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Intellectual property rights (IPRs) and their management are tremendously
important aspects of global policy for crop biotechnology. This dissertation examines
four key dimensions of intellectual property (IP) management in crop biotechnology
which form an integrative model for capacity development and innovation. The emergent
themes of collaboration, incentives, protection and enforcement are examined with a
specific case study of the management of IPRs in soybean biotechnology. The aim of this
dissertation is to examine the management of IP for agricultural R&D, and more
specifically, crop biotechnology.
Drawing from data obtained through document review and in-depth key informant
interviews, the soybean case study demonstrates how Brazil’s national R&D institution,
EMBRAPA, was influential in changing technology due to patent expiration. Findings
show that IPRs in first generation genetically modified (GM) soybean were profoundly
important, despite the quick management switch-over to second-generation GM soybean.
The research also indicates the availability of generic traits post-patent expiration which
is only confined to the public research institutions. Furthermore, the findings indicate that
the inclusion of a technology fee was a major issue for life sciences industries and
farmers in the case study.
To address the topic of capacity development in IP management of crop

biotechnology, an exploratory study was designed and implemented to collect data using
a modified Delphi method. This involved two rounds of brainstorming by participants
based in public institutions in North America followed by their ranking of weighted and
collated findings. Most responses identified by the expert group were rated ‘important’
and ‘very important’. The data related to major barriers indicated that the responses were
entirely independent from one another and lacked correlation. With regards to requisite
attitudes and skills, responses were highly correlated and shared covariance. Responses
and their mean scores also indicated that there was consensus and agreement about the
importance of each response.
This dissertation concludes with recommendations for further research and action
on the management of IPRs in seed biotechnology. Furthermore, this dissertation
suggests that there is an identified need by the expert group for the development of
capacity-building programs in IP management for agricultural R&D, particularly in
Canada.
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Chapter 1: Introduction

1.1 Background and Scope of the Research Topic

Research and development (R&D) in plant breeding are essential to meet
sustainable agricultural demands of a growing world population and the changing effects
of climate change. Public institutions, such as universities and governments, play an
important role in the area of agricultural biotechnology research to improve crops. These
institutions bridge and encourage partnerships between the private and public sectors, in
the hope of fostering revenue and protecting investment. In a bid to stimulate innovation
and transfer technology, efforts to strengthen intellectual property rights (IPRs) have
increased significantly in many countries, especially after patent protection and the
decision of the U.S. Supreme Court Diamond v. Chakrabarty, 447 U.S. 303 (1980)
regarding the patentability of the genetically modified (GM) crops in the 1980s (Wright,
2006). Intellectual property (IP) management implicates incentives that recognize
individuals (research scientists, breeders, etc.) and institutions (companies, universities,
funders, etc.) for their creative efforts, while pro-active management of IP seeks to ensure
the proper balance in collaboration between inventors, their participating institutions,
commercialization opportunities and public interest.

In terms of global development and innovation processes, IPRs in agricultural
R&D gained substantial attention in the 1960s under special international and national
laws called plant breeders’ rights (PBRs) (OECD, 1996). In 1961, the International Union
1

for the Protection of New Varieties of Plants (UPOV) was established by the “UPOV
Convention” that granted plant breeders’ rights in accordance with national legislation
(UPOV, 2011). The Organization for Economic Co-operation and Development (OECD)
designed the UPOV IPR protocol and a revision of the UPOV Convention was completed
in 1991 and these instruments serve as an essential part of other agreements (Butler &
Pistorius, 1996). Many countries use the UPOV system to satisfy the sui generis
protection required by the World Trade Organization’s (WTO) - Trade Related Aspect of
Intellectual Property (TRIPS)1 Agreement, to include protection for new plant varieties as
a part of their IP laws. Many think that protection of a new plant variety provides an
incentive for plant breeders to develop new plant varieties. These improved varieties are
important for farmers who contribute significantly to economic and agricultural
development. The exclusive rights provide plant breeders with a chance for recovering
substantial costs in respect to skill, labour, material resources, money and time. As well,
seeking these rights may allow accumulation of funds necessary for further investment
(UPOV, 2011). The UPOV system introduces many benefits such as investment in plant
breeding and improved varieties for farmers, increased income for farmers and
development of rural and international markets (UPOV, 2011). In addition to the plant
breeders’ rights, the patent law can be used to protect plants. It is now possible that plants
can be improved by transferring genes from one plant to another plant, and genes can be
turned off or on, to make them work only in particular parts of the plant. The crop
biotechnology industries use the patent system to protect new inventions and invest in

1

TRIPS Agreement, Apr. 15, 1994, Marrakesh Agreement Establishing the World Trade Organization,
Annex 1C, Legal Instruments-Results of the Uruguay Round, 33 I.L.M. 1197, 1201, 15 Apr. 1994.
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research and development.

It has been the case however, that modifying genetic life forms through
biotechnology has been a driving force for change in IP management. The gradual growth
of IPRs in biological innovations began in the 1980s, first in patenting microorganisms,
and later, with incorporating plants and animals (Horbulyk, 1993). In the U.S. and Japan,
the emergence of IPRs is closely linked to private sector life sciences industries which
have dominated the commercial sale of agrochemicals, seeds, pharmaceuticals, food and
animal veterinary products (Goss, 1996). Private and public sector institutions are aware
that the comprehension and use of IPRs for crop biotechnology is lagging somewhat
behind other sectors, such as pharmaceuticals, and designing specific incentives might
open an opportunity for innovation. Collaboration should be nurtured between life
sciences industries, governments and other private entities that acquire and develop the
technology. This is a well-motivated argument for why development of institutional
policies and supportive communities for IPR practitioners play important roles in the
implementation of IP management in crop biotechnology. Furthermore, the results of the
inability and unwillingness to protect and enforce assets of life sciences firms in some
countries have been viewed within the literature as detriments to national R&D
investments (Cardwell & Zhang, 2009).

To a great extent, successful life sciences industries have relied on the “natural”
protection of hybrid seeds, to be able to recoup costs both in the context of developed
nations (U.S./Canada) and developing countries (India). Hybrid varieties offer a certain

3

degree of built-in protection (incentives) with regards to saving seeds; therefore,
requiring little IP protection and enforcement. A distinctive case is corn versus soybean
where corn is produced by cross-pollination while soybean is a self-pollinating. In other
words, farmers could save and replant seeds from hybrid varieties, but the subsequent
crops would not have the same quality and performance of the original hybrid variety.
Farmers who grow corn, would need to buy a hybrid seed every year from the seed
producer, unlike the case of soybean (Goldsmith, Ramos & Steiger, 2003).

