for generic GM/biotech seeds.

Economic analysis of three seed markets with GM vaaties.

The substantial adoption of GM technology in the fd6maize, soybean and cotton made
these markets prime objects for an economic arsaly3ihe relationships between

concentration, market power, price markups, R&Destures and product innovation in
seed markets were empirically examined. The lesktncentration in the US seed markets
for cotton, soybean and maize were measured byguki@ Herfindahl-Hirschman Index

(HHI).

» Cotton: Since 1965 the HHI in the US cotton seed indukarty been relatively high
exceeding 1,800, which is the threshold between ematd and high levels of
concentration in industries. The HHI jumped dradlcin the early 1990s but it has
declined slightly since the mid-2000s. Measurescatdd that the US cotton seed
market has remained concentrated but with sigmfieariation in the positions of the
firms in the seed industry. The presence of newaatd and share gains through
organic growth of existing firms against the markeader indicate a vigorous
competitive rivalry in the US cotton seed market.

* Maize and Soybean:The HHI values for the US maize and soybean seeédstiry
have stayed close to 1,800 from 1992 to 2009. Témnamic analysis further
suggested that firms in these seed markets exdrdiseted market power and
charged markups for their hybrids, proprietary ees and GM/biotech traits. For all
key firms in the industry, the revenue streams fitbese markups were in line with
increasing R&D expenditures over the period of ysial Firms in these seed
industries have reinvested their profits from inaton into more R&D. The number
of product offerings increased significantly anc thverage length of the product
lifecycle in the industry declined — both indicat@f increasing product innovation.

The economic analysis therefore suggests thatigtelévels of concentration in the US seed
markets for cotton, maize and soybean and thedattion of GM varieties therein have not
had negative impacts on the level of innovatiothese crops over the last seventeen years.

Conclusions

Over the last hundred years the global seed ingdusts undergone three major waves of
structural changes. The ongoing dynamic interpletyvben diverse scientific breakthroughs,
government policies and business strategies shiyeseé structural changes. Advancements
in plant science and plant breeding, the introaductof IP rights in plant breeding and
biotechnology, the increasing R&D costs expendedségd companies and their need to
remain competitive by expanding and accessing nemkets were all major drivers of
structural change, leading to a large consolidaitiotine global seed business. The third and
most significant wave of structural changes beganthe 1980s, when a handful of
agrochemical multinationals from the US and Eurapéh substantial investments in
GM/biotechnology maintained and expanded their gares in the global seed industry
through strategic M&As activities in order to veglly integrate seed germplasm assets and
GM/biotech assets. Their entry changed drastictily ownership structure in the seed
industry.
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This study revealed a number of drivers for stratghanges in the plant breeding sector
during the last century. Application of genetic rifiedtion has been one of the main drivers
in the last two decennia. Consolidation has aléertgplace in seed markets without GM
varieties, where many breeders applied other iningvalant breeding technologies and plant
biotechnologies. Therefore, the relative importanic€M as a driver varies per seed market.

According to the economic analysis, the high lew#lsoncentration in the US seed markets
for cotton, maize and soybean have not had negatipacts on innovation over the last

seventeen years; a period that coincided with thistantial adoption of GM technology by

these US seed markets.

Nonetheless, from the literature review and therinews with the top executives from the
seed industry, the following concerns have emerged:

e Under-investment in public sector R&D for plant édeng of minor crops and to
public goods like environmental protection and feafkty.

« Patents provide essential incentives for R&D inwesit but can also stifle innovation
in the seed industry.

* It is expected that R&D costs will remain at a highel. Since high R&D costs are
one of the main drivers, this will likely contrilmutto further concentration and
consolidation in the seed industry.

* GMO regulatory compliance costs that discouragdipuesearch institutes and small
companies to engage in the development and comatisation of GM crops and
stewardship programmes for compliance with postketarg monitoring of GM crops
and government policies and/or market standardthioadventitious presence of GM
traces in non-GM products, particularly in the caSkcensing.

* Lack of maintenance of and access to regulatorg gaickages and stewardship
programmes after expiration of a patent on a GMéuoio trait. Access to this
information will be vital for the development of rmarket for generic GM/biotech
seeds.
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SAMENVATTING

Kernvraag

De kernvraag van de Commissie Genetische Modiic@IOGEM) voor deze studie was of
de zaaigoedindustrie wereldwijd wordt gemonopotide®oor grote multinationals vanwege
de toepassing van genetische modificatie, en zwga,de mogelijke consequenties kunnen
Zijn voor innovatie in deze sector. Om deze vraafpgantwoorden werd gekozen voor een
driehoeksaanpak, waarin: 1) de relevante literatverd bestudeerd; 2) interviews met elf top
functionarissen uit de zaaigoedindustrie werdenogdbn voor een perspectief van
‘binnenuit’, en; 3) een economische evaluatie watdevoerd voor de bestudering van de
relatie tussen industrieconcentratie, marktmacht ienovatie in drie Amerikaanse
zaaigoedmarkten waar veel genetisch gemodificeggyl Zaaigoed wordt gebruikt, namelijk
katoen, soja en mais. De bevindingen van dezevdrichillende typen van analyse werden
vervolgens vergeleken en samengebracht om de leargwan deze studie te beantwoorden.

Drie golven van structuurverandering

De laatste honderd jaar heeft de mondiale zaaigdadirie significante structurele
veranderingen ondergaan. Aan de hand van histeriggdgevens en de literatuurstudie
werden drie belangrijke golven van structurele mdeging in de zaaigoedindustrie
vastgesteld:

1. De eerste golf startte in de dertiger jaren van vieige eeuw, toen nieuwe
commerciéle zaadbedrijven werden opgericht en dogeg met het aanpassen van
publiek onderzoek naar hybridisatie en anderewvaties, hetgeen leidde tot groei van
de maiszaadsector en andere zaadsectoren.

2. De tweede golf startte in de zeventiger jaren vanatige eeuw en werd gestimuleerd
door de introductie van diverse intellectuele edyensrechten, zoals kwekers- en
octrooirechten, die beloofden het rendement van esteringen in
plantenveredelingsonderzoek en —ontwikkeling (O&®yerhogen. De invoering van
sterkere rechten voor intellectueel eigendom (i&pde voor een golf van fusies en
overnames door onderzoeksgerichte farmaceutischestroghemische en
agrochemische multinationals in de VS en Europaaf@ankelijke marktleiders en
kleinere regionale en lokale zaadbedrijven behreldehet algemeen hun marktpositie
en aan het begin van de negentiger jaren van dgeveeuw desinvesteerden veel van
de multinationals die in de zeventiger en tachtjgezn fusies en overnames hadden
geleid hun bezittingen in zaadkiemplasma. Uiteiijklelverd slechts in enkele
zaaigoedsectoren in de VS en elders een bepensoluatie waargenomen.

3. De derde golf startte in de tachtiger jaren vavaligge eeuw, toen, geinspireerd door
de mogelijkheden van de biotechnologie, een handgobchemische multinationals
in de VS en Europa aanzienlijk investeerden in gemmnderzoek, genetische
modificatie en andere technologieén. Voor de coroi@ker introductie van een nieuw
gg/biotech gewas moesten kennis van biotechnoltgggiang tot zaadkiemplasma en
intellectueel eigendom worden gecodrdineerd. Didde tot een sterke golf van
strategische fusies en overnames door deze padmatiginals die bezittingen in
zaadkiemplasma en gg/biotech eigenschappen véititagreerden.
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Tussen 1985 en 2009 steeg de jaarlijkse verkoageimondiale zaaigoedmarkten van 18

miljard VS dollar tot ongeveer 44 miljard VS doll&edurende deze periode veranderde de
eigendomsstructuur in de zaaigoedindustrie drdstidn 1985 hadden de top negen

zaadbedrijven een aandeel van 12,7% van de mora#ialgoedmarkt. In 1996 hadden de top

negen zaadbedrijven een aandeel van 16,7% van ddiae zaaigoedmarkt en slechts één

was in het bezit van een multinational. In 2009 Wweisaandeel van de top drie zaadbedrijven,
allen in het bezit van een multinational, explosgefigroeid naar 34% van de mondiale

zaaigoedmarkt.

De dynamische wisselwerking tussen wetenschappebjidoorbraken, overheidsbeleid en
ondernemingstrategieén

Het literatuuronderzoek en de interviews met topcfionarissen in de zaaigoedindustrie
lieten verder een voortdurende dynamische wiss&ingr tussen wetenschappelijke
doorbraken, overheidsbeleid en ondernemingstratagien.

* Wetenschappelijke doorbraken Publiek gefinancierd onderzoek in de
plantenwetenschappen en moleculaire genetica lysddid tot wetenschappelijke
doorbraken in de plantenveredeling, zoals hybrisisagenetische modificatie
technologieén evenals technologieén voor genotygeren fenotypering. Elke
wetenschappelijke doorbraak dreef een golf vanaggivnvesteringen in de zaaigoed
en biotechnologie industrie aan.

e Overheidsbeleid In het algemeen hebben overal ter wereld overhede
productiviteitsgroei in de landbouw nagestreefd rdowddel van beleid. Enerzijds
hebben wetenschaps- en technologie (W&T) beleidwetten voor Intellectueel
Eigendom beoogd stimulansen voor innovatie te ereé@Dit heeft zaadbedrijven en
biotech bedrijven positief beinvloed om te investerfuseren en uit te breiden.
Anderzijds werd regelgeving voor bioveiligheid/ggganismen (ggo’s) ingevoerd
voor het beheren van voedsel- en milieuveiligheie relatief hoge
regelgevingskosten voor ggo-toelatingen hebben eecttaarschijnlijk kleine en
middelgrote zaad- en en biotech bedrijven en pkélsector instellingen ontmoedigd
om gg-gewassen naar de markt te brengen. Tensh®teden concurrentie- en
antikartelwetgeving ingevoerd om marktrisico’s &hberen. Zowel in de VS en Europa
werd van biotech bedrijven vereist om bepaaldettiegen in zaadkiemplasma te
desinvesteren, voordat bepaalde fusies en overnkoneen worden goedgekeurd.

e Ondernemingstrategieén Wetenschappelijike doorbraken, speciaal in de
plantenbiotechnologie, en overheidsbeleid, in hgtzobder voor intellectuele
eigendomsrechten, schiepen winstkansen voor iniesvet de plantenveredeling. Het
literatuuronderzoek liet het gebruik van een vdilsride ondernemingstrategieén
zien als response op deze kansen: Investeringemgém onderzoek en ontwikkeling
(0&0) in de plantenwetenschap en plantenveredel@§O samenwerking met
publieke en private partners en het verkrijgen iE&amechten, inclusief door middel
van (kruis)licenseren van IE. De stijgende investan in O&O voor biotech
zaadinnovaties evenals de hoge uitgaven om te @onldan ggo-regelgevingsvereisten
en juridische kosten hebben zaadbedrijven gestemdilem in omvang te groeien en
naar nieuwe markten uit te breiden voor het bewelligen van voldoende kritische
massa.
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De rol van O&O investeringen, IE en regelgevingskadsn

De geinterviewden verschilden van mening over devaw IE en de juridische kosten als
aandrijvers van structurele verandering; sommigéntgeziewden beschouwden IE en
juridische kosten als verwaarloosbaar in vergelgkimet de totale kosten van de
bedrijfsactiviteiten, terwijl anderen de (toegenonéE en juridische kosten als aanzienlijk
beschouwden. Er was een vergelijkbaar verschilmaning over de rol van octrooiwetten op
structurele verandering en het niveau van innovatiede zaaigoedindustrie. Sommige
geinterviewden meenden dat octrooiwetten onmiskzgar voor private investeringen in
0&O, terwijl anderen van mening waren dat octrodter een negatieve invioed hebben op
de totale innovatieve activiteit in de zaaigoedstde.

De schattingen van de kosten voor het naar de rbagkigen van een gg-gewas, die door de
geinterviewden werden aangeleverd, liepen ook teem, van 15-30 miljoen VS dollar tot
100-180 miljoen VS dollar. De schattingen van déaigeviewden van de kosten voor het
verkrijgen van een markttoelating van een ggo hepergelijkbaar uiteen, van 10-30 miljoen
VS dollar tot 80-110 miljoen VS dollar. Met eenkblp stewardship programma’s gaven
verschillende geinterviewden aan dat in het geaallicenties de ontvanger van gg-materiaal,
een ander zaadbedrijf, over geschikte instrumemteet beschikken om de stewardship
programma’s op te volgen ter voorkoming van aarkgdjlheidsclaims voor de
ontwikkelaar. Hiernaast zal het in stand houdenemmoegang hebben tot toelatingsdossiers
en stewardship programma’s van vitaal belang ajorde ontwikkeling van een markt voor
generiek gg/biotech zaaigoed.

Economische analyse van drie zaaigoedmarkten met-ggriéteiten

De aanzienlijke adoptie van gg-technologie in dewd8r mais, soja en katoen maakte deze
markten tot primaire doelen voor een economiscladyaa. Deze relaties tussen concentratie,
marktmacht, prijstoeslagen, O&O uitgaven en pradacivatie werden empirisch bestudeerd.
De niveaus van concentratie in de Amerikaanse aadimgarkten voor katoen, soja en mais
werden gemeten met behulp van de Herfindahl-Hirgchindex (HHI).

» Katoen: Sinds 1965 heeft de HHI in de Amerikaanse katudustrie de
drempelwaarde van 1800 tussen matige en hoge miweau concentratie in relatief
hoge mate overschreden. De HHI sprong drastischoogihn het begin van de
negentiger jaren van de vorige eeuw maar is siadgaar jaar terug iets afgenomen.
Metingen gaven aan dat de Amerikaanse zaaigoedmelus/oor katoen
geconcentreerd is gebleven maar met een significaatiatie in de posities van de
bedrijven in de zaaigoedindustrie. De aanwezighead nieuw toetreders en de
aandeelgroei door middel van organische groei vestalande bedrijven tegen de
marktleider in geven aan dat de concurrentie opAdeerikaanse markt voor
katoenzaaigoed stevig is.

* Mais en Soja. In de Amerikaanse zaaigoedmarkten voor soja €is nen 1992 tot
2009 zijn de HHI waarden dichtbij 1800 gebleven.d@enomische analyse liet verder
zien dat bedrijven in deze zaaigoedmarkten bepenktidktmacht hebben uitgeoefend
en voor hun hybriden, variéten en gg/biotech eigesgpen prijstoeslagen hebben
berekend. Voor alle sleutelbedrijven in de indestsaren de opbrengsten van deze
prijstoeslagen in lijn met de toenemende O&O uityagedurende de periode van
analyse. Bedrijven in deze zaaigoedindustrieén érebloin winsten geherinvesteerd in
meer O&O. Het aanbod van het aantal producten nanifisant toe en de
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gemiddelde lengte van de productlevenscyclus inirdiistrie nam af — beide
indicatoren van toenemende productinnovatie.

De economische analyse geeft dus aan dat de hogmusi van concentratie in de
Amerikaanse zaaigoedmarkten voor katoen, mais janesode introductie van gg-variéteiten
hierin de laatste zeventien jaar geen negatieviedvhebben gehad op het niveau van
innovatie in deze gewassen.

Conclusies

De laatste honderd jaar onderging de mondiale aadigdustrie drie belangrijke golven van
structurele verandering. De voortdurende dynamiseisselwerking tussen verschillende
wetenschappelijke doorbraken, overheidsbeleid esferm@mingsstrategieén vormden deze
structurele veranderingen. Voortgang in de planatamschap en plantenveredeling, de
invoering van IE rechten in de plantenveredelindpietechnologie, de stijgende O&O kosten
bij zaadbedrijven en hun behoefte om concurrererdijven door uitbreiding en toegang tot
nieuwe markten waren allen belangrijke aandrijwens structurele veranderingen die leidden
tot een grote consolidatie in de mondiale zaaiguhditrie. De derde en meest significante
golf begon in de tachtiger jaren van de vorige eetoen een handvol agrochemische
multinationals uit de VS en Europe met aanzienlijkevesteringen in genetische
modificatie/biotechnologie hun aanwezigheid in dendiale zaaigoedindustrie handhaafden
en uitbreidden door middel van strategische fusre®vernames voor de verticale integratie
van bezittingen in zaadkiemplasma en GM/bioteckreghappen. Hun toetreding veranderde
de eigendomsstructuur in de zaaigoedindustrie idchst

De studie bracht een aantal aandrijvers voor sfralgd veranderingen in de
plantenveredelingssector gedurende de laatste aanvnet licht. Toepassing van genetische
modificatie is de laatste twintig jaar €én van @&abgrijke aandrijvers geweest. Consolidatie
vond ook plaats in zaaigoedmarkten zonder gg-\argt, waar veredelaars andere
innovatieve plantenveredelingstechnologieén en tehmotechnologieén toepasten. Het
relatieve belang van genetische modificatie alslamer varieert dus per zaaigoedmarkt.

Volgens de economische analyse hadden de hoge ntoatees in de Amerikaanse

zaaigoedmarkten voor katoen, mais en soja geenieegavioeden op innovatie gedurende
de laatste zeventien jaar; een periode die sanlenwst de aanzienlijke adoptie van

genetische modificatie technologie door deze Anaaniise markten.

Niettemin kwamen uit het literatuuronderzoek erinderviews met de top functionarissen uit
de zaaigoedindustrie de volgende zorgen naar voren:

* Ondermaatse investeringen in het publieke sectoOQ&or plantenveredeling van
kleine gewassen en voor publieke goederen als ubidigcherming en
voedselveiligheid.

* Octrooien voorzien in wezenlijke stimulansen vo&@investeringen maar kunnen
innovatie in de zaaigoedindustrie ook belemmeren.

* Het is te verwachten dat O&O kosten op een hoogauvzullen blijven. Aangezien
hoge O&O kosten é€én van de belangrijke aandrijusrszal dat vermoedelijk
bijdragen tot verdere concentratie en consolidatae zaaigoedindustrie.

« GGO regelgevingskosten die publieke onderzoekdimgfen en kleine en
middelgrote bedrijven ontmoedigen om zich bezigdaden met de ontwikkeling en
commercialisering van gg-gewassen en stewardshigrgmma’s om te voldoen aan
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post-marketing monitoring van gg-gewassen en owdsheleid en/of
marktstandaarden voor de onvermijdbare aanwezighaid gg-sporen in niet-gg
producten, in het bijzonder in het geval van liezimg).

Gebrek aan onderhoud van en toegang tot toelatisgsgls en stewardship
programma’s na afloop van een octrooi op een ggtiioeigenschap. Toegang tot
deze informatie zal van vitaal belang zijn voorafgwikkeling van een markt voor
generiek gg/biotech zaaigoed.
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1. INTRODUCTION TO THE STUDY

In October 2009, the Commission on Genetic Modiitca(COGEM, the scientific advisory
commission to the Netherlands government on isgeésed to genetic modification),
published a call to submit study proposals forghgect “Multinationals in biotechnology”.
The call text indicated that “a consequence ofisgalp in the plant breeding sector might be
that only a few globally operating companies exrstthe nearby future. The advent of
biotechnology in plant breeding seems to be onth@factors that play a role in scaling up.
Application of biotechnology can help speeding upanp breeding and developing novel
crops. However, biotechnology is also expensive larekding firms have to invest large
funds in R&D. Large companies are better able tsaloGenetic modification also seems to
be tightly associated with scaling up. Geneticallydified crops have mainly been developed
by five large multinationals. They own the majomtypatents on genetic modification and are
able to cover the high costs of safety dossietsetsubmitted for approval. On the one hand
the multinationals cross-license among themselwnesexchange information, while on the
other hand they compete each other, sometimesurt.cbhe picture of monopolisation is
widely supported and an important argument in thielip debate. The issue is whether this
picture of monopolisation of the plant breedingtseds really correct. Is it that black-and-
white or has the picture more nuances? Are a lamieamber of Western multinationals going
to control the breeding market or even the foodket& Or will enough smaller companies be
left over? What is the role of patents? What isrble of Asian governmental companies?
Can governments implement actions to mitigate uralde monopolisation?” The objective
of study was described as “an inventory of datdh wiquantified substantiation, on possible
monopolisation of the plant breeding market worliievend potential consequences thereof
and an analysis of possibilities that governmerdasvehto mitigate potential negative
consequences of a possible monopolisation.”

After submission of a study proposal and deliberstiwith the COGEM and the Steering
Committee it was decided to focus the study on the questionhsther the plant breeding
sector worldwide is becoming monopolised by a relaely small number of large
multinationals due to the application of genetic mdification, and if so, what might be
possible consequences for innovation in this sectoPotentially positive consequences
might include augmenting the pace of innovatiort thay lead to increased choice, higher
quality and/or lower prices for farmers and consian@otentially negative consequences
might include slowing the pace of innovation thaymadversely affect choice, quality and
prices for farmers and consumers.

This report presents the findings from this stuldgttwas based on a triangular approach,
consisting of: 1) a literature review; 2) a sewésnterviews with representatives of seed and
biotechnology companies, and; 3) economic analydethe consequences of structural
changes in the US seed markets for maize, soybehoaton that have widely adopted GM
varieties since the early 1990s.

Section 2 of this report provides a review of tpelecation of plant science to plant breeding

as one of the main drivers of the structural evoilubf the seed industry over the last hundred
years.

Section 3 identifies and examines two other maiwetds of structural changes in the seed
industry: Government policies and business strageigi the seed industry. This section closes
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by a review of government actions to enforce coitipatand antitrust laws in the seed
industry in the US, EU and India over the last deca

Section 4 presents an assessment by seed industytes of the structural changes, their
drivers and their consequences for innovation, dasesemi-structured interviews.

Section 5 presents economic analyses of the coaesegs of structural changes in the US
seed markets for GM maize and soybean and exantimesrelationships between

concentration and market power, price markups, R&penditures and product innovation.
Section 6 summarises the main findings and drawslasions.

The study has benefitted from feedback and insiffbta the COGEM Steering Committee
that comprised the following members:

1. Hans Dons, BioSeeds B.V. (chair)

2. Orlando de Ponti, former Director R&D Nunhems Bavid former President of the
International Seed Federation.

3. Lous van Vloten-Doting, Commissie van Wijzen FES

4. Ruben Dekker, Ministry of Infrastructure and Eviment

5. Bart Erkamp, COGEM (staff)

It should be noted that the quality and reliabilifythe information compiled for this study
and its conclusions are the sole responsibilitthefauthors and that this study report does not
represent views of the COGEM in any way.

Piet Schenkelaars, Schenkelaars Biotechnology @ansy, Netherlands

Huib de Vriend, LIS Consult, Netherlands
Nicholas Kalaitzandonakes, University of Misso@aglumbia, US
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2. SCIENCE AS DRIVER OF STRUCTURAL CHANGE IN THE SEED
INDUSTRY

This section offers a brief historical review of tle application of plant science to plant
breeding as one of the main drivers of the structwal evolution of the seed industry since
the 1930s.

2.1  Application of plant science to plant breeding

Genetic improvement of plants began in the Nealitlge with the domestication of cereals
and pulses. Since then, farmers achieved steadyaises in plant yields. In the@entury
an impressive acceleration in the capacity to pcedmore food per unit of land has been
achieved by exploiting advances in plant sciencelant breeding.

The experiments of Gregor Mendel with garden peabe later part of the fiﬁentury gave
rise to extensive scientific research into the iithece of traits in other plants and crops. In
the US a significant proportion of this later reskafocussed on maize, as it was the
dominant crop in US agriculture and its yields mathained stagnant for some time. This
public research resulted in major technologicabktieroughs in plant breeding, in particular
hybridisation. Essentially, hybridisation is a glaneeding process in which, so-called, inbred
lines are crossed to create plants with greatéd yetential than exhibited by either parent;
the so-called ‘heterosis effect’. However, the evdea vigour of a hybrid is not transmitted to
its offspring.

Furthermore, in the period from 1945 to 1970, tRkpl@tation of other advances in plant
science for plant breeding, such as in vitro tetdgies (multiplication, haploidisation) and
mutagenesis, led to the development of ‘high-yreddvarieties’ of rice, wheat, and other
crops. When combined with the use of fertilisersstizides and other inputs, these ‘high-
yielding varieties’ experienced yearly yield incsea of more than one percent through the
1990s. In the context of developing countries, &éxigaordinary growth in agricultural output
is often referred to as the “Green Revolution”.

Moreover, largely publicly funded research in malec biology that started in the late 1930s
and early 1940s led to the discovery of the dotnglix structure of DNA by Watson and
Crick in 1953, which contributed to the developmehtnew tools for plant breeding like
genetic modification (recombinant DNA technolog@gnsgenesis) in the 1980s and ‘marker-
assisted selection’ (MAS) and other ‘molecular nearkechnologies in the 1990s. In the late
1990s, further advances in molecular genetics mmidvement of sequencing and computing
power contributed to the emergence of genomicsramaadiscipline within the life sciences.
As a result of these advances in plant sciencesranecular genetics, a series of novel plant
breeding techniques has been developed in thedfesdde after the millennium change, like
RNAI, oligo-nucleotide mediated mutation inductiagiinc-finger nuclease induced mutation,
agro-inoculation, reverse breeding, and epigematidification.

The exploitation of these scientific advances lessilted in substantial increases in the yields
of all major crops in the US, the EU and other paftthe world over the past seventy years.
About half of the yield gains can be attributedgenetic improvements achieved by plant
breeders. The other half can be attributed to nmeéshaon and irrigation, resulting from

advances in engineering, and usage of fertilisats @her chemical compounds to control
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pests, diseases and weeds, based on advanceso)ohépnistry, plant physiology, plant
pathology, entomology, weed science, soil ecolagypnomy, etc. (EASAC 2004).

2.2 Structural evolution of the seed industry

Before the emergence of commercial seed comparoes farmers engaged in plant breeding
by exploiting chance mutations and natural selectimcesses and were dependent on seed
saved from their own crops grown in the previowssse. It was common for farmers to share
surplus seed with family and neighbours. The adwert expansion of governmental seed
certification and quality assurance schemes inetdy 23" century brought about large
increases in the number of farmers who purchased fsem commercial traders (Fernandez-
Cornejo 2004). In those days most commercial segglers were small, family-owned
private companies, which lacked the financial resesi to pursue their own research and
development (R&D) activities. Their primary role sveo multiply and sell seeds of varieties
selected by individual farmers or developed byptblic sector.

During the last eight decades, the global seechbasihas privatized breeding and other plant
sciences research and structural changes occuatety; often resulting from activities of
multinational firms. The speed of such structuteriges has been different across crops and
countries. Generally, there have been three magwew/of restructuring:

Commercial seed firms adopting the public research resultsin hybrid maize breeding

By the late 1920s several new commercial seed fitmak over the publicly supported
research efforts in hybrid maize breeding in thdyeE930s and helped to reverse the trend of
stagnant maize yields in the US. By 1960 the sbamaize acreage cultivated with hybrid
seed in the US had reached 95 %, replacing alnlospan-pollinated (non-hybrid) maize
varieties. Similar developments were also expeadnn Europe where the success of hybrid
maize was followed by hybrid varieties of otherrgpecies. Since the emergence of the
commercial seed industry in the US in the earl{' 2@ntury, assets have changed hands
frequently and most of today’s leading seed congsam@ire the products of mergers and
acquisitions (M&As). Until the late 1960s, assetghe seed industry were primarily traded
among seed companies.

M& A activities by R& D-minded petrochemical and pharmaceutical multinationals

The introduction of Intellectual Property (IP) righsuch as Plant Breeders’ Rights (PBRS),
which promised to assure returns on investmentantppreeding research, set off a wave of
M&A activities by R&D-minded petrochemical and pheaceutical multinationals. PBRs
were foreseen for the first time by the Plant BezsdDecree of The Netherlands in 1941. In
1961 PBRs were adopted by a convention of thenatemal Union for the Protection of
New Varieties of Plants (UPOV), followed by Plarariéty Protection Act (PVPA) in the US
in 1970. In the decade thereafter more than 50 &&8l gompanies were acquired by such
multinationals. For example, Ciba Geigy, a chemicaimpany (now part of Syngenta),
acquired 4 seed companies, and Sandoz, a pharmtatecompany, acquired 2 seed
companies. However, the petrochemical and pharniaaémultinationals mainly acquired
and merged small and medium sized regional seegaoies, which lost market share over
time (Fernando-Cornejo et al. 2002; Kalaitzandoradteal. 2003). Both independent market
leaders, e.g. Pioneer and DeKalb, and smaller magi@nd local seed companies maintained
their market position despite the significant calpitesources of the new multinationals
entering the seed industry.
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By the early 1990s, many of the multinational firieat led the M&As activity in the
previous decades had divested their seed assetsjdmethe need for geographic adaptation of
all new seed varieties placed bounds on R&D scedm@mies. The potential economies of
scale in distribution and marketing of seeds wernamnore limited. With crop yields being
the primary differentiating factor among seed bgnsimaller regional companies could
effectively compete against much larger national amultinational firms with extensive
marketing and distribution networks. The regioredd companies produced and distributed a
small number of varieties within limited geographiegions where they demonstrated
competitive yield performance. The regional firmere often relatively more profitable as
they were able to avoid the excessive inventoryscthgt frequently hampered the national
firms. As a consequence, by the early 1990s, mdrtheo multinational firms that led the
M&A activity in the previous two decades had diesktheir seed assets; see 3.2.2.

M& As by agrochemical multinationals for vertical integration of GM and seeds assets
However, a handful of multinationals with signifitainvestments in genetic modification
(GM) maintained and expanded their presence inJfeseed industry. Since the advent of
GM research in the mid-1970s, superior seed genétmed germplasm) were recognised as
an essential complementary asset for delivering Iietechnologies to seed markets. For the
commercial introduction of a new biotech seed tebecessful, the intellectual property (IP),
the biotechnology know-how and the seed germplaasttd be coordinated. In the 1990s this
need for coordination led to a wave of strategic A48y a few multinationals to vertically
integrate seed germplasm and GM assets (Kalaitrakeés and Bjornson, 1997, Fernandez-
Cornejo 2004; Moss 2009; Cowan et al. 2010). Thatesgjies to vertically integrate seed
germplasm and GM assets were as old as the agrauliiotechnology industry itself. For
example, GM pioneers, like David Padwa, the fourmfethe early biotechnology start-up
Agrigenetics, began to acquire regional seed compam 1975 in order to finance
biotechnology research and development (R&D) ardidetets products to the market. Other
early GM start-ups, like Calgene, Biotechnica In&tional and Mycogen, had similar
strategies and acquired a number of seed compaimesghe 1970s and 1980s
(Kalaitzandonakes 1997). Multinationals, like Momgaand DuPont, were latecomers in the
seed industry when they started M&As to verticalltegrate their assets in GM and other
markets and the seeds assets (germplasm) of a nemiedium and large independent seed
firms, like DeKalb and Pioneer.

Each of these three waves of structural changesenseed industry was thus driven by
breakthroughs and advances in plant science anat plieeding.M&As thereby often
changed the presence of firms in the seed busifiebde 1 provides an overview of the top
nine seed companies in 1985, 1996 and 2009. Thls taveals that as agrochemical and
other diversified firms vertically integrated intioe seed business, seed genetics (germplasm)
assets of seed companies were merged into muithatifirms with biotechnology R&D
investments. Yet, seed business is not necessdirdgual importance to each of the top nine
companies; see Section 3 and Table 4.

The entry of these multinationals changed the osimpr structure in the seed industry
drastically. In 1985 the top nine seed companiab &aghare of 12,7% of the global seeds
market and only four of these top nine seed congsamere (owned by) pharmaceutical or
petrochemical multinationals. In 1996 the top nseed companies had a share of 16,7% of
the global seeds markets while one of them was €avioy) a multinational. In 2009 the top
ten seed companies had a share of 43,8 % of thalgbeed markets and five thereof were
(owned by) agrochemical multinationals. In the sgredod from 1998 to 2009 the annual
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sales volume of the global seeds markets increfiseud 18 billion US dollar to about 44
billion US dollar.