Crop biotechnology can potentially contribute to sustainable agriculture in
developing countries, by helping to develop drought, pest and herbicide resistant crops
that require fewer additional inputs such as pesticides. For example, to a great extent, the
substantial expansion of areas producing soybean was a result of transgenic herbicide
tolerance. One of the recent and most important developments in 20th century in crop
biotechnology is the seed of Roundup Ready® (RR) soybean patented by the company,
Monsanto (name is trademarked by Monsanto). Monsanto protected RR® soybeans in the
United States (U.S.) by patent. Monsanto has licensed the RR® soybeans to seed
companies, which incorporate the technology into their own proprietary developed
soybean varieties and then sell it to farmers (Schnepf, 2003). For instance, in the USA,
farmers are not allowed to save seeds from their harvest for planting in the following
season, or for resale to other farmers, based on both patent rights and a signed purchase
agreement limiting the farmer’s ability to save and sell harvested grain as seed. Both the
resistant gene, (the transgene construct) that is inserted into a variety and the variety of
RR® soybean (with the transgene insert), were patented by Monsanto in the U.S.

4

Monsanto’s RR® soybean is the first widespread crop biotechnology trait to come
off patent. The RR® soybean patent was registered in the U.S. in 1990, rights were
granted in 1994 and it was planted in field in 1996. Thereafter, the original Monsanto
patent (U.S. patent # 5,352,605) expired in 2011 after the designated duration of
protection for 17 years from the grant date under the old regime. While Monsanto
managed to extend some patent claims to 2014 (five years from the re-examination
process in 2009 using a re-examination process, RE 39,247), the company maintained
that this extension also applied in Brazil, Canada and elsewhere2. The request for a patent
re-examination is provided for in section 35 of U.S.C. 302, and it is a frequent process of
post grant procedure in the U.S. Patent and Trademark Office. This process can be
requested by any person, other than the right holder, to challenge the validity of a patent
based on prior art, and the patent office re-examines the issued patent as a new patent
application. The patent owner can submit new claims, provided they are not broader than
the claims in the original patent. The re-examination certificate will incorporate new
claims determined to be patentable (USPTO, 2017). The issue of patent expiration of
RR® soybeans and jeopardizing other licenses in a stacked seed, has grown in importance
in light of recent developments. Other seed companies and public research institutions,
such as universities, may no longer owe royalty payments to Monsanto after the
expiration date. Farmers, therefore, may have access to generic trait in the planting
season of 2015 and may have the opportunity to replant RR® soybean seed saved from
the 2014 harvest.

2

http://www.monsanto.com/newsviews/Pages/roundup-ready-patent-expiration.aspx
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Brazil is the second largest producer and exporter of soybeans in the world
(Meyer & Cederberg, 2010; CONAB, 2010). In the last 10 years, Monsanto was able to
keep industrial property rights on RR® soybean exclusive to commercialization on RR®
soybean in Brazil. However, this situation was in opposition to the Brazilian legislation
on patents before 2005 and consequently had an economic impact for the cost of
agricultural production in Brazil (Varella, 2013). Monsanto was unable to sell RR®
soybean in Brazil from 1998 to 2004, because the Brazilian authorities temporarily
banned genetically modified crops. Although this process was illegal and against the
Brazilian legislation, the main soybean production centres rapidly adopted genetically
modified soybeans. The Brazilian authorities could not avoid the RR® soybean variety
with the wide spread of this variety among farmers. Eventually, Brazilian authorities
legalized the RR® soybean in 2005. Consequently, Monsanto sought intellectual property
rights on its invention because Brazil became the second largest producer of soybeans in
the world (Meyer & Cederberg, 2010; CONAB, 2010). De Castro (2008) argues that
farmers in southern Brazil realized enormous cost advantages in growing Roundup
Ready® soybeans and most GM soybeans in 2003 were arriving from neighbouring
Argentina where RR® soybean varieties were being commercially grown. However, the
adoption of the Cartegana Protocol on Biosafety has affected the trans-boundary
movement of GM seeds in North and South America. In addition, the establishment of
trade blocks such as NAFTA, may also put the trans-boundary movement at stake under
the current Trump’s administration in the United States.

6

This unique case study of GM soybean in Brazil offers an important research
opportunity. In 2003, a new seed law came into force in Brazil to cover seed production,
trade, usage, registration of new varieties, commercialization and plant variety protection.
In addition, Brazil and Argentina are part of the OECD Seed Schemes which allow for
the authorization of private persons to sample, test and tag exported seed lots (Seed
Association of the Americas, 2009). The seed laws in many developing countries provide
certification of a new cultivar before any commercialization aspects. Seed laws can be
considered a non-tariff barrier for trade between countries. Many developing countries
have seed laws that require certification of a new cultivar before that material can be
commercialized (or sometimes, even for distribution purposes, regardless of the
commercialization aspect) (Crouch, Henson-Apollonio, Perset, & Re Manning, 2011).
Certification of seed by one national authority may not necessarily be recognized by a
second country’s system. Seed certification usually means that exclusive rights are
granted to the certification applicant. Research centers that have distributed seed at the
farm level have had some difficulties with seed laws. The growth of strong IP laws and
the attention towards IPRs in life sciences, and in particular, crop biotechnology,
increased after the TRIPS Agreement under WTO as a trade legislation that influenced IP
management, whereby each country enacted laws to protect the rights of innovators;
therefore, enhancing research and development in crop biotechnology.

Taken together, IP and IPRs in crop biotechnology are tremendously important
aspects of the global policy architecture and capacity for innovation within agricultural
research and development. This is particularly true for a major crop, such as soybean, in a

7

major producer nation, such as Brazil. This dissertation aims to explore and discuss a
case study of IPRs and IP management of soybean biotechnology in Brazil, Canada and
USA. It examines how IP was implicated in the case of Brazilian soybean biotechnology
and the rapid transfer of technology of GM soybean in Brazil after 2001. This discussion
highlights the challenges, opportunities, benefits and risks when the patent rights on RR®
soybean expire. This study acknowledges that there are other forms of legal protection for
seeds, such as plant variety protection Acts, regulatory requirements for GM crops and
the relationship to contract law (e.g. purchase agreements that impose limitation on seed
saving and sales). This dissertation, weighs a focus on the case study of soybean
biotechnology as a scenario which brings together all stakeholders in the development of
crop biotechnology, plant breeders and researchers, life sciences industries, farmers and
their associations. For example, EMBRAPA in Brazil has been breeding and developing
new varieties with the RR® soybean for a number of years. The GM soybean that has
been planted in Brazil is the result of the crossing of Monsanto RR® soybeans (prepared
by farmers and imported illegally from Argentina) with the conventional Brazilian
soybeans (Varella, 2013). This dissertation will identify key issues that are arising from
the use of IPRs on soybean biotechnology. These issues are implications from patent
expiration on herbicide tolerant soybeans, the typical business model for collecting
royalty and technology fees, and the essence of IP management, which is the balancing
act of multi-stakeholder interests. On the latter point, a discussion of the successful
coexistence in Canada and USA is relevant.

8

This dissertation, will argue the complexity of protecting IPRs is a dynamic
situation and presents challenges for all institutions, including the nation state of Brazil,
Monsanto, major seed firms and individual farmers that engage in production to those
companies that control the soybean market both within Brazil, and outside of Brazil (e.g.
Argentina). IP management must also deal with different legal jurisdictions, as illustrated
in this case study. The intention is also to illuminate capacity development for intellectual
assets management through the case study to address these issues and what is needed by
all crop biotechnology stakeholders. There is a role for further research into what
competencies are needed and how capacity for IP management continues to be developed
in the context of GM soybean in Brazil.

1.2 Goal and Objectives

The goal of this dissertation is to examine the management of intellectual property
for agricultural research and development, and specifically, to assess capacity
development needs, activities and processes that take into account transformations
required at the individual, organizational and institutional levels of change. In addition,
there is a need to understand the ‘capacity to innovate’ through the roles of effective
management of IP and IPRs in agricultural R&D to ensure that all countries have a
vibrant agri-food sector supported through public/private partnerships, knowledge
mobilization and technology transfer. This will create jobs and market opportunities as
well as ensure attention to traditional knowledge and open access systems of agri-food
knowledge management.

9

The specific research objectives are to:
1. Identify and analyze the literature relevant to intellectual property management in
agricultural R&D in order to document relevant issues and cases in Canada, and
internationally;
2. Identify and assess issues of IPRs and their influence on soybean biotechnology R&D;
and
3. Identify approaches to capacity development for effective intellectual assets
management in crop biotechnology, including the development of relevant processes,
tools and resources.

1.3 Research Questions

Questions emerge with respect to the implications of changing patent regimes on
agricultural R&D systems in an agricultural innovation system in countries such as Brazil
or Canada. To some extent, in a country such as Brazil, the expiration of RR® soybean
may offer an opportunity for farmers to save seed from RR® soybean and plant them the
following year without the technology fee and the threat of lawsuits. How then can the
contribution of such current issues and changes in IP management to support innovation
in crop genetics be best understood?

1.3.1 Methodology

A review of literature and content analysis of secondary policy documentation
forms the foundation of a more comprehensive and systematic assessment of IP

10

management practices, influential policies and legislation for crop biotechnology. The
initial stage of research devised an analytical framework for exploring existing and
improved IP management capacity, including (for example) an enhanced ability to
conduct negotiations and generate contractual agreements. The research study then set
out two main phases of original data collection activities to test this analytical framework.
The case study method was employed in this study and the focus was soybean
biotechnology and IP management in Brazil. This case study was complemented with
comparative reference to the Canadian and American contexts. A second case study was
used to explore the analytical framework with regards to capacity development for
intellectual assets management in crop biotechnology. This case study involved
institutions and individuals surveyed within Canada using a modified Delphi
methodology.

Together, these two case studies and the overarching review of literature and
policies inform an argument that IP management and technology transfer (TT) in
agricultural R&D is a direct result of the challenge to the promise that only the creation
of public goods will improve global and national economic development, food security
and supporting the future of agricultural innovation. It is argued that at national, regional
and global levels, researchers and stakeholders in R&D should collaborate, as well as
have the capacity and incentives to be part of an integrated and synergistic management
approach to IPRs. This is especially important for the development and management of
crop biotechnology. This study pursues this argument across three distinct papers. Each
single paper is related to a paper-specific purpose and addresses one or more research
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questions, as summarized below in Table 1.1.

Paper 1

Table 1.1: Paper-specific purpose and research questions.
Title

A systematic review of intellectual property
rights management in crop biotechnology

Purpose

To identify and analyze literature on the IP
landscape that impacted crop biotechnology
1. What is the current state of IP management and
the key policy changes that are relevant to the
protection of IPRs (patent & PBRs) in crop
biotechnology?
2. What are the important issues concerning
management of IPRs in crop biotechnology?
A case study of management of IPRs in soybean
biotechnology: evidence from Brazil and a
successful coexistence in Canada and USA
To identify and address issues of IPRs and their
influence on soybean biotechnology R&D

Research Questions

Title

Purpose

1. What are the relevant IP management policies and
strategies related to GM soybean?
2. What are useful incentives to strengthen IPRs and
improve crop biotechnology?
3. What are the important issues concerning
management of IPRs in crop biotechnology? And
how IP can be leveraged for crop biotechnology
innovation?
4. How are farmers affected by IP related issues in
the Roundup Ready (RR®1) soybean?
5. What are the implications of off-patent GM
soybean for farmers? And what is Monsanto doing?
6. What are the key IP related factors influencing the
availability of RR® soybeans in the market?
7. How the absence of IP or the presence of IP has
led to the diffusion of GM soybeans? Or how IP has
had an impact on the diffusion of GM soybeans?

Title

Capacity Development for IP management in
Canadian Crop Biotechnology: Qualitative
Analysis Using the Modified Delphi Method
To identify approaches to capacity development
needs, activities, and processes that are required at
the individual, organizational and institutional levels

Paper 3

Paper 2

Research Questions

Purpose
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of change

Research Questions

1. What is the value of IP for innovation in your
organization or industry? What does effective IP
management look like?
2. What are the major barriers for effective IP
management?
3. What are the most important attitudes needed for
effective IP management?
4. What are the most important skills and know-how
needed for effective IP management?

1.4 Significance of the Research

This study contributes to the wider body of knowledge by identifying IP and IPRs
as tools and resources currently used to develop agricultural R&D collaboration and
increase the availability of improved crop genetics to farmers. The specific case of the
Roundup Ready® soybean illustrates the protection and enforcement of IPRs in
agricultural R&D, as well as, the capacity for innovation in the form of institutional, legal
infrastructures, incentives and issues arising in IP management of crop biotechnology. In
the case of Brazil, genetically modified soybeans have brought great value to Brazil’s
farmers and the national economy. Protection and enforcement of IPRs for this crop
influences the uptake and development of crop biotechnology. This potentially fosters
new investment and partnerships in Brazilian agricultural production that would provide
benefits for global food supplies. Soybean R&D benefits other areas of the world as well
as provides new innovations related to soybean products. This study, and specifically the
review of literature and relevant treaties and policies at the global level further
contributes to the understanding and development of IP management for agricultural
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R&D, as well as specific IPR-related policy, both at the national and international levels,
in the area of crop biotechnology. For readers in Canada, this study contributes to
increased awareness of IP management issues in agri-food innovation, and not
inconsequentially, the issue of capacity development which is often assumed to emerge
from multi-stakeholder involvement, but may not be adequately addressed in current
policies.

Knowledge of “best practices” and capacity development needs and activities for
intellectual property management of agri-food R&D are offered by this study, as well as.
models of networking and capacity building, including ways in which organizations learn
and change, are identified. Intellectual assets management tools and legal instruments for
more effective and efficient transactions are discussed. This includes action within
proprietary and non-proprietary knowledge systems. Overall, the analytical approach
presented here may be useful for other studies of intellectual property management
specifically in attempting to address the balance between shared knowledge, research
incentives and IP management as primary drivers for developing policies that contribute
to more effective agri-food innovation. The future policy efforts should encourage fair
policies, laws and rules for capturing innovation and their use in ways that provides
opportunities for as many beneficiaries as possible, both within Canada’s national system
of innovation, but also globally, especially for those beneficiaries of agri-food innovation
(e.g. the context of global food security).