Table 1: The top nine seed companies in terms of heales 1985 — 2009 (million US$)
business strategies after M&As

1985 1996 2009
Company | Net Share | Company| Net Share | Company| Net Share
sales  global sales  global sales  global
seed seed seed
market market market
Pioneer 735 4,1% | Pioneer 1,500 5,0% | Monsanto 7,297 17,4%
. DuPont-
Sandoz 200 16% | Novartis 900 3,0% | - 4700 11,2%
Pioneer
DeKalb 201 1,1% | Limagrain 650 2,2% | Syngenta 2,564 6,1%
Upjohn- i _
200 1,1% | Advanta 460 1,5% | Limagrain 1,155 2,8%
Asgrow
Limagrain 180 1,0% | Seminis 375 1,3% | KWS 920 2,2%
Shell i
_ 175 1,0% | Takii 320 1,1% | Bayer 645 1,5%
Nickerson
Takii 175 1,0% | Sakata 300 1,0% | Dow 635 1,5%
Ciba Geigy 152  0,8% | KWS 255 0,9% | Sakata 485 1,2%
Land
VanderHave 150 0,8% | DeKalb 250 0,8% 3 ? ?
O’Lakes
Global Seed
Market 18,000 12,5% 30,000 16,7% 42,00¢ >43.8%
(GSM)

Sources:! Louwaars et al. (2009%;Annual reports® Land O’Lakes (US) reported $ 3,284 million netesain
2009 by the ‘Crop inputs’ division (seeds and goomtection). In 2006 seed sales amounted to $ 5Bi@m so
Land O’Lakes probably ranks between the number & rarmber 10 positiorit Estimates of the global seed
market in 2009 range from nearly $ 32 billion (20@@bal Seed Market Database) to $ 42 billion (imétional
Seed Federation, 2009).
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3. GOVERNMENT POLICIES AND BUSINESS STRATEGIES AS DRIVERS OF
STRUCTURAL CHANGES IN THE SEED INDUSTRY

This section reviews two other main drivers of stratural change in the seed industry:
government policies and business strategies. Firggovernment policies, such as science
and technology policy, intellectual property (IP) aws, and biotechnology safety
regulations, will be discussed. Then, business stegjies in the seed industry, like R&D
investment, R&D collaboration, management of IP, megers and acquisition (M&ASs)
and (cross)licensing, will be examined. This sechocloses with a review of enforcement
of competition and antitrust laws in the seed indusy.

3.1 Government policies

In the 28" century government policies on plant science attirtology in the US, Europe
and elsewhere are essentially aimed at supportgirecreasing agricultural productivity.
They include policies for the funding and developimef new science and technology, the
protection of intellectual property, but also tharmmagement of food and environmental risks
from biotechnology research through biosafety ratomhs.

3.1.1 Science and technology policies

The historical review of the application of plardiesice and molecular genetics to plant
breeding suggests that publicly funded scientiésearch led to several major technological
breakthroughs, e.g. hybridisation, recombinant D{g&netic modification) and genomics.
Each of these technological breakthroughs subségu#move a wave of R&D investments
by existing and new private companies in the sewtligtry, resulting in technological
innovations as hybrid seeds and biotech seeds.

North America and Europe

While these technological breakthroughs were dgvimnovation in plant breeding, seed
production and crop productivity, government p@gion science and technology and
agriculture in the US and Europe interacted witkibess strategies of seed companies and
(agro)chemical multinationals in intricate ways. tlUrthe 1980s public expenditure on
agricultural and plant breeding research substnaitweighed private R&D investment.
Since then, private R&D investment began to exgrdilic expenditure. From 1960 to 1996,
when various legal forms of IP rights in plant loieg and biotechnology were introduced,
global private spending on plant breeding R&D hasreased 14-fold and the growth of
public expenditure on agricultural R&D slowed-down even decreased, according to the
European Academies Science Advisory Council (EAS804). The EASAC considers this a
serious concern because the public sector undesiment gap has been growing, in
particular with a view to public sector R&D for plabreeding of minor crops like oats and
barley (that are of less commercial interest tgdaseed firms) and to public goods such as
environmental protection and food safety.

Both in the US and Europe but also elsewhere, @tienale for public investment in
agricultural R&D has been to address certain mdekketres (EASAC 2004). While R&D can
enhance yields, lower costs, and provide other fiilen® producers and consumers and
society at large, it may often not be carried bivaie sector innovators out due to the
inability to secure adequate returns from their R&estments. The ease of copying
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successful innovations undermines the incentivepaténtial private sector innovators to
engage in R&D which consequently results in a niaidiure, in that productivity and social
welfare enhancing improvements are not realisec €plution is to invest public funds in
R&D. Another is to provide incentives for privatecsor parties to undertake R&D by
enhancing their ability to capture some of the gatveated through successful innovations,
typically, through IPRs.

Governments may also choose to cooperate with tivate sector in creating innovation.

Agriculture in many countries is still charactedslkey heavily fragmented seed markets. In
many cases the individual private benefit is to@léno constitute an adequate incentive to
invest the substantial capital required. In sudesaagricultural R&D, including applications

in biotechnology and plant genomics, have clagsublic good’ characteristics. In the view

of the EASAC (2004) and others joint action betwgeblic and private sector parties and
government intervention may therefore be needeyéocome market failures.

While there is concern about the decreasing pupenditures on classical disciplines, like
conventional plant breeding, plant pathology andomagmy (Royal Society 2009), public
investment on molecular genetics, life sciences gredomics in OECD countries has
increased significantly since the 1980s. In 200&blip expenditure on all types of
biotechnology R&D in OECD countries amounted to 72&illion US dollar. Europe
accounted for 4.1 billion US dollar, other OECD nties for 1.43 billion US dollar, and the
United States for 23.2 billion US dollar (81% oéttotal).

Governments use public funding to encourage varfmalgy goals. Europe, for example,

used the 70% of its biotechnology research fundddsic biotechnology research (Enzing et
al. 2007), while almost 20% was granted to industigrged and applied research, 2% was
used to support knowledge flow and 8% to assuravhadability of human resources. Annex

D contains several case studies that illustrate imothhe US and Europe public research in
plant science and genomics interacts with priva8®Rn plant breeding. The case studies
concern: 1) the R&D collaborations of Limagrain lwyrivate and public partners; 2) a large
European Commission funded Public-Private Partmersh breeding solaneceaous crops
(EU-SOL), and; 3) Public-Private Partnershipssioallholders in developing countries.

Emerging marketsin Asia and Latin America

The OECD (2009) further noted that current dataR&D expenditures and trend data for
new PhDs suggest that countries such as Chinag i Brazil will play a growing role in
future biotechnology R&D. Over the last decade, gbgernments of China and India have
made significant investments in biotechnology R&®D support innovation for increasing
agricultural productivity. China and India rankrthiand fourth, respectively, in agricultural
R&D spending behind the US and Japan (Linton 2002000, the US invested about 4.4
billion US dollar, compared to 2.5 billion US dalfr Japan, 1.9 billion US dollar for China
and 1.3 billion US dollar for India. By 2003, agritural R&D spending in China grew to 2.3
billion US dollars, while India’s agricultural R&Bpending remained relatively unchanged in
that period.

Within the general field of agricultural R&D, botindia and China have selected
biotechnology as one of the top priorities. The idnd government has for instance
implemented 481 agricultural biotechnology R&D pmargmes from 2002 to 2006.
According to Lin (2010), there are few publishedireates of India’s total agricultural
biotechnology R&D expenditures across relevant guwent agencies; one exception —
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quoted by Lin (2010) — is a publication by Jame30@) on India’s public sector investment
in agricultural biotechnology R&D, which estimatdae public investments at 1.5 billion US
dollar over the last five years, or about 300 milliUS dollar per year.

3.1.2 Intellectual Property

To protect the rights of plant breeders against risk of imitation, governments have

introduced various intellectual property (IP) sclesnm order to foster innovation in the seed
industry. There are two types of IP rights that ezkevant for the seed industry: Plant
Breeders Rights (PBRs) and patent rights. While $#®Bre introduced in the first half of the

20" century, patent rights became more important thighadvent of modern biotechnology in
the 1980s.

PBRs provide protection to the breeder of a newmtplariety. While a ‘new’ variety must
meet a number of criteria to qualify for PBRs, sashdistinctness, uniformity and stability,
PBRs protect the variety but not the method usetktelop the variety. There are also a few
important exemptions to the right granted, like fdwener’s privilege permitting to save seed,
the research exemption that allows scientist totliserotected variety for research purposes
and the breeder’'s exemption that allows anothezdaeto use the protected variety as basis
for further breeding.

Unlike PBRs, patent rights are granted for ‘invens’ described in the claims of the patent
application, provided the invention meets a numbegrcriteria, including novelty, non-
obviousness, inventiveness and utility. A pateantg the right to the patent holder to prevent
other parties to produce, use or sell the patepteduct(s) and process(es) without his
permission. In contrast to PBRs, patent rightsesgst do not provide for a farmer’'s or
breeder's exemption but, depending on the territdoy provide for a (very strict) research
exemption. Notably, French, Swiss and German pdggislation also do allow further
breeding and product development with patented maée although a license is needed for
commercialisation.

Both IPR systems have been reviewed extensivehLdyywaars et al. (2009) and other
authors. The Louwaars et al. (2009) analysis of RBRs granted in Europe up to 2009
showed that the number of applicants for PBRs arai®, oilseed rape and vegetables has
been decreasing over the last few years, resultira increase of the share of the top five
companies to above 50%. The number of applicamtBBRs on ornamental crops and fruits
showed an opposite trend with more applicants asthaller share for the top five. Large
international companies, like Monsanto, DuPont-Beyn Syngenta, KWS and Limagrain
were all present in the European top.

Trends in patents of enabling transformation tetdgies, biotech traits and products were
also analysed (Table 2). Of the patent applicattorthe European Patent Office (EPO) from
1980 to 2006, 41% was made by US-based compariiés by Europe-based companies and
18% by companies from other countries. Of the paag@plications to the US Patent Office

(USPTO), 75% were made by US-based companies, }5Butbpean companies, and 10%
by companies from other countries. In 2007, theesb&the top ten companies was estimated
at about 75% of all patents applications at the TUSRnd 43% of all patent applications at
the EPO. Notably, in the field of genetic modificat it was estimated that two companies
held more than 50% of the patents. For public mesemstitutions, it was shown that from

page 21 of 123



1986 to 2006 they had a share of 24% of the pagplications to the EPO, and 25% of the
patent applications to the USPTO between 2001 a08.2

Table 2: Distribution of patent applications to theEPO and USPTO 1986 - 2006

patent applications to

the EPO the USPTO
Europe-based companies 41% 15%
US-based companies 41% 75%
Companies based in other countries 18% 10%

Source: Louwaars et al. 2009

According to Louwaars et .af2009), it was not clear whether the number of BBBtained
by a company would be a solid measure of the ininavatrength of a company. Whether the
number of patents obtained by a company would bsolal measure of a company’s
innovative strength was not discussed as such.

In emerging commercial seed markets in China addhjrihe introduction of IP legislation in
plant breeding and biotechnology has also beentéegttract R&D investments from the
major international seed firms. It should also bgpkasised, however, that there are specific
limits to IP protection in seeds both in China dndia. Farmers always have the ability to
make ‘gray-market’ versions of seeds through sewithg, seed exchange and seed sales. For
example, in the case of Bt cotton hybrid seedsst@alth’ economy emerged in India, in
which not only farmers but also seed growers, seegpanies and distribution agents worked
together (Ramaswami et al. 2008); see Annex E egd@te studies on China and India.

When IP rights granted are too broad they carestither than stimulate innovation. Several
examples on licensing agreements in this study fgseex B) show that such agreements
have only been achieved as a result of IP litigepoocedures. In essence, the biotechnology
sector faces the need both to protect innovationtsta open them up. Consequently, for
patent holders, including agricultural biotechnglaand seed companies as well as public
research institutions, managing IP wisely is no Iknchallenge, as it also requires
reconciliation of the needs of the industry witlhegh of government grant-makers and public
sector researchers.

There is little doubt that pressure is buildingltbsomething to assuage concerns that patents
are stifling, not stimulating, innovation (Cukief@6). A report by an international expert
group on biotechnology, innovation and intellectpdperty, hosted by McGill University in
Montreal, Canada, argued that the current systel®IdfIP’ rests on the belief that if some

IP is good, more IP is better. It also suggestedl tihis thinking increasingly risks becoming
counterproductive in sectors like health care agdcalture (TIP 2008). The expert group
therefore argued for implementation of ‘New IP’ diets that focus on collaboration and co-
operation. Such new IP approaches include operesaundels, like BIOS and PIPRA; see
Annex F for a review of these open-source models.
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3.1.3 Biotechnology safety regulations

Before commercial seeds may be brought to the matkey have to meet a series of
agronomic, technical and phyto-sanitary standard$ r@gulations. In the case of biotech
seeds, they also need to be ‘deregulated’ in thmtdes they are produced and consumed.
This means that biotech seeds must undergo sadsgssment and obtain market approval
under various national regulations for geneticathodified organisms (GMOSs). Such
regulations were shaped in the 1980s and 1990ara@nheant to protect the environment and
human health against unintended risks that maysbecéated with organisms whose genetic
material had been changed with recombinant DNA rtegles. Changes in government
policies have led to evolving regulatory framewoitsbiotechnology.

So far, the term biotech seed or biotech trait @sn used in this study without a proper
description or definition. Given the emphasis a$ tfection on biotechnology regulations, the
terms need to be described more precisely. A biotieit can be ‘genetically modified’ (GM)
as determined by the current legal definition witkiU law. Other biotech traits can be: 1)
traits obtained by marker-assisted breeding (MAB)so-called ‘native traits’ discovered by
genotyping and phenotyping technologies, or; 3iistrabtained by a novel plant breeding
technique (NPBT), like RNAI, oligo-nucleotide metid mutation induction, Zinc-finger
nuclease induced mutation, agroinfiltration, reeebseeding, and epigenetic modification;
discussions on whether each of these novel plagdimg techniques (NPBTS) results in a
GM organism (GMO) requiring regulatory oversight tine EU are currently going on
between the European Commission and the EU mertdiess

While scientific and public discussions on the goaace of potential risks associated with
the use of GM plants in agriculture have been oweirisial since the late 1980s, particularly
in Europe, public and private parties with intesesh GM plant breeding R&D and
commercialisation of GM crops have pointed thatshfety regulations imply substantial
costs for data collection and regulatory approkal. the first generation of GM crops with a
single trait for herbicide-tolerance or insect-sémnce, the costs of obtaining market approval
have been estimated to vary between 4 million €Qomillion € (Kalaitzandonakes et al.
2007; Schenkelaars 2008). It has been argued libae tregulatory compliance costs would
discourage public research institutes and smallpzones to engage in the development and
commercialisation of GM crops (COGEM 2008).

Table 3: Number of field trials with GM maize, soykean, cotton and tomato by entity
type in the US, the EU, India, Australia and Argenina

Entity type us EU India | Australia | Argentina
CropLife companies 10684 1181 25 40 1061
Other private entities| 2067 599 6 14 324
Public institutions 3167 449 20 40 86

Source: compiled by the authors

An analysis of data on field trials with GM maiz®ybean, cotton and tomato in the US, EU,
India, Australia and Argentina indicates that immte of numbers, the ‘CropLife’ seed
companies (BASF, Bayer, Dow, DuPont-Pioneer, Mottsaand Syngenta) are, in fact,
dominant. Table 3 provides an overview of the numsiloé field trials by type of entity in the
US, EU, India, Australia and Argentina. Overall, hManto ranks first in numbers of private
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sector field trials with GM maize, GM soybean, GMtton and GM tomato in these
countries. In the case of GM rice, BASF and Bayakrfirst in numbers of private sector
field trials, followed by Monsanto. Annex J provedenore detailed information about field
trial applications.

It should further be noted that in some countriegutatory approvals of GM crops also
require post-market release monitoring and meagsanestigate adventitious presence of GM
material in non-GM crops and in foods and feedsvddrfrom them. As a consequence, seed
companies that commercialise GM crops develop #eeca'Product Stewardship’
programmes, which should be followed by growers atfeér users of GM crops, in order to
comply with regulatory monitoring requirements amishimise liability risks.

3.2  Business strategies

Business strategies are often interlinked with gowveent policies and shape the structure of
the various seed industries. In competitive marketsnpanies essentially aim to grow and
profit from their operations. In dynamically comiige industries like biotechnology,
innovation and the development of new products @ansiérvices are essential elements of
competitive rivalry. This need for innovation hasl Iseed companies to deploy an array of
business strategies. For accessing technologiesptesm and markets, business strategies
deployed by seed companies include in-house R&Dplant breeding and biotech, R&D
collaboration with private and public partners, M&and (cross)licensing of IP.

3.2.1 R&D investment and IP

As indicated earlier, many of the structural changethe global seed business have been
related to business strategies and investmentatinzed by some form of IP protection. The
first wave of structural change in the (US) seedustry occurred in the late 1930s, when
several new commercial seed firms took over thdigylsupported research efforts in maize
breeding. This public research had resulted in gomgechnological breakthrough that
enabled production of hybrid maize seed. While Hybation allowed plant breeders to
enhance crop yields, they could also protect tiné#llectual property from the threat of easy
imitation. From the perspective of the farmers,id/imaize had advantages, like higher yield
potential, greater uniformity in maturity, and t@ece to lodging, enabling large-scale
mechanisation. From the perspective of the seaasfihybrid maize also had advantages.
First, simple examination of a hybrid seed did reseal its lineage, thus offering companies
proprietary control over the seeds they develoggetcond, the enhanced vigour is not
transmitted to its offspring, requiring farmersgorchase new seed every season to ensure
continued vigour. Hence, hybridisation technologgvided built-in IP protection and as a
result began driving R&D investments and productowations in the (US) maize seed
industry in the 1930s.

The second major wave of structural change in ti® d¢ed industry began after the
introduction of the Plant Variety Protection ActMPA) of 1970 (Fernandez-Cornejo 2004;

Cowan et al. 2010). By 1982, 50% of the PVPA cedies were held by 14 conglomerates of
companies (Drew 2010). However, IP protection waesvhat limited because the seed
market was still dominated by varieties producednfrpublic breeding programmes, farmers
were still practicing seed saving for the replagtiof open pollinated varieties, and

competition between major seed companies was veense as exemplified by the many
close substitutes offered for every variety (Dredt@).

page 24 of 123



The development of so-called recombinant DNA teghes in the 1970s, promising rapid
and targeted engineering of the genetic make-ufvioig organisms, brought stronger IP
protection and greater amounts of private investmdn the early 1980s several
multinationals began investing in (agriculturalloteichnology R&D, boosted by the US
Supreme Court ruling of 1980 diamond vs. Chakrabartthat allowed granting of patent
rights on biotechnological inventions. This, inrtudrove further M&A activities (Fernandez-
Cornejo 2004).

3.2.2 M&As

The introduction of various schemes for IP in plargeding and biotechnology, in particular
utility patents, drove R&D investment and M&A adtigs by petrochemical and
pharmaceutical multinationals in the seed industrthe 1970s and 1980s. As noted before,
this wave of M&As had little discernible impact d¢ime structure of the seed industry. The
multinationals mainly acquired and merged small ar@dlium sized regional seed companies
that lost market share over time and both independearket leaders, e.g. Pioneer and
DeKalb, and smaller regional and local seed congsamaintained their market position.
Despite the significant capital resources of the naultinationals entering the seed industry,
the cost advantages of operating at higher prooludevels (i.e. economies of scale) were
limited and barriers to entry were rather low. Innpiple, large investments in breeding
research and specialised know-how implied that ri@te scale economies could be
significant. Indeed, only a few large seed compmammintained extensive breeding efforts
and developed proprietary varieties. Further, sultstl time lags between genetic research
and commercialisation of improved varieties creagteténtial entry barriers. Yet, the need for
geographic adaptation of all new seed varietiesgulabounds on R&D scale economies.
Importantly, it also created commercial opportw@stifor specialised breeding (foundation
seed) companies, which minimized entry barrierseyTkdeveloped and broadly licensed
proprietary varieties to a large number of smajiogral and local seed companies, which in
turn adapted them to their local conditions.

By the early 1990s, many of the multinational firthat led the M&A activity in the previous
two decades had divested their seed assets. ForpéxaBritish Petrol (BP) divested Rijk
Zwaan and Shell divested Nickerson Zwaan. Howeaeiew multinationals maintained or
expanded their presence in the US seed industry @minued making significant
investments in biotechnology R&D. In the late 198akird wave of structural changes in the
seed industry took place, when these few multinal®implemented business strategies, like
M&ASs to vertically integrate GM assets and seece@sto increase and consolidate market
share and distribution capacity and acquire adwceBgh quality proprietary seed germplasm,
or put differently, to achieve economies of scatw feturn on R&D investment.
(Kalaitzandonakes et al. 1997; Graff et al. 2068nBndez-Cornejo 2004; Drew 2010).

Notably, in most of these multinational firms, s@les of (agro)chemicals still dominate the

net sales of seeds. Other companies, such as Lamagrd Land O’Lakes, have a cooperative
background and are more diversified. In these comegasale of seeds is a part of a range of
agricultural services, including food productioales of agrochemicals and even machinery.
Finally, firms like KWS from Germany and Sakata nfroJapan have remained more

specialised in seed production and distributionndé¢e seed business is not necessarily of
equal importance to each of the top ten compasessTable 4.
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Table 4: The share of the seed business in the tbaperations by company, 2009

Net Sales by Division
Agriculture &
Total Health/Nutrition Seeds & genomics Pesticides
Company inmin.$ |inmin. $ share [in min. $ share |inmin. $ Share
Monsanto 11,724 7,297 62.2%0 3,527 30.1%
DuPont-Pioneer 26,109 8,300 31.8% 4,700 18.0%
Syngenta 10,992 2,564 23.3% 7,116 64.7%
Bayer 8,351 645 7.7% 6,958 83.3%
Dow 46,644 4,537 9.7% 635 1.4%
Limagrain 1,582 1,155 73.0%
Land O'Lakes* 10,409 3,284* 31.5%
BASF 65,032 4,677 7.2%

* Land O’Lakes (US) reported $ 3,284 million nekesain 2009 by the ‘Crop inputs’ division, whictclades
both seeds and crop protection.
Source: Annual Reports

According to Chataway et al. (2004), one of thesoea of agro-chemical firms to enter the
seed market was that the agro-chemicals marketdathed maturity and sales and profits
were declining. Indeed, biotechnology and the adapif GM crops significantly contributed
to such declining profits and sales. Agro-chemumainpanies increased their technological
diversity in order to introduce new crop protectfmoducts and sought to achieve economies
of scale to offset the high costs of biotechnol&®D (Wield et al. 2010). Insufficient patent
rights drove many mergers of large and small firms agricultural biotechnology
(Kalaitzandonakes and Bjornson, 1997, Rausser .e2@08) and acquisitions of seed
companies by agricultural biotechnology firms aldmvaccess to (elite) germplasm of many
different crop species (Fernandez-Cornejo 2004;9V&i¥)9). Though, companies differed in
the extent to which they invested in genetic madiion (GM) technologies as a replacement
for non-GM technologies or as an addition to otieehnological trajectories. Chataway et al.
(2004) distinguishes three strategies:

1. Investment of large shareholder funds in acquisitja strategy performed by Monsanto
and DuPont, thus ‘buying the channel to the mari@t'their seeds. This also included
heavy investment in building up a technological eb@s biotechnology. Monsanto’s
approach was based on a large number of acquisiipread over many years, whereas
DuPont invested $ 7.7 billion in the acquisitionRdbneer in 1997/1998, thus buying itself
into the seed business in one blow.

2. A great deal of investment in technology and somguisitions, a strategy applied by
Zeneca and Novartis Seeds, later Syngenta, DowAgnédvo, later bought by Aventis
and subsequently by Bayer. This gave them a rebkoraute to market’, but they did
not invest in seed companies to the same extavibasanto and Dupont. To some extent,
a similar strategy was deployed by the cooperdtireagrain.

3. A late starter such as BASF (late 1990s) bougketfiiato biotechnology bypassing the
earlier innovation phase of other companies. In7Z2BASF signed a $ 1.5 billion strategic
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R&D collaboration with Monsanto to develop high&lg maize, soya, cotton and oilseed
rape (third-generation plant biotechnology), addamgpther $ 1.0 billion to the deal in
2010.

Companies thus differed in the extent to which theyested in GM technology as a
replacement for non-GM technology or as an additmother technological trajectories and
product lines. Monsanto demonstrated the most figgnt early commitment to the GM
technology. The R&D strategy of developing GM crégerant to glyphosate and GM insect-
resistance crops fitted well with its significahtase in the herbicides market and its minimal
presence in insecticides. Monsanto’s technologieatlership was bolstered by its rather
aggressive acquisition strategy. From 1996 to 198%cquired a group of seed and
biotechnology companies with an investment of ntbaa 8 billion US dollar.

Most other multinationals had more to lose fromeaghhology whose main marketing
attraction was lower chemical use, since they vpeeglominantly chemical firms with broad
portfolios of agro-chemicals whose sales volumesildvalecrease if the claims for GM

technology turned out to be valid. These compameged more slowly than Monsanto and
in different ways. Annex A presents two case stwidia the evolution of Monsanto and
Syngenta in the seed industry and one case studyeoevolution of Limagrain, the world’s

largest seed cooperative.

3.2.3 Licensing

Another commonly used business strategy to gaiasacto new markets and increase market
share of GM traits and seeds is licensing IP for @dlts and seed assets. Licensing has
frequently aimed at stacking GM traits developedhause with traits developed by third
parties including partners or competitors in thivgie sector and/or public sector partners,
like universities and research institutions. In huzses seed companies agree (mutual) access
to proprietary biotech traits. As a result, markeas be provided with seeds that combine
different GM traits, for instance herbicide-tolecas and/or insect-resistances. Several of
these IP agreements result from long legal dispatefringement of IP claims. In some
cases, agreements are also reached on (mutual)ssacte proprietary enabling
(transformation) technologies. Finally, licensingreements of germplasm and traits in
particular are important business strategies faallemseed firms that have limited breeding
and R&D activities as they specialize in regionahrketing and distribution. Annex B
examines a series of such licensing agreementsg@major biotech seed companies.

3.3 Competition and anti-trust laws

Neoclassical economic theory defines ‘perfect’ cefitfpn as an equilibrium situation where
there are many enterprises, each with limited maskever, each charging the same price for
a homogeneous good in a market characterised bes®entry and exit. Perfect competition
is assumed to lead to maximum consumer welfarei-cdambpetitive practices are business
actions that prevent or reduce competition in paléir markets and are assumed to reduce
consumer welfare. Examples of such practices imching creation of barriers to entry for
firms, dumping of products on markets below proaurctosts, price fixing, linking product
together to limit customer/consumer choice. Sudtimes are considered suspect especially
when firms engaging in them have market powerr@elahare of the market).
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Governments use competition laws or antitrust @&gphs to prevent anti-competitive
practices. Nevertheless, the realities of moderrkets are likely to be more complex than
static theories of perfect competition suggest.sTisi especially true in industries where
competitive rivalry is driven by the investments R&D and the introduction of new
products, like in the case of biotechnology. Théyeof large multinational firms into the
seed industry has been the subject of much debf®, suggesting possible monopolisation
(Fernandez-Cornejo 2004; Murphy 2006; Hubbard 2008ss 2009; Cowan 2010). What
speaks in favour of their entry is that large firmsjoy scale economies. Firms with
significant market share for example can achieweseconomies in R&D as well as in IP,
deregulation, production or marketing. As a redbky could be more efficient in developing
new technology than smaller firms. Because of tinearket size, they can also generate
(temporary) profits by charging prices above malicosts in order to pay for R&D and
other fixed expenses (see section 5). Alternativéhey may also be able to invest
(temporarily) in seed research with resources avenues from other corporate divisions.
Large diversified firms may also be able to incestigeir efficiency through opportunities for
economies of scope, i.e. producing several prodiagisther at a cost less than producing
them separately. For example, once a specific gaadeen identified and isolated, this gene
can be used in a number of crops. The entry oklangltinational firms has also expanded
markets, from domestic or regional to global, thgrancreasing sales volumes and profits
supporting R&D for smaller and more fragmented ratglaround the world. But the entry of
large firms may also have drawbacks. The presemdarge firms in the industry raises
concerns about increasing market concentrationtlagresence of market power. If market
power is exercised, it may raise industry profitsl anargins, and farmers may pay higher-
than-competitive prices for seeds.

It is interesting to note that government polia@é&n may seem at odds with each other when
it comes to motivating R&D and innovation. Patemiv] like competition policy, seek to
benefit the public by granting a temporary monopaiyan invention with substantial utility.
On a simplistic level, antitrust law seeks to limipotential market monopoly, often achieved
through patent grants. In reality, the relationshiptween antitrust and patent law is
multidimensional (Leslie 2009). In some contexttigularly in the short run, antitrust and
patent law can be in tension. For instance, a paehder can exclude (infringing)
competitors from the market, even if the compeditoan make the product more effectively
and/or efficiently. In the long run, patent lawsomote discovery and new product
development leading to economic growth and socefare gains. Finding a balance between
antitrust and patent law thus involves a seriedrafle-offs: 1) To what extent should
competition be suppressed in the short run in c@l@ncourage innovation in the long run?,
and; 2) Are there instances and industries whaedleatual property rights are unnecessarily
expansive, such that competition is suppressed thareneeded to incentivise innovation?

Antitrust law and patent law should therefore medssed in conjunction with the recognition
that they both are components of an overall inriomapolicy that seeks maximising both
static and dynamic competition.

Over the last decade two major actions by the U8efa Department of Justice (DoJ)

included Monsanto’s acquisition of DeKalb in 199&i&Delta and Pineland in 2007. In both

of these cases the DoJ recognised both the impertahinnovation in markets and rival

access to Monsanto’s patented technology to cotigreti

In 1998 the Monsanto’s 2.3 billion US dollar acdins of DeKalb raised concerns of the

DoJ Antitrust Division about competition in the t@oh maize seed market (DoJ 1998). The
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combination of Dekalb’s IP of the leading method rohize transformation, so-called
‘biolistics’, and Monsanto’s IP claims in the emiag Agrobacteriumtransformation
technology led to concerns about competition forzendransformation. In the view of the
DoJ, other parties in biotechnology needed accesdransformation technology, on
competitive terms, for introducing new traits inimgaseed. Monsanto had to spin off its IP
claims on Agrobacteriumtransformation technology to the University of i@ahia at
Berkeley, which as an independent entity with eigpere in the exploitation of such IP would
ensure that other parties would not be depriveiditofe competition in maize transformation
technology. In addition, Monsanto had to enter inloding commitments to license maize
germplasm of its subsidiary Holden to over 150 seedpanies that were Holden’s
customers. This would ensure that the merger wigiKddb did not reduce competition in
biotechnology and seed germplasm developments iizem®ne year before, in 1997,
Monsanto had acquired Holden with a share of 00ét 8f the maize hybrid seed market in
the US.

The DoJ had similar concerns about the acquisdiddelta and Pineland, a major US cotton
seed company, by Monsanto in 2007. The DoJ esHigntuired Monsanto to eliminate
stacking prohibitions in its cotton trait licensémder terms of the agreement, Monsanto had
therefore to divest various assets; see Annex dédeails.

Furthermore, in October 2009, the DoJ confirmeldail started antitrust investigations into
allegations that Monsanto would be using anticortipettactics with regard to its patented
genetic seed traits and the emergence of genasmone of the Roundup Ready biotech trait
after its patents expires in 2014. At this pointime it is uncertain whether the DoJ will bring
a case against Monsanto; see for details Annex lichwexamines the future of generic
biotech seeds in the light of a dispute betweenddtHPioneer and Monsanto.

Moreover, in 2006, the government of the state Aad?radesh in India brought a case to the
antitrust authorities, because Monsanto-Mahyco Wdwve exercised monopoly power in
setting its prices for Bt cotton hybrid seeds. Hmtitrust authorities agreed with the state
government, which led Monsanto-Mahyco to appeahto Supreme Court. Meanwhile, the
state government negotiated with the seed companisst the prices for Bt cotton hybrid
seeds, which was followed by the state governme@ugarat and Maharashtra that adopted
similar pricing policies (see further Annex E).

Finally, in the summer of 2010, the European Corsiars announced investigations under
the EU Merger Regulation No. 139/2004 into Syngsnteoposed acquisition of Monsanto’s

global sunflower seed business. In November 20&0Bbropean Commission cleared the
acquisition. However, the European Commission reguiSyngenta to divest Monsanto’s
sunflower hybrids, commercialised or under offid¢i@l in Spain and Hungary, including the

parental lines. Otherwise the transaction wouldeh@moved a considerable and innovative
competitor to Syngenta, reinforcing the latter’'srkea leader position. The transaction also
raised concerns about the activities of exchangeliaansing sunflower varieties, insofar as
the merging parties would be in a position to restihe access of competitors to input
necessary for the commercialisation of sunflowerdse In the light of the commitments of

Syngenta, the European Commission concluded tleatrémsaction would not significantly

impede effective competition in the internal marketiny substantial part of it.
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4. INDUSTRY ASSESSMENTS OF STRUCTURAL CHANGES AND NNOVATION
IN THE GLOBAL SEED INDUSTRY

This section presents the main findings from interiews with eleven top executives from
leading seed companies (see Annexes G and H). Iresle interviews industry executives
described in detail the ongoing market pressure tanvest in R&D in order to remain

competitive and trends in R&D spending and new prodct introductions.

4.1

Ratings of drivers of structural change

Prior to discussing the consequences of structlrahges in the seed industry, interviewees
were asked to rate a number of possible driversdoicentration in the seed industry. The
results are listed in Table 5.