Finally, the research may also serve as a reference for capacity building programs
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in IP management in developing countries as they respond to the challenges and
opportunities brought about by IPR policy and implementation. It hopes to lay the
foundation for continuing studies and development programming in a relatively recent
area of analysis.

1.5 Limitations of the Research

Every effort has been made in this study to engage key players in the agricultural
innovation system, from scientists (plant breeders) to policymakers and farmers’
associations, so that they are aware of the research and plan for generating results. The
research has been addressed by working closely with stakeholders (Brazil, Canada and
USA) who are directly involved in life sciences industries, and other private entities, as
well as government and public agencies that acquire and develop agricultural
biotechnology, and specifically, GM soybean technology. While soybean is a major crop
and one of the top priorities of the plant industry in many countries around the world,
including Canada, other important crops are not addressed. This case can be instructive,
however, for understanding the importance of IPRs and engaging multiple stakeholders in
IP management issues in other crops and commodities.

Attempts were made by the host institutions in Brazil (EMBRAPA) to engage
with as many people as possible for the interviews, and specifically, the farmers’ soybean
association (Aprosoja). Managers of this association (who can communicate in English
language) were unavailable during my research trip in Brazil. As a result, we believe that
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their perspectives on the case study of soybean are absent from the data and this research
study may have benefited from their experience.

1.6 Organization of the Dissertation

This is a dissertation constructed as three distinct articles. It includes two distinct
studies connected by an overarching analytical framework derived from the literature.
This design of the dissertation reflects the decision to follow a manuscript structure to
enable emergent learning across the PhD journey while ensuring published research
results that will be disseminated to policy makers, plant breeders, farmers’ associations
and other stakeholders. A manuscript style dissertation allowed the researcher to think
deeply and believe passionately in the importance of this work, the lived experiences, and
the people and organizations who shared knowledge from their work, and R&D
experiences in Brazil, Canada and USA. This process instilled in the researcher
characteristics such as task achievement and pride of work, as well as the responsibilities
for learning that are fundamentally demonstrated by integrating the overall dissertation.

The dissertation is launched in Chapter Two with an overview of relevant
literature and arguments pertaining to the study of IP management within the context of
crop science research and development, and specifically, crop biotechnology and crop
genetics. The relevant literature in this paper is organized into five sections: The first
section presents IPRs and innovation. The second section identifies and discusses the role
of international IP treaties and the harmonization of laws which shape IP management
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such as the UPOV System and Trade Related Aspects of Intellectual Property Rights
(TRIPS). The third section discusses and reviews the American and Canadian regulatory
contexts for IP management, more specifically patents and plant breeders’ rights (PBRs).
This is followed by the discussion and reviews the implications for crop biotechnology
and public-private partnership (PPP) in section four. Finally, Chapter Two ends with
discussion and conclusion in the fifth section. Through an analysis of management of
IPRs in crop biotechnology, this paper provides the recent key developments in the IP
field, and the extent to which these have been taken up by growing polarized debates.
This chapter also draws from the existing literature to provide the underlying framework
of IP issues in crop biotechnology, nationally and internationally. In its conclusions, this
chapter presents the conceptual framework which encapsulates collaboration, incentives,
capacity development, along with protection and enforcement. The emergent themes of
these elements are examined explicitly within this chapter as an integrative model and
important component of this dissertation. The issues concerning IPRs and its impact on
crop biotechnology that emerge from this chapter are complemented and come forth in
the following chapter.

Chapter Three of the dissertation contextualizes the study in the relevant and
systematic review of literature by presenting a case study. It is a case study of the
management of IPRs in soybean biotechnology with evidence from Brazil, and discussion
of this case within a wider global perspective. This chapter presents and discusses
findings from stakeholders’ interviews. The findings from this chapter highlight how IP
was implicated in the case of Brazilian soybean biotechnology and the rapid transfer of
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technology of GM soybean in Brazil after 2001. The chapter illustrates the challenges and
opportunities, benefits and risks when the patent rights on RR® seed expired and entered
the public domain. It identifies other forms of legal protection on seeds such as plant
variety protection and regulatory requirements for GM crops. This chapter highlights the
case study of soybean biotechnology as a scenario which brings together all stakeholders
in the development of crop biotechnology, plant breeders and researchers, life sciences
industries, farmers and their associations. For example, the creation of AgAccord in the
U.S. that addresses IP and off-patent crop biotechnology, for the case of a patent
expiration on patent GM seed to support the transition to public domain and the
marketplace, was reviewed. On the other hand, it also examines the way in which public
research institutions such as EMBRAPA in Brazil, have specifically addressed the issues
and impacts of IPRs associated with soybean biotechnology.

Chapter Four of this dissertation examines approaches in capacity development
for intellectual assets management in crop biotechnology using a modified Delphi method
for its data collection. So far, there has been little discussion within the relevant literature
on the interface of intellectual assets and capacity development with very few case
studies on this topic. This chapter is designed to remedy that weakness by addressing
major barriers for effective IP management as well as the key areas of knowledge, skills
and attitudes needed for effective IP management, including the development of relevant
processes, tools and resources. It focuses on strategies that have been used or could be
used by national governments and/or international partners in order to strengthen capacity
development efforts for intellectual assets management. This fourth chapter discusses
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relevant literature and then uses a modified Delphi method and draws data from interview
questionnaires to forecast key areas of capacity development for intellectual assets
management (Rowe & Wright, 2001). The findings from this chapter highlight the need
to develop an innovative strategy to use intellectual assets, including strong partnership
agreements, to deliver products and enable agricultural innovation and advance IP
management capacity and expertise within the public research institutions and industry.