Table 5:  Rating of possible drivers of concentratio by interviewees (1 = low, 5 = high)
Possible drivers
Changes Increase
in seed in plant Cost of | Adoption
industry’s | Changes in| breeding | applying | of patent | Regulatory
profit commodity | R&D GM rights for | requirements
Company | margins markets cost | technology plants for GMOs
1* 4 1 3 5 5 2
2 - - 5 - - -
3 1 1 4 4 2 5
4 1 1 1 1 5 5
5 - - Main - - -
driver
6 3 5 - - 4
7 2 5 4 3 4
8 - - 5 5 4
9 4 1-2 5 2-5 2-5 2-5
10 2 1 5 - 3
11 5 5 4 5 4 4

* Company No.1 identified two additional driver9: Qosts of access to genetics (finished lines)garthplasm
for breeding uses (rating - 4), and; 2) Legal c@stsng - 4)

There was meaningful diversity in the perceiveatreé significance of the various potential
drivers of structural change. For some of theruiésvees, especially for those specialised in
vegetable seeds, the cost of applying GM technolegwt relevant for the simple reason that
they do not apply GM technology in their produdignetheless, with few exceptions, the
interviewees ranked the increase of plant breed&d cost, the cost of applying GM
technology and regulatory requirements for GMOs ths main drivers of industry
consolidation in recent years. The cost of purspaignt rights was considered a major driver
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by a number of interviewees, too, but a numbemtérviewees rated this driver of low to
moderate importance.

The importance of R&D in gaining competitive adwgeé was highlighted by several
interviewees. R&D costs have increased and are céegbeto increase further, at least
proportionately to the growth rate of annual tur@ovncreasing R&D costs require sufficient
critical mass for return on investment. This busistrategy and its effects are described in
the following two sections. The third section disees the effects of regulatory costs, which
were classified by most interviewees as anotheondjver for concentration. In the fourth
section, the perspective of the industry execatve access to germplasm IP rights and legal
costs are discussed. The final section discussescdhcepts of open innovation, public-
private partnerships and the development of new dgidlity traits (output traits) and their
implications for the industry’s future innovation.

4.2  Competition and the need to invest in new teclogies

Almost every one of the collaborating industry exees identified the increase in plant
breeding R&D costs as one of the major drivers doncentration in the seed industry.
Genetic improvement is a major driver in the contpet seed business, which can only be
safeguarded by investing in the technology. Theegfaost interviewees think that R&D

investment will continue at the same (high) levelthe coming years and R&D costs will

grow at least proportionately to the growth of thil turnover.

One of the interviewees indicated that the growtiR&D spending in vegetable seeds will
increase due to investment in technology and patefdble 6 provides a range of the
expected R&D cost share and the IP and legal duamtesin the industry. Current R&D
spending ranged from 10-30% of turnover and simmdages were expected in the future.

Another interviewee noted that in markets where &its have a large market share, such as
maize seed in the United States, companies must pfbducts with GM traits to compete.
Working with GM traits is labour intensive and r@gs higher skilled personnel, which
forces companies to put more of their R&D budgéd iEM technology and spend less for
germplasm improvement.

In addition, all companies continue to explore 1@w-interventions such as mutant breeding,
TILLING populations, and Marker Assisted Selecti®dAS). The strategic choice for non-
GM methods is particularly important in Asia wheeed prices are generally low making it
hard to recoup investments in GM technology, orterurewee said. Moreover, working on
GM crops increases market uncertainty. As anothtriiewee put it “you never know
whether and when you will obtain regulatory cleasah

One of the interviewees remarked that the developnoé MAS, sequencing and more
sophisticated genetic modification tools that dé mesult in a GMO product may make the
controversy about GMOs obsolete. Nevertheless,nthe technologies for unlocking the
potential and diversity of our germplasm such asogacs and bioinformatics also make
R&D more expensive. These tools are more costly ttmaventional breeding methodologies
but in the end they are more effective in incregqstnop productivity, which makes them
profitable for the company’s customers. Since thaee competitors in the market offering
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‘increased crop productivity’, the remaining se@npanies have to also invest in R&D in
order to stay competitive in the market.

Table 6: R&D cost share & IP and legal cost sharef total turnover (or seed business

turnover)
Company | R&D cost share | Future R&D cost IP and legal cost Future IP and
share share legal cost share
1 15%; over last 10| Annual 10% increase 5% Up
years annual 25% of R&D costs
increase of R&D
costs due to GM
2 10% — 14% R&D costs will Company does not repo -
increase proportionatg this figure
to growth
3 10% - 11% - Internal IP and legal -
procurement costs
negligible relative to
overall product
development costs
4 25% R&D costs will 2% Up by 15% to
increase proportionatg 20% per year
to growth because of patents
5 20% - 25% 25% is maximum IP and legal costs for -
because of costs other utility patents on traits
business operations| and germplasm are 1%
to 2% of R&D budget.
6 15%; over last five| Up but uncertain how - Up
years annual much because of cost
increase of 0.5% of other business
operations
7 14% 17% - 20% 35% of R&D costs -
Field crops 30%; Field crops same; Small fraction Up
vegetables 20% vegetables up
9 14% - 15% R&D costs will IP department grew fron Up
increase proportionate 1 to 5 persons over las
to growth few years
10 9% - 10% - Company does not repo Up
this figure

Data source: Interviews held by the authors in Bet®010

Although the high development costs, the regulatony market uncertainties associated with
GM crops as well as the availability of alternatieehnologies are reasons why vegetable
seed companies or divisions generally prefer nahvest in the development of GM traits,
most of them have developed the technology, butrdaog to one interviewee “put it on the
shelf’. A few interviewees suggested that for soragetable seed companies it is becoming
difficult to increase the R&D expenditures furthes its share to the total turn-over in seed
sales continues to increase. One interviewee corn@ti¢hat specialised seed companies may
no longer keep pace with competitors that can i@gntial and R&D resources from other
business operations.
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4.3  Competition and the need to create access tomenarkets

The increasing investment in R&D requires the semuipanies to develop new markets in
order to have sufficient critical mass and revemase, almost every interviewee said.
Especially the costs of developing a GM crop anddimg it to the market are substantial,

according to many interviewees. Seed companies @avecoup those costs from seed
markets, which might be large, as in the caseeaid ftrop seeds, or from smaller (niche) seed
markets, as for most vegetable crops are. Theskeinsize considerations plus the potential
added value of new traits largely determine whiaipcspecies and traits are suitable for GM
technology. GM technology has so far been usedodyzt innovations in seed markets for

major field crops, like soybean, maize, canola emoiton, where, as one of the interviewees
phrased, ‘increased productivity’ adds value f@ ¢bmpany’s customers.

M&As often dominate the geographic expansion ofdseempanies. In addition to mergers
and acquisitions, all interviewees explained thheirt companies continuously seek
opportunities for expansion of their business oj@nanto new markets, both geographically
and in new crop species through organic entry andtl, joint ventures and other business
partnerships.

4.3.1 Emerging markets and the position of China

All interviewees indicated that further growth ihet global seed market is to be
expected. Nearly all seed companies consider emgrgiarkets in Asia and Latin
America to have growth potential, for instance maor field crop as rice.

In Asia, the concentration of the seed industrgtil very modest, so seed (distribution)
companies are expected to continue to grow in sy through M&As. This restructuring
will likely be shaped by government policies. Ini@hfor instance, the government policy on
M&As in seed markets intervenes at two levels. At devel, the Chinese government is
pushing domestic seed companies to merge amongéhers. Today, there are about 3,000
domestic seed companies in China, and the goveirsngoal is to have 30 — 50 big
companies in ten years from now. Moreover, the €engovernment imposes limitations on
foreign companies for taking shares in Chinese @mgs. Foreign companies are allowed to
have the majority of shares in R&D, but not in seedduction and distribution, where the
maximum level of allowable ownership is set at 49%.

Given the ongoing fast economic growth in Chinas gxpected that Chinese seed companies
will also seek to invest in major seed companietsida China. In the next ten years,
according to one interviewee’s predictions, therélve one Chinese company in the top ten
of seed companies in the world, or at least coetiddy Chinese.

4.3.2 Expanding markets in new crops: rice and whea

Several industry executives expect that rice andawftould be two potentially interesting
new crop species for future growth of their seesifess. The seed market for rice is still very
modest in size. However, it was thought that theettgoment of hybrid rice could provide
sufficient value to the farmer and adequate prmedb the seed companies, both of which
are needed for further growth in this market. Hgis@tion in rice is already well underway
and in the next ten years malaponicatypes will become hybrids. There is also signifitca
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experimentation with GM traits for rice, thoughuss of consumer acceptance and market
uncertainty will still need to be resolved.

In wheat about 50% of the global market consistauoh saved seed. One of the interviewees
pointed out that, due to its low productivity, wh@aoduction is slowly retreating from the
original wheat production regions in the US. Malzas become a more productive and
profitable crop because of its genetic improvem@rdluding GM) during the past decade.
Farmers therefore tend to grow maize instead ofath@ccording to another of the
interviewees, farm saved seed is a barrier to iation as the market is commercially
unattractive to invest in. During the past decadesetic improvement in wheat has been
only been half of the genetic improvement in malrethe US, where wheat is mainly only
bred by universities, genetic improvement has lm&m lower. As with rice, the availability
of hybrid technology could be an important drivérirmovation in the wheat seed markets,
since hybrids would enable return on R&D investraentgenetic improvements and product
innovation.

Whether wheat is going to be the next big GM crojp also depend on the availability of
new traits and their added value in wheat, as aifgarviewees suggested. A few of the
industry executives confirmed that their compamiesnow investing in wheat breeding. The
main markets include Australia, Argentina, Canadal dahe US. In addition, some
interviewees pointed at major trade associatiorth@ge countries that have meanwhile taken
a (cautiously) positive stance on wheat seed wihtfaits.

4.3.3 Licensing and strategic alliances
All interviewees explained, albeit in different wist that licensing (out-licensing and in-
licensing) is just another valuable business sisafer accessing enabling technologies, traits

and germplasm. One of the interviewees providedeTla@kthat shows the number of plant-
related license deals of its company in 2010.

Table 7:  Number of Plant-Related License Deals ofygenta (2010)

OUT-LICENSING (number deals) IN-LICENSING (number deals)

GM-Trait | Native Trait | Technology, GM-Trait | Native Trait | Technology

158 6 142 26 2 48

Data source: Interviews held by the authors in Bet®010

Further, as one interviewee indicated, small seedpanies also increasingly need to have
access to technology. For these companies, liognbecomes a primary strategy for

remaining competitive in the market. However, adoay to some interviewees, closing deals
with companies with major interests in biotech tyahas become difficult. Sometimes

business models and market interests are not Wgtled making negotiations complicated

and lengthy. Other interviewees raised the questitmw willing are companies to license?

Licensing contracts, they pointed out, have becomeeasingly extensive (“thick”) because

of the different types of restrictions license teskiseek to impose on licensees.
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4.3.4 Biotechnology regulatory costs

The costs of bringing a GM crop to the market isstdered a major driver for concentration
in the seed industry by most of the intervieweestinkates of regulatory compliance costs
ranged widely. Some of the interviewees mentiomgurés of 100 million US dollars or even

higher, whereas the figures mentioned by othergeaadg to a ‘modest’ 15 to 30 million US

dollars. Table 8 summarises the information proditg the interviewees in relation to cost
items, including trait discovery, GM event constroe, product development, GM seed
multiplication, GMO regulations, IP and licensetsos

Table 8: Breakdown per cost item of total costs dfringing a GM crop to the market

Company Trait Event Product Seed GMO IP and
discovery | construction | development| Multiplication | Regulation* | license costs
1 - - - - - -
2 50%; $ 100 - 150 million - - - -
3 - - - - 80% of total -
costs of $
140 million
4 - - - - $ 12 million -
10%: $ 30 — 100 million 80% of total 10% of total
costs of $ 30 costs of $ 30
million to million to
100 million 100 million
6 $ 20 million - 100 million US dollar
7 $1-3 $ 2 million $ 1.5 million - Global $20 + $ 2 million
million 25 million
8 $0.5-10 Several millions $ 1 million Costs are $ 1 million
million going up
9 Minor costs $ 6 — 7 million $10-15 -
million
10 $1-5 $5-15 50 — 60 million -
million million

* In China, only Chinese companies are allowedringha GM crop to the market; deregulation by the
government, which bears the costs.
Data Source: Interviews held by authors in Oct@tH0

Only few interviewees were able or prepared to jpi®\a detailed breakdown of the total
costs per cost item for bringing a GM crop to tharket. Several interviewees noted that it
depends on how one attributes the costs to speadiwities in the R&D and product
development process, an issue that is dependemitenmal accounting methods which are
unique to each company. A number of interviewess distinguished between the cost of a
single country approval for a GM crop and the tataét of a global approval. Overall, the
interviewees with experience in bringing GM cropsthe market commonly agreed that
regulatory compliance costs for GM crops are suthstiabut their estimates thereof varied
widely, from 10 — 15 million US dollars to more th&00 million US dollar.
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4.4  Consequences for access to germplasm

According to the industry executives, ease of ategermplasm primarily depends on the
scope and nature of IP rights and the legal casdecaated with those rights. In addition,
regulatory requirements may substantially hampeessto GM traits.

4.4.1 IPrights

The interviewees showed a divergence of opinionghenimpacts of IP laws, especially
patent rights, on the structure and innovatiorhefdeed industry.

Several interviewees argued that patents allowe’safisclosure of groundbreaking
information about the technology, which can be usgdther innovators. Patents require the
disclosure of an invention in order to be grantulj are therefore one of the best tools to
ensure knowledge-sharing and faster innovationesyclhe substantial investments in R&D
of the various companies in the industry are tethe patentability of their innovations , as
one interviewee phrased. This is essential for rsgguan adequate return on their R&D
investment. Denying patents on plant-related intiong would have the unintended consequence
of stifing innovation by causing a reversion tade secrets as the sole remaining
protection mechanism, another interviewee warned.

Yet, defenders of strict patent protection recogdisthat, as in any new area of
technology, the early phase of application of pataw to plant breeding and biotechnology
had been characterised by uncertainty of how terdes these new inventions and how to
strike the right balance between the contributidnthee inventor and the scope of the
granted claims. In the early phase of the biotelclgyandustry, one of the interviewees said, that
patents were usually granted with very broad claimbkich led to much opposition and
invalidation procedures that eventually resultedhe rejection or narrowing of the patent
claims. Meanwhile, patent offices have gained nmexperience and the present quality of
patents in the biotechnology industry is not sufiity different from those in other
technology areas. According to this interviewees tlemonstrates the self-calibrating capability
of the existing patent system.

In the US, there is no exemption under patent lssm &rance, Germany and Switzerland (see
paragraph 3.1.2.) and germplasm too can be protégtg@atents (so-called ‘utility patents’).
According to one of the interviewees, this hasmaed access to germplasm for universities,
public institutions and smaller breeding compamiethe US. It also has resulted in a faster
consolidation in germplasm, especially among bepgssompanies, because these companies
prefer utility patents over PVP protection. Onetloé interviewees pointed to the value of
IP as a means of creating incentives for R&D in W& soybean seed market. This market
was previously largely farmer-saved seed and a¢tldaonited private interest in breeding and
technology development. Utility patents on germmiaand biotech traits enabled the
profitability of the company’s investments in soghbebreeding. One interviewee explicitly
argued that the position by the Dutch seed induasgociation Plantum NL would be
detrimental to investment; see position text bolowe According to this interviewee, the
argument that patents may hinder innovation iscoatect. Patents do promote innovation but
at the cost that patents may (temporarily) resthetuse ofnnovations.

Several other interviewees argued that patentsants tan hinder breeding activities, have a
negative impact on innovation, and accelerate tloegss of concentration. One of these
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interviewees indicated that in the case of tomateding, patent applications for about 20
traits have been submitted; if these patents asated, other tomato breeders will face a
serious problem. A few of the interviewees speeuldhat this development had contributed
to the decision by De Ruiter Seeds to sell itstagseMonsanto, although the company itself
was also trying to acquire strong patent positiomsyder to stay in business.

The Plantum NL position on patents and plant breedes’ rights

Plantum NL, the Dutch association for breedingsutis culture, production and trade of seeds
young plants, has proposed to amend patent lavin@ysion of abreeders' exemption into pat:
law, genes and genetic components in plants cailchdde freely available for the developmer
new varieties. Patented biological material (geesipl) should be freely available for breeding r
varieties and theise of these varieties should be consistent wighbiteeders’ exemption of t
UPOV Treaty. Availability, use and exploitation st not be hampered by patent law. N
methods and techniques should continue to comer yradent law, though.

Source: Plantum NL, 6 May 2009

Further, a number of interviewees distinguisheavbeh patents on what they called ‘native’
traits and patents on GM traits. For GM traits,esalinterviewees commented, it is different
because of the level of investment and regulatorgptiance costs.

One of the interviewees expected that within lass1t5 years the complete genome of about
20 crop species will be fully covered by patentsadwuse of the patentability of ‘native traits’;
traits that exist in nature. There is already aoloactivity in high-throughput sequencing, a
fast and cheap technology that provides data altoeit genotype. “Add to this”, the
interviewee said, “high-throughput technology foete&trmining the phenotype, the bio-
informatics computing power to put all data togettad on top of that, a bunch of lawyers
for meeting patenting requirements, what you thenhe end get is a ‘patent machine for
carpet bombing’. This will result in a completelpworkable situation because it will lock
access to germplasm and genetic diversity. Italdb endanger diversification of germplasm,
another interviewee suggested, while there is aflbreeding potential to unlock germplasm,
and plant breeders need broad diversity for impr@¥heir gene pools.”

Moreover, a number of interviewees believed thabasensus seems to be emerging within
the European Seed Association (ESA) and the Iniema Seed Federation (ISF) about the
exemption under patent law, similar to the exenmptio current French, German and Swiss
patent laws, which allows pre-commercial produateligpment. Several interviewees argued
that such an exemption under patent law will allowre seed companies breeding their
products more broadly, as they can test and worth whe technology prior to its
commercialisation.

4.4.2 |IP and legal costs
Several of the interviewees expected their comgamit and legal costs to increase further
while others considered IP and legal costs nedégiompared to overall costs of business

operations. One interviewee argued that the costflimg and maintaining patents will
continue to increase because competition forcepaaras to file for patents, even for patents
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that are not ‘appropriate’. Another interviewee lexped that due to a change in the
company’s orientation the value of its IP becameenmportant and its IP department grew
from 1 to 5 people over the last few years. Yepther interviewee expected an annual
increase of its total costs by 7%, whereas IP agdllcosts are expected to increase by 15%
to 20% per year because of the increasing usetehiza

One of the interviewees explicitly mentioned thelgpem of IP litigation procedures that may
be caused by seed companies using different teoties! for transferring a biotech trait.
Since there are different kinds of technologied tiep to identify and locate a trait, seed
companies that find a way to transfer a trait siaarter way should also have the right to use
those traits.

Another interviewee showed concern about the rgithand legal costs, as this takes money
away from R&D. Another interviewee commented that all seed companies are fully
equipped to know even what has been patented ley eded companies, as they are mostly
not using IP databases. Yet, if they use patentats,tthey can face lawsuits because of
infringing certain IP rights. Characteristicallype of the interviewees said: “If we have two
lawyers behind every breeder that will not leachtmvation in the long run. Instead of using
the money to protect certain things and arm-twisthe other for patent infringement,
everybody should be able to get value, sharinigageal solution here.”

4.4.3 Stewardship programmes and liability

Several interviewees expressaghcern about constraints in relation to so-cakéelvardship
programmes’ for GM crops that have already obtainegulatory approval because of
regulatory requirements for post-market release itoong of possible risks to the
environment and human health and compliance witheigoment policies and/or market
standards for the adventitious presence of GM sraceon-GM products.

A few interviewees pointed out that in cases agniging the recipient of GM plant material -
another breeding company — had to have the appteptools to follow the stewardship
requirements, because otherwise liability claimsuMdoaccrue to the developer. One
interviewee explicitly indicated that the compang dot allow other companies to stack its
traits without prior agreement on conditions armgureements for stewardship.

4.5 Conseguences for innovation
4.5.1 Open innovation

Innovation in plant breeding is only possible whgu invest a lot of money, one of the
interviewees noted. In particular larger compatined are successful in the market earn a lot
of money that can be invested in innovation. Fanegle, large firms in the vegetable seeds
industry spend about 20% to 25% of their revenu®&D. In contrast to the potato breeding
industry, which is dominated by cooperatives thatdly invest in R&D, one of the
interviewees said. As a result, there is littleawation in potato breeding; so, one might
therefore argue that especially large companiesnaegled for innovation because of their
capability to spend a lot of money on R&D.
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Several interviewees considered open innovatiort tmte confused with open source- a
useful approach. One of the interviewees noted ¢baiplex breeding challenges can be
solved through open innovation and collaborationwneks that encourage multi-
disciplinary, “out-of the box” inputs or integratioof other innovations, and which
augment in-house resources/expertise. They caw #tle seed industry to innovate faster
and accomplish more in less time and with feweousses. Open innovation can also be
applied to certain breeding assets that are naedeaxell by exclusivity, such as germplasm
collections and enabling technologies. One of titerviewees indicated that the company
had donated its maize genetic stocks for publieassh, because everybody benefits when
new discoveries are made.

Other interviewees, however, believed that somd sempanies have become less willing to
share their traits. Other threats to open innowatientioned by the interviewees were the
increasing complexity of IP negotiations and carttral prohibitions of stacking, which

reduces the flexibility to use and combine owntsrand traits licensed from other companies.

4.5.2 Public Private Partnerships

Public Private Partnerships (PPPs) are viewed bgmunent as a key tool to bridge the gap
between public and private sectors’ distinctive petancies. For governments, PPPs are a
means to translate shared research outputs intol usgevant tools for increasing agricultural
productivity. PPPs can offer access to a greateetyaof technology choices, they can
spread and share the financial burden of reseanchtlaey can create flexible, expert
resources for capacity-building. One of the intewees indicated that public R&D is
important for the company, as roughly 10% of thenpany’s R&D is outsourced to public
sector partners.

Nonetheless, opportunities for PPPs can be unedee. of the interviewees stressed the
difference between the US and the Netherlands:hén Netherlands, universities are not
allowed to breed final products, whereas in thedd8 elsewhere universities have the ability
to do so and compete with the private sector.

Another interviewee stated that in the EU and tleéhBrlands, there is strong collaboration in
pre-competitive R&D. Not only R&D results that adérectly applicable in business
operations are important, collaboration also aimsestablishing relationships between
company scientists and academic researchers, gamsight in research by universities and
opportunities for training and recruitment of higiskilled research personnel. In the US,
collaborations tend to be more bilateral betweempamies and specific public partners. The
interviewee argued that the Dutch way of workingetiher might be driven by necessity,
because the seed companies are much smaller thlae WS, and also because it historically
originates from the typical ‘golden triangle’ be®vethe government, knowledge institutions
and companies that already exists for decadesiiétherlands. This has led to a blossoming
seed industry in the Netherlands, focus on inngedbreeding, thereby more or less forcing
the public sector to do fundamental research. Howaintain this knowledge infrastructure,
from which everybody benefits, is now a Dutch cance

By contrast, US universities are more ‘commercialtheir approach, another interviewee

said. He added “how can you teach plant breedingif do not have a commercial plant
breeding programme?” Some interviewees pointedrgelseed companies that have so much
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in-house R&D capacity that they can do their owmmdlamental research and are therefore less
dependent on public research than small companies.

Many interviewees recognised that universities dgoad job in basic research but how to
collaborate with the private sector does not alwagesm to be clear to them. Although most
research projects initiated by universities areriggting from a science point of view, one of
the interviewees said, they should understand odteg companies seek solutions for their
present problems. The private sector really wamtgett something out of it and it does not
like to participate in ‘blue horizon’ research.

Another interviewee suggested that the public mesednstitutions are often afraid that
companies just wish access to the ‘public sectenegpool for making a profit. Public
research institutions should however understant ttitese gene pools are used for further
improvement of crop productivity, from which farmsewill profit in the end. While public
plant breeding research institutes have knowleagesills for further development of gene
pools, they lack the competencies for product dgueent. Companies are much better
equipped to ensure that improved seeds arriveeafatimer. Public research institutes should
therefore share more intermediate material, nog oohserve it. In return, the interviewee’s
company is ready to share the knowledge and ths @ashe form of royalties).

Five years ago, major seedmpaniesdid not allow public sector scientists in the US to
evaluate their biotech seeds without having ficgteas to the results, one interviewee told. As
a consequence, universities could no longer bdard #oice of opinion. This situation has
recently started to change, several intervieweaisated. Both big and small seed companies
increasingly recognise that universities should dle supported for teaching plant genetics
and plant breeding as they are not only a sourc&nofvledge but also a source for
recruitment of highly skilled research and breedmegsonnel. In addition, universities in the
US have started to understand that they shouldabEnpng and out-licensing but, according
to one interviewee, it took them quite a while tlzs Bayh-Dole act that allowed universities
to patent inventions already came into force inQL98nother interviewee pointed at issues
that are considered strategically important for tH& this has for instance led private and
public partners to invest in joint programmes feveloping maize and soybean germplasm.

Finally, a number of interviewees pointed at th&segoments of India and China, which
consider increasing agricultural productivity foofl security for their own populations a top
priority and therefore invest heavily in plant kileg and biotechnology. Some interviewees
argues that the US government may also considevest more in public R&D, not only to
foster ‘molecular’ disciplines but also ‘classicalisciplines, such as conventional plant
breeding and agronomy.

45.3 Generic biotech seeds and traits

Analogous to drugs, generic markets for biotechdsesnd traits will emerge after patents
have expired. Generics can usually be sold ativelgtlow prices. Almost all interviewees
expect that a market for generic traits will deyeio five years from now. Though, they had
different opinions about the market-value of gembiotech seeds and traits.

Many interviewees noted that post-patent use dsteand germplasm should be possible for

the development of generics. However, in the cédBobech traits, there are other obstacles
to overcome, as generic biotech seeds also regqagess to and maintenance of regulatory
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approvals before they can continue to be sold enntlarket place. Seed companies that seek
commercialisation of generic biotech seeds neecefine to submit a ‘data package’ to
regulatory authorities. So, a generics developeds¢o have access to the original data used
for the deregulation or have the ability to createew regulatory data package before the
patent expires. However, as long as the patenhbiexpired, it is not allowed, under most
laws, to conduct research on the patented seedaitrfor regulatory approval. In the
pharmaceutical industry, this has been solved byexamption under the patent law that
allows collecting data on generics for regulatoppravals before the patent expires. In a
similar vein, some interviewees said, such an exiemghould also be introduced for (utility)
patents on biotech traits, because generics algoiresclear and science-driven policies
regarding liability and stewardship of off-paterdits. If the biotech seeds or traits are GM,
maintaining and having access to regulatory datkagges and stewardship programmes will
be vital for the development of a generics markst,a generics market also depends on
innovation.

Yet, one of the interviewees argued that the poiceeed is only a minor part of the total
production costs of farmers. Therefore, farmerd alivays opt to grow the best available
varieties. Since the legal life cycle of a patentisually shorter than the technical life cycle,
there will usually be many other technical solusicavailable when a patent expires. The
value of generic biotech seeds and traits willéfeme probably remain marginal.

A few interviewees also expected a future for genbrotech seeds in Asia. Local seed
companies in India and China could use genericssaed breed them into local varieties and
germplasm.

4.5.4 From input traits to output traits

In the 1990s there were seed companies that prdntiss first generation of input (or
agronomic) GM traits, like herbicide-tolerance anskect-resistance, would soon be followed
by a second generation of output (or quality) Gllits; for example a GM tomato with
increased content of lycopene, which may providagation against cancer. Meanwhile, it is
technologically feasible to develop a GM tomataohwiricreased lycopene content. But, as one
interviewee explained, there is hardly any econopdtential, because it is not possible to
substantiate scientifically a health claim thatrsadGM tomato would help preventing cancer,
and without such a health claim it has no addedevalVoreover, especially the vegetable
seed industry depends on the final link to the aoress, the retailers. However, retailers are
generally not much prepared to share in the dewedmp of a new trait and to participate in
the introduction of a new type of high-value prodared to pay a premium to the developer.

Another interviewee called this promise of a shiftGM quality traits ‘the most common
false idea in the debate about GM during the lastyears’. Some interviewees argued that
their companies’ customers, the farmers are prignamterested in ‘productivity’, because
they are paid for the tonnes produced per acreeSwutput traits are usually not that high
yielding because of the inverse relationship betwegality and productivity, someone in the
agro-food chain should pay for the higher qualltlfis means in practice that the added value
of a quality trait accrues mainly to operators dotke agro-food chain, like food/feed
companies and consumers; it is a value chain i€3ne.interviewee pointed out that quality
traits require a good linkage between growers aodd/feed processors, including
certification schemes, which are lacking in mangesa In addition, it is not smart to grow a
crop with a quality trait in the main productioreas of that crop, as outcrossing may lead to
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inadvertent co-mingling of harvests and qualitysloslence, there is a need for dedicated
production areas. Overall, it requires a lot obdfftime and money to develop such vertical
links. Nonetheless, one of the interviewees toldt tthe company is working on such a
vertical chain integration for a GM crop with a gtyatrait, thereby admitting that the
company considers this a business experiment. tkewviewees pointed at private sector
involvement in the development of fortified GM ceofor developing countries, like rice and
sorghum with enhanced (pro-)vitamin A content,sbecalled Golden Rice.
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5. ECONOMIC ASSESSMENT OF STRUCTURAL CHANGE AND INN OVATION IN
THE US SEED MARKETS FOR SOYBEAN, MAIZE AND COTTON

This section presents the findings from three casgudies on the levels of concentration
in the US seed markets for soybean, maize and cattdrom 1992 to 2009 and the
consequences thereof for innovation in these market

51 Introduction

This section examines the levels of concentratiothe US cotton, soybean and maize seed
markets. Two types of indicators are used to measwarket concentration: 1) The four-firm
concentration ration (CR4) — the market share hgidhe largest four firms, or CR8 — the
market share held by the largest eight firms, &)d@;he Herfindahl-Hirschman Index (HHI),
which is the sum of squared market shares foriratl in an industry. The HHI takes values
between zero and 10,000 and is used as an indichtbe degree of concentration and the
presence of market power. As the HHI decreaseasdlitates a reduction in potential market
power and an increase in market competition. The idHised by the Antitrust Division of
the US Department of Justice (DoJ) as a triggeinvestigate whether a proposed merger
would be anti-competitive, i.e. whether it woulctiease the market power of a few firms
within a sector. A market with an HHI of 1,000 -8Q0Q is considered ‘moderately
concentrated’, while a market with an HHI of 1,8fithigher is considered ‘concentrated’.

This section also examines the consequences ofentation and market power on
innovation in the US seed markets for cotton, sagband maize. There is a continuing
discourse in the economic literature about whett@mpetitive or monopolistic market
structures offer the best environment for innovatidhere are knotty conceptual and
measurement issues that complicate the debatee Tindade: 1) How to effectively measure
innovation?; 2) How to measure the level of commetiin a market?; 3) How to effectively
link the two?, and; 4) How to account for potentia@deoffs between static and dynamic
efficiency. All these issues are confronted in gestion.

Past studies have used a number of indicators radvative activity in different sectors,
including the stock of patents, R&D expenditurey] ¢he rate of new product introduction.
Here two of these indicators - R&D expenditures #rarate of new product introduction -
are used to evaluate trends in innovative actvitthe US seed industry over the last fifteen
years. For this study, the stock of patents, he.rumber of plant breeders rights (PBRs) and
patents, has not been used as an indicator of ativevactivity, also because it was not clear
to Louwaars et al. (2009) whether the number of #BRJ patents obtained by a firm would
be a solid measure of a firm’s innovative capa@ge paragraph 3.1.2.

For the empirical analysis three case studies ftben maize, soybean and cotton seed
industries in the US are used. Since the introdacéind adoption of GM seeds have been
significant in these markets over the last fiftegrars, it was expected that an economic
assessment could provide empirical evidence omdleeof GM/biotechnology for structural
change in the seed industry. In the first caseystied changes in the levels of concentration
observed in the US cotton industry are examinediagidators of firm rivalry in the market
are analyzed. In the second case study, recemistienconcentration and R&D expenditures
in the US maize and soybean seed industries armiegd and the extent of dynamic
efficiency in these industries is evaluated. Mopecifically, the relationship between
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concentration and market power is first analysadd the extent that market power has been
exercised is examined next. Finally, the profitsoasated with market power are estimated
and compared to the level of R&D investments. la third case study, trends in product

innovation in maize seed are examined through arsabf new product offerings and product

lifecycles.

5.2 Structural changes and Concentration in the U8otton seed industry
5.2.1 History of US cotton seed industry

Cotton has been cultivated in the US continuousigesthe 1620s (Smith et al. 1999) and has
been an economically important crop for over 208rgdor many of the Southern states. US
cotton acreage grew from just over 3 million heetan 1865 to almost 17 million hectares in
1930. As a result, cotton cultivation expanded ¢avrareas where the plant was not native.
This expansion created significant selection presen heterogeneous cotton populations and
while certain plants failed to produce other plahtsved. In this environment, many farmers
consistently selected cotton varieties for thepesior performance in their fields and shared
or sold well performing seeds to neighbouring farsme

Through the variety selection of seedsmen and firr@ag well as through the introduction of
germplasm from Mexico, Egypt and other regions,rthber of cotton varietiess used in the
US increased drastically in the late 1800s. Thergemee of the Mexican boll weevil after
1892, however, provided the strongest impetus éwv wariety development as it caused crop
losses up to 90% (Smith et al. 1999). By the ea8l§0s, science based breeding programs
had been established by the US Department of Alguieu(USDA) in a number of southern
states. These USDA stations advanced breeding gregrfor the development of a
germplasm base that could produce cotton in theepiee of boll weevil.

The public breeding programs contributed both géamsmp and human capital in the

development of the US cotton seed industry as vetlumber of well-known breeders from

public programs like H.B. Brown, E.C. Ewing, H.J.eWWber and others initiated breeding
programs for a number of companies in the privatéass many of which became the leading
seed firms of the era (e.g. Stoneville, Delta amele&nd, Coker Pedigree and others).

In the early 1930s only 5% of the cotton seeds biyedS farmers were purchased from seed
companies. Most farmers used gin-run seeds of nst@tk (Smith et al. 1999) As seed firms
continued to improve their germplasm and farmergaheto appreciate the significance of
uniform, good-quality seeds (especially throughepehdent yield trials conducted by USDA
stations) seed purchases continued to expand.

The impact of improved variety use on US cottondpiativity cannot be overestimated. As
illustrated in figure 2, prior to the early 1930lgs were essentially flat, just under 200
pounds per acre. In the mid-1930s yields begais& growing up to 880 pounds per acre in
2007. Cotton acreage began to decline in the 4&3s, bottomed out in the mid-1960s and
has since been relatively flat. During this sameaggeproduction rose to the levels last seen
in the early 1930s, as much as 8 million tons, douta third of the land, demonstrating a
substantial increase of productivity.
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Figure 2: US Cotton Harvested Land and Production 866-2010
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5.2.2 Structural changes in the US cotton seed indiny since the 1970s

By the 1970s many of the public breeding programd Wwaned, though some continued to
make contributions and offer new varieties into #890s (e.g. Tamcot, Pima and Acala
breeding programs). As a result, the US cotton semidket was serviced mostly by privately
owned companies. The introduction of PVPA in 197W@oairaged the entry of new private
breeders but it generally had little discerniblgatt on structure of the industry as leading
cotton seed firms maintained their market position.

Indeed, historically the number of firms in the d&ton seed industry has been relatively
small with few leading firms owning large sharestloé market. A key factor behind the
limited number of seed firms and the concentrateacire of the cotton seed market is its
small size. Given the rather small number of cottestares cultivated and the fragmented
nature of the relevant seed markets (both geogralphiand variety wise) only a limited
number of breeding programs could be effectivelypsuted.

There are 17 cotton producing states that makeheg'@otton Belt” of the United States.
These states are often grouped into four regionategories: Southeast, Delta,
Southwest/Plains and West. The production chaiatiter of these regions are different and
require different varieties. There are also sigalffit differences in the types of cotton
cultivated in each region. For instance, ninetyesepercent of the annual U.S. cotton grown
in the US is upland cotton, with the balance actedifior by higher quality Pima (extra-long
staple) cotton which is grown in four states: Texdsw Mexico, Arizona and California —
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with California responsible for 89% of all US Pimeoduction. Acala cotton is also cultivated
exclusively in California.

Figure 3: Regional Distribution of US Cotton Produdion in 2009

Pima Cotton 2009 Upland Cotton 2009
Production by County Production by County
for Selected States for Selected States.

Given the small number of cotton seed firms inlt&market, the number of M&As was also
limited, though a constant stream of new entrargated opportunities over the years. Most
of the M&As were “horizontal” and seed firms acauirand merged the assets of other seed
firms based on opportunities for synergies. Fottaimse Delta and Pine Land acquired
Paymaster, SureGrow, and others while Stonevikdpiiaed Coker, Germain’s and others. In
most cases, such acquisitions increased the Iévuatiostry concentration, at least for some
time.

The introduction of GM traits in cotton in 1996 wialowed by widespread adoption and by
2010 GM cotton varieties occupied over 93 percéthe cultivated hectares (figure 4).

Figure 4: Adoption of GM Traits in the US Cotton Industry, 1996-2010, as percentage of
the total US cotton acreage *
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* The figure shows the share of acres in Herbicladderant and Insect Resistant varieties. Some tiesie
however have both traits (‘stacks’). When varietigth a single traits and ‘stacks’ are all accodrfiar, the total
adoption is 93%.

Source of Data: USDA, NASS

page 46 of 123



The introduction of biotechnology also had sigmfit structural changes in the industry.
Much like it was observed in other seed sectoes athival of biotechnology brought about a
number of M&As, joint ventures and other strategliances. The firms that initiated many of
the M&As and joint ventures had significant investits in biotechnology and many of them
were multinationals like Agrevo, Bayer, Monsantal &ow.

M&As led by multinational biotech firms changed tbnership structure of the industry as
independent seed firms like Delta and Pinelandn&tite, CPCSD and others became parts
of integrated firms with assets in biotechnologgraghemicals, and other economic
activities. Monsanto acquired Delta and Pinelan@007 while Bayer acquired Stoneville in
2008.

5.2.3 Trends in concentration and consolidation

The trends in industry concentration and consabdain the US cotton seed industry can be
seen in figure 5. The cumulative share of the tdprds (CR4) varied between 60% to 76%
from 1965 to 1980, while in the following decade tBR4 varied between 47% to 65%. In the
1990s the CR4 increased steeply from 65% to 95%steteéd to decline slightly since the
mid-2000s. Another measure of industry concentnatihe Herfindahl-Hirschman Index
(HHI), has also been relatively high exceeding 1BOMost years since 1965. A market with
HHI value of 1800 or more is generally consideredaentrated. As figure 5 illustrates, CR4
and HHI both jumped in the early 1990s followinge thcquisitions of Paymaster and
Suregrow by Delta and Pineland.

Figure 5: CR-4 and Herfindahl-Hirschman Index (HHI) for US Cotton Market, 1965-2010
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While the level of concentration has been highhmlast twenty years, it has declined slightly
since the mid-2000s. Despite its acquisition oft®elnd Pineland in 2007, Monsanto has
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continued to license broadly its GM traits to laayel small competitors. As a result various
competitors have been gaining share against thkembsader Delta and Pineland and such
gains are reflected in the declining HHI of theiowadl market.

However, such market share gains are even moreopneed in the regional seed markets
where firm rivalry is more apparent. In the mospartant regional cotton seed market of the
mid-south (Delta) region, Delta and Pineland’s mreadhare has declined from 72% in 2006
to less than 29% while Stoneville (Bayer) and Phgtohave enjoyed large gains and so have
smaller companies like Altex, Americot, Dyna Ged;. Such changes are also reflected in
the regional HHI and both market shares and HHEHermid-South market are illustrated in
figures 6 and 7.

Figure 6: Market Shares of Leading Cotton Seed Fins in the Mid-South Region, 2006-2010
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Figure 7: The Herfindahl-Hirschman Index (HHI) for the Mid South Cotton Seed Market
HHI, Mid-South Region, 2006-2010
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These measures indicate that the cotton seed nrarkeins concentrated but with significant

variation in the competitive position of the firnmsthe industry. The presence of new entrants
and share gains through organic growth of existings against the market leader indicate

vigorous competitive rivalry.

5.3  Structure, market power and R&D investment in L& seed markets for maize and
soybeart

Markets are said to be concentrated if a few fihokl a relatively large share of the market,
and high concentration is one of the criteria usgthe federal antitrust authorities when they
evaluate the competitive conditions of a particutearket. Firms in a highly concentrated
market may be able to exert market power and @ises above a competitive level (to the
detriment of buyers). Market power can also infeeerthe firms’ interest in innovation.
However, high concentration can only serve as anwgrsign because market concentration
does not necessarily imply the exertion of markeivgr. For example, economic theory
predicts that prices may be kept at or near coripelevels under the threat of entry by new
suppliers, even in industries that are highly cotregéed (Baumol, Panzar, and Willig, 1982).
Further, the market may be contestable and renetatiiely competitive if potential entrants
do not face costs that existing firms can avoieérehare no inherent legal barriers to entry,
and entry and exit are relatively costless (iteere are no sunk costs).

Several economists have noted that firm entry &l seed industry may be limited by large
entry costs (Fulton and Giannakas, 2001) due td Inggearch and development (R&D)
investments and regulatory compliance costs (Heiseyl Schimmelpfennig, 2006;
Kalaitzandonakes, Alston, and Bradford, 2006) all a® by the complexity of intellectual
property rights (Lesser, 1998; Pray, Oehmke, anseBia, 2005). These circumstances could
limit market contestability and increase the likelbd that firms exert their market power.

At the same time other authors have noted thaepoesof some market power in the US seed
industry may not be completely undesirable. Seedsfiengaged in the development of new
genetics and biotech traits are expected to chariges above marginal costs to recoup the
fixed costs of R&D (Shi, Chavas, and Stiegert, 2008ithout the existence or the prospect
of earning prices above marginal costs due to ma&eer, the seed firms would have no
incentive to improve product quality, or introdutew varieties and biotech traits. Therefore,
some authors have proposed that the key questibe @ddressed is whether concentration
and potential presence of market power in the gedstry permits firms to make profits well
above those necessary to recoup their R&D invedsr(@nay et al. 2005).

To examine the balance between market power aresiment in innovation in the US seed
industry, empirical measures of price markups laiteble to market power in the US seed
industry between 1997 and 2008 — a period charaeteby the vertical integration of leading
multinational biotechnology firms in this industrgre reported in the next section. The
revenues from the estimated markups are then eddclland compared with approximate
measures of aggregate R&D expenditures in the tnduBinally, conclusions are drawn

1. A more detailed discussion of the material preskmtehis section was published as Kalaitzandonakes
N., A. Magnier and D J. Miller “Concentration, MatikPower and Dynamic Efficiency in the US Seed
Industry” Regulation(forthcoming).
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about their proportionality over the period of aisé8 and the dynamic efficiency of the
industry.

5.3.1 Concentration levelsn the US soybean and maize seed industry

The vertical integration of the biotechnology firmisring the third wave of consolidation in

the seed industry led to drastic changes in theeeostnp structure (see Section 3). The
Herfindahl-Hirschman Index (HHI) values for the W&ed industry in 1992-2008 (Figure 8)
have stayed close to 1800, this threshold betwemiwdérately concentrated” and

‘concentrated’ was reached or exceeded in 19924,19896, 1999, 2000, 2007, and 2008.

Figure 8: Herfindahl-Hirschman Index (HHI) for US Seed Maize Industry, 1992-2008
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5.3.2 Empirical estimates of market power in the USeed industry

Under the moderate to high levels of industry cotegion depicted in Figure 8, two key

guestions emerge: Do firms in the US seed indusdre significant market power? If so, to

what extent is market power exercised? To answesetlguestions, the existing literature on
this topic is reviewed, followed by the estimatésnarket power and the level it is exercised
in the US seed industry.

There is limited empirical evidence on the presesicearket power in the US industry. A
handful of recent studies have examined the pridegsions of seed firms based on new
empirical industrial organization (NEIO)-type moslebf the firm's profit function.
Fernandez-Cornejo and Spielman (2002) constructpdofit function for a representative
seed firm and used the profit maximizing conditiboglerive an NEIO model of the firm’s
price-cost margin as a function of the industry HitHtistic, cost indices, the responsiveness
of buyers to changes in seed prices (i.e., theielgsof demand), and the responsiveness of
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seed firms to the prices charged by other seedf{ira. the conjectural elasticity). Based on
industry-level data, the authors found that theaimarket power effect on the price-cost
margin was positive but not significantly differeinom zero. Also, an increase in market
power tended to reduce the processing costs and Bddds, but the later effect was not
significantly different from zero. Thus, the autharoncluded that the primary impact of
increasing market power on seed margins is theawga processing cost efficiency.

Shi, Chavas, and Stiegert (2008) used farm-levekndations on seed price, quantity, and
location from 2000 to 2007 to estimate a model loé implicit value associated with
individual traits in hybrid seed maize. The modwdrporates a generalized form of the HHI
statistic to account for the local pricing effeeissociated with differentiated (i.e. multiple
trait) products in the maize seed market. The astfound that three of the four main biotech
traits (corn borer and rootworm resistance and ferms of herbicide tolerance) attract
significant price premiums and that roughly 8% loé price of seed maize is associated with
market power held by the seed companies.

A few studies have examined the possibility of neagrower by analyzing the seed buyer’s
decision process, and their findings highlight ttm@ortance of farmer-specific and regional
difference in the values assigned to particulad $ests. Alexander and Goodhue (2002) used
a calibrated model of a representative buyer’'ssi@cito adopt seed maize varieties with four
specialized traits (high yield, insect resistanigerbicide tolerance, and high oil content).
They then used the model to simulate the net revand break-even yield for each seed type
under various cropping conditions and found that hlerbicide tolerant seed was roughly
priced at the producer’s reservation price, whigiplies that the seed company could be
exerting market power and extracting the full farreerplus from homogeneous buyers. In
contrast, insect resistant seeds were priced bt#levproducer’s reservation price so that the
farmer captured some of the surplus and the seethamy was not exerting full market
power. In conclusion, the authors noted that thkelyi heterogeneity among seed maize
buyers/farmers would reduce the seller's/seed cogipability to exert market power and
capture the farmers’ surplus value from the hybrids

Producer heterogeneity and the implied differentadliation of seeds and biotech traits have
been empirically demonstrated by Useche, BarhaohFaitz (2009). Using a discrete choice
model, the authors found that the estimated vadsegaed to particular biotech traits varied
broadly across regions and among individual farms.

Kalaitzandonakes, Magnier and Miller (2010a) haaeently constructed models of derived
demand for maize and soybean seed that allow di@iuaf the presence of market power in
these markets. In the estimated models, the pfiseed is represented as a function of the
quantity of seed purchased and the expected criop just before planting time (e.g. the
average January-March price of the December matzegs contract on the Chicago Board of
Trade) plus controls for hybrid life-cycle effectmit effects, and regional effects. There are
10 distinct biotech traits in maize hybrids asidenf conventional maize and these are based
on herbicide tolerance (Roundup Ready, Liberty Lanrkd IMI), maize borer resistance (CB),
and rootworm resistance (RW) plus combinationscksiaof two or more of these traits.
Also, there are three distinct soybean varietytdrinat provide herbicide tolerance (Roundup
Ready, sulfonylurea-tolerant or STS, and a comlanaof these traits).The data used to
estimate the derived demand models are annual \atgers for 6,170 maize hybrids and
4,232 soybean varieties that were sold in the 81997 to 2008.
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One of the key results derived from the fitted dechanodels are the price flexibility
coefficients for maize and soybean seed, which oreabe responsiveness of seed prices to
changes in quantity demanded. Under profit maximgibehaviour, the absolute value of the
flexibility coefficients provide upper bounds onetlierner index (Tomek and Robinson),
which is the ratio of the product price (P) minuarginal cost (MC) to the price, L = (P —
MC)/P. The Lerner index is zero under marginal-ogsrfectly competitive) pricing and
increases from zero as the price increases abovgimahcost. Hence the Lerner index is a
measure of the price markup imposed by firms inrttagket, and we can use the estimated
flexibility coefficient to measure the overall degrof market power exerted by the seed firms
in the US market. The key parameters from thesmattd models are presented in Tables 9
and 10.

Table 9: Summary Results for the Estimated Model oMaize Seed Prices

Model Component Estimated Value
Lerner Index (overall price-cost markup for all higds) 14.6%
Herbicide tolerance trait 20.1%
Corn borer resistance trait 23.5%
Rootworm resistance trait 29.4%
Corn borer and herbicide tolerance traits 36.4%
Rootworm and herbicide tolerance traits 40.1%
Corn borer and rootworm resistance traits 36.4%
Corn borer, rootworm, and herbicide tolerancegrait 53.1%
Corn borer and two herbicide tolerance traits 52.7%
Rootworm and two herbicide tolerance traits 68.6%
Corn borer, rootworm, and two herbicide toleramagd 77.9%
Table 10: Summary Results for the Estimated Modebf Soybean Seed Prices
Model Component Estimated Value
Lerner Index (overall price-cost markup for all iedies) 17.5%
Roundup Ready trait 53.8%
STS herbicide tolerance trait -1.2%
Roundup Ready and STS herbicide tolerance traits .8966

Notes: The Lerner index value represents the dvexadkup (price relative to marginal cost) earngdath maize
hybrids and soybean varieties. The estimated valoeshe individual traits represent the expectatte
premium associated with each trait (or combinatibtraits) relative to conventional maize hybridslasoybean
varieties that do not have biotech traits. All bE treported estimates in Tables 9 and 10 are titalig

significant at the 1% level except the STS traithi@a soybean seed price model (Table 10).

From Table 9, the estimated flexibility coefficicior the maize seed price is -0.146, which
implies that the upper bound on the maize seed-marfterner index) is roughly 14.6% in
the US market. The hybrid life-cycle component lie estimated model indicates that the
initial price of maize seed starts low, increasesl the hybrid’'s fourth year on the market,
and then declines until the hybrid is removed fithvn market. Finally, the values associated
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with the individual biotech traits are positive agttistically significant and positive. For
example, herbicide tolerant hybrids earn a premtian is roughly 20% higher than the price
of conventional seed maize, and corn borer andv@oh resistant hybrids have premia that
are roughly 23% and 29% higher than conventionazen@espectively). Moreover, hybrids
with multiple (stacked) traits earn higher prenbat the value of the combined trait is less
than the sum of the individual traits, which prasdevidence that the seed firms use bundled
pricing strategies for hybrids with stacked traits.

From Table 10, the estimated price flexibility the soybean seed price is similar at -0.175,
which implies that the upper bound on the soybemd snarkup is roughly 17.5%. The fitted
life-cycle component for soybean seed also indgcdibat the expected soybean seed price
reaches a peak price at about the fourth year@m#trket. Finally, we find that the estimated
value for the STS trait is not statistically di#et from zero, but the Roundy Ready trait earns
a premium that is about 54% above the price of enhonal soybean varieties. Further, the
estimated value of the combined Roundup Ready astiaits (57% relative to conventional
soybeans) is only slightly larger than the estimgtemium for Roundup Ready soybeans.

5.3.3 Comparison of revenues from markups and premams to investment in innovation

With price markups for germplasm and premiums fatdeh traits at hand, one way to
examine the potential impact of market power on ltheel of innovation in the US seed
industry is to compare the industry-level reventreasn from those markups and premiums
with the levels of R&D expenditures and other ralgvfixed costs for the industry. Seed
companies incur large fixed costs in the form of[R&xpenditures, costs for improvements
in quality control systems, regulatory expensestkatang costs, and legal expenses. The
revenue streams from markups and premiums on traitt be large enough to pay for these
fixed costs year after year, even though innovatiand other efficiencies from such fixed
expenditures may be realized many years later.o8dh complete data for such fixed
expenditures is not available, an approximatiomsed by comparing the revenue streams
from markups and premiums associated with bioteskstto the R&D expenditures incurred
by all seed companies with meaningful breeding laintech research activities in the maize
and soybean seed segment.

By necessity, the comparison is somewhat crude r@venue from markups and premiums in
the US maize and soybean seed market does nosegprihe total revenue inflow for the
companies examined, some of which have meaningfessn other seed markets (e.g. cotton,
canola, sugar beets) and other countries. HowéverJS maize and soybean markets are by
far the largest and most profitable seed marketeenworld and exhibit the most significant
penetration of biotech traits. As such, they cootie an estimated 75-87% of global
agricultural biotech revenues for the companiesrexad (Cropnosys) and hence the revenue
stream from markups and premiums in the US maizesmybean seed markets provide a
good first approximation of the relevant revenuean. At the same time, R&D expenditures
represent only a portion of the fixed expenses seadpanies incur, though this portion is
likely large. Finally, R&D expenditures are lumpy nature and cannot be easily allocated
among crops. As such, aggregate R&D expendituresstate those incurred for maize and
soybeans alone. Despite these limitations, a casgraof the revenue stream from markups
and premiums in the US soybean and maize seed tsavkiéh the aggregate R&D
expenditures incurred by the leading seed germplasch biotech traits in these markets
provide valuable insight on their proportionalitycetheir overall direction over time. In turn,
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these insights help to address the question ordélgeee market power that is exercised in
these seed markets.

The estimated markups and premiums from the fittemtels presented in the previous
section are used to estimate the revenue streantlev@997 to 2008 period. Specifically, for
each year of the analysis, the estimated markupsaplied on the total gross annual seed
sales and the estimated premiums on the gross lamveaues of seeds with different biotech
traits. As a result, the revenue stream from maskaipd premiums increases over time as
traits become more numerous, more valuable, ané broadly adopted.

R&D expenditures for all major developers of geragph and/or biotech traits in the US
maize and soybean seed markets and for each yeathms 1997 to 2008 period have been
included in the aggregate figures used here. R&peeditures of firms that were previously
independent but were acquired or exited the inguste reflected in the aggregate. All R&D

figures were compiled from industry reports (e.gilps and McDougal), financial reports of

individual companies and other secondary sourcée rEsulting R&D expenditures are

compared to the revenue stream from markups amdipmnes of biotech traits by constructing

a ratio of these revenue components to R&D investspeand this index is illustrated in

Figure 9.

Figure 9: Comparison of Revenues from Markups and Remiums to R&D Investments in the US
Maize and Soybean Industry, 1997-2008
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Data Source: DMR Kynetec, various years

The size of the constructed index varies over #egd of the analysis from a low of 33% (in
1997) to a high of 130% (in 2008). The upward treisd expected as agricultural
biotechnology entered its commercial phase in 1&86matured over the next thirteen years
through the introduction of various biotech tragspecially in maize. Until 2005, ten years
into the commercial phase of agricultural biotedbgy, revenues from markups and
premiums from the US maize and soybean seed marvkets less than 80% of R&D
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expenditures. Over this period of time, almosbélihe revenues of the biotech industry were
generated from these two seed markets, so thasediguggest that R&D investments were
probably financed, in part, through other produgtactivities of firms, speculative capital
investments and other sources.

In more recent years, the introduction of more &hle traits (new traits and stacks) as well as
their broader adoption has resulted in increasedniges that closed the gap with R&D
expenditures (which were $2.4 billion in 2008). Hmwer, it appears that the seed industry did
not reach a point where revenues from markups asmmipms could be large enough to fully
finance R&D and maybe other fixed costs until 20G8.en that trait markets were already
quite saturated by that time (i.e., adoption otdxb traits exceeded 87% and 92% in the US
maize and soybean markets, respectively), thesdslesuggest that revenues from markups
and trait premiums in the maize and soybean sea#etsaapproached R&D expenditures
only during the later stages of the commerciatdiyele for first-generation biotech traits.

The balance between firm profits and investmentproduct quality and innovation is an

important indicator of dynamic efficiency in the rket place and an effective gauge of
competition in dynamic and innovative industriesieDxo the complex supply and demand
structures of R&D focused industries, estimationneoérket power and associated price
markups is not straightforward. Nevertheless, fittve empirical evidence presented here it
appears that in the case of the US seed industrgeadration, moderate market power and
dynamic market efficiency coincide over the peradénalysis.

5.4  Product introduction, Product Lifecycles and imovation?

New product introductions have increased while pobdifecycles have declined in the US
seed industry in the last fifteen years. Data flGFK Kynetec shows that between 1997 and
2008 the number of maize hybrids offered annuallyhe US seed market grew by almost
fifty percent --from 3,060 to 4,300-- while the nben of soybean varieties almost doubled --
from 650 to 1130. At the same time total acreagateld to maize and soybeans as well as the
number of firms in this industry remained largelgchanged suggesting that increase in
product offerings was not driven by an expandingketor an increase in the number of
participants.

In a working paper in the early 2000s, Dooley andtK proposed that the introduction of
agricultural biotechnology had induced steep ireeean the number of hybrids offered in the
market. Dooley and Kurtz (2001) did not provide pogting empirical evidence for their
proposition but described the principle behind gwtential increase in product offerings.
From a product management point of view the intobidn of a single biotech trait could,
theoretically, double the number of hybrids/vaastthat firms would handle if they chose to
keep both the biotech and the conventional versiorbkeir product line. When more traits
were available, the number of possible bundlesaifstas well as the corresponding number
of different hybrid types could increase expondiytia

2. A more detailed discussion of the material pregsbmehis section was published as Magnier, A., N
Kalaitzandonakes, and D J. Miller “Product Life ®gand Innovation in the US Seed Corn Industry”
International Food and Agribusiness Management &ewolume 13, Issue 2010.
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Firms could have an inherent interest in develo@ng supplying the market with a larger
number of hybrid/trait combinations. The performandé hybrids and biotech traits generally
depends on such factors as soil types, temperatnnemoisture ranges, as well as pest
populations (Heisey, Morris, Byerlee, & Lopez-Pegeil998). The availability of different
types of traits and the possibility to combine thieto stacks offered seed firms the means to
adapt their products to a greater number of spegfowing environments and further
optimize their performance. Improved performanceld¢ancrease the demand for the seeds
of innovative firms and expand their market share.

At the same time, farmers have different needspaatérences (Giannakas & Kaplan, 2005;
Oehmke & Wolf, 2004) and hence different willingeds pay for traits (Marra & Piggott,
2006). For instance, the value of traits that redoesticide use is higher for environmentally
conscious farmers and traits that save labour akged higher by farms owned by families
whose members provide a large share of the latdseghe, Barham, & Foltz, 2009).

Hence, a greater number of new biotech traits alalger number of hybrids offered in the
market would generally be expected to translate atgreater flow of innovation and
therefore of interest to this study.

5.4.1 Number of product offerings in the US maizeed market

Figure 10: Product offerings in the US maize market1997-2008

Hybrids offered in US market -- total

5000

/\
4500 / \
/

3500 /
3000 N 7 ~——

2500

2000 I I T I T 1 I 1 I T I 1
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Source: GFK Kynetec, various years

Figure 10 shows the number of hybrids offered m t/5 maize market between 1997 and
2008. The figure indicates that there has beegrafiant increase in the number of product
offerings during that period. There is some yeaydar variation which is expected as both
the number of new products brought to the market #oe number of existing products
removed can be influenced by various factors. stance, new product introduction is
affected by the level of biotech innovation (e.gmier of new traits), structural shifts in
demand for seed (e.g. mandates for maize-ethaoduption) and other factors. Similarly,
existing product withdrawals are affected by thte raf obsolescence, shifts in carryover
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inventories from one year to another and otherofactSuch variations aside, the number of
hybrids sold in the US market display two sepacstdes of growth: a slower one between
1997 and 2001, and a faster one from 2004 on.

Similar increases have been observed in the nuwibbiotech traits introduced in the US

maize seed market. Table 1 lists all of the biatetdgy traits and products placed in the US
seed maize market by their year of introductione Tiformation in Table 11 indicates that
there have been two separate waves of biotech gprattvoductions between 1997 and 2009.
From 1997 to 1999, a total of nine new biotech potsl were introduced conferring

combinations of ECB resistance and tolerance tq INderty and Roundup herbicides. No

new biotech products and traits were introduced @003 when a second wave of offerings
started. From 2003 to 2007 a total of twenty foemvrbiotech products were introduced in the
US seed maize market and included new traits (Ramtwesistance), competing products for
traits already in the market (Agrisure CB and GTerddilex 1), second generation traits
(Roundup Ready Il) and various combinations.

Table 11: Timeline of Biotechnology Traits Introdued in Seed Maize Hybrids

Year of Product Biotech Trait Product Supplier

introduction

1997 YGCB Corn borer resistant Monsanto

1998 I MI Herbicide tolerant imidazoline BASF

1998 LL Herbicide tolerant glufosinate AgrEvo

1998 RR Herbicide tolerant glyphosate Monsanto

1998 SR Sethoxydim resistant BASF

1998 YGCB-IMI Herbicide tolerant resistant - Corn borer resistant BASF/Monsanto

1998 YGCB-LL Herbicide tolerant glufosinate - Corn borer resista AgrEvo /Monsanto

1998 YGCB-RR Herbicide tolerant glyphosate - Corn borer resistan Monsanto

1999 YGCB-IMI-LL Herbicide tolerant glufosinate resistant - Corn bore BASF/AgrEvo /Monsanto

2000 IMI-LL Herbicide tolerant imidazoline / glufosinate AgrEvo /BASF

2001 RR2 Herbicide tolerant glyphosate Monsanto

2003 Herculex I-LL Herbicide tolerant glufosinate - Corn borer resista Bayer/Dow

2003 YGCB-RR2 Herbicide tolerant glyphosate - Corn borer resistan Monsanto

2003 YGRW Rootworm resistant Monsanto

2004 YGPlus Corn borer/Rootworm resistant Monsanto

2004 YGRW-IMI Herbicide tolerant imidazoline - Rootworm resistant BASF/Monsanto

2004 YGRW-RR Herbicide tolerant glyphosate - Rootworm resistant Monsanto

2004 YGRW-RR2 Herbicide tolerant glyphosate - Rootworm resistant Monsanto

2005 Agrisure CB- Herbicide tolerant glufosinate/glyphosate - Corn | Bayer/Syngenta
LL-GT borer resistal

2005 Agrisure GT Herbicide tolerant glyphosate Syngenta

2005 Herculex I-LL- Herbicide tolerant glufosinate / imidazoline - Cdaarer BASF/Bayer/Dow
IMI resistant

2005 Herculex I-LL- Herbicide tolerant glufosinate /glyphosate - Cornelbo Bayer/Dow/Monsanto
RR2 resistant

2005 YGPlus-RR2 Herbicide tolerant glyphosate - Corn borer/Rootworm Monsanto

2006 HX RW-LL Herbicide tolerant glufosinate - Rootworm resistant Bayer/Dow

2006 HX RW-LL-RR2 | Herbicide tolerant glufosinate /glyphosate - Rootwor Bayer/Dow/Monsanto

2006 HX XTRA-LL | Herbicide tolerant glufosinate - Corn Bayer/Dow

2006 HX XTRA-LL- Herbicide tolerant glufosinate /glyphosate - Corn Bayer/Dow/Monsanto
RR2 borer/Rootworm resistant
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2006 YGCB-GT Herbicide tolerant glyphosate - Corn borer resistan Syngenta/Monsanto
2007 Agrisure CB-IMI- | Herbicide tolerant glufosinate / imidazoline - Cduarer BASF/Bayer/Syngenta
LL resistant
2007 Agrisure CB-LL | Herbicide tolerant glufosinate - Corn borer resista Bayer/Syngenta
2007 Agrisure CB-RW- Herbicide tolerant glufosinate - Corn borer/Rootworm | Bayer/Syngenta
LL resistant
2007 Agrisure RW Rootworm resistant Syngenta
2007 Agrisure RW-GT | Herbicide tolerant glyphosate - Rootworm resistant Syngenta
2007 YGPlus-IMI Herbicide tolerant imidazoline - Corn borer/Rootworm BASF/Monsanto
2007 YGVT RW-RR2 | Herbicide tolerant glyphosate - Rootworm resistant Monsanto
2007 YGVT3 Herbicide tolerant glyphosate - Corn borer/Rootworm Monsanto
2008 Agrisure 3000GT | Herbicide tolerant glufosinate /glyphosate - Corn Bayer/Syngenta
borer/Rootworm resistant
2009 YGVT3 Pro Herbicide tolerant glyphosate - Corn borer/Rootworm Monsanto

Overall, the number of product offerings --hybratsd biotech traits-- has grown at a faster
pace over the 1997-2008 period and indicates timamviative activity in the US seed industry
accelerated over this period of time.

5.4.2 Product Life Cycles

In addition to the number of product offerings, th& of innovation in a sector is generally
related to the length of its product life cyclesgBrvers in technologically dynamic sectors
have regularly suggested that shrinking produetdifcles go hand in hand with rapid product
innovation. In this context, trends in the lengftpooduct life cycles in the US seed industry
are of interest to this study.

Product Life Cyclesin the US seed industry

The study of product life cycles (PLCs) has a Itigjory in the economics and marketing
literatures on consumer demand and product innmvatdoption and diffusion. The basic
ideas underlying the PLC were originally derivednir the biological life cycle and were
adapted to describe the observed pattern of prosaletls between the introduction and
removal of a product from the market. Although esshers have used different
characterizations for the components of the PLCstnveew the life cycle as having four
distinct stages: introduction, growth, maturitydatecline. Early adopters buy the product in
relatively low volume during the introduction stadmit sales increase rapidly during the
growth stage as the early adopters become repbkatens and information about the product
diffuses in the marketplace. As new products becawadlable to buyers and enter their own
introduction phase, the mature product experiermcetow decline in sales. When the new
products enter their growth phase, sales for th&tieg product decline at a more rapid rate
and the product enters the decline phase. At samim, phe diminished sales cannot support
the costs of production (i.e., there are fixed £@steconomies of scale), and the product is
completely removed from the market. The adoption affusion of various product
innovations have been thoroughly investigated i@ &tonomic literature, and Mahajan,
Muller, and Bass (1990) provide a review.