Chapter Five brings the dissertation to an end by providing a concise summary
and effective conclusion to the study. It collects all of the themes and elements of
analysis that have emerged from this work. This chapter contains a final synopsis and
presents conclusions that will inform the implications and possible areas for further
research on strengthening intellectual property management in crop biotechnology.
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Chapter 2: A Systematic Review of Intellectual Property
Rights Management in Crop Biotechnology
Abstract
In order to stimulate agri-food innovation and technology transfer, many
developing nations have made efforts to strengthen their intellectual property (IP)
management. This is particularly true of research and development (R&D) efforts
involving genetically modified crops. Recent literature suggests major shifts are
occurring in the decision-making processes involving IP management and these implicate
the roles of a wide range of stakeholders, including scientists and agents of technology
transfer. The aim of this paper is to discuss literature on the IP landscape that impacted
crop biotechnology and to identify the key policy changes that are relevant to the
protection of intellectual property rights (IPRs) in crop biotechnology, with a particular
emphasis on patents and plant breeders’ rights (PBRs). To provide background and
context for the analysis, this article proceeds to review and discuss thematically IPRs and
innovation; the role of the international IP treaties and the harmonized laws which shape
IP management, such as the UPOV System and Trade Related Aspects of Intellectual
Property Rights (TRIPS). It also examines the American and Canadian regulatory
contexts for IP management and finally, draws the implications of this literature for crop
biotechnology and public-private partnership (PPP). This review concludes that effective
IP management in crop biotechnology R&D is needed to create a supportive environment
that spurs innovation and fosters technological development for economic and social
benefits.
Key words: agricultural innovation, crop biotechnology, intellectual property law,
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intellectual property management, patent, plant breeders’ rights, regulatory environment,
technology transfer.
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2.1 Introduction
By definition, intellectual property rights (IPRs) are legal protections and rights
over new and useful products that originate as a result of effort and ingenuity of human
intellect. They are granted by governmental authorities and protected under a mix of both
national and international legislation (OECD, 1996). These protections include timelimited exclusive rights, relatively long-term protection of an invention, and restrictions
for the use of the invention based on mandatory licensing. For instance, IPRs for existing,
new and improved plant varieties provide breeders with compensation for risks and costs
incurred when they make a value-added innovation to a fundamental biological resource
(Lesser, 1997; OECD, 1996). Intellectual property rights are not the rights to make, use,
offer for sale, sell or import; rather, they are defensive activities because they exclude
others from making, using, offering for sale, selling or importing the invention (Strachan,
2011; Sullivan, 2009) which can be licensed.

The contemporary situation of IP management is highly dynamic and often
involves interactions within, and among, public institutions and private sector
organizations. Such interactions can be formalized as partnerships between research
institutes, universities, plant breeders, technology transfer associates, seed companies,
linkages to producers (farmers) and other stakeholders in the agricultural industry (e.g.
farmers’ cooperatives). Breeders and scientists will still tend toward informality. In the
effective management of IP, attention is directed to the decision-making processes
surrounding the work of scientists and associates of technology transfer, as managing the
process becomes the challenge and understanding roles becomes vital to success.
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Spielman & von Grebmer (2004) argued that at national, regional and global levels,
multiple stakeholders in R&D should collaborate, as well as have the capacity and
incentives to be part of an integrated and synergistic management approach to gaining
and using IPRs. This is especially important for the development and management of
crop biotechnologies which are time and cost-intensive and intended for world-wide
dissemination, adaptation and use.

Research and development in crop biotechnology and crop genetics are essential
for meeting the agricultural demands of a growing world population, especially in the
areas of climate change, social unrest and revolution, along with increasing population
growth (FAO, 2009). Historically, public institutions such as universities and
governments have played an important role in the area of such research, often
encouraging partnership between private and public sectors that generate revenue and
protect investment. Intellectual property management implicates incentives that recognize
individuals (research scientists, plant breeders, etc.) and institutions (companies,
universities, funders, etc.) for their creative efforts. At the same time, pro-active
management of intellectual property seeks to ensure the proper balance in collaboration
between inventors, their participating institutions, users (farmers) and the public interest.
A tendency to comply with the IP/IPR tradition of many developed countries’ models in a
bid to stimulate innovation and technology transfer, efforts to strengthen IPRs have
increased significantly in many low-income countries and emerging economies, since the
development of genetically modified crops in the 1980s (Hambly, Crouch, Trayner,
Thornstrom, & Quaite-Randall, 2010; Wright, 2006). It has been the case, however, that
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modifying genetic life forms through biotechnology has been a driving force for changes
in IP management in developed countries. In particular, the gradual growth of IPRs in
biological innovations began in the 1980s, first in patenting microorganisms and later,
incorporating plants and animals (Horbulyk, 1993).

To this end, this paper focuses on the important issues concerning management of
IPRs in crop biotechnology which would help scholars and plant breeders in both public
and private research institutions better understand the current situation of IPRs and how
intellectual property can be leveraged to support crop biotechnology innovation and
dissemination. In this discussion of relevant literature, the readers find some key recent
developments in the IP field, the extent to which these have been taken up by growing
polarized debates - whether IP laws or policies - and where there is scope for more
rigorous empirical research studies. Ways to provide more meaningful management to
IPRs holders and insights into the changing environment that can be associated with
effective management of IPRs are addressed. As Peter Yu (2009b, p. 14) notes,
“Intellectual property policies represent only one of the many components of a wellfunctioning innovation system…it is not easy to predict when the tipping point would be
reached in a complex adaptive system.” This review then sets a strategic framework for
understanding of IP issues in crop biotechnology, nationally and internationally in order
to contribute to the development of IPRs policy.

The paper is organized into five sections. The first section of the paper discusses
IPRs and innovation. The second section examines the role of the international IP treaties
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and the harmonized laws which shape IP management such as the UPOV System and
TRIPS Agreement. The third section reviews the American and Canadian regulatory
contexts for IP management (patents and PBRs). This is followed by discussion of the
implications for crop biotechnology and public private partnership (PPP) in the fourth
section. Finally, in the fifth and final section, the paper ends with a final summary and
conclusions.
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2.2 Intellectual Property Rights and Innovation
The concept of an innovation system was first used by Freeman (1987), and then
the concept was further developed by Lundvall (1992). Freeman (1987, p.1) describes a
“system of innovation” as “the network of institutions in the public and private sectors
whose activities and interactions initiate, import, modify and diffuse new technologies.”
Any system of innovation, based on this definition is all encompassing in some abstract
or global sense. Regional innovation systems could span country borders, national
innovation systems, sector-specific innovation classes, or clusters of innovation (Castle,
2009). As described by Schumpeter (1961), innovation can take several forms: new
products, new processes, new markets, new resources, or new organizations. In this
regard, innovation was conceived as an economic phenomenon with discrete units
(Holbrook, 2009). Thus, Holbrook (2009) defined a system of innovations as the flow of
knowledge engrafted in discrete innovations, either through people or through financial
flows, to allow the creation of knowledge. Other researchers conceived innovation from a
somewhat a different perspective. For example, Metcalfe (1995) defined a system of
innovation as a set of distinct and interrelated institutions that create, develop, and
transfer the knowledge which contribute to the diffusion of new technologies, and
implement policies to influence the innovation process (Metcalfe, 1995). The idea of
innovation systems in agricultural R&D is not entirely new because Everett Rogers
(2003) introduced the theory of innovation in his landmark 1962 publication, now in its
fifth edition, entitled “Diffusion of Innovation.” Rogers positions innovations, and
specifically agricultural technologies, as knowledge-rich economic and social phenomena
that can be communicated, adopted and adapted. Rogers, furthermore, argued that
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innovation and invention are two distinct processes. The latter is discovering or creating a
new idea by inventor. In contrast to invention, innovation is diffusion of the idea for
further implementation and adaptation by users. In other words, it is the adoption or use
of a new idea, and to a great extent the terms “technology” and innovation are
interchangeable (Rogers, 2003).