In the case of the seed industry, there are twdiesuthat have explored the duration of PLCs.
Dooley and Kurtz (2001) did not measure the ler@ftPLCs in the US maize seed market.
Instead, they used anecdotal information from itgugarticipants and proposed that
between the mid-1990s and the early 2000s the ged?dC in the US seed maize industry
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declined from 8 to 5 years. Taking these PLCs asrgiDooley and Kurtz then focused their
analysis on the potential cost implications of thesline.

Magnier, Kalaitzandonakes and Miller (2010) meaduhe duration of PLCs in the US seed

maize industry. This study was enabled by data f@&RK Kynetec collected through annual

surveys of over 5,000 US maize farmers between H@72009. The complete data set is
composed of more than 260,000 farmer responseseTiesponses were aggregated to form
hybrid-specific observations. For each hybrid, taga set included the name of the seed
company marketing the hybrid, the maturity zonewlimch the hybrid is marketed, the type

of seed technology/trait (e.g., conventional, ihsesistant, or herbicide tolerant hybrid), and
the annual sales of the hybrid over its lifetime&cBuse the farmer panel is large and it is
selected every year to be representative of thera&e industry, the data set provides a
nearly complete census of the hybrids sold in theket in any given year.

There is significant variation in the observed prcidcycles of individual hybrids. For many
hybrids the transition from introduction to growthaturity and decline is gradual while for
others it is abrupt or non-uniform. Figure 11 ithases typical PLCs for specific hybrids
introduced in the US market in 1999. Like thoseFigure 11, most hybrids reach their
maximum sales within 2 or 3 years from their introon. Large acreage hybrids are
typically sold and planted in multiple maturity zsand tend to have longer PLCs, in a few
instances extending to 10 or more years. Smallerage hybrids tend to have more limited
geographic scope and shorter PLCs.

Figure 11: Typical Product Life Cycles in the US sed maize industry
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In order to estimate the length of PLCs of the auasi hybrids marketed in the US maize
industry, survival or time failure analysis thatoals for right censoring of observations is
necessary. In evaluating PLCs, hybrids are corsidthat have completed their cycles, like
the ones in Figure 11, and others that are stillely marketed. The hybrids that have not
completed their PLCs are right censored and if @@ng is not taken into consideration, their
life cycle would appear artificially shorter. Theagnitude of this bias would be larger for
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more recent hybrids. For instance, the observediimar PLC length of all hybrids
introduced in 2008 would be two years while in itgah large share of the hybrids could
ultimately remain on the market long after that.

Then, survival or failure-time analysis is usedrtodel the factors that influence the observed
length of time seed maize hybrids remain on theketaand estimate the length of PLCs. A
number of the explanatory variables included indtatistical analysis were found to have a
significant conditioning effect on PLCs.

The analysis indicates that hybrids with broaderkeiareach would tend to have longer
lifecycles. For instance, since the average hyioridur sample was seeded on approximately
20,000 acres per year, a hybrid with twice thag sibuld be expected to have a PLC roughly
12% longer than the average.

Similarly, the average length of PLCs for all maiggrids marketed by medium size firms
was found to be roughly 9% longer than those ofliemérms (which serve as baseline).
Similarly, the length of the average PLC for albhgs marketed by the top five firms is
roughly 18% longer than that of hybrids marketedshyall firms. Given that smaller seed
firms cater to more regional markets and their ligotend to be planted on fewer acres, our
results indicate that product turnover tends tosigmificantly higher among smaller seed
companies.

Further, conventional maize hybrids have PLCs W&k found to be roughly 13-17% longer
than for stacked hybrids over the period of analyBior the Insect Resistant hybrids, the
PLCs were roughly 5-11% longer than for stackedrikgh and the PLC length was 6-15%
longer for different Herbicide Tolerant hybridsatle to stacked hybrids.

The dynamics of PLCsin the US maize seed industry

The dynamics of the PLCs in the US seed industeyoérdirect interest in this study. PLCs
for all maize hybrids generally decreased since819Bhe decrease in the average PLCs was
relatively modest until 2003 but accelerated a#804. Indeed, the annual decrease in the
average length of PLCs for hybrids introduced i©2@007 was 15.7% to 25.6% lower
relative to seed maize hybrids introduced in 199®] the estimated decline in the expected
hybrid lifetime was largest for 2006.

The changes in hybrid PLCs can be illustrated actbe trait categories and over time by
plotting their estimated average lifetimes over pleeiod of analysis. The plots are presented
in Figure 11 and they show that while there argatians, the average hybrid lifetime across
the different technologies is similar over the skmperiod. The average PLCs of
conventional, Insect Resistant and Herbicide Tolkefabrids declined only slightly from
1998 to 2003. The decline was larger for stackdatitlg but by 2003 all hybrids had, more or
less, the same expected lifetime.

Importantly, these results indicate that the avwer&.C duration for Insect Resistant,
Herbicide Tolerant and stacked trait hybrids deditetween 1998 and 1999 and stabilised
or recovered slowly in the following years untileasge PLC durations for all types of
hybrids converged in 2003. Hence, the initial obsdrdecline in the duration of PLCs
coincides with the first wave of biotech producteoihgs. Additional GFK Kynetec data
further suggest that the duration of PLCs for allirftypes of hybrids declined once more
between 2004 and 2007 and the decline coincides tvé second wave of biotech product
innovation. Hence, there is evidence of a closk lietween biotech product innovation and
the length of PLCs in the US seed maize industhe fiming and length of the decline in
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PLCs coincides with that of biotech product innawat(when new product introductions
begin and end). Similarly, the rate of the declinereases with the rate of the innovation
(number of new products per year placed in the etark

5.5  Synthesis of findings from the three case stueh

The data and analysis presented in the three tadies suggest that the US seed market for
cotton has been highly concentrated since 1965 thatl the level of concentration has
increased significantly since the early 1990s, gkile high level of concentration in the US
seed markets for soybean and maize has changedlatitly over the last seventeen years.
Detailed time series data on market shares alswata$ that over time there has been
significant variation in the competitive positiohfoms. Indeed, as the case study on the US
cotton seed industry illustrates, significant hift competitive position of companies, the
presence of new entrants and share gains throggimiargrowth of existing firms against the
market leader, often in very short periods of titngply vigorous competitive rivalry despite
high market concentration.

Moderate to high concentration have enabled US &ged to exercise some market power
and charge prices above marginal costs allowingrfarkups and premiums. As the second
case study on the dynamic efficiency of the US maizd soybean seed industries illustrates,
however, such economic profits are in turn reire@snh R&D thus leading to increasing
research expenditures throughout the period ofyaisal This result suggests that market
competition has been rigorous enough to keep ecimnprofits in the US seed industry in
line with R&D expenditures and it is consistent twithe view of industry executives
presented in the previous section who describedngtrmarket pressures to remain
competitive through R&D investments and producowation.

Increased R&D expenditures implied the possibitifyfaster product innovation in the US
seed industry over the last seventeen years. Tsisilplity was further examined in the third
case study where trends in product innovation, oredsthrough new product introductions
and the length of product life cycles in the US zeaseed industry, were analysed. The
analysis confirmed that the number of product affgs increased and the average length of
the product lifecycle in the industry declined ovlee period of analysis— both indicators of
increasing product innovation. Hence, it was cotetlithat over the last seventeen years, the
US cotton, soybean and maize seed industry hagierped increased innovative activity
while it has remained highly concentrated.
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6. MAIN FINDINGS AND CONCLUSIONS

The question posed by the Commission on Genetic Mibidation (COGEM) for this
study was whether the plant breeding sector worldvde is monopolised by large
multinationals, due to the application of genetic radification, and if so, what might be
the possible consequences for innovation in thisder? To answer this question, the key
findings from a literature review are summarised aml compared to those from
interviews with eleven top executives in the seedidustry for a perspective from
“within” and those from an economic assessment ohe industry concentration, market
power and innovation in US seed markets for the thee major genetically modified
crops: Soybean, maize and cotton.

6.1 Findings from the literature review

6.1.1. Three waves of structural change
Over the last one hundred years the global seadsindexperienced significant structural
changes. Three major waves of structural changdseiseed industry were indentified:

1. The first wave started in the early 1930s when m®mmercial seed firms were
established and continued to adapt public researchhybridisation, leading to
innovations and growth in maize and other seedsect

2. The second wave started in the 1970s fostered byirtroduction of various
intellectual property (IP) rights such as plantdaers rights (PBRs) and patents,
which promised to increase returns from investmémtglant breeding research and
development (R&D). While historically seed germptasssets had primarily been
traded among seed companies until the 1960s, troeluction of stronger IP rights set
off a wave of mergers and acquisitions (M&As) aitide by R&D-minded
pharmaceutical, petrochemical and agrochemical eoiep from the US and Europe.
In the US, for example, multinationals mainly acgqdiand merged mainly small and
medium sized regional seed companies. However pam#ent market leaders and
smaller regional and local seed companies genearaiytained their market position
in spite of the significant capital resources @& thultinationals and by the early 1990s
many of the multinationals that led M&As activiti@s the 1970s and 1980s had
divested their seed germplasm assets. In the ehahitad amount of consolidation
was observed in a few seed sectors in the US aedvkéere.

3. The third wave started in the 1980s, when a hanaff@dgrochemical multinationals
from the US and Europe with substantial investmémtgenetic modification (GM)
and other biotechnologies maintained and expanaed presence in the global seed
industry. For the commercial introduction of a n&M or biotech seed to be
successful, biotechnology know-how, access to ggmdhplasm and IP had to be
coordinated. This need for coordination led to @rej wave of strategic M&As
activities by these few multinationals which veatlg integrated seed germplasm
assets and GM/biotech assets.

The entry of these multinationals changed the osimpr structure in the seed industry
drastically. In 1985 the top nine seed companiab &aaghare of 12,7% of the global seeds
market and only four of these top nine seed congsamere (owned by) pharmaceutical or
petrochemical multinationals. In 1996 the top nseed companies had a share of 16,7% of
the global seeds markets while one of them was €dviny) a multinational. In 2009 the share
of the top nine seed companies had had explosiyedwn to 43,8 % of the global seed
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markets and five were (owned by) agrochemical mationals. In the same period from 1985
to 2009 the annual sales volume of the global seedkets had increased from 18 billion US
dollar to about 44 billion US dollar.

6.1.2. The dynamic interplay of scientific breakthoughs, government policies and
business strategies

The literature review further revealed an ongoingainic interplay between scientific
breakthroughs, government policies and businessegies. Figure 12 provides a schematic
overview of interactions between government pddicend business strategies that drive
structural changes in the seed industry.

Figure 12: Dynamic interplay of government policiesand business strategies in seed the industry
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Scientific breakthroughs: Publicly funded research in plant science and oubée genetics
led to scientific breakthroughs in plant breedisag¢ch as hybridisation, GM technologies as
well as genotyping and phenotyping technologieshEsientific breakthrough drove a wave
of private investments in the seed and biotechstrgiuleading to various innovative products
such as hybrid seeds and GM/biotech seeds.

Government policies. Governments around the world have generally pdrsg@wth in

agricultural productivity through various policig®n the one hand, Science and Technology
(S&T) policies and Intellectual Property (IP) lawswve sought to create incentives for
innovation. On the other hand, biosafety/GMO retjoites were implemented to manage food
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and environmental safety while competition andtamgt laws were implemented to manage
market risks.

Science and Technology (S&T) policies have funded alirected public R&D in

fundamental and applied plant sciences, plant bmgedbiotechnology and genomics. Until
the 1980s public investments in plant breeding R&weighed private R&D investments
and since then these private R&D investments bégagxceed public R&D expenditures.
Concerns have been expressed about under-investmegmiblic sector R&D for plant

breeding of minor crops (like oats and barely) @aadpublic goods like environmental
protection and food safety.

Intellectual Property (IP) laws encouraged privatwestment in plant breeding and
biotechnology R&D. From 1960 to 1996, when varidBsrights in plant breeding and
biotechnology were introduced, private R&D investiniacreased 14-fold.

Since they ensure seed companies’ access to tege®mbnd GM traits, patents have become
an important strategic asset. In 2007, the sharieftop ten companies was estimated at
about 75% of all patents applications at the USRIN® 43% of all patent applications at the
EPO. Notably, in the field of genetic modificatiom,was estimated that two companies,
Monsanto and DuPont-Pioneer, held more than 50&eopatents. Yet, it is not clear whether
the number of PBRs and patents obtained by a coynigaa solid measure of a company’s
innovative strength. Irrespectively, pressure hasnbbuilding on governments to act that
patents do not stifle innovation.

Biosafety/GMO regulations were introduced to prbteeman health, the environment and
biodiversity from technical risks that might be @sated with new biotechnologies and to
provide consumers and producers with choice. Tieeabure review suggested that for the
first generation of GM crops with a single trait feerbicide-tolerance or insect-resistance, the
costs of obtaining market approval varied betweemiion US dollar to 13 million US
dollar. It has been argued that these regulatorgptiance costs would discourage public
research institutes and small companies to engageidevelopment and commercialisation
of GM crops. While this point has not been clealdynonstrated in the literature, it remains a
fact that no small or medium size company or publgtitute has commercialised any new
GM crop until now. An analysis of data on fieldats with GM maize, soybean, cotton and
tomato in the US, EU, India, Australia and Argeatindicated that in terms of numbers, the
so-called ‘CropLife’ companies (BASF, Bayer, Dow,ufbnt-Pioneer, Monsanto and
Syngenta) are dominant. Overall, Monsanto ranks iirnumbers of private sector field trials
with GM maize, GM soybean, GM cotton and GM tomiatdhese countries. In the case of
GM rice, BASF and Bayer rank first in numbers oivate sector field trials, followed by
Monsanto.

Competition and antitrust laws were introduced totgct consumer welfare in industries
where monopolisation and market power can emergeatse the seed sectors in the US and
elsewhere are generally concentrated, M&As andratbmpetitive strategies have regularly
attracted government scrutiny. In the last decdeelUS Federal Department of Justice (DoJ)
initiated antitrust investigations concerning Mamsés acquisition of DeKalb in 1998 and
that of Delta and Pineland in 2006. In both ca$es DoJ pointed to the importance of
innovation in the selected markets and to the rfieedival access to Monsanto’s patented
technology and required the company to divest gedsasets. Similarly, in November 2010,
the European Commission cleared the acquisitioth@fglobal sunflower seed business of
Monsanto by Syngenta but required Syngenta to tloertain assets.
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Overall, these government policies were found teeh@ositively influenced the incentives for
seed and biotech firms to invest, merge and expatite global seed industry over the period
of interest. On the other hand, several enforceraetibns of competition and antitrust laws
in the US and Europe have required biotech firmslit@st certain seed germplasm assets
before approving certain mergers and acquisitions the relatively high GMO regulatory
compliance costs of 4-10 million € per GM traitfjercombination have probably discouraged
small and medium sized seed and biotech firms amdigosector institutions to develop and
bring GM crops to the market.

Business strategies: Firms in the seed industry and potential entraetsk opportunities to
obtain and extend market share, maximise profitd @arn adequate returns on invested
capital. Scientific breakthroughs, especially iarlbiotechnology, and government policies,
in particular on IP rights, created profit oppoiti@s for innovations in plant breeding, which
firms could exploit. A variety of business stratgjwere used in the seed industry over the
years in response to such opportunities includmgestments in in-house R&D in plant
science and plant breeding as well as R&D collaimravith private and public partners. In
addition, M&As and pursuit of IP rights includingrough (cross)licensing of IP enabled
companies to gain access to new technologies, geetwiplasm and new markets. As
agrochemical and other diversified firms verticailhyegrated into the seed industry, seed
germplasm assets of seed companies were merged nmibinational firms with
biotechnology R&D investments. In most of these pames, net sales of (agro)chemicals
still dominate the net sales of seeds. Other compasuch as Limagrain and Land O’Lakes,
have a cooperative background and are more diiadsih these companies, sales of seeds is
a part of a range of agricultural services, inahgdfood production, sales of agrochemicals
and even machinery. Finally, firms like KWS from i@@any and Sakata from Japan have
remained more specialised in seed developmentuptioth and distribution.

Overall, these business strategies were found te imEluenced the structure of the seed
industry, resulting in increasing levels of concatibn and a drastic change of ownership
since the entry of agrochemical multinationals itm® seed industry in the 1980s.

By 2009, the top nine seed companies together tshdi@ of nearly 44% of the global seeds
market representing a total value of around 44obilUS dollar, while the top three together
had a share of 34% of the global seeds markets. dfithese top nine seed companies were
(owned by) agrochemical multinationals that staeatering the global seed industry in the
1980s. Their entry changed the ownership structutiee industry drastically.

6.2  Findings from interviews with executives fromlie seed industry

6.2.1 Increasing R&D cost and IP and legal cost

Nearly all interviewees identified increasing pldmeeding and plant biotechnology R&D

investments, the rising costs of GM technologieswadl as increasing GMO regulatory

compliance costs as key drivers of change in thetsire of the seed industry. In addition, a
number of interviewees considered the cost of adiopmf patent rights a major driver of

structural change but other interviewees thougbktdhver of less importance.

The interviewees described an industry rivalry vehewvestments in the development of new
technology and products had become central tonaisficompetitiveness. According to the
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interviewees, companies operating in seed market§idld crops usually invested between
9% to 15% of their turnover in seed sales in R&BntPanies operating in seed markets for
vegetable crops invested between 15% to 25% of #e®d sales. The interviewees also
expected future growth in R&D expenditures to béna with growth in total turnover.

Several interviewees indicated that over the last years IP and legal costs as a share of
their companies’ total seed sales varied from 2%%0 These interviewees expected further
growth of IP and legal costs for the nearby futu@hers considered IP and legal costs
negligible compared to overall costs of businessrafons. All interviewees explained that
licensing (out-licensing and in-licensing) is a uable business strategy for accessing
enabling technologies, traits and germplasm. Foallem seed companies licensing has
become a primary strategy for gaining access tbnogies and traits and remaining
competitive in the market. Nevertheless, some widerees indicated that agreements with
companies with major interests in biotech traitd hacome more difficult, partly because of
restrictions license holders seek to impose omsees.

The interviewees noted that the increasing investmie R&D for GM/biotech seed
innovations as well as large regulatory and legpkaditures required the seed companies to
grow in size and expand in new markets in ordeactweve critical mass and relevant return
on investment. Besides mergers and acquisition,iraéirviewees confirmed that their
companies continuously sought opportunities foragemon of their business operation into
new markets, both geographically (China, India,in.ékmerica) and in crops (rice and
wheat), and through in-licensing and out-licensiiy on GM/biotech assets and seed
germplasm assets.

The interviewees showed a divergence of opinionsherrole of IP, especially patent laws,
on structural change and the level of innovationtle seed industry. A number of
interviewees considered patents on GM)/biotech stragnabling technologies and seed
germplasm indispensable for private investment &DR Other interviewees argued that
patents can hinder breeding activities, acceletfageprocess of concentration and have a
negative impact on the overall innovation in thedsendustry and the overall availability of
innovative varieties for farmers and society agiéar

6.2.2 The costs of bringing a GM crop to the market

The costs of bringing a GM crop to the market wals considered a major driver for
concentration and a factor that influences thellef/ennovation in the seed industry by many
interviewees. Seed companies have to recoup thosts érom seed sales in markets that
maybe large, as in the case of field crop seedsimaill, as for most vegetable crops. Market
size and potential added value ultimately detersimkich crop species and traits are suitable
for GM technology, several interviewees explain€M technology has therefore mainly
been used in product innovations for major fieldps; like soybean, maize, oilseed rape and
cotton, where, as one of the interviewees explaihedreased productivity’ adds value for
the company’s customers, the farmers.

The estimated costs for bringing a GM crop to tteekat provided by the interviewees varied
widely. Some interviewees mentioned figures of I0illion US dollars or more, Others
suggested that the total costs varied between @53@nmillion US dollars per crop/trait
combination, which corresponds roughly with theadan regulatory compliance costs from
the literature review.. When the interviewees wasked to separate the development costs in
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terms of trait discovery, GM event construction aetkection, product development, GM seed
multiplication, GMO regulations, IP and license tspnly few interviewees were able or
prepared to provide a detailed breakdown of thal tmists. Some noted that such accounting
depends on how one attributes the costs to speadiwities in the R&D and product
development process. A number of interviewees dlstnguished between the cost of a
single country approval for a GM crop and the totat of a global approval.

With a view to stewardship programmes for comple&amdth post-marketing monitoring of
GM crops and government policies and/or marketdsteds for the adventitious presence of
GM traces in non-GM products, several interviewg@sted out that in cases of licensing the
recipient of GM material, e.g. another seed compd&ayg to have the appropriate tools to
follow the stewardship requirements to preventilitgtclaims accruing to the developer. One
interviewee explicitly stated that the company ad allow other companies to stack its traits
without prior agreement on conditions and requinetsér stewardship.

Moreover, as most interviewees noted that postapaise of traits and seed germplasm
should be possible for the development of genehtZlibtech seeds, maintaining and having
access to regulatory data packages and stewargsbgrammes will be vital for the
development of a generics market.

6.2.3 Competition and the need to create accessriew markets

M&As often dominate the geographic expansion ofdseempanies. In addition to mergers
and acquisitions, all interviewees explained thheirt companies continuously seek
opportunities for expansion of their business oj@nanto new markets, both geographically
and in new crop species through gradual entry arwivty, joint ventures and other

partnerships. All interviewees indicated that fertlyrowth in the global seed market is to
be expected. Nearly all seed companies considergnte markets in Asia and Latin

America to have substantial growth potential, fmtance in a major field crop as rice.

In Asia, the concentration of the seed industrgtid very modest and seed (distribution)
companies are expected to continue to grow in smy through M&As. This restructuring
will likely be shaped by government policies. Ini@hfor instance, the government policy on
M&As in seed markets intervenes at two levels. Ae devel, the Chinese government is
pushing domestic seed companies to merge amongséhess. Today, there are about 3,000
domestic seed companies in China, and the goveirsngoal is to have 30 — 50 big
companies in ten years from now. At another levbE Chinese government imposes
limitations on foreign companies for taking share€hinese companies. Foreign companies
are allowed to have the majority of shares in R&it not in seed production and
distribution, where the maximum level of allowaldenership is set at 49%. Given the
ongoing fast economic growth in China, it is expdcthat Chinese seed companies will also
seek to invest in major seed companies outsideaChinthe next ten years, according to one
interviewee’s predictions, there will be one Chmesompany in the top ten of seed
companies in the world, or at least controlled byn€se.
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6.3  Findings from the case studies on the US semdrkets for soybean, maize and
cotton

To what extent the application of GM technology htidhave contributed to structural
changes in the seed industry as well as to chaimgdse level of innovation was studied
further through an economic analysis. Given thestautiial adoption of GM technology in the
US for maize, soybean and cotton over the lastrdeea years, this part of the study focused
on these US seed markets. More specifically, thatioas between concentration, market
power, price markups, R&D expenditure and productovation in US seed markets for
maize, soybean and cotton, were examined oveagteséventeen years.

It is worth noting that in the economic literatuhere is continuing discourse about whether
competitive or monopolistic market structures offee best environment for innovation.
These are knotty conceptual and measurement igbia@scomplicate the debate about
questions such as: (a) How to effective measureviation? (b) How to measure the level of
competition in a market? (c) How to effectivelydithe two? (d) How to account for potential
tradeoffs between static and dynamic efficiencystPstudies have used a number of
indicators of innovative activity in different secs, including the stock of patents, R&D
expenditures, and the rate of new product intradaoctor this study, two of these indicators
were used: R&D expenditures and the rate of newdywb introduction. The levels of
concentration in the US seed markets for cottoyhasan and maize were measured by using
Herfindahl-Hirschman Index (HHI).

Cotton: Since 1965 the HHI in the US cotton seed industrinbst years has been relatively
high exceeding 1,800, which is the threshold betweeoderate and high levels of
concentration in industries. The HHI jumped dradhcin the early 1990s but it started
declining since the mid-2000s. Despite its acqoisitof Delta and Pineland in 2007,
Monsanto has continued to license broadly its Gaitdrto large and small competitors. As a
result various competitors have been gaining slaanst the market leader Delta and
Pineland and such gains are reflected in the degliHHI of the national market. However,
such market share gains are even more pronounci iregional seed markets where firm
rivalry is more apparent. Measures indicated that WS cotton seed market has remained
concentrated but with significant variation in ghesitions of the firms in the seed industry.
The presence of new entrants and share gains thiarggnic growth of existing firms against
the market leader indicate a vigorous competitivalny in the US cotton seed market.

Maize and soybean: In the US seed markets for maize and soybean, Hievelues for the

US maize and soybean seed industry have stayed t0%,800 from 1992 to 2008. The
findings further suggested that firms in these seadkets exercised limited market power
and charged markups for their hybrids, proprieteayieties and biotech traits. For all key
firms in the industry, the revenue streams fronms¢hmarkups were in line with increasing
R&D expenditures over the period of analysis. Firimsthese seed industries have thus
increased their innovative activities over the Bstenteen years as they have reinvested their
profits from innovation into more R&D.

The balance between firm profits and investmentproduct quality and innovation is an

important indicator of dynamic efficiency in the rket place and an effective measure of
competition in dynamic and innovative industriesielXo the complex supply and demand
structures of R&D focused industries estimation noirket power and associated price
markups is not straightforward. Nevertheless, thpigcal findings suggested that in the case
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of the US maize seed industry concentration, maeerarket power and dynamic market
efficiency coincided over the last seventeen yea@rends in new product introductions as
well as in the length of product life cycles in tH& maize seed industry were also examined
over the last seventeen years. In that period,ntimaber of product offerings increased
significantly and the average length of the prodifetycle in the industry declined — both
indicators of increasing product innovation.

Overall, the economic evidence suggests that tije lleivels of concentration in the US seed
markets for cotton, maize and soybean have nonkgdtive impacts on innovation over the
last seventeen years; a period that coincided thghsubstantial adoption of GM technology
by these US seed markets.

6.4 Concerns

From the literature review and the interviews vilib top executives from the seed industry,
the following concerns have emerged:

* Under-investment in public sector R&D for plant édeng of minor crops and to
public goods like environmental protection and feafkty.

« Patents provide essential incentives for R&D inwesit but can also stifle innovation
in the seed industry.

* It is expected that R&D costs will remain at a highel. Since high R&D costs are
one of the main drivers, this will likely contrilmutto further concentration and
consolidation in the seed industry.

* GMO regulatory compliance costs that discouragdipuesearch institutes and small
companies to engage in the development and comalisation of GM crops and
stewardship programmes for compliance with postketarg monitoring of GM crops
and government policies and/or market standardthioadventitious presence of GM
traces in non-GM products, particularly in the caSkcensing.

* Lack of maintenance of and access to regulatorg gaickages and stewardship
programmes after expiration of a patent on a GMéoio trait. Access to this
information will be vital for the development of rmarket for generic GM/biotech
seeds.

6.5 Conclusions

Over the last hundred years the global seed ingingts undergone three major waves of
structural changes. The ongoing dynamic interpletyvben diverse scientific breakthroughs,
government policies and business strategies shidyesé structural changes. Advancements
in plant science and plant breeding, the introaductof IP rights in plant breeding and
biotechnology, the increasing R&D costs expendedségd companies and their need to
remain competitive by expanding and accessing nemkets were all major drivers of
structural change, leading to a large consolidaitiothe world seed business. The third and
most significant wave of structural changes beganthe 1980s, when a handful of
agrochemical multinationals from the US and Européh substantial investments in
GM/biotechnology maintained and expanded their gmres in the global seed industry
through strategic M&As activities in order to vesily integrate seed germplasm assets and
GM/biotech assets. Their entry changed drasticdlly ownership structure in the seed
industry.
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This study revealed a number of drivers for striadtghanges in the plant breeding sector
during the last century. Application of genetic nil@dtion has been one of the main drivers
in the last two decennia. Consolidation has al¢ertgplace in seed markets without GM
varieties, where many breeders applied other inina/@lant breeding technologies and plant
biotechnologies. Therefore, the relative importanic€M as a driver varies per seed market.

According to the economic analysis, the high lewlsoncentration in the US seed markets
for cotton, maize and soybean have not had negatipacts on innovation over the last

seventeen years; a period that coincided with tistantial adoption of GM technology by

these US seed markets.

page 70 of 123



ANNEXES

Drives of Consolidation in the Seed Industry
and its Consequences for Innovation
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ANNEX A: EVOLUTION OF MONSANTO, SYNGENTA AND LIMAGR AIN

This Annex describes the evolution of three majoreed companies over the last decades
that illustrate the major strategies of investmentin genetic modification (GM)
technologies as a replacement for non-GM technolagg or as an addition to other
technological trajectories (See section 3.2.2 of éhmajor report). Monsanto is an
example of a US-based chemical company that starteghplying a strategy of investment
of large shareholder funds in acquisitions in thedte 1980s, which turned it into the
world’s largest seed company with an estimated 174 share of the global seed market
in 2009. Syngenta, a Europe-based company whose mrapusiness is pesticides, ranks
nr. 3 on the list of the largest seed companies. I®enta’s predecessors, Zeneca and
Novartis, invested a great deal in technology andome acquisitions. Limagrain’s
evolution illustrates a similar strategy applied bythe world’s largest seed cooperative.

A.l Monsanto
Before the mid-1980s, Monsanto was primarily a poeat of chemicals and optoelectronics (LEDS).

As of 2010, it has become the world’s largest semdpany. This has been achieved by more than
fifty acquisitions of seed companies between 193862010 (Howard 2009; this study).

Evolution of Monsanto Company

Hybritech Jacob Harz Seed
Asgrow | Empressas La 1982 Company 1983
19951 Moderna (MEX) Agracetus, $
, 150 min. 1996 Ecogen
Farmer’s Hybrid QSSZC'T:% N 19%6
1974 _‘ ceds Upjohn & Asgrlowigg2740
ia 3 min.
O’s Gold > Asgrow 5 P
1983 1968 Monsoy (BR) Farmer’s Hybrid
1996 1983
Farmcraft -
1965 Holden’s Foundation Jacob Harz Seed
Seed, $ 1,200 1997 Company 1996
Stoneville Pedigreed Agroceres (BR) Stoneville Pedigreed,
1987 _| 1997 $ 92 min. 1999
Desert Cotton research »| Calgene, $ 322 min. IP assets from Ceres,
and Development 1988 1995 & 1997 $ 35 min. 2002
G.D. Searle®
Plant Genetics 1985 Corn State’s Hybrid Channel Bio Corp.,
1989 1 1997 $ 119 min. 2004
Bioseeds 3 B DeKalb, $ 2,300 Advanta (Canola),
International 1990 Pharmacia / min. 1998 $ 52 min. 2005
Monsanto 2000 *
Cargill Intl. &, NC + Hybrids,
/ 1 l $ 1,400 min. 1998 $ 40 min. 2005
Nutrasweet 5 Solutia Inc. Pharmacia Plant Breeding Intl. Seminis,
1999 19974 20022 $ 525min. 1998 $ 1,620 min. 2005
4 Emergent Genetics,
Mahyco (IND) 7L _ _ _ | Mahyco-Monsanto |- — — — — Monsanto L $ 321 min. 2005
1998 Biotech 7 1997 20022 .
12 regional
T companies (US),
$ 133 min. 2005
Aly Partypacoes Marmot S.A. 10 regional Agroeste Sementes
WestBred Ltda. (BR), (GUAT), De Ruiter (NL), || companies (US), || Delta & Pine Land, || (BR), $ 91 min. 2007
$ 49 min. 2009 [| $ 135 min. 2008 $ 135 min. 2008 $ 756 min. 2008 $ 87 min. 2007 $ 1,500 min. 2007

Figure A1l: Monsanto mergers & acquisitions

Source|: USDA, Monsanto Annual Reports
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For instance, in 1996, Monsanto acquired Agracedusubsidiary of W.R. Grace & Co,
gaining access to Agracetus’ genetically engineeatbn, and, more important, to its so-
called ‘Accell=FE gene gun’, a proprietary GM teijue. This technique uses an electric
generator to fire DNA coated micro-projectiles ifitong cells to introduce new genes; it is
an alternative to genetic modification using (thelasmid of)Agrobacteriuntumefaciensit

is especially useful in monocot crop species likdzam and rice (Bijman 1994).

Subsequent acquisitions of Asgrow and Holden’s Hation Seeds in 1997, DeKalb in 1998
and several other seed companies gave Monsantgsattceéhe maize market, allowing the
introduction of RoundupReady technology (herbidiolerant) and Yieldgard (insect-
resistance) technology into maize (Monsanto 2010).

Through the acquisition of Plant Breeding Intermadil (PBI) from Unilever in 1998,
Monsanto gained access to a range of other cropiespancluding winter wheat, barley,
oilseed rape (allowing the introduction of RoundRpady technology into canola varieties),
and potato. Monsanto expected the introductionesi hybrid wheat varieties, resulting from
a combination of PBI's conventional breeding calidds and the advanced breeding
techniques developed by Monsanto’s Hybri-Tech (PR Newswire, 1998).