IPRs are only one of the many components of a system of innovation (Castle,
2009; Yu, 2009b). Taken together they are defined further or part of other components
such as license arrangements, trade secrets, contracts, business models, institutional
culture and so forth, which make it difficult to understand the role of IPRs on innovation
(Castle, 2009). The traditional argument pursued with the relevant literature is whether
IPRs enhance innovation as well as provide incentives for innovation and technological
diffusion. Indeed, IPRs are deemed by many to be as a stimulator for innovation. This is
certainly true for those that comment on the biotechnology sector. IPRs reward risktaking and innovative behaviour, by providing exclusive limited-term rights as well as
providing public access to invention disclosure (Castle, 2009). In particular, patents as a
form of IPRs play an important role in spurring innovation and investing in innovation.
They also contribute to the dissemination of information throughout an economy
(Granstrand, 2005). Furthermore, IPRs play an important role in coordinating principal
actors in innovation systems (Castle, 2009). In 2013, the United States Trade
Representative report declared that “an estimated 40 million U.S. jobs … that directly or
indirectly rely on IPR-intensive industries” (USTR 2013, p. 9). This explains why IP
matters for innovation systems. In this sense, protection and enforcement of IPRs are key

30

aspects to promote research, creativity and innovation that spur competitiveness,
productivity, employment and prosperity. The development of existing technologies and
more so, developing new technologies, rely heavily on IPRs as incentives (USTR, 2013).
Certainly, the development of the crop biotechnology worldwide was greatly influenced
by the protection of IPRs as well as the strengthening the legal system of the IPRs,
resulting in enhanced investment in R&D of seed industries in the late 20th and 21st
Centuries (Seed Association of the Americas, 2009).

As noted above, IPRs, and more specifically, patent rights, have roles that take on
different shapes and trade-offs, from acting as incentives, to being competitive goods in
the market, to technology transfer mechanisms or innovation diffusion. These different
perspectives and roles of patents in innovation contexts, however, have made them
become viewed as complex and often controversial. As Castle (2009) noted, a number of
scholars doubt the capacity of IPRs to stimulate innovation and it has been argued that
IPRs deter innovation by setting a high entry barrier to innovation systems, generating
patent ‘thickets’ or an overlapping set of property rights, creating anti-commons and
resulting in defensive or blocking behaviour. Some scholars have voiced concerns about
the dispersed ownership and patent thickets within the biotechnology industry as
transactional problems for innovators (Teece, 2013). Many commentators feel the
challenge of patent thickets may impede the progress of research and its dissemination
(Heller & Eisenberg, 1998; Maskus & Reichman, 2004). Heller and Eisenberg (1998)
explain the tragedy of the anti-commons as “the more complex obstacles that arise when
a user needs access to multiple patented inputs to create a single useful product,”
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therefore, the social desirable outcome can be frustrated. They cite the potential of anticommons behaviour in biotechnology research with the example of patenting expressed
gene sequences (ESTs). Advocates of the concept of anti-commons such as Heller,
Eisenberg and others, further argue that too many IPRs and competing IPRs result in
hindering innovation as well as useful and affordable technology from reaching the
marketplace.

Proponents of patents take a contrasting perspective. Teece (2013) focuses on the
important role of patents for supporting innovation in multi-invention contexts. He argues
that the patent system renders safeguards from misappropriation of innovations. For that
reason, key patent strategies and organizational models should be practiced by
innovators. Proprietary strategies, defensive strategies and leveraging strategies are
different generic patent strategies that might be used by a firm. According to Teece, these
strategies are profoundly significant for the firms’ activities in patenting, licensing and
enforcement. He points out that private industries demand effective and successful
defensive patent strategy to protect themselves from unpredictable infringement. For
instance, crossing a license with an individual patent holder, or using a patent pool in
which two or more patent owners agree to license certain elements of their patents to one
another and/or third parties (Ebersole, Guthrie, & Goldstein, 2005; Teece, 2013; U.S.
Dep’t of Justice & Fed. Trade Comm’n, 2007). Such collaboration brings access to
complementary technologies or new markets. Patent pools are therefore, a potentially
useful governance tool that link up numerous patent holders to facilitate the efficient use
and development of innovation (Caulfield, 2009). Heller and Eisenberg (1998), concur
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that patent pools can be an option to address the concerns associated with the anticommons.

It is apparent from the literature that the argument over the rationale for IP and the
role of IPRs in the innovation process is increasingly polarized. Some researchers in the
field of innovation observe that the market failures of technological knowledge and
technological uncertainty are the cause of intellectual property rights (Thumm, 2004).
They assert that strengthening the patent system or strong intellectual property regimes,
therefore, can potentially facilitate knowledge-based industries, and new firms with
intangible assets and innovation activities of small firms (Arora & Merges, 2004;
Thumm, 2004). Other researchers, however, argue that the model of innovation produced
by public research institutions represent the status of public goods that need to move from
open innovation to patent intensive science (Coriat, Orsi, & Weinstein, 2003; Dasgupta &
David, 1994; Orsi & Coriat, 2005). The discussion on the effects of strengthening IPRs is
growing in importance among scientific researchers in a range of disciplines (Asheim,
Valentin, & Zeller, 2009).

As noted above, innovation and commercialization are a causal relationship and
can be fostered or stymied by strong IPRs. Nevertheless, those individuals engaged in the
commercialization process may pursue IPRs, and in turn, they lead activities that are
socially beneficial (Isaac & Park, 2009). The economic reward to innovation can
therefore be incrementally increased by the protection of IPRs which restrict free access
to the invention. The patent application facilitates understanding and implementation of
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the novel innovation which consequently speeds the diffusion of knowledge (Isaac &
Park, 2009). The cost of investing in R&D has its return in commercialization activities
and the protection against unfair and free competition is considered sufficient
contemplations for the protection of IPRs (Maskus, 2000). In cases, such as genetic
patents, IPRs have encouraged the private industries to invest heavily in gene research
and this is a key element in the formation and continuation of the industry (Boyle, 2003).
In light of this recognition, important global bodies, such as the Global Congress on
Intellectual Property and the Public Interest, concluded that there is a need for fostering
technological and scientific innovation by implementing a more effective and
manageable system. Policy makers and advocates from the Global Congress stated the
following: 1) a need for appropriate patent incentives for innovation such as prizes for
innovation, 2) stronger examination of patentable subject matter (including human gene
patents), 3) more in-depth determination of inventiveness (including public access to the
results of publicly funded research), and 4) the need for meaningful exemptions for
research and for educational uses into national laws (GCIPPI, 2011).
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2.3 International Legislation for Intellectual Property Rights in
Agricultural Innovation
The two major types of intellectual property relevant to agricultural innovation are
defined in this paper: 1) patents, and 2) plant variety protection. Patents cover new
inventions such as processes, machines, manufactured goods, composition of matter, or
any new and useful improvement of an existing invention (CIPO, 2016; USPTO, 2016).
Plant variety protection (PVP) is also known as plant breeders’ rights (PBRs). These are
rights granted to a breeder of a new plant variety. This protection confers an exclusive
right to produce and sell material for the propagation of the new variety for a period of at
least 20 years in Canada (CFIA, 2015) and 20 years in the United States (USDA, 2015),
for provisions for a researcher exemption.