Monsanto further added a range of vegetable andl $eeds to its portfolio with the
acquisition of Seminis. Seminis supplies more tBa&00 seed varieties in more than 150
countries in the world. The position in the vegitateed market was further consolidated in
2008, with the acquisition of De Ruiter Seeds arebidrn Seeds.

Moreover, after a first attempt to acquire Delta &ine Land Company in the late 1990s had
failed, Monsanto managed to complete the acquisiiio2007, which gained the company
access to the cotton seed market (Monsanto 2006).

The acquisition of WestBred in 2009 gave the comantess to wheat germplasm.

In terms of net sales, reaching a share of 56%gzartaas remained the most important crop for
Monsanto. The share of soybean seeds has decrieasedlmost 40% in 2001 to less than
20% in 2009. Vegetables and cotton seeds havera sh&a1% and 6% - 7% respectively.

Table A1l: Monsanto’s net sales by crop, 2005 — 200@ $ million)

Crop
Maize | Soybean| Vegetable| Cotton | Total |Remarks
2009 4,113 1,448 808 466 7,297
2008 3,542 1,174 744 450 6,369
2007 2,807 901 612 319 4,964 Acquisition of Dehid RineLand
2006 1,793 960 569 305 4,028
2005 1,494 889 226 3,252 Acquisition of Seminid Bmergent

Source: Monsanto Annual Reports 2005-2009

A2

Syngenta

Between 1974 and 1983, three European chemical axaiem put their first steps in the seeds market.
In 1974, three years after the chemical companiea &1d Geigy from Basel had merged, Ciba-Geigy
acquired the US-based company Funk Seeds Intena&iio order to expand into the seeds business.
Shortly after, Sandoz, also based in Basel, foltb@éa into the seeds market by attaining Rogers, a
breeder of hybrid and open pollinated vegetabledseand Northrup King, a breeder of maize,
sunflower and oilseed rape. In 1980, Sandoz furleznded its vegetable seed business by acquiring
Sluis & Groot (S&G) of the Dutch Zaadunie group.the same year, Ciba established a special
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biotechnology unit. In the UK, Imperial Chemicalurstries (ICl)joined the global seed market by
establishing ICI Seeds in 1983.

In 1993 ICI demerged its bioscience businesses iharrmpaceuticals, agrochemicals,
specialities, seeds and biological products. AltemMeansferred into a new and independent company
called Zeneca Group (Ipsen 1993). Six years, in9l9ater Zeneca merged with AstraAB to
form AstraZeneca PLC.

Meanwhile, in 1996, Zeneca Seeds had started offehie first GM tomato puree to customers. The
tomatoes had an extended shelf-life and improvedgasing properties, which initially was a success
on the British market because of its favourablego(GMO Compass). In the same year Zeneca and
the Cosun/RoyalVanderHave Group (Netherlands) fdrthe joint venture company Advanta. A year
later Zeneca acquired Mogen, a Netherlands-based plotechnology company that developed and
patented thégrobacterium tumefaciemdant transformation technology.

Evolution of Syngenta AG [ Pride Seed Co.
1965
Funk
197 > Ciba-Geigy (CH) Sandoz (CH) | | Wooside Seed
Columbiana 2 Growers 1969
Farm Seeds T || McNair
Northrup- | | Seeds 1979
Germain’s King 1976
Astra (SWE) Zeneca (UK) | | Stauffer Seeds
1987
Hoffman L ] -
| | Coker Pedigreed
— r Seed 1989
Louisiana v ]
Seed Company AstraZeneca PLC Novartis . i
(UKISWE) Seeds (CH) y National N-K
Peterson- April 1999 1996
Biddick (See Advanta) 7'y Gallatin Valley
I - Seed Company
Shissler Benoist (FR)
¥ 1998 Ladner Beta
Steward Syngenta dour (FR) Roger
Seeds l—’ L Maisadour (FR
(Winter 2000) 1998 Brothers 1974
New Farm Crops Advanta Productores de
Garst) 2004
(UK) 1987 (Garsy Semillas (SP) 1989
[ | | | | Hilleshoeg
Golden Harvest Emergent Genetics Fisher Pybas Vegetable Maribo Seed (EINEHEY
2004 Vegetables 2006 2007 Seed Co. 2009 2010 Misser Seeds
1987
Dai-Engei (JAP) | | Zeraim Gedera Synergene Seed Monsanto’s hybrid
2004 (ISR) 2007 Technology 2009 sunfl. activities 2009
Sources: Fernadez-Conejo (2004), various sources including Syngenta’s Annual Reports
Figure A2: Syngenta mergers & acquisitions

Source: USDA, Syngenta Annual Reports

One of the largest mergers in history took placel®@96, when Sandoz and Ciba-Geigy formed
Novartis. Those were the days that companies dtéotbelieve in synergistic effects of technologies
that could be applied both in pharmaceutical amp aevelopment. "We believe that the fields of
human health, crop science and animal health apet@day in a common innovation-driven
environment. Aventis will have an impressive ramfeemerging technologies and expertise which
will benefit all its businesses," said the chairnadiHoechst AG and the chairman of Rhone-Poulenc
SA in a joint statement when they created the cbaingiompanies Celanese and Rhodia, respectively,
and merged their remaining operations as Aventid3doember 1999 (Hoechst 1999; Thayer 2001). In
1998 the company made headlines with its biotedgydlicensing agreement with the University of
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California at Berkeley Department of Plant and Mixal Biology. The agreement expired in 2003
(Royer 2004).

In 2000 Novartis and AstraZeneca split their agsibesses from their pharmaceutical businesses and
merged them to form Syngenta. It was not until éhyears later that Syngenta announced a new
acquisition: Dai-Engei, the Japanese leader inymiog and marketing seedlings of flowering plants
and vegetables (Seedquest 2004b). During the saareSyngenta expanded its maize and soybean
business in North America by acquiring a 90% stakeolden Harvest (180 million US dollar) with a
US market share of 4% in maize and 3% in soybead, /dvanta’s North American maize and
soybean business (400 million US dollar), tradedenrthe Garst brand. Adding to Syngenta’s NK
brand, these acquisitions enhanced market shat¢Sirmaize seed to 15% and soybean to 13%.
Moreover, Syngenta purchased glyphosate-herbidicideance technology for maize, called GA21,
from Bayer, enabling the company to introduce stdckraits with corn rootworm resistance and
glyphosate-tolerance (Syngenta 2004a; Syngent#h00

Between 2006 and 2010 Syngenta acquired a numbetadifvely small seed companies:

* Emergent Genetics Vegetable A/S (EGV) in 2006. BG3Uses primarily on spinach, cucumber,
cabbage and cauliflower (Syngenta 2006). Before H@d acquired the Danish company
Daehnfeld.

e Zeraim Gedera (95 million US dollar) and Fisch&f (nillion US dollar) in 2007. Zeraim Gedera
is an Israeli vegetable seeds company focusinggimalue crops, including tomato, pepper and
melon. Fischer is a privately held vegetative flsveompany specializing in the breeding and
marketing of flower crops. (Syngenta, 2007a; Syteye2007b).

« Two lettuce seed companies in the US: Synergend 8ed&echnology, Inc., a lettuce seed
company with a diverse and proprietary lettuce gema, and Pybas Vegetable Seed Co., Inc.,
well-known for its quality seed production and mssing as well as its germplasm (Syngenta
2009Db).

e The Maribo Seed sugar beet business from NordicaiSug subsidiary of Nordzucker AG
(Syngenta 2010).

Monsanto’s hybrid sunflower seed activities (160dlion US dollar), which included germplasm,
development and breeding of hybrid sunflower seedse acquired in 2009 (Syngenta 2009b).
Finally, in the summer of 2010, the European Corsinis announced investigations under the EU
Merger Regulation No. 139/2004 into Syngenta’s peggl acquisition of Monsanto’s global
sunflower seed business. In November 2010 the EaropCommission cleared the acquisition.
However, the European Commission required Syngémtdivest Monsanto’s sunflower hybrids,
commercialised or under official trial in Spain aHdngary, including the parental lines. Otherwise
the transaction would have removed a considerafgléranovative competitor to Syngenta, reinforcing
the latter's market leader position. The transactadso raised concerns about the activities of
exchange and licensing sunflower varieties, insafathe merging parties would be in a position to
restrict the access of competitors to input necgdsa the commercialisation of sunflower seeds. In
the light of the commitments of Syngenta, the EaespCommission concluded that the transaction
would not significantly impede effective competition the internal market or any substantial part of
it.

A.3 Limagrain

Limagrain is the world's largest cooperative seathmany. It is a leading producer of maize, wheat,
and other seeds in Europe. Limagrain is also thddigoleading supplier of seeds to the home
gardening market and one of the top suppliers gktable seeds to the professional segment. The
company is also producing food products, supplyflogr and other bakery ingredients through
subsidiary Limagrain Céréales Ingrédients. In aoldjtthe company owns Jacquet SA, France's
second-largest industrial baking group.
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In 1942, a group of farmers in the Limagne plairesaanear Clermont-Ferrand, joined together to
create a cooperative to produce and distributess@dtw new organization was called Coopérative
de Production et de Vente de Semences Sélectiodnéelassif Central. The cooperative at first
specialized in the production of wheat seed, arghibanvestigating other seed markets in the
post-war period. In the mid-1960s, it teamed ulie state-run research institute INRA in order
to develop and produce new maize varieties. Thpamdive adopted a new name, Limagrain in
1965, and in that year also decided to speciafizthe research, development, and production of
seeds for new maize varieties

During the 1970s, Limagrain emerged as a leadimgl ggoducer in France and increasingly
throughout Europe as well. The cooperative als@abegpeking opportunities for expansion into
other seed markets. In 1975, the group made &¢ dignificant acquisition when it purchased
Vilmorin-Andrieux, which added an entire new busimdn seeds for vegetables, fruits, and
flowers and other ornamental plants.

Limagrain's next major acquisition came in 1979ewit acquired Tézier, a prominent supplier of
vegetable seeds to the French market in Francehaddalso developed a strong international
presence as well. The combination of Vilmorin andziér under Limagrain boosted the
cooperative to the leading ranks of European seadupers.

Limagrain made its first efforts to expand into therth American market at the beginning of the
1980s. After establishing a maize research facilitthe United States in 1979, the company
added a production subsidiary with the purchadesofy Morse in 1981.

Evolution of Groupe Limagrain
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Between 1986 and 2010 Limagrain made 29 acquisititook stakes in 12 companies, and had 24
divestitures (Alacrastore 2010). In the last twoatkes, Limagrain expanded its European leadership
in wheat seeds and expertise in cereal produ@s toternational dimension.

e It started with the acquisition of the Europeandsgeoducer Nickerson Zwaan. This gave
Limagrain prominent positions in the Netherlandd anthe United Kingdom. Apart from wheat
seeds Nickerson-Zwaan also added a variety of affogr seeds, including sugar beets, cabbage,
gherkins, and lettuce.

e Since then, the Group has continuously strengthdtedositions by internal growth and
acquisitions. Verneuil in 2000 (creation of Limagra/erneuil Holding). At the end of 2004,
Limagrain boosted its grains business with the &itipn of France's Westhove. This purchase
was followed by the acquisition of Advanta Seeds'$nvegetable seeds operations in Europe in
2005, as well as that company's sunflower and gsessls operations in North Dakota and
Oregon, respectively. Innoseeds in 2006 (SeedQOeSr).

¢ In 2000 Limagrain merges its North American maieeds operations into AgReliant, a joint
venture with KWS. At the end of December 2004, Aljge acquired the Nebraska-based seed
company Producers Hybrids, which focuses on produand marketing maize and soybean seed
in its key market of Nebraska and neighbouring tes.

« In 2009 Limagrain also acquired Clovis Matton, ddimn producers of diverse field crop seeds
well-known for cereal varieties with sustainableedise resistance traits (Limagrain, 2009).

* In the early 1990s, the cooperative redoubledfitsts to establish itself in North America. Once
again, acquisitions formed a major part of the canys expansion strategy. In 1993, for example,
the company acquired Biotechnica, based in Kansgs This purchase was followed by the
purchase of Ontario's KingAgro, a seed company pattticular focus on the canola market. The
company also began producing maize seed in thed)States, launching this operation in 1994.
These and other acquisitions transformed Limagiato a truly global operation. Where
previously Europe had accounted for some 95% ofalgmrain's revenues, by the middle of the
1990s the North American market already represamtme than 35% of the Group's total income.
In 1997, Limagrain boosted its North American preseagain, this time acquiring one of the
market's leading vegetable seeds suppliers, Hsloign. That company had been formed in the
early 1980s under parent company Celanese, a calkegompany that had entered the seeds
business in the early 1970s. Harris Moran was l&iken over by Lafarge Coppee. In 1990,
Lafarge Coppee joined with Rhone Poulenc to acquifgench seeds business as well, Clause.
Following its acquisition of Harris Moran, Claussmtcame under Limagrain's control. Clause was
then merged into Vilmorin, which became known andérin Clause & Cie.
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ANNEX B: (CROSS)LICENSING

Seed companies have increasingly started to pursugher strategies to gain access to
new markets and increase their market share of GMrhits and seeds. One commonly
used business strategy consists of (cross)licensitig) on GM traits and seed genetics.
This business strategy is frequently combined withRR&D strategies aimed at stacking
different GM traits and R&D collaboration with othe r private partners and/or public
partners, like universities and research institutims. In most cases of (cross)licensing
strategies, seed companies agree (mutual) accessptoprietary biotech traits, which
allows the development of seeds with stacked GM ftta. As a result, markets can be
provided with seeds that combine different GM trais, for instance herbicide-tolerances
and/or insect-resistances. In some cases, agreengeate also reached on (mutual) access
to proprietary enabling (transformation) technologies. Several of these IP agreements
resulted from long legal disputes on infringement DIP claims. This Annex provides a
brief selection of licensing deals concerning GM #&its between the major seed
companies.

Figure B.1 is a visual representation by Howardd@of (cross)licensing agreements on GM traits
between “Big Six” seed companies. As this figurggasts, Monsanto may have obtained a pivotal
position in this network, as it is the only firmhave agreements with the other five firms.

Figure B.1 Visual representation of (cross)licensimagreements on GM traits
between Big Six seed companies

Monsanto

Figure B1: Big Six (cross)licensing agreements oridiech traits

Source: Howard2009

Many licensing agreements provide (mutual) accegwdprietary biotech traits (see Annex C). This
gives seed companies more options to use eachisotheentions for developing plant varieties with
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so-called ‘stacked’ traits. In 2010 seed compaafé=red in total 34 different biotech maize vaesti
to the US seed market, of which 22 had doubleipletstacked biotech traits (see Table B1). In the
same year, the cotton seed market in the US wadisdpvith 12 different biotech cotton varietie$, o
which 6 had double stacked GM traits (see Table B2)

Table B1: Number of commercially available biotechmaize varieties in US as of 25 June 2010

Number of Companies

stacked traits in

maize Bayer Dow Monsanto | DuPont | Syngenta | Total
Single 1 2 4 2 3 12
Double 2 6 3 3 14
Triple 2 2 1 3 8
Total 1 6 12 6 9 34

Source: BIO 2010

Table B2: Number of commercially available biotectcotton varieties in US as of 25 June 2010

Number of Companies

stacked traits in

cotton Bayer Dow Monsanto | DuPont | Syngenta | Total
Single 1 1 4 - - 6
Double 1 2 3 - - 6
Total 2 3 7 - - 12

Source: BIO 2010

Figure B1 compares the rates of adoption of crogis stacked GM traits and crops with single GM
traits in the US over the last five years.

B.1 Monsanto & BASF

e« In 2007, Monsanto and BASF announced a long-terint jR&D and commercialisation
collaboration in plant biotechnology with a budgétL.5 billion US dollar to develop a dedicated
pipeline of yield and stress tolerance traits fa@iza, soybean, cotton and oilseed rape (Monsanto
2009). BASF would focus on high-yielding crops amdps that are tolerant to environmental
stress conditions such as drought. Monsanto inatictitat it had completed all North American
and key import country regulatory submissions foe first drought-tolerant maize product.
Further, in 2009, the companies disclosed the desgoof cspBgene fronBacillus subtilisthat
could help maize plants to tolerate drought andearoyield stability during periods of inadequate
water supplies (BASF 2009). Drought-tolerant mdigbrids are currently being tested at over
tow hundred test locations in the US. The gene pifibably be stacked with other genes.
Monsanto mentioned Genuity Smartstax and Genuity MJuble PRO as the most likely
platforms for commercialisation (Padgette 2010).

* By mid-2010, BASF and Monsanto further extendedrthellaboration to the development of

biotech wheat and other crops, adding anotherlibbiUS$ for R&D collaboration on top of 1.5
billion US$ the companies had already agreed tesn(BASF 2010).
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Figure B1: Acreage with Triple Stacked Biotech Trais in the US (2005 — 201D)

B.2 Monsanto & DOW

* In January 2006, Dow received a commercial licetssecertain Monsanto seed stock and
biotechnology traits for both maize and soybeanw Darther received royalty-bearing rights to
create and license finished hybrids, combining Mots's Roundup Ready Corn 2 technology
with Dow's Herculex | and Herculex Xtra technolagito other licensees of Monsanto's Roundup
Ready Corn 2. The companies also established boesses of cotton technologies on a non-
exclusive basis. Dow's license includes Monsargat®nt estate for cotton transformation and
Monsanto's license includes the patent estate lgshgsate-tolerant cotton of Mycogen, an
affiliate of Dow. In addition, Dow received the Mganto’s IP licenses for Bollgard, Bollgard II,
Roundup Ready and Roundup Ready Flex technologig Monsanto received the IP licenses
for the commercialization of Dow’s Widestrike ins@cotection technology, including for South
America and Mexico.

e The deal also included the mutual use of two ingmdrtenabling patented technologies:
Monsanto's patent estate for synthetic Bt techrnyolmgd Dow’s patent estate for Bt in plants
owned by Mycogen. The companies agreed to settigamding legal disputes. Dow’s affiliate
Mycogen withdrew its appeal against the U.S. Patentl Trademark Office (USPTO)
determination that Monsanto had been the firstnieemt synthetic Bt genes, while Monsanto
withdrew its appeal against the USPTO determinatian Mycogen had been the inventor of the
CrylF gene, which is also a Bt gene.

« In June 2010 Monsanto granted a new royalty-bedidegse for Roundup Ready 2 Yield to Dow.
The new agreement expanded Dow’s GM trait stackind existing licensing rights across its
soybean seed brands and licensing partners (DowaStgnces 2010).

B.3 Monsanto & Syngenta

« Monsanto expanded the potential commercial avéithaluf its Roundup Ready 2 Yield soybean
technology by granting a global royalty-bearingefise to Syngenta for use across its soybean
seed brands in 2009. Under the agreement: 1) Momsaneived a royalty-bearing license for
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Syngenta's enabling technology related to Monsarttdtd generation herbicide (Dicamba)-
tolerant technology. Monsanto granted Syngentayaltefree license for its herbicide-tolerant
GA21 maize technology and insect-protected Bt 1ldn dworer technology; 2) Monsanto and
Syngenta agreed to settle all patent, antitrustcangimercial litigation disputes between them and
their subsidiaries. Some of these disputes inclusipagenta's antitrust suit, Monsanto's patent
infringement suit on herbicide-tolerant maize tasbgies, and; 3) a dispute between the parties
on herbicide-tolerant soybean technology.

* Monsanto and Syngenta also agreed to cross-enatieogher to develop and deliver innovative
new herbicide-tolerant and Bt insect-protectiondpigis in maize, cotton and soybeans. Notably,
sales of Syngenta's soybean brands representedxapately 12% of all US soybean sales in
2007, while Monsanto's Asgrow and American Seed®ean brands collectively represented
approximately 27% of US soybean sales. Monsanimatd that the agreement would increase
potential available acreage for the product of 4lian to 55 million acres in the United States, or
an increase of more than 10% over its original gutdpn of 40 million to 50 million acres
(Syngenta 2009).

B.4 Monsanto & Bayer

e In October 2003, Monsanto and Bayer cross-licersedenabling technology for herbicide-
tolerant crops, allowing broader farmer access ageBs glufosinate-tolerant and Monsanto’s
glyphosate-tolerant crops. Bayer further providednkhanto with a license for its technology
related to Monsanto’s corn-rootworm product. Thenpanies also amended existing licenses:
Bayer's existing licenses for use of Monsanto's bi@de-tolerant and insect-protected
technologies for cotton, and Monsanto’s license dee of Bayer's Dual Bt insect-protected
enabling technology (Bayer CropScience 2003).

« In March 2004, Monsanto won a 12-year patent iaterfce dispute against the Max Planck
Institute and Bayer about the useAgrobacteriumtransformation technology in dicotyle plants
such as cotton (US Court of Appeals 2004), as & li@ensed exclusively by the Max Planck
Institute to Bayer. Less than a year later, thedlparties reached an agreement to cross-license
their respectiveAgrobacteriuratransformation technologies worldwide. MoreoveryBr and
Monsanto agreed to provide each, in selected arfethe world, with non-exclusive licenses for
the development, use and sale of specific bioteohsc while Monsanto also provided the Max
Planck Institute with a license for research pugsas the US (Bayer CropScience 2005).

« By acquiring Stoneville Pedigreed Seed Company fktonsanto in 2007, Bayer gained access to
cotton products with Monsanto’s insect-resistard &erbicide-tolerant traits. Notably, Bayer's
cotton seed business in the US had already be&vingratrongly over the previous years with its
flagship FiberMax brand (Bayer CropScience, 2007).

e Two years later, in 2009, Bayer and Monsanto signedoss-licensing agreement on herbicide
tolerant traits in oilseed rape. Monsanto granteyeB access to its Genuity Roundup Ready
canola trait and Bayer granted Monsanto accegs tdkertyLink herbicide-tolerance trait for use
in canola. The agreement also included specifiglotsito access, on a non-exclusive basis, future
herbicide-tolerance traits and other agronomiddithiat may be introduced by either party for use
in oilseed rape (Bayer CropScience 2009).

B.5 Dow & Dupont-Pioneer

Dow and DuPont-Pioneer entered into a commercia$szlicensing agreement that enabled them
combine herbicide-tolerance events in soybean iveNier 2009. Dow licensed its proprietary non-
GM herbicide tolerant trait technology, providirglerance to 2,4-D for soybeans to DuPont-Pioneer,
while the latter licensed its proprietary OptimurATGtrait for soybeans to Dow. The Optimum GAT
trait from DuPont-Pioneer provides tolerance topblysate and the so-called ‘ALS class’ of
herbicides. Both companies have given the othértsitp stack additional traits with their respeetiv
technologies (Dow AgroSciences 2009).
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ANNEX C: THE FUTURE OF GENERIC BIOTECH SEEDS

Analogous to drugs, generic markets for biotech sde and traits are expected to emerge
after patents have expired. Generics can usually lsold at relatively low prices. The first
post patent generic biotech trait would be Monsants Roundup Ready trait. However,
the emergence of a generic biotech seeds market imigoe hindered by anticompetitive
tactics. In 2009 the US Department of Justice stagtl an antitrust investigation into
allegations that Monsanto would be using such taads, so as to prevent its competitors
from developing generic biotech seeds.

In August 2010, four US senators urged the DepartrokeJustice (DoJ) to “expeditiously complete”
its antitrust investigation into allegations thabméanto would be using anticompetitive tactics with
regard to its patented GM seed traits (Kohl 20lkOa letter to the DoJ Antitrust Division the serat
pointed out that a swift conclusion of the DoJ'seastigation would be “vital to the emergence of
generic versions of biotech trait known as RounBeady after its patents expires in 2014. Generic
entry into the market will promote further compietit in the biotech trait sector, enhance innovation
and ensure that farmers have access to seedgéhaptamised for their growing conditions yielding
more food at lower prices.”

It should also be noted that a few months befoeestiart of the DoJ’s antitrust investigations into

Monsanto, on 16 May 2009, Monsanto had initiatédigation procedure against DuPont, which led

DuPont to file an answer and counterclaim to then8émto lawsuit, as well as to seek a broad relief
under antitrust laws (Monsanto 2009; DuPont 2009).

According to Monsanto, DuPont’s Pioneer had pupliouted plans to stack the Roundup Ready trait
with DuPont’s glyphosate-tolerant OptimumGAT trainhce 2006, although Pioneer recently had
admitted that the OptimumGAT trait when used aleoeld present unacceptable risks for farmers; in
order to repair these deficiencies, Pioneer wowddntisusing the Roundup Ready trait to mask
problems with its OptimumGAT trait, thereby violagi licensing contracts with Monsanto as well as
infringing Monsanto’s patent rights.

In its counterclaim DuPont maintained that stackifighe OptimumGAT and Roundup Ready traits
would be within its rights under the license agreetrwith Monsanto. DuPont further claimed that
Monsanto’s patents would be invalid and would tfeee not be infringed when OptimumGAT is
stacked with Pioneer’s germplasm containing theidap Ready traits. Monsanto’s lawsuit was
considered by DuPont as yet another tactic toicestre availability of competitive products, thbye
pointing out that its proprietary OptimumGAT traibmbined with the Roundup Ready trait in
Pioneer’s elite germplasm would be superior to ather product on the market in terms of better
yield and broader, more flexible weed control opsioln its press release DuPont also indicatedtthat
was seeking broad relief under antitrust laws tatld end Monsanto’s anticompetitive schemes to
unlawfully restrict competition.

The DoJ already started its antitrust investigatioto Monsanto in October 2009 but has not yet
closed those investigations. At this point in tiihes therefore uncertain whether the DoJ will (gve
bring a case against Monsanto. The following paalgs present the viewpoints, information and data
brought forward by in particularly Monsanto (201@ad DuPont (2010) in their submissions of 2010
to the DoJ. In its submission DuPont essentiallyuas that Monsanto has engaged in numerous
practices that improperly seek to expand the scalpé rights at the expense of competition,
innovation and choice, whereas Monsanto maintaat thdoes not dominate any of the maize,
soybean or cotton seeds markets; competition setBeed markets as well as in innovation would be
vigorous.
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Both submissions take as starting point a 30-pagempissued by the American Antitrust Institute in

October 2009, an organisation sponsored by, amtimgysy DuPont (Moss 2009). In the paper, the

AAI points out that over the last two decades timéelch seed industry has undergone a fundamental

shift from separate ownership of agricultural botteology and seed assets to integrated agricultural

biotechnology seed platforms, which comprise thr@sc elements:

1. genetic transformation technologies;

2. genetic traits, like herbicide-tolerance and inseststance, and,;

3. state-of-the-art seeds (elite germplasm) contaigegetic traits, for which seeds companies are
the major distribution channel for sales to farmers

According to the AAI, Monsanto has created formidgtdatforms of biotech seeds in cotton, soybean
and maize through the control of a large body daémpi@d technologies and systematic acquisition of
independent seed companies (ISCs). Citing figubesitapatents, field releases, regulatory approvals
and shares in biotech maize, soybean and cottots searkets, the AAI argues that Monsanto
possesses market power in markets for biotecls teaitl biotech seeds. Any antitrust investigation
should therefore determine whether Monsanto haswishanticompetitive behaviour through
exercising this alleged market power to foreclosmetitors from market access, thereby slowing
innovation and adversely affecting prices, quaditd choice for farmers and consumers of products
from seeds. Efficiency defenses, like a quality toainrationale for prohibiting the stacking of
Monsanto biotech traits with hon-Monsanto traitg anlikely to provide an effective counterbalance
to anticompetitive conduct.

Monsanto’s submission to the DoJ is a point-by-pmbuttal of the AAI paper, pointing out that:

1. The AAIl overstates Monsanto’'s shares in biotechd semrkets and Monsanto’'s shares of
agricultural biotechnology patents;

2. The AAI rather than assessing competition in bioteeeds or traits, primarily focuses on the
effects on innovation of concentration, without leasing any particular Monsanto merger or
assessing actual innovations coming to the mattketeby simply observing aggregate changes in
number of patents and regulatory permits overdbedecade, and;

3. The AAI comes to very certain conclusions and swegponclusions not supported by its own
analysis.

According to Monsanto, the facts about market shaegulatory approvals, the number and quality of
patents and investment decisions since 2000 derabashat competition and innovation are alive and
well in agriculture. In order to exemplify compaiit and innovation in biotech maize, soybean and
cotton seed markets, Monsanto prepared Tables Zan@ C3.

Table C1: Soybean Trait Profiles
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Source: dmrkynetec and Monsanto 2009
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Table C2: Maize Trait Profiles

Trait 9 BASF Bayer Dow Monsanto Syngenta
providers AgroSciences

Trait Profiles
(including
conventional
Agrisure 3000GT
Agrisure CB-IMI-LL
Agrisure CB-LL
Agrisure CB-LL-GT
Agrisure CB-RW-LL
Agrisure GT
Agrisure RW
Agrisure RW-GT
Conventional

Number of trait
to this product

NN [N | w [N | providers contributing
Product includes a

Corn borer protection
Corn borer protection
Herbicide tolerant -
Rootworm protection
Corn borer protection
licensed trait from
Monsanto

Herbicide tolerant -
glyphosate

Herbicide tolerant -
Herbicide tolerant -
glufosinate
Rootworm protection
Rootworm protection
glyphosate

imidazzolinone

Herculex I-LL
Herculex I-LL-IMI
Herculex I-LL-RR2

Herculex RW-LL

Herculex RW-LL-
RR2

Herculex XTRA-LL

Herculex XTRA-LL-
RR2

IMI

LL

RR2

YGCB
YGCB-IMI
YGCB-RR2
YGP1us
YGPlus-IMI
YGP1us-RR2
YGRW
YGRW-RR2
YGVT RW-RR2
YGVT3
YGVT3 Pro

W ([N W [IN[fWfWw|N

Source: dmrkynetec and Monsanto 2009
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Table C3: Maize Trait Profiles

9 Bayer Dow Monsanto
AgroSciences

Trait

Trait profiles
(including
conventional)
BG-RR

BGII

BGII-LL
BGII-RR
BGII-RR Flex
Conventional
LL

RR

RR Flex
WideStrike
WideStrike-RR
WideStrike-RR Flex

Bollworm, Budworm,

Armyworms and
Bollworm, Budworm,

Armyworms and
providers contributing

Herbicide tolerant
glufosinate

Loopers protection
Bollworm and
Budworm protection
Loopers protection
Herbicide tolerant -
glyphosate
Herbicide tolerant —
glyphosate with wider
application window
Number of trait

to this product
Product includes a
licensed trait from
Monsanto

Source: dmrkynetec and Monsanto 2009

Unsurprisingly, DuPont in its 18-page submissioh DoJ largely refutes the arguments forwarded
by Monsanto’s rebuttal of the AAI paper. Notablyy®Bont thereby puts special emphasis on the role
of about 200 Independent Seeds Companies (ISGkgillS that sell maize and/or soybean seed but
do not have own biotech trait development prograsmmreown breeding programs for developing
germplasm. According to DuPont’s estimates, Morsdrmds an overwhelming monopoly in the
soybean and maize biotech trait markets, with 98#%%9% share respectively, as well as 60% of the
maize and soybean germplasm licensed in the US moinopoly power, combined with several
anticompetitive practices, would require vigorousl dimely antitrust enforcement to ensure open,
competitive markets. Some of the alleged anticoitpefpractices are:

1. Monsanto’s license agreements prevent seed congpfinim stacking different biotech traits in a
single seed, including both Monsanto and non-Motassethnology, and;

2. Monsanto has forced independent seed companiefandrs to switch prematurely from its first
generation trait Roundup Ready, present in over 80%e soybean seed sold in the US, to its
second generation Roundup Ready 2 Yield, a newnalige without little, if any, documented
added-value to customers; the effect thereof wbaltb eliminate any prospect for the emergence
of generic competition in the first generation Roup Ready trait, whose patent will expire in
2014, and to extend Monsanto’s monopoly for thedeeable future.

The emergence of generic competition after bioteal patent expiration seems to be of particular
concern to DuPont. While Monsanto's patent on thet §eneration Roundup Ready trait will expire
in 2014, Monsanto would have coerced independestt sempanies to convert all of their seed lines
from Roundup Ready to second generation RoundugyR2ield, if they wish to continue licensing
the first generation Roundup Ready trait. Becausestrfarmers would not purchase soybean seeds
with a proven glyphosate-tolerant traits, this tisiag requirement threatened to drive independent
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seed companies out of the soybean seed markegsutiiey agreed to switch to second generation
Roundup Ready 2 Yield completely. Note that thepabn Roundup Ready 2 Yield expires in 2020
(Fortune 2010).

On the eve of the deadline for submission of pubbmments to the DoJ, according to DuPont,
Monsanto announced it would not force independeet £ompanies to switch to the Roundup Ready
2 Yield trait and destroy their seed inventoriethwhe Roundup Ready trait. According to DuPont,
this comes too late for the independent seed coiepdhat have already switched to the Roundup
Ready 2 Yield trait. DuPont was further unawaravbether Monsanto has offered any ISC that had
already licensed and switched to the Roundup Re&adfeld trait the opportunity to return to a
Roundup Ready trait license. In addition, DuPorge other concerns, such as:

« Will Monsanto continue to improve and out-licenseuRdup Ready lines for those independent
seed companies that rely on Monsanto germplastihédirseed products?;

« Will Monsanto allow Roundup Ready licensees to hawatinued access to Monsanto’s best
soybean germplasms, or will they be required tactwio Roundup Ready 2 Yield in order to
access those lines?

* Will independent seed companies be allowed tonetad use their breeding material containing
the Roundup trait at the expiration of their Roum@eady licenses?

« Will Monsanto allow Roundup Ready licensees to metkeks with non-Monsanto soybean traits?

« Does Monsanto agree that these same restrictiamddsbe removed for other traits and crops
they out-license?

Another serious concern of DuPont relates to tlegatl controlled use by Monsanto of the regulatory

data packages necessary for import approval foRthendup Ready trait in all major export markets

for US grain producers. While Monsanto has stateat teginning in 2015 Roundup Ready
technology will be publicly available and will trefore maintain these regulatory approvals for agtie
three years, through 2017. But, in DuPont’s viewajrtaining the regulatory approvals in place for
three years post-patent would not give other semdpanies sufficient time to obtain regulatory
approval for a generic Roundup Ready trait. ThasiéeDuPont to raise two basic questions:

« Will Monsanto agree that licensed trait developens generate regulatory data to gain regulatory
approval of those stack prior to patent expiratams),unlike for pharmaceuticals, there is no patent
infringement defense for companies wishing to prepar independent regulatory submission?

*  Will Monsanto permit that activity starting todasg that generic versions of Roundup Ready can
be sold in the marketplace as soon as the patpiteef
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ANNEX D: INTERACTIONS BETWEEN PUBLIC AND PRIVATE R& D

Public Private Partnerships (PPPS) are recognisedsaa key mechanism to bridge the
gap between public and private sectors’ distinctivecompetencies. For national
governments, partnerships offer a way to translateshared research outputs into useful,
relevant tools for their own farmers. PPPs can futther offer access to a greater variety
of technology choices, spread and share the finaatiburden of research, and create
flexible expert resources for capacity building. Tis will be illustrated with three
examples: 1) The way Limagrain has organised R&D diaborations with several private
and public partners; 2) The structure of EU-SOL, aEuropean FP-6 programme onthe
development of high quality and healthy tomato andpotato varieties, and; 3) PPPsfor
smallholders in developing countries, wheréhe adoption and uptake of GM crops has been
slow due to several constraints.

D.1  Limagrain R&D collaborations with public and private partners

In Research (& Development), Limagrain has alwagiaborated with a wide range of public and
private partnersin the mid-1960s, the cooperative company teamedvitip the state-run research
institute INRA in order to develop and produce mewize varieties.

Later, in the 1990s, developing capacity in the rgig biotechnologies was considered a strategic
necessity. According to Jol2001),Limagrain had limitednvestment capacity - a R&D budget of
approximately 50 million US dollar covering all it research activities, not just plant genomidssT
amount was very modest compared to the R&D investsnef agrochemical corporations, such as
Monsanto, DuPont, and Syngenta, with an estimagaaly investment of 60 - 70 million US dollar,
focussed fully on plant genomics. This led to angfeain Limagrain's strategic positioning from 1996
onwards — biotechnology would be one of the centineimes for the company; and mastering
biotechnology was to be considered necessary ifitbep was to keep its identity and independence.
With this strategic positioning, Limagrain stargedumber of investments in R&D collaborations and
participations in biotech companies.

In 1994, when Limagrain took over the seed productissets of Rhéne-Poulenc Agro, the two
companies developed common research programs fnbiotechnology within a joint venture called
"Crop Biotechnology." Rhobio, a subsidiary commonBiogemma and RPA was formed in April
1998. Rhobio has focused on R&D of disease-resistarn identifying new genes of interest, and on
the improvement of genetic engineering techniques 2001).

In 1997 the Biogemma company was created by Limagwith a share of 55%, togethesith Pau
Euralis with a share of 25% stake, Sofiprotéol, &migrain. Biogemma’s objective was to develop
GM crops and to coordinate the research potentithe two companies in order compete with the
large companies, such as Monsanto. Biogemma thergiarsued a double strategy: 1) creating a
purchasing group that would be able to best netggtiatent licensing contracts; and; 2) to be acgour
of industrial intellectual property for the exchangf technologies among large industry players. In
addition, Limagrainalso entered into the development of plants faarpiaceutical uses, creating
Meristem in 1997.

In February 1999, several public research insstaed private companies, such as Rhéne-Poulenc
Agro, Biogemma, and BioPlante, announced the aneaif the Genoplante program. This ambitious
research effort focused on plant genomics and irtotogyether important French actors, both public
and private (Joly 2001)Since its creation in 1999, this programme has mag®ssible to fund
research on the genomes of crop plants (wheatemace, pea, rapeseed and sunflower) and also on
the model genome of the specisbidopsis Its objective has also been to support reseanckhé
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creation of tools for genomic research (BAC libearimicrosatellites, SNP, etc.) or functional geaom

analysis (collections of insertion mutants, TILLIN&hnology, etc.) or in the field of high throughp

biology (tools for analysing the transcriptome, tpoome and metabolome, etc.). A new six year
initiative was launched in April 2005. This initiiae, called Genoplante 2010, involved four members
from the public sector: INRA, CNRS, CIRAD and IRBnd three members from the private sector:

Biogemma (which includes Limagrain), Arvalis pldnstitute and Sofiproteol. This programme has

an annual budget of 30 million € and is supportgdhe French national research agency with 12

million € annually in the form of grants. Genopka2010 is focusing on four strategic objectives:

1. To determine and then validate gene function argelscale in crop species that are cultivated in
France (wheat, maize, rapeseed, sunflower andrppa)dn order to:

* improve the quality and safety of agricultural pwots;
* minimise the impact on the environment, in paracudy reducing inputs;
* increase the agricultural productivity of crop spe@nd their tolerance to climatic variation.

2. To promote widely the use of the tools that haveaaly been developed, and to develop new
technologies, in particular in the fields whereriem is still lagging behind, such as proteomics
and metabolomics research.

3. To broaden research and its applications to otheoitant species for which professionals have
expressed an interest, for example tomato, pajaspe, trees, cocoa and coffee.

4. To build a genuine partnership at the European,lseethat Genoplante can be an important link
in the construction of a European biotechnology plasht genomics platform, and to seek new
reciprocal alliances at the international leveltiwCanada, China, USA and Australia).

The programme also aims to increase the efficieridis policy to protect and exploit results, while
still sharing its findings through publication ifgh quality international journals. The essentiat af

the SAS GENOPLANTE VALOR, which was set up in 2GkLan equal partnership between public
and private members, is to own, manage and expieipatent rights of the results obtained from the
Genoplante programme. Over hundred projects hagea hended by the ministries of research and
agriculture during the two first phases.

In the 2%' century Group Limagrain continued setting up parthips. In 2001 Vilmorin Clause & Cie
became a shareholder of BioSeeds, a consortium raingber of leading Dutch seed companies.
BioSeeds holds all shares of the genomics anddbintdogy company Keygene and by participating
in BioSeeds, Limagrain acquired 20 % of Keygenbarss (Seedquest 2001).

GROUPE

EURALIS leagraln IFRAGT @ Vilmorin

Itivating the

;}. \t
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RUK ZWAAN

KeyGene was founded in 1989 by a number of Duteld sempanies, whose goal was and is to create
synergy and higher efficiency in their moleculanggc research programs and thus improve their
breeding efforts. Today, KeyGene has four stratsgiareholders active in the field of vegetable
breeding: ENZA Zaden, Rijk Zwaan, Vilmorin & CiediTakii & Co, Ltd. from Japan. Direct access
to the new generation sequence technologies ofdrant Illumina has allowed KeyGene to develop
new technologies for SNP discovery, Mutation saregand allele mining in breeding and germplasm
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collections, gene expression analysis and novellavgenome physical mapping (Whole Genome
Profiling) and sequencing.

In 2010 Keygene and Biogemma announced that th#ysiare bioinformatics expertise in a long
term collaboration that focuses on data integratind mining of genomics and genetic information
applied for sequence based plant breeding (Keygeéhe).

Limagrain also started investing in research oetdtdirope. Research work in China started with
Shanxi-Limagrain, created in 2002. In 2006, in Aai&h, Arista was created, a joint venture between
the CSIRO, the Grains Research & Development Catjmor, and Limagrain Céréales Ingrédients.
Arista was meant to deliver new high-amylose wheateties with improved health characteristics
developed by CSIRO and Limagrain.

In May 2010 Vilmorin purchased a 7.25% equity posiin Arcadia. In parallel, Arcadia purchased a
35% ownership position in Limagrain Cereal Seed€ L& newly formed company that provides the
platform for wheat development in the United Stakéitmorin maintained 65% ownership of LCS
(Seed Today 2010). LCS also bought the wheat asbelsS. wheat research companies Genesis Seed
Research and BSF AG Research, which focus on gameterial (Reuters 2010).

Limagrain also entered into an exclusive worldwiigensing arrangement with Avesthagen, a

Bangalore-based biotech company, for developingraarketing genetically modified seeds such as
maize, wheat, barley, rice, sunflower based on #haegen’s technologies for environment-adjusted
crops. Avesthagen will license its patented teabgies to Atash Seeds to develop, produce and
market seeds nationally and internationally by tagang Limagrain's domain expertise, knowledge

and marketing strengths (Avesthagen 2009).

D.2 EU-SOL: Public-Private R&D collaboration

In 2006 an extensive network of plant scientistsmfruniversities, research institutes and industry
joined in EU-SOL, a project focusing on the devetept of high quality and healthy tomato and

potato varieties with improved consumer-, procesaod producer-directed traits. The consortium
brings together expertise across a wide varietfisdiplines, from taxonomy to molecular biology to

consumer integration. The potato and tomato brgecompanies involved in EU-SOL cover a large
percentage of the world market. The consortiumfivasstrategic objectives:

1. To extract the under-exploited natural biodivergitgsent inSolanaceado improve consumer-
driven and environmentally-directed quality of tam&uits and potato tubers;

2. To map, isolate and characterise genes resporfsibtpuality traits and to dissect the molecular
mechanisms underlying these traits by applicatibstate-of-the-art knowledge and innovative
technologies;

3. To assemble these genes within new genotypes & baoknowledge and provide a blueprint for
novel high quality varieties to be developed by litgeding companies;

4. To coordinate and integrate breeding research dality traits, to provide training in innovative
technologies, to disseminate the results and tsfiea knowledge and technologies to industry,
and;

5. To participate in the international tomato genoraguencing initiative that will tie European
Solanaceae research and innovation into the foliadlactivities in this area.

EU-SOL particularly focuses on mapping, isolatiordaharacterisation of genes responsible for
traits that are important for consumers and prasssand unravels the mechanisms underlying
traits. Traits of interest for consumers include thresence of health components, nutrition,
aroma, fragrance, texture, colour, shelf-life, astdrch and chipping quality, while traits of
interest for producers include plant architectulend/short plants, branching), fruit set and
conservation, tuberisation and cold tolerance. dditeon to specific needs of consumers and
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producers, there is also a need to develop crapsinvproved yields and better adjusted to a changin
climate, including traits for improved yield on pbofertile soil and for tolerance to situations of
reduced water availability or increased salinity.

Table D1: Companies participating in EU-SOL and thé status

Company Status

Tomato breeders

Semillas Fito (ESP) Family company

Vilmorin & Cie (FR) Owned by Limagrain

Gautier Semences (FR)

Zeraim Gedera (ISR) Owned by Syngenta

Hazera Genetics (ISR) Owned by Limagrain

ENZA Zaden (NL)

Nunhems (Bayer, NL) Owned by Bayer Cropscience
Rijk Zwaan (NL)

Syngenta (SWITZ)

De Ruiter Seeds (NL) Owned by Monsanto

Seminis (US) Owned by Monsanto

Potato breeders

Agrico Research (NL) Breeding and research statfdhe co-operative Agrico
HZPC (NL)

Averis Seeds B.V. (NL) Division of AVEBE Group

Technology suppliers

Keygene NV (NL) Founded by Vilmorin, Rijk Zwaan, EN Zaden, De Ruiter Seeds
and Takii Seeds

Cogenics GENOME Expres

(UK)

BIOPLANT (GER) Subsidiary of the Bohm-Nordkartofigloup, the leading german
potato breeding enterprise.

Genelab (IT)

Source: EU-SOL

Several companies made a part of their tomato gereources available to the EU-SOL scientific
community. These resources are accessible underaftyufavourable Material Transfer Agreements
(MTAs). One company grew a number of tomato cutsvander optimal greenhouse conditions and
provided the fruits for sensory evaluation to parsnfrom the Netherlands, France and lItaly and
analysed growth and fruit quality of 81 inbred 8n&om crosses between tomato and a wild
relative. One of the potato breeders did phenotypihdiversity in potato for which 15 segregating
diploid potato populations had been developed.

The technology suppliers supply a range of seryiftesn sequencing to construction of optimized
silencing vectors for the study of the efficiendysdencing and stability of inserts in various t@s
and plant organs, including leaves and fruits. @hthese companies does the genotyping of a large
number of tomato varieties in order to make subdpstons for studying particular interesting traits
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such as drought resistance or taste and translafigenes that could be important in controlling
particular traits into new varieties for the brewgindustry.

EU-SOL partners have signed a detailed agreemdmntchworesees in a complex scheme of dealing
with confidentiality as well as ways of sharingbfishing, exploiting and commercialising intelleatu
property rights related to genetic resources maddadle by individual partners and the research
results and knowledge generated by EU-SOL. Tablgi2$ents an overview of the companies that
participate in EU-SOL.

D.3 Public-Private Partnerships for smallholders indeveloping countries

According to Escaler (2002) from the Internatiorgdrvice for the Acquisition of Agri-biotech
Applications (ISAAA), the adoption and uptake of Gbps by developing countries has been slow,
because of: 1) the high costs and proprietary aatimodern biotechnology R&D; 2) the absence of
regulatory and IPR management capacity, and; atkof scientific resources and skilled personnel.
Escaler (2002) argued that public-private partripssfPPPs) could help to address these constraints,
as partnerships with the private sector are an itapb route for public research institutes in
developing countries in order to gain access tearh tools and technologies. Nowadays, many seed
companies have entered into agreements with pudiearch institutes with the objective to support
smallholder farmers in developing countries. Ugyathe companies provide fundamental scientific
data, technologies, including genes and traitgnsific know-how to adapt proven technology to
crops, and licenses to patented technologies.

On the other hand, public-private partnershipsaise expected to benefit private firms by providing
access to emerging markets in developing countides]ly specific scientific expertise and genetic
materials, opportunities to strengthen corporatgasoesponsibility programs, corporate image, dran
recognition among customers and the general puéhd, investor confidence, as pointed out by
Spielmanet al. (2007) in a discussion paper for the Internafidf@od Policy Research Institute
(IFPRI).

Syngenta, for instance, established the Syngentadadion for Sustainable Agriculture, a non-profit
organisation that can access company expertisprépects that support smallholders in developing
countries. In one of the projects the Foundatioméad a partnership with the Centro Internacional de
Mejoramiento de Maiz y Trigo (CIMMYT) and Kenya Agultural Research Institute (KARI) to
develop and deliver maize varieties resistant éorttajor stem borer species to smallholder farmers,
and increase maize production and improve foodriggciihe Syngenta Foundation also supports the
HarvestPlus Challenge Program to improve globaditian. The partners aim to make available staple
food crops rich in important nutrients. HarvestPlukich is an initiative of the Consultative Grooip
International Agricultural Research (CGIAR), begar2004 and runs until 2019. In an interview with
Voice of America, Howarth Bouis, Director of Harvédus, explained that the project decided to stay
away from using GM technology because regulatiooslgvslow progress (Baragona 2010).

Another example is Collaboration on Insect ManagdnreBrassicas in Asia and Africa (CIMBAA).
The CIMBAA project is a public-private partnerstiwolving AVRDC, the Centre for Environmental
Stress and Adaptation Research of the Universit@bourne, the Natural Resources Institute of the
University of Greenwich, Cornell University and Nems B.V., now part of Bayer Cropscience. The
objective of CIMBAA was to develop varieties with eonstant level of resistance against
Diamondback moth, based on Bt proteins. The prigatdor was undertaking the transformation of
plant lines and selection of appropriate germplasmwvhich to release the release the material to
breeders. The public sector was involved in sedactif the genes for transfer and undertook a range
of studies on the suitability, appropriateness, lipuicceptability, safety, potential environmental
impacts, and optimal deployment methods for thésetg Both sides of the partnership would work
together to develop the registration dossier far ttansformed material and support its passage
through the Indian regulatory system. The developkht material was to be passed into the
ownership of a public partner for distribution tegetable breeders in any country where the material
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is registered (Russell, 2006). The Research Agreem@s signed in 2007, after two years of
negotiation. Nevertheless, after four years the s8dium Agreement was not signed because of
liability issues and regulatory hurdles.

Another example of a public-private partnershipMater Efficient Maize for Africa (WEMA) formed

in 2008 to increase the drought tolerance of winigéze in Eastern Africa, where it is a staple crop.
The project is led by the Kenya-based African Agjticral Technology Foundation (AAFT), with
partners including Monsanto, the International Maand Wheat Improvement Center (CIMMYT) and
agricultural research systems in Kenya, Mozambi§oeith Africa, Tanzania and Uganda, and funded
by the Bill and Melinda Gates and Howard G. Buffettundations. Monsanto provides proprietary
germplasm, advanced breeding tools and expertigk deought-tolerance transgenes developed in
collaboration with BASF. The varieties developetbtigh the project will be distributed to African
seed companies through AATF without royalty and enadailable to smallholder farmers as part of
their seed business. The national agriculturaaeh systems, farmers’ groups, and seed companies
participating in the project will contribute thedxpertise in field testing, seed multiplication,dan
distribution. The project will involve local institions, both public and private, and in the prsces
expand their capacity and experience in crop bnggdiiotechnology, and biosafety (AATF ?).

Monsanto has also public-private partnerships wighCotton Research Institute in Zimbabwe for the
development of bollworm resistant cotton, with KARIn Kenya for bollworm resistance and
glyphosate tolerance in maize and with AGERI in [igjor insect resistance in cotton. Monsanto also
delivers technologies in gene cloning and transgseiieening for Papaya Ringspot Virus resistance in
a public-private partnership with the Malaysian isgttural Research and Development Institute
(IFPRI-PRRI 2010).

Pray et al. (2006) analysed the history of the erqing of the rice genome, in particular the
competition between private sector an public seaeearch efforts. In 1998, the International Rice
Genome Sequencing Project (IRGSP), led by Japagm&nment researchers, was launched to take
advantage of the advances in sequencing technalegiyo coordinate the sequencing. An offer made
by Celera in 1999 to sequence the entire rice gengas a wake-up call to the Japanese government,
which substantially boosted its investment in rigenome sequencing. The announcements by
Monsanto in 2000 and Syngenta in 2001 that they draét maps of the rice genome provided a
further stimulus to Japanese government spendiogally, the initial release of the Monsanto and
Syngenta data was not completely unrestricted. WBgngenta published its results in the
journalSciencean 2002, it did not release its rice genome segugndata to GenBank, which was the
norm for articles published iBcience Rather, the data were posted on Syngenta's \wednsit access
was restricted to academic researchers, who caued@anmercial applications of their research to
Syngenta. When Monsanto's data were first releas@00, they were also accessible only when
researchers agreed to certain conditions. Manyarelsers were wary of signing up for these
databases, as they felt that the withholding obrimfation would be contrary to the appropriate
conduct of scientific inquiry. Moreover, the demafud access to such data appeared to be low,
perhaps because the Beijing Genomic Sciences hashwhde also started releasing its data to
GenBank and IRGSP was also making its data pubdighbilable. The low demand for proprietary
information might have contributed to Syngenta'sislen to donate its rice genome sequencing data
to IRGSP. Also Monsanto decided to donate its tattRSGP. Disclosure of these data on the rice
genome would have clearly accelerated public seetwarch on the rice genome and in 2005 IRGSP
was able to publish the complete rice genome seguenAugust 2005 (Pray et al. 2006).
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ANNEX E: BIOTECHNOLOGY AND THE SEED INDUSTRY IN CHI NA AND INDIA

China and India are interesting markets for globalseed companies (see section 4 of the
main report). Both countries have made significantinvestments in agricultural
biotechnological R&D. While China remains the worlds largest cotton producer, the
growing use of GM cotton has shifted India’s positn from one of the world's largest
importers to one of the world's largest exporters braw cotton. Due to the structure of
agricultural production and government policies thedynamics of Indian and Chinese
seed business differs from commercial operations ithe US and European markets.

E.1  Agricultural biotechnology R&D in China and India

Over the last decade the governments of China addé Ihave made significant investments in
biotechnology R&D to support innovation for incriegsagricultural productivity; they rank third and
fourth, respectively, in agricultural R&D spendibghind the US and Japan (Linton 2010). In 2000,
the US invested about 4.4 billion US dollar, consglato 2.5 billion US dollar for Japan, 1.9 billion
US dollar for China and 1.3 billion US dollar fardia. Since 2000, agricultural R&D spending in
China grew to 2.3 billion US dollar in 2003, whilmtil 2003 India’s agricultural R&D spending
remained relatively unchanged in that period.

Within the general field of agricultural R&D, bolidia and China have selected biotechnology as one
of the top priorities. The Indian government hag fostance implemented 481 agricultural
biotechnology R&D programmes from 2002 to 2006. &ding to Lin (2010), there are few
published estimates of India’s total agriculturatbéchnology R&D expenditures across relevant
government agencies; one exception — quoted by(2040) — is a publication by James (2008) on
India’s public sector investment in agriculturabtgichnology R&D, an estimated 1.5 billion US dollar
over the last five years, or about 300 million Usllar per year.

Likewise, the government of China has implementgdcaltural biotechnology R&D programmes,
which as of 2001 involved more than 150 national lotal laboratories in more than 50 research
institutes and universities. While agricultural teichnology R&D funding began with a budget of 4.2
million US dollar in 1986, it grew to almost 60 twh US dollar in 2003. In July 2008, the
government decided to allocate 584-730 million WHadl per year for R&D on GM crops, with the
aim to obtain genes with great potential commengdlie whose intellectual property rights belong to
China, and to develop high quality, high yield, gedt resistant GM crops.

E.2 Government policies on innovation in China’s s&ls sector

Since the mid-1990s China’'s government has triegricourage new institutional approaches to
develop and disseminate new plant varieties éiHal 2009). Laws governing intellectual property
rights have been passed, new biosafety managerpprdaehes are tried, new initiatives have been
taken for promoting the commercialisation of thepcbreeding system and seed industry and in many
efforts the private sector is being encourageddy a larger role. The following paragraphs provide
details of new institutional approaches from Chsngbvernments, and in particular its reform of the
seed law and adoption of intellectual propertytsgh

Reform of seed law

In the mid-1990s local and regional state-owneegmise (SOE) seed monopolies dominated China’'s
seed industry. In total, 2,700 SOEs operated iin tbeal counties, prefectures and provinces. Imyna
counties only the local SOE was allowed to selbise# the major crops. Typically, the county-based
SOEs sold their seed through township agricultenglension agents, so-called traditional, non-
commercial seed sales channels. In addition, deedlawed to farmers through other traditional nhon
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commercial channels, such as the cotton officestate-designated cotton monopoly procurement
agency through the late 1990, which was turned antotton technology extension and cotton policy
administration agency after 1998.

In 2000 China’s government passed a new seed kavfdhthe first time legally defined a role foeth
private sector. Since then, all firms — privateagjtcommercialised SOEs and traditional SOEs — were
allowed to apply for permits to sell seed in angisgiction. Measures were also implemented that
allowed companies to have their seeds certifieth@tprovincial level, which would entitle them to
sell the seeds in any county in the province. Slcma has 1,464 counties divided over 22 provinces
with populations ranging from 5.4 million to 113lkoin, those seed markets could be of considerable
size. By late 2001 nine companies had permits loseed anywhere in the country. For national
companies it had become possible to establish ¢wair distribution and retail networks, while at the
other end of the spectre hundreds of small seeganims opened up to supply local needs. Moreover,
private companies were also allowed to sell (GhNhan-GM) seed bred by public breeding institutes.
The reform of the seed law thus formally removesl lggal protection of the monopoly positions of
county, prefectural and provincial seed companigesnsequently, commercial seed distribution
channels opened up alongside the networks throubithwagricultural extension services had
traditionally sold to farmers, and new sourcesneestment in the seed industry emerged. Domestic
entrepreneurs started making investments in prigated companies and some traditional SOEs
transformed into commercial firms. Furthermoregfgn companies also began investing in China’s
seed industry, although they are required to badiugh a Chinese company.
In the cotton seed industry three fundamentalsbifturred in its structure:

1. The appearance of large commercial seed compam¢operate at the regional or national

level;
2. The emergence of a small, private cotton seed fiamd;
3. The entry of private foreign companies, althougythktill play a somewhat limited role.

Mergers and Acquisitionsin China

In Asia concentration in the seed industry is sty low, so seed distribution companies are
expected to merge. Today, there are about 3,00 @apanies in China, and the governmentis
goal is to have 30 — 50 big companies in ten y&ara now.

China’s government policy acts at two levels. Atfirst level, the Chinese government is pushing
companies to merge between them and the sharesggriccompanies in Chinese companies is
limited. A foreign company can have the majoritglmdres in research, but in production and
distribution they can only have a maximum shar498%6.

At the secod level, as we see in other sectors of economieiggtChina will probably put mone
in seed companies outside China. The country famtiney to invest in big companies. In the
next ten years, among the big ten seed compantas wworld, most probably one of them will b
Chinese, or at least controlled by the Chinese.

11%

Adoption of intellectual property rights

Prior to the late 1990s seed companies could legafiroduce a variety of another company for the
purpose of marketing the new variety. There weitheerestrictions of the use of another breeder’s
variety as parent in the development of anotheetygra common practice in the 1980s and 1990s. In
1997 Plant Varietal Protection (PVP) was introduftednost of China’s crops. Yet, protection islstil
not very strong and cotton as a crop was excluded protection until 2005. Notably, because the
PVP law still does not restrict the use of anotweder’s variety as parent for the development of
new variety, as it has a research exemption expliailowing research institutes and seed companies
to use PVP varieties for breeding of new variety.addition, PVP does neither give proprietary
protection to genes, although genes can be cowgréxhina’s patent law.
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Given loopholes in the PVP law and their enforcetmeublic research institutes and companies have
deployed several tactics to prevent their propnetarieties and novel genes from being used freely
Above all, the seed industry and public instituidrave begun using the patent system. For example,
the Chinese Academy of Agricultural Sciences (CAAfBfained a patent on the Bt-gene it had
developed. This CAAS Bt gene is used in all of @éna-produced cotton varieties sold by a CAAS
(fully domestic) joint venture enterprise. In adldlit, trademarks, another form of intellectual pmype
protection, can also be used to protect technologthis case, the trademark “Biocentury” has been
acquired.

Although Monsanto has patents on several genafidinot patent its original CrylAc Bt gene in
China. This Monsanto Bt gene can therefore beitegiely found in cotton seeds sold by two joint
venture seed companies originally set up by tweifiir companies, Monsanto and Delta and
Pineland. Also for China, Monsanto was grantedgmtian for its trademark “Bollgard” on its CrylAc
Bt gene-based trait.

Six reasons why European and American seed companies wish to invest in China

1. Currently, the part of commercial seed is very mmpared to other markets. Also the
margin in the seed sector is very low in China,wld®% per year. Nonetheless, China hag a
huge potential, in the first place because of ie of the market. Today, China is tHi&szed
market in the world and in the next 15-20 yeacsit even become th& deed market in
terms of volume. China started to export rice arabpbly will start to export wheat in the
future. For instance to India, where the growttyi@ld of wheat and rice is flat, which will
cause starvation in India in the next 5 — 10 ye@&isina also try to develop more trade
connections with countries in Africa and South Aiocgemn order to have access to minerals
and some products.

2. The second reason has to do with the fact thatthaes been an investment in biotechgiee
(and transfer) from North America to China (Asia)the past few years. Those investments
are increasing very rapidly. Lots of Chinese thaté made their career abroad are coming
back, which is really a booster for creating labs,there is infrastructure too. That makes the
Chinese market more accessible than the North Aaemarket.

3. ltis possible to do more cooperation. There isugéneffort of the government in this area.
Official party papers speak of creating labs togwoe new types of crops, probably GM, wlth
tolerance to drought etc. China is also intensivelyolved in sequencing several plant and
animal species, such as rice, pig and silk worner&lis now critical mass of experience.
This means access to the results of research capgéda with their partner in China, which
they can use anywhere in the world.

4. Adjacent to China, there is Taiwan, which is alsweloping new technologies in this sector.
5. What also makes it attractive is the availabilifyttte rice genome sequence and the fact thiat

Japonica is very easy to transform, so you cangeste candidate genes. This is possible i
monocot crops, and in dicot crops in the future too

=)

6. Chinais also cheap. The labour cost of scientiicsonnel is much lower (post docs in China
cost only 1/3 of what they cost in Europe), theykviiard and the number of qualified peopl
is increasina ranidlv

D

Hu et al. (2009) provide profound insights fromitheell-researched analysis of the impacts of the
adoption of intellectual property rights and referof the seed law on China’s Bt-cotton industry.
While through the late 1990s farmers in China asm@£otton seeds from traditional non-commercial
sources, after 1999 farmers could still purchagtorecseeds from those traditional non-commercial
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sources, save their own seeds or purchase cotols §mm commercial sources. Table E1 presents an
overview of the adoption of GM cotton seeds in &nfifiom 1999 to 2001: 56% of the farmers bought
cotton seed from commercial seed companies, 20% fraditional, non-commercial channels and
24% self-saved seeds. During these years, 74% eofctiiton seed purchased from commercial
channels was found to be based on the Monsantq giiile the 26% was based on the CAAS gene.
In addition, examination of plots planted with cottseed from commercial sources revealed that 56%
of the plots had been planted with legitimate cotteed, whereas on 44% of the plots illegitimate
cotton seed had been planted. Notably, the incelesfcillegitimate seed types was higher for
domestic commercial seed (66%) than for foreignetigs (36%). The conclusion from these findings
was that the reform of intellectual property rigltisl not eliminate illegitimate seed types from
China’s Bt cotton seed market. Nonetheless, dettpiteveakness of China’s IPR system, the decision
to allow foreign seed companies into the natiowtan industry appears to have brought benefits, as
technical efficiency of China’s cotton productiase sharply after the introduction of Bt cottondsee

Table E1: The Chinese cotton seed market betweend®and 2001

Origin of the seeds
Bought from commercial | Bought from | Self saved
seed companies traditional, non-
commercial channels
Percentage 56% 20% 24%
Origin of the gene Monsanto CAAS
74% 26%
Legitimacy of the seed| Legitimate | lllegitimate
56% 44%

Source: Hu et al. 2009

Yet, concerns about multinational companies doririgathe seed industry persisted. In 2009, the
Chinese Academy of Science and Technology statedtle seed industry is of strategic importance
to China and that opening of the industry threateessurvival of domestic firms and the security of
China’s germplasm resources (Linton 2010). Notwéthding several seed market access restrictions
that are still in place, foreign firms have beemrrngited to undertake several new agricultural
biotechnology R&D programmes and new investmenés alowed, provided they are limited to
research and do not extend to commercialisationeaf products. Under such terms, both Syngenta
and Bayer have started to collaborate with Chimesearch institutions and universities.

E.3 Government policies on innovation in India’s seds sector

Evolution of the Indian seed industry
The evolution of the seed industry in India cardiséded into four periods (Prast al 2009):

1. The colonial periodduring which the government of British India editetied a series of
agricultural experiment stations and agriculturalleges that first imported crops and plant
varieties from other parts of the world and latezdbhigher yielding sugarcane, wheat, rice
and cotton varieties.

2. Green Revolution perioduring which India’s government established adtical research
systems and a series of state agricultural uniessiand public sector breeders started
producing improved varieties if maize, sorghum, rp@aillet, cotton, sugarcane and other
major crops, while the private sector only playesdnazall role in importing and distributing
new vegetable and fruit varieties and tobacco.

3. The Hybrid periodvhich started in the 1980s and in which privatené began to play a major
role in the seed industry by producing and distiitguhybrid varieties of maize, sorghum,
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pearl millet and cotton, while hybrid sunflower idies from the US and Australia were also
introduced. In the 1980s and 1990s the privateosenade major investments and public-
private partnerships proliferated during the 1a8880s, resulting in the introduction of hybrid

varieties of rice, wheat and rape seed. For instaine International Rice Research Institute
(IRRI), along with some Indian government instibm$ and several private firms, have
adapted the Chinese hybrid rice system for India.