The use of IPRs such as patents and PBRs have challenged agricultural science
and technology researchers and administrators everywhere in the world in becoming
more competent at managing IP within R&D processes (Hambly et al., 2010; OECD,
2011). In particular, IP has become a key topic of debate and learning for plant breeders
and research agencies in crop biotechnology (Santaniello, Evenson, Zilberman, &
Carlson, 2000). Conversely, lawyers and policy makers need to know about genetics,
crop breeding and other agronomic areas. International treaties and negotiations are often
the starting point for understanding IPRs. In particular, plant genetic resources are
regulated by international laws which control ownership, access and benefit sharing and
these laws have been repeatedly updated. As set out in the treaties, member countries
approve or ratify the treaty, and also, within most democratic countries, employ standard
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legislative procedures such as passing a bill to bring the legislation into effect. Many of
the treaties’ negotiations have no science background. The international treaties of
relevance to this study are: The Patent Cooperation Treaty (PCT), the International Union
for the Protection of New Varieties of Plants (UPOV) Convention, the Agreement on
Trade-Related Aspects of Intellectual Property Rights (TRIPS) of the World Trade
Organization (WTO), the Convention on Biological Diversity (CBD) including the
Cartagena Protocol on Biosafety (CPB) and the International Treaty of Plant Genetic
Resources for Food and Agriculture (ITPGRFA). These treaties are summarized in Figure
2.1 and Table 2.1, and subsequently, the UPOV System and TRIPS Agreement are
discussed.

Figure 2.1: A summary of key international IP treaties and Conventions.

36

Table 2.1: Key international IP treaties and Conventions.
IP Treaty Administered Entry Number of Summary
and
by
into Signatories Description
Convention
Force
System

Citations &

PCT

WIPO

1970

146

It provides
international
patent protection
by submitting a
single patent filing
which allows
patent rights in
different countries
in the world

PCT, June 19,
1970, 28 U.S.T.
7645; 1160
U.N.T.S. 231; 9
I.L.M. 978
(1970)

UPOV

WIPO

1968

71

It requires each
member to grant
and protect
breeders’ rights in
accordance with
national
legislation

UPOV,
December 2,
1961, revised at
Geneva on Nov.
10, 1972, Oct.
23, 1978, and
Mar. 19, 1991

TRIPS
WTO
Agreement
of WTO

1995

150

It requires all
WTO member
states to set out
the minimum
standards of
protection of
subject matter,
grant a right and
exception to this
right, and the
minimum duration
of protection. It
includes a set of
provisions to
enforce all IPRs.
All members of
WTO must abide
to the TRIPS
obligations and
follow WTO’s
dispute settlement

TRIPS, Apr. 15,
1994, Marrakesh
Agreement
Establishing the
World Trade
Organization,
Annex 1C, Legal
InstrumentsResults of the
Uruguay Round,
33 I.L.M. 1197,
1201, 15 Apr.
1994
[hereinafter
referred to as the
TRIPS
Agreement]
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Revisions

procedures
CBD

UN

191

The sustainable
use of its
components and
the fair and
equitable sharing
of the benefits
arising out of the
utilization of
genetic resources

Cartagena A
2003
Protocol on supplementary
Biosafety
to the CBD
(CPB)

165 & the
EU

It contributes to
No revisions
the safe handling,
transport and use
of LMOs resulting
from modern
biotechnology that
may have adverse
effects on
biological
diversity, taking
also into account
risks to human
health

ITPGRFA

126 & the
EU

It promotes the
No revisions,
conservation and interpretation
sustainable use of continues
PGR for food &
agriculture and the
fair and equitable
sharing of the
benefits arising
out of their use, in
harmony with the
CBD, for
sustainable
agriculture and
food security. It
also recognizes
the sovereign
rights of States
over their own
PGR for food and
agriculture
including the

FAO per
agreement
with the
governing
body of the
treaty

1993

2004
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CBD, June 5,
1992, 1760
U.N.T.S. 143

authority to
determine access
to those resources
Source: Adapted from WIPO (2012) and WTO (2013).

2.3.1 International Union for the Protection of New Varieties of Plants
(UPOV)

IPRs in agricultural R&D gained substantial attention in the 1960s under special
international and national laws called plant breeders’ rights (PBRs) (OECD, 1996). In
1961, the International Union for the Protection of New Varieties of Plants was
established in Paris and came into force in 1968, having been ratified by the UK, the
Netherlands and Germany. It is commonly known by its French acronym (UPOV).
UPOV is an intergovernmental organization with its headquarters in Geneva,
Switzerland. The UPOV Convention has been revised in 1972, 1978 and 1991 as a result
of technological developments in the plant breeding industry.3 It requires each member to
“grant and protect breeders’ rights”4 in accordance with national legislation. The OECD
countries designed the UPOV IPR protocol and introduced it as a revision of the UPOV
Convention in 1991. These instruments serve as an essential part of other agreements
(Butler & Pistorius, 1996).5 There are 74 country members of the UPOV Convention as
of 2016.6

3

UPOV Lex (accessed at website: http://www.upov.int/upovlex/en/upov_convention.html) is a searchable
nation by nation data base of the legislation of UPOV members that has been notified in accordance with
the UPOV Convention. It also includes UPOV Convention notifications concerning individual members of
the Union (e.g. accessions, ratifications) and the text of the UPOV Convention and its Acts.
4
UPOV, art. 2, Dec. 2, 1961, 33 U.S.T. 2703, 815 U.N.T.S. 89 (amended Mar. 19, 1991).
5
The authors of the TRIPS Agreement declined to use UPOV as the standard for plant protection. Instead
they inserted the language of art. 27(3)(b).
6
UPOV, http://upov.int/members/en/.
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Certain requirements for the protection of a new plant variety under the UPOV
system must be fully met. These requirements specify that it is a new, distinct, uniform,
and stable variety, and the variety must be designated with a suitable denomination,
which will be its generic designation. The abbreviation for these conditions is DUS.7 The
variety shall be deemed to be new (novelty) if, at the date of filing of the application for a
breeder’s right, propagated or harvested material of the variety has not been sold or
otherwise disposed of to others, by or with the consent of the breeder for purposes of
exploitation of the variety, (distinctness) when it is clearly distinguishable from any other
varieties whose existence is a matter of common knowledge, (uniform) sufficiently
uniform in its relevant characteristics, and (stability) remains unchanged after repeated
propagation.