4. The Biotech periodthat began at the beginning of the®2dentury, starting with the
introduction of GM Bt cotton hybrids by Monsantadam joint venture between Monsanto and
Mahyco, one of the biggest Indian seed companies.GM Bt cotton hybrids were officially
approved by India’s government in 2001 and abousedd companies in India have inserted
the Bt gene in their proprietary cotton hybrids.c&#ly several new Bt genes have been
approved — one from China and one from an Indidrilipuesearch institute. At present, about
80% of India’s cotton production is based on GMcBtton hybrid seeds. Figure E3 provides
an overview of the number of Bt cotton hybrids tivate approved for commercial cultivation
in 2009.

Policy reforms

In 1966 India’s government passed the first seetl llsading to restrictions on private seed compmanie
and seed exports as well as the banning of comahéngports of any agricultural input that was also
being produced in India (Pragt al. 2001). In 1979, India’s government implementedlitdustrial
Policy Act which restricted investments by largdiém firms and did not allow firms with more than
40% foreign ownership to enter the seed industywéter, in the mid-1980s India’'s government
started reducing barriers to the entry of foreigimé$ by: 1) including seed and biotechnology
industries in the list of ‘core-industries’ in 1988hich allowed large Indian firms and foreign-owne
companies to enter India’s seed industry; 2) adgpthe New Seed Industry Development Policy in
1988, which allowed seed firms to import commerciabetable seeds with no quota, to import
commercial seeds of foreign varieties of coarséngrand oilseed for two years, after which seed
firms had to produce the seed inside India, anonfmrt germplasm for research purposes, and; 3)
reducing regulations on technology transfer andifpr investment.

As a result, five large Indian firms, J.K. Industj Southern Petrochemical Industries Corporation
(SPIC), Khatau-Junker Ltd., Godrej, Dunlop and idamns, entered the seed business in 1986,
although three of them soon dropped out. In additiarge firms that were partially foreign-owned,
like Hindustan Lever, ITC, ICl and Sandoz, alsoeesd the seed industry. Other key groups of new
entrants were multinational seed companies, sudbaagill, DeKalb and Monsanto, who generally
came in as joint ventures or wholly own researcfoondation seed companies with local distributors,
and small (Indian) seed companies. According tg Btal (2009), the effects of these entrants was to
reduce concentration and increase the competitbgenethe seed industry. The so-called ‘four firm
ratio’, which is a measure for concentration, weotvn from 69% of private seed sales in 1987 to
51% in 1995. In that period, the large Indian camips went from nothing to a 23% share of private
seed sales, while some foreign-owned firms wenmnfi®% to 33%, while government companies’
sales were about equal to private companies’ sales.

Murgkar et al (2007) have examined competition and monopolyessn the Indian cotton hybrid
seed market and identified several factors thae l@syed a role in the rapid development of the
private sector cotton hybrids in the 1990s. Fitegir growth is the outcome of a process of
technology diffusion and learning. Many of the ptas sector firms that have their own hybrids today
entered the cotton seed business by marketing aiging public bred hybrids. Furthermore, the
private sector has relied heavily on retired pub8ctor breeders to lead their research efforts. Th
knowledge spillovers from the public sector R&Diwity have therefore been substantial. Second,
once the private sector was able to evolve a ssftdgaodel of hybrid development, production and
release, it was also quick to spot the market dppdies left unexploited by the public sector. In
particular, the private sector developed early tilomahybrids with good fibre quality. The early
duration hybrids appealed to farmers in rain-fedsanxious to minimize their exposure to weatbkr r
By comparison, the public sector hybrids were naddl late duration crops. Third, as selling one’s
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own proprietary hybrids offered much greater mardiman marketing public bred hybrids, private
firms reallocated their resources accordingly. adther hand, the public sector seed corporations
were unable or unwilling to invest in the market@ftprt to compete with private bred hybrids.

Currently, there are over 250 private seed firmdnitia, of which perhaps 60 firms have R&D
programmes to develop and commercialise hew vasietnd about 20 firm are major players in a seed
market with an annual sales volume of about 1300iomi US dollar (Prayet al 2009). The
liberalisation reforms have thus led to a shift aods private sector seed industry, while at theesam
time, from 1995 to 2005, the share of public sestmd sales decreased from 40% to 22%.

Moreover, there is a growing investment of foregged and biotechnology companies in R&D and
India’s seed industry and their use of India assearch base for developing technology for elsesvher
in the tropics. Further, Indian firms are expandinigp international markets through acquisition by
foreign-based multinationals and seed companidiseirtdS, Europe and South America and there are
research alliances and contract research betweamlfirms and US, European and Chinese research
organisations.

For example, Limagrain set up joint ventures withesthagen and Devgen that bought the rice,
sorghum and millet business in India from Monsanttile both Monsanto and DuPont have
established R&D facilities in India. Moreover, Baymnd its subsidiary Nunhems are expanding their
biotechnology and breeding research in India sbltitha can be a research base for hybrid rice and
vegetables seed for South and Southeast Asia. Anatkample is Advanta that already had two
research facilities in India and expanded furthrer2008 through the acquisition of the US-based
hybrid grain and forage sorghum supplier Garrisomd&vnsend. In addition, in 2001 the Indian firm
DCM Shriram Consolidated purchased Bioseed Intemnal which was primarily a maize seed
company that had spun off from Pioneer and haddomgeprogrammes in the US, Philippines,
Vietnam and India, while in India it was expandimgo hybrid rice, cotton and sorghum. Another
Indian firm Krishidhan Seed recently announced lisg term agreement with the Dutch
biotechnology company Proteios International foe ttlevelopment and application of molecular
markers and DNA detection technologies to cotton.

Table E2: Shares of hybrids in total seed sales difie private sector and the public sector in

2008
Share of hybrids in total seed sales

Crop Private sector Public sector
Maize 98% 2%
Cotton 100% 0%
Millet 82% 18%
Sorghum 75% 25%
Sunflower 100% 0%
Rice 90% 10%
Vegetables 100% 0%

Source: Pray et al. 2009

Notably, private sector companies have introducgbaing number of hybrid varieties of field crops
and vegetables, thereby taking a substantial sfattee market from the public sector, especially in
crops, such as cotton, sorghum and millet, andtabtgs. While Pioneer, DeKalb, Pacific Seeds and
other contributed to the introduction of hybrid meiand hybrid sunflower, rice hybrids were
introduced by Pioneer, Bayer and Syngenta. FinBllynsanto’s has introduced BT cotton as the first
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GM crop for commercial cultivation in India, corituting to an increase of the seed industry’s vaue,
change of its structure and increased industry Ri&fzestments. More than 150 Bt cotton hybrids, all
developed by the private sector, containing anythef four approved GM events (MON1598,
MON531, GFM CrylA and CrylAc Bt-1), are now avallfor cultivation, covering about 90% of
the total cotton acreage in India. Table E2 presémt shares of hybrids in total seed sales of the
private sector and the public sector in 2008.

Despite continuing concerns by Indian politiciam&l aaon-governmental organisations (NGOSs), the
few quantitative studies that have looked at cotre&on in the Indian seed industry found that the
entry of large Indian companies and foreign-ownediltimationals actually led to reduced
concentration rather than greater concentrationekample in the cotton seed industry from 1997 to
2005 concentration declined when measured eithéndghare of the top five firms (see Figure E1) or
by the Herfendahl —Hirschman Index (HHI; see Fidt2®, while at the same tintke displacement of
lower priced public cotton hybrids by higher prigedprietary hybrid seed contributed to the growth
in the value of the Indian cotton seed market (Mkau et al. 2007).
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Figure E1: Share of top 5 firms in cotton proprietay hybrid seed market
Source: Murugkar et al. 2007
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Figure E2: 5-firm Herfendahl —Hirschman Index for the cotton proprietary hybrid seed
market

Source: Murugkar et al. 2007
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According to Pray et al. (2009), Monsanto’s safeshie early 2% century could have been between
20% to 25% of the private sector seed sales iralntihough, it could also have been less, because
Monsanto sold of the Stoneville cotton seed pa&mErgent Genetics (acquired in 2005) to Bayer in
2007, when it bought Delta and Pineland and saddstirghum, pearl millet, sunflower and rice seed
business in India to the Belgium based company Bevg

Another type of concentration occurred in the Biggbusiness. The Indian company Navbharat had a
brief illegal monopoly on Bt cotton until it wassdovered in 2001 (see the subsectffusion of
unapproved Bt cotton seefty more details). Then, the joint venture Monsakitahyco Biotech was
given a temporary monopoly by the Indian biosafegulators on the ‘legal’ Bt cotton industry until
2006 when Nath Seed and J.K. Seed were also alltwssll new Bt genes.

Figure E3 provides an overview of the number of types of Bt cotton hybrids that were approved
for cultivation in India in 2009.
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Figure E3: Number of Bt cotton hybrid approved for commercial cultivation in India in 2009

Note: Mon15985 and MONS531 have been developed bydslisto and GFM CrylA and CrylAc
Event-1 by Indian public research institutes.
Sourcehttp://igmoris.nic.in/default.asp

Antitrust enforcement

In 2002 the Monsanto-Mahyco joint venture had th&t fmover advantage because it had the only
approved Bt genes for commercialisation in Indiacd® for its Bt cotton hybrid seeds were raised
four to five time more than for conventional cottybrid seed, which attracted a large number of
(Indian) seed companies to license the technology fMonsanto-Mahyco as well as to invest in

R&D for new Bt genes. For instance, Nath, J.K. Seadd a consortium of companies led by

Nuziveedu, decided to invest in developing thein@®t cotton hybrid programme from scratch.

However, in 2006, the government of the state Aadtmadesh brought a case to The Monopolies and
Restrictive Trade Practices Commission because MuosMahyco had exercised monopoly power.
The antitrust commission agreed with the state gowent but Monsanto-Mahyco appealed to the
Supreme Court. Meanwhile, the government of Andieedesh negotiated with the seed companies to
set prices of the BT cotton hybrids. Soon othetestppvernments (Gujarat and Maharashtra) also
adopted similar pricing policies for Bt cotton higsr.
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Bt cotton seed price in India

Farmers are willing to pay a higher price for seédt brings them benefits, for instance innes
of higher yields, lower expenditures on other int@ot production factors such as fertilize
pesticides and labor, or improved product qualibatt sells at premium prices. This can
illustrated by the development of Bt cotton in éndivhen Bt cabn was first introduced in tt
2004/2005 growing season, the price for Bt seedsR#&3,517 per kg for official Bt seeds anc
2,374 per kg for unofficial Bt seeds. In 2006, ttate governments of Maharashtra, And
Pradesh and Guijarat, which consiti¢ the Indian cotton belt, fixed the price of &&ngnd doubile
gene technologies at Rs 1,667 and Rs 2,111 regplctabout 50% lower than the initial pric
This was further reduced to Rs 1,445 and Rs 1,667 2008 (Murugkar, 20Q7
HinduBusinessLine, 2010). Although the price wdiscainsiderably higher tan the Rs 963 per
that was paid for nomt proprietary hybrid seeds, Bt cotton rapidly bewavery popular amor
Indian cotton farmers: the Bt cotton acreage toutle€% in 208 and grew further to 90% |
2010 (Choudhary, 201(

The actions led to debates on whether governmepbsed price controls could have a negative
impact on innovation. First, companies may not give seeking approval for the release of new GM
traits in India; for example, in China where th&reirtually no IP protection Monsanto has not even
attempted to introduce any other Bt-trait thandhe introduced in 1997. Second, price controls may
complicate seed companies and technology suppliies, public or private research institutes,

reaching licensing agreements with each other.dThgovernment price controls may prevent
domestic firms seeking entry into the seed industnd harm domestic firms to develop and
commercialise GM seeds (Linton 2010).

Diffusion of unapproved Bt cotton seeds

The approval of Monsanto-Mahyco’s Bt cotton wascpoed by the discovery of an unauthorised Bt
cotton hybrid in farmers’ fields in Gujarat at tbad of 2001. The unapproved seed was a variety
registered as a conventional cotton hybrid thabrgd to Navbharat Seeds. Later investigations
confirmed that the Bt gene was the CrylAc gene ldpeel by Monsanto and used in the legally
approved varieties. Consequently, Navbharat Seasi®d&en barred from the cotton seed industry and
prosecuted for violating biosafety regulations. jtes this, the multiplication and distribution of
unapproved seed continued to spread. While thewaréar approved Bt cotton hybrids grew from 28
million acres in 2003 to 4800 million acres in 208& area under illegal Bt cotton hybrids grewnrfro
30 million acres to 1800 million acres in the sgyeeod (Ramaswangt al 2008).

Herring (2006; 2008), among others, has emphasisedimits of IP protection in seeds, suggesting
that farmers always have the ability to make ‘gnegrket’ versions of approved seeds through seeds
saving, seed exchange and seed experimentatitime lcase of unapproved Bt cotton hybrid seeds, a
‘stealth’ economy emerged, in which not only farméut also seed growers, seed companies and
distribution agents worked together (Ramasweinal 2008).
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ANNEX F: ‘OPEN INNOVATION’ AND MANAGING INTELLECTUA L PROPERTY IN
PLANT BREEDING

While seed companies have diverging opinions abothe role of Intellectual Property in plant
breeding, a few ‘open innovation’ approaches for agcultural biotechnology and plant breeding
have been initiated: The Biological Innovation for Open Society (BIOS) and the Public
Intellectual Property Resource for Agriculture (PIPRA).

Several examples on licensing agreements in thdystsee Annex B) also included deals between
seed firms to drop IP litigation procedures agaesth other, suggesting that the role of IP in
(agro)biotechnology might become more, not lesmpticated over the next decade. In essence, the
biotechnology sector faces the need both to pratectvations and to open them up. Consequently,
for patent holders, including agricultural bioteology and seed companies as well as public research
institutions, managing IP wisely is no small chadje, as it also requires reconciliation of the sesfd

the industry with those government grant-makers analic sector researchers. Moreover, there is a
pressure building to do something to assuage coscrat patents are stifling, not stimulating,
innovation (Cukier 2006).

In a similar vein, a report by an international estpgroup on biotechnology, innovation and
intellectual property, hosted by McGill University Montreal, Canada, argued that the current system
of ‘Old IP’ rests on the belief that if some IPgeod, more IP is better. This thinking increasingly
risks to become counterproductive in sectors ligaltth care and agriculture (TIP 2008). The expert
group therefore argued to implement ‘New IP’ modetaw emerging that focus on collaboration and
co-operation.

Meanwhile, a few ‘open innovation’ approaches fgri@ultural biotechnology and plant breeding
have been initiated. One early example is the Biokd Innovation for Open Society (BIOS) started
by Richard Jefferson who contributed to the devalept of a new plant transformation technology as
an alternative to the commonly appliddrobacteriumbased transformation technology (Broothaerts
et al. 2005). In contrast to the complex patenengng landscape foAgrobacteriurdbased
transformation technology, the alternative techggldTransBacter” was made accessible to the
international community in a ‘protected technola@gynmons’. The open-source-modelled licenses of
BIOS are characterised by having no commercialrioéisins other than covenants for sharing
improvements, relevant safety information and ratguy data and for preserving the opportunity for
others to freely improve and use the technology.

Another example of an ‘open-innovation’ initiative the Public Intellectual Property Resource for
Agriculture (PIPRA), started by Atkinson et.dh 2003. According to the initiators, patented
technologies related to agricultural biotechnolbgye increased dramatically since the 1980s in both
the public and private sectors. Public sector mefemstitutions have invented nearly 25% of the
technologies in this field — a proportion which dpproximately 10-fold greater than most other
technology sectors. Figure F1 provides a more lgetdireakdown of the shares of patents assigned to
private companies and public institutions in thed$f 2003, at the time when PIPRA was initiated.

In spite of the significant size of the public sediechnology portfolio, Atkinson et al. (2003) aegl

that it remains underutilised as a resource in gaé to the fact that it is highly fragmented asros
many institutions. Commonly, these institutions dafound that the public research sector is
increasingly restricted in its ability to developw crops with the technologies it has itself ineeht
Many public/non-profit institutions share a comnyairilosophy supporting broad technology access,
but prior to the formation of PIPRA there was nochanism for collaborative management of
patented technologies to further these goals. Teereffectively manage patented technologies, 39
universities and non-profit research centers ircdntries have joined forces to form PIPRA for to
the strategic management of intellectual propertgriable the broadest commercial and humanitarian
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applications of existing and emerging agricultusdhnologies. PIPRA thereby indicated to believe
that the landscape of intellectual property cowddhiore effectively managed collaboratively by using
a set of shared principles, like: 1) provide a stug intellectual property clearinghouse for acdess
public sector patented technologies; 2) providesaurce for the analysis of patented technologies f
implementation of specific projects; 3) develop gédransfer and gene-based trait technologies that
have maximum legal “freedom to operate” (FTO); Anage pools of public sector technologies to
promote availability and reduce transaction costsoeiated with transfer of rights to patented
technologies, and; 5) support the developmenttefléctual property management best practices and
capacity enhancement in developing countries.

Rest of Unknown University of California 1.7%
private 204 USDA 1.2%
sector Cornell University 0.9%
33% Public lowa State University 0.8%
sector Michigan State 0.7%
24% North Carolina State 0.5%
Washington State 0.5%
University of Florida 0.5%
Wisconsin Alumni
Research Foundation 0.5%
Massachusetts
General Hospital 0.5%
Salk Institute 0.5%
4% Monsanto Canadian Ministry of
14% Agriculture and Agri-
Syngenta Food 0.4%
% DuP(())nt Rutgers University 0.4%
13% Rest of public sector 14.6%
Figure F1: Shares of patents assigned to private drpublic entities in the US as of 2003

Source:Graff et al. 2003

Both BIOS and PIPRA have started providing servae$atent landscape navigating’ and new open-
source tools for healthcare and agricultural R&[peesally to public research institutions and small
companies in developing countries. At this pointifime it might be too early to evaluate the sucegss
and/or failures of both these initiatives. Indepamtadreviews of their activities have not been fqund
nor information on whether these (or possible, Isimmopen-innovation initiatives have had an impact
on R&D for plant breeding by public institutionsdasmall(er) (family-owned) seed companies in
developed countries.
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ANNEX G: INTERVIEW QUESTIONS

Note: In the interviews with Alain Bonjean (Limagrainkaparate list of questions focusing on the
situation in China has been used. These questreristed in italics.

1. Drivers

¢ What has been thwain driver of concentration in the seed industryover the last twenty years?
Rank from 1 to 5.
0 Changes in seed industry’s profit margins? 1 — 5

Changes in commodity markets? 1 -5

Increase of plant breeding R&D costs? 1 -5

R&D Costs of applying GM technology? 1 —5

Regulatory requirements for GMOs? 1 -5

Access to patented technologies and traits fortgbah — 5

Other? 1-5

OoO0Oo0Oo0Ooo

China: How has the Bt-cotton seed industry evolved in &his concentration/consolidation
occurring? If so, what are the main drivers? Isrtha GM rice seed industry evolving in China? If so
which public and private (including foreign) padiare involved?

2. M&AS:
Do you foresee any future mergers and/or acquistio
If yes, what type of activities/companies wouldttbancern:
o Companies active in field crops, vegetables orme#als?
biotech companies that add new technologies
seed companies adding new germplasm and/or new twdpe portfolio
seed multiplication and distribution companies
companies that extend your commercial activitiestber parts of the world, North America,
South America, Europe, Asia, Australia, Africa?
If not, why not?

O ooo

China: Why is Limagrain present in China? Does Limagraious on certain crops and/or traits?
Why these crops and/or traits

3. [Cross] licensing

* What is the strategic background of the growing benof licensing agreements and R&D
collaborations with other seed/biotech companissfd way forward, if growth by M&As is no
longer possible?

« What role do breeders’ research exemption in samtenplaws (France and Germany) play?

« What role do anti-trust limitations imposed by théhorities play?

China: Are there specific Intellectual Property issue€inina? If so, in what respect do IP issues in
China differ from the US or EU?

4. Cost of bringing GM crop to market

These cost are said to be about 100 - 150 milliSrdollar. Could this figure be broken down into:
o ¢ million for trait discovery

x million for research (gene construct — event)géssibly licensing costs)]

y million for development (event — GM crop varigty

g million for seed multiplication, distribution amsdles [(+ possibly licensing costs)]

z million US dollar (regulatory research, dossagproval)

w million US dollar (obtaining and maintaining patgs), and licenses)

O O O0OO0OOo
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China: What are the costs of bringing a GM crop to the ke&in China?

5. R&D

e What is theR&D cost share of the total budgebver the last five years? Will this share go up or
down the coming years? Why?

e Whatis thdP and Legal cost shareof the total budget over the last five years? Wik share go
up or down the coming years? Why?

6. Innovation

* R&D collaborations/open innovation: To what extent can we talk in terms of ‘open irgon’
as it concerns the seed industry? What are oppbesi& threats?

e Public-private partnerships: What is the role of public R&D in plant scienaalgplant breeding
versus private R&D?
China: Are there public-private partnerships (PPPs) in @ If so, do they also involve foreign
companies and under which conditions? What ar&kéyefeatures of Chinese PPPs? What is the
role of public R&D in China?

« Biotechnology:Biotech/seed companies are promising a major fhift present input oriented
agronomic traits to output traits (e.g. productliyla What can we expect from your company in
the short (now — 2 years), medium (2 — 5 years)lamg run (5-10 years)?

7. Intellectual Property Rights

Patents are meant to protect the intellectual ptpaed ownership of real inventions and to enable
the inventor to get a return on R&D investmentthia recent years, there have been a series of legal
cases concerning patent infringement, while in soases the adversaries eventually decided to stop
litigation procedures and reach an agreement artimmselves. Are these patents important enough
to spend huge budget on professional legal adice?here any alternatives to protect IP?

China: Is there a market for ‘illegal’ (Bt-cotton) seedstmits in China? If so, how do the Chinese
authorities deal with trade in such ‘illegal’ seedistraits?

8. Generic biotech seeds and traits
Do you see a future for generic biotech seeds at@its? If not, why? If yes, what would be the
conditions supporting the market for generics?

China: Is there a market for generic biotech seeds anitstia China? Would such generics market
differ from those in the US or EU.
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ANNEX H: LIST OF INTERVIEWEES

DuPont-Pioneer John Bedbrook, Vice President Adjtical Biotechnology
Bayer — Nunhems Johan Peleman, Managing Diretteesearch & Development
lllinois Foundation Seed Tim Johnson, President
KWS Léon Broers, Executive Board - Breeding &&arch
Limagrain Jean-Christophe Gouache, CEO of thestédaie Seeds Division
Alain Bonjean, Managing Director Limagrain’sgater China
Monsanto Philippe Castaign, Head of European @atp Affairs
Jim Tobin, Vice President Corporate Affairs
Rasi Seeds Arvind Kapur, CEO Vegetable SeedsiDiv
Syngenta Seeds David Morgan, President
Rijk Zwaan Ben Tax, Board of Directors
Pim Lindhout
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ANNEX I: TWO MAJOR ANTITRUST CASES IN THE US SEED | NDUSTRY

Monsanto, DeKalB and the maize seed market

In 1998 the Monsanto’'s 2.3 billion US dollar acdtin;n of DeKalb raised concerns of the DoJ
Antitrust Division about competition in the bioteatmize seed market (DoJ 1998). The combination
of Dekalb’s IP of the leading method of maize tfanmation, so-called ‘biolistics’, and Monsanto’s
IP claims in the emergingAgrobacteriuratransformation technology led to concerns about
competition for maize transformation. In the viefwtloe DoJ, other parties in biotechnology needed
access to transformation technology, on competiguas, for introducing new traits in maize seed.

Consequently, Monsanto had to implement certairngés to the deal that would ensure that
biotechnology developments in maize would remaimpetitive. On the one hand, Monsanto had to
spin off its IP claims omgrobacteriumtransformation technology to the University of i@ahia at
Berkeley, which as an independent entity with elgmee in the exploitation of such IP would ensure
that other parties would not be deprived of futtwenpetition in maize transformation technology. On
the other hand, Monsanto had to enter into bindimgmitments to license maize germplasm of its
subsidiary Holden to over 150 seed companies tea¢ \Molden’s customers. This would ensure that
the merger with DeKalb did not reduce competitiorbiotechnology developments in maize. One
year before, in 1997, Monsanto had acquired Holdith a share of over 30% of the maize hybrid
seed market in the US.

Monsanto, Delta and Pineland and the cotton seed miaet

The DoJ had similar concerns about the acquistioBelta and Pineland, a major US cotton seed

company, by Monsanto in 2007. Eventually, Monsargached an agreement with the DoJ that

allowed it to complete its acquisition of Delta dpithe Land. The DoJ essentially required Monsanto
to eliminate stacking prohibitions in its cottoaitrlicenses. Under terms of the agreement, Monsant
had therefore to divest certain assets includisdJiS branded cotton seed business. Therefore, the

company (Monsanto 2007):

* Entered into a definitive agreement to sell itsn8tolle cotton seed brand and related business
assets, subject to Justice Department approv8ayer for 310 million US dollar. As part of this
agreement, Monsanto agreed to sell to Bayer cexaitventional cotton parental lines that
Monsanto will acquire from Delta and Pine Land'#@wo breeding program. Monsanto retained a
non-exclusive license to these same parental liBager's FiberMax brand and the Stoneville
brand continued to be licensed to use Monsanttterctrait technologies.

e Entered into a definitive agreement to sell its §er cotton seed brand and related business
assets, also subject to Justice Department apptovamericot for 6.8 million US dollar. As part
of this agreement, Monsanto agreed to sell to Atpégertain conventional cotton parental lines
that Delta and Pine Land acquired from Syngent20@6. The Americot and NexGen continued
to be licensed to use Monsanto's cotton trait telcgies.

« Amended certain cotton licensing agreements soithaither cotton licensees would have the
same terms that Delta and Pine Land enjoyed witiarte to the use of third-party trait
technologies;

« Provided Syngenta certain germplasm in Delta ame& Rand's breeding pipeline that contains
VIPCot trait technology. This action was intendechiow Syngenta to continue its development
of this technology.
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ANNEX J: FIELD TRIALS WIT GM CROP IN THE US, EU, IN DIA, AUSTRALIA AND
ARGENTINA

This annex provides overviews of the number of (apigations for) field trials with GM
crops in the USA, EU, India, Australia and Argentira, which can be considered an
indicator of the level of activity of countries andcompanies in GM crops.

These overviews are based on data that have bieewed from the following databases:

« USA: Information Systems for Biotechnology at Virgifiiac (data provided by USDA
APHIS Biotechnology Regulatory Servicebtp://www.isb.vt.edu/cfdocs/fieldtestsl.cfm

* EU: GMO Register of the European Commission JoineResh Centre;
http://gmoinfo.jrc.ec.europa.eu/

¢ India: Indian GMO Research Information Systéittp://igmoris.nic.in/default.asp

* Australia: Office of Gene Technology Regulatbitp://www.ogtr.gov.au/internet/ogtr

« Argentina: Ministry of Agriculture;
http://www.minagri.gob.ar/SAGPyA/agricultura/biotedogia/

Field trial data from China, as publicly accessidg¢abases have not been found on the Internet.

Notably, the number of field trial applications dogot necessarily equate with the number of field
trials conducted. Applications might have beenatei@ by regulatory authorities of withdrawn by
applicants, although the number of such cases steebesvery limited.

Moreover, the scope of a (permit for a) field tmaight range from one field test at one site foe on
year to multiple field tests at multiple sites foultiple years.

Further, for this search, companies have beenetkestin accordance with findings from literature on
mergers and acquisitions in the seed industry fi880 to 2010. For example, if a company
conducted a field trial at a particular point imé& but it merged or was acquired by another company
later, the field trial has been counted as if #itet company has conducted it.

Table J.2 provides an overview of clusters of comgmthat have applied for field trials with GM
crops in the US, EU and India. Further, Big Siaisiotion used in this and some other studies to
cluster the following companies: BASF, Bayer, DuRddow, Monsanto and Syngenta. Table J.3
provides an overview of the top ten companiesrims$eof field trial applications. The figures arditsp
by crop in tables J.4 to J.7.

The tables illustrate Monsanto’s dominant positidtih more than 40% of all field trial applicatioims

the USA, the EU, Argentina, Australia and Indiac&pt for rice, where Bayer is the major applicant,
Monsanto ranks nr. 1 in all GM crop field trial dipptions.
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Table J.1: Clusters of companies that applied foriéld trials in the US, EU, India, Australia and

Argentina
Company | Mergers & Acquisitions Company | Mergers & Acquisitions
Monsanto | Agracetus Syngenta | Ciba-Geigy
Asgrow Garst
DeKalb Golden Harvest Seeds
Forage Genetics Hilleshog
International Northrup King
Holdens Novartis Seeds
NC+Hybrids Rogers NK
Upjohn S&G Seeds
Calgene Zeneca
Delta and Pineland Mogen
DeltaMax Cotton Mahissa
Jacob Hartz ICI Seeds
Campbell
Petoseeds
Seminis Vegetable Seed
Bruinsma Seeds (Seminis) Bayer Agrevg
] Aventis
Advanta — 0|I3fee.d rape Hoechst-Rouseel
SES (Advanta; 0|Ise§d rape) Plant Genetic Systems
Sharpes (Advanta; oilseed
rape) Rhone-Poulenc
Cargill Seeds Sunsgeds
CDM Mandiy( Sanof
Mahyco Solavista (Aventis/AVEBE)
Nunhem
Limagrain | Advanta; maize Europe BASF ExSeeds
Clause Seeds Crop Design
SES (Advanta; maize) Plant Science Sweden
SELIA Amylogene
Tézier
Emilseme
Nickerson Zwaan
Mais Angevin
Biogemma
DuPont Pioneer Hi-Bred Dow Agrigenetics

(Targeted Growth Inc)

Mycogen

Source: compiled by the authors
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Table J.2: Applications for field trials per entity type in the USA, the EU, India,

Australia and Argentina

USA EU Argentina  Australia India
Company (1987-2010) (1991-2008 (1991-2010) (2001-2010) (1987-2010)
Big Six 10,684 1,181 1,061 25*
Other private entities 2,067 599 324 14 6
Public entities 3,164 86 20
Total 15,915 2,229 1,471 83 51

* Including Mahyco Monsanto

Table J.3: Applications for field trials by the tenmajor companies in the USA, the EU,

India, Australia and Argentina

USA Argentina EU India Australia  Total
Company (1987-2010) (1991-2010) (1991-2008 (1987-2010) (2001-2010)
1 Monsanto 7,230 536 311 14~ 16 8,107
2 DuPont 1,331 173 195 1 1,700
3 Bayer 752 85 363 5 8 1,213
4 Syngenta 710 225 207 1 1.143
5 DOW 429 98 21 6 4 558
6 Limagrain 159 173 1** 333
7 BASF 135 35 84 254
8 Associados 59 59
Don Mario
9 Frito Lay 58 58
10 Satus Ager 37 37
Total 10,840 1,248 1,354 27 29 13,462
* Mahyco Monsanto
*x Avesthagen

page 111 of 123



Table J.4: Company applications for_ maize and sofield trials in the USA, Argentina and the

USA Argentina EU

(1987-2010) (1991-2010) |(1991-2008 Total
Company maize soy | maize soy maize maize soy
Monsanto 3,973 1,056 | 348 137 136 4,457 1.139
DuPont 992 91 132 24 189 1,313 115
Syngenta 486 52 202 7 118 806 59
DOW 353 78 98 17 468 78
Bayer 325 111 13 26 76 414 137
Limagrain 102 112 214
BASF 96 4 35 6 131 10
Frito Lay 58 58
J.R. Simplot Company 36 36
Satus Ager 29 9 19 9
Southern Seeds 13 13
Associados Don Mari 12 47 12 a7
Nidera 29 29
Pau Semillas 5 5
Bioceres 5 5
Total 6,421 1,392 892 200 648 7,961 1,592

Table J.5: Company applications for_cottonfield trials in the US, the EU, Australia and

Argentina
USA EU Australia Argentina

Company (1990 -2010) (1991 -2009) (2001 - 2010) (2001 - 2010) Total
Monsanto 582 24 14 38 658
Bayer 181 32 3 24 240
Syngenta 77 1 2 80
DOW 46 4 4 10 64
DuPont 20 20
Hexima Ltd. 2 2
Cotton Seed Dist. Ltd. 1 1
BASF 1 1
Total 906 60 25 75 1066
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Table J.6: Company applications for _ricefield trials in the US, Argentina and the EU

USA

EU Argentina

Company (1990 -2010) (1991 -2009) (2001 - 2010) Total
Bayer 56 18 18 92
Monsanto 51 51
BASF 21 2 25 48
Ventria Biosciences 32 32
Syngenta 11 11
Arcadia Biosciences 9

RiceTec 6

DOW 1

Total 187 20 43 250

Table J.7: Company applications for_tomatdfield trials in the US and the EU

USA EU
Company (1990 -2010) (1991 -2009) Total
Monsanto 269 12 281
Gargiulo (BHN Seeds) 71 71
DNA Plant Technology 50 50
Syngenta 44 7 51
Bayer 6 6 12
Limagrain 9 9
Lipton 4
Arcadia Biosciences 3 3
DuPont 3 3
SME Richerche scpA 3 3
Total 450 37 487
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