There are two key reasons why UPOV is fundamental to IP management in
agricultural R&D. Firstly, many countries use the UPOV system to satisfy the sui generis
protection required by the World Trade Organization’s (WTO)-Trade Related Aspects of
Intellectual Property Rights (TRIPS) Agreement in order to include protection for new
plant varieties as a part of their IP laws. Secondly, the UPOV system ensures that there
are strong interests in providing incentives to protect plant breeders and the researcher
exemption (Yu, 2009a). Many proponents of agricultural R&D agree that protection of a
new plant variety provides an incentive for plant breeders to develop new plant varieties
as well as for the public or private institutions where these breeders work to invest into

7

UPOV, chapter 3, article 5, http://www.upov.int/upovlex/en/conventions/1991/act1991.html#:III.
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further research on new plant varieties in order to generate new or improved goods and
services. As the UPOV IPR protocol confirms and summarizes:

The laws of intellectual property protection are implemented to provide the
moral and economic rights of inventors in their creations, to promote creativity
and dissemination of the results and to encourage fair trade for enhancing
economic and social development (WIPO, 2004, p. 3).

In addition to the cost of R&D, investment risks involved in innovative activities
are high (Maskus, 2000). The consequence of inadequate IPR protection, as noted by
Horan, Johnson, & Sykes (2005) in their work with the U.S. International Trade
Commission, is vulnerability of firms to infringement which causes a significant risk in
investment. The protection of IPRs can provide return on such high-risk investment and
deliver economic benefits (Cavazos Cepeda, LippoIdt, & Senft, 2010). In particular,
exclusive rights provide plant breeders with a chance to recover substantial costs with
respect to skills, labour, material resources, money and time. As well, R&D institutions
seeking these rights may allow accumulation of funds necessary for further investment
(UPOV, 2011). The UPOV system introduces many potential benefits, such as
investment in plant breeding and improved varieties for farmers, resulting in increased
income for farmers and development of rural and international markets (UPOV, 2011).
This makes it necessary to strike the balance of the benefits gained with the return on
investment in innovative activities.
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Likewise, a key element of the UPOV Convention involves rights (or the
infringement of rights) associated with saving and exchanging seed among users, and
specifically, farmers. The earlier revision of the 1978 UPOV Convention allowed farmers
to save and exchange seed for the next growing season which is referred to as “farmers’
privilege.” The key tenet of farmers’ privilege has remained intact within the UPOV
Convention (Dutfield, 2011). The latest revision of the UPOV Convention in 1991
changed the notion of “farm-saved seed” through which farmers lawfully sowing seeds of
a protected variety are no longer permitted to save the seeds from the first crop for
sowing next season on their own farms. The purpose of securing this right is to reward
the plant breeder and encourage development of new varieties (Adi, 2006). Duration of
protection is also five to seven years longer and necessary in order to offer a longer
period of return on investment in plant breeding. The 1991 revision of the UPOV
Convention was not only significant because this legislation removed the farmers’
exemption, allowing a farmer the right to save or exchange seeds of protected varieties
for future crops, but it also suspended the breeders’ exemption, allowing breeders free
access to a protected variety to use for breeding other distinct varieties. The revision to
the legislation, however, does allow that the final decision for the sale and marketing of
any harvested plant variety was subject to breeders’ authorization (Adi, 2006; Kapur,
2011).

Briefly stated, the following cases in the UPOV 1991 Convention are mandatory
exceptions: Acts done privately and for non-commercial purposes, and Acts done for the
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purpose of breeding other varieties and for experimental purposes.8 The UPOV 1991
Convention, however, provides an optional exception where the use of the material by
farmers is for propagating purposes and the product of the harvest which they have
obtained by planting, is on their own holdings.9 In addition, the 1991 UPOV Convention
addresses the issue of essentially derived varieties (EDVs) as shown in Table 2.2. A
variety shall be deemed to be essentially derived from another variety when it is
predominantly derived and clearly distinguishable from the initial variety, and conforms
to the initial variety in the expression of the essential characteristics.10 Essentially derived
varieties may be obtained by the selection of a natural or induced mutant, or a somaclonal
variant, the selection of a variant individual from plants of the initial variety,
backcrossing, or transformation by genetic engineering. For instance, where an EDV
(EDV2) is obtained from another EDV (EDV1), the breeder’s right on EDV1 does not
apply to EDV2. It is, however, the breeder’s right to the initial variety that applies to both
of EDV1 and EDV2 and requires the authorization of the breeder of the initial variety.
The commercialization of EDV1, for example, requires the authorization of both the
breeder of the initial variety and the breeder of EDV1. In any case, EDVs can be
protected if they fulfill the necessary requirements. The breeders’ exemption is a major
distinction between patents and PVP, which might explain the preference that has been
given to patents over PVP in the U.S. by private seed companies (Eaton, 2013). Both
UPOV Acts (1978 and 1991), consequently, remain in effect and have advantages and
drawbacks, depending on the country and the point of view (Jordens & Button, 2011).

8

The UPOV 1991 Convention, Article 15(1).
The UPOV 1991Convention, Article 15(2).
10
The UPOV 1991 Convention, Article 14(5)(b).
9
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Canada is recently bound by the 1991 Act as the latest Act. After a lengthy legislative
process, Bill C-18 or the so-called Agricultural Growth Act, passed and came into force
on February 2015. The United States, European Union, Australia and the U.K. have
accepted and are bound by the 1991 Act which is less perplexing to the patent law. A
comparison of the 1978 UPOV Convention and the 1991 UPOV Convention is presented
in Table 2.2.

Table 2.2: Comparison of the 1978 UPOV Convention and 1991 UPOV Convention.
Plant Breeders’
Rights
Eligibility
requirements
Duration of
protection
Dual protection with
patent
Minimum exclusive
rights in propagating
variety
(require the
authorization of the
breeder)
Minimum exclusive
rights in harvested
material
(require the
authorization of the
breeder)

1978 UPOV Convention

1991 UPOV Convention

Novelty, Distinctness,
Uniformity, & Stability.
15 years (18 years for
grapevines and trees).
Any species eligible for
PBRs, cannot be
patented.
Production for purposes
of commercial marketing;
offering for sale;
marketing; repeated use
for the commercial
production of another
variety.
No such obligation,
except for ornamental
plants used for
commercial propagating
purposes.

Novelty, Distinctness,
Uniformity, & Stability.
20 years (25 years for grapevines
and trees).
It is allowed to have dual
protection.

Breeders’ exemption

It is required. Breeders
free to use protected
variety to develop a new
variety of plant.

Farmers’ Privilege

It is allowed under the
44

Production or reproduction;
conditioning for the purposes of
propagation; offering for sale;
selling or other marketing;
exporting; importing or stocking
for any of these purposes.
Harvested material obtained
through unauthorized use of
propagating material of the
protected variety unless the
breeder has had reasonable
opportunity to exercise the right
in relation to the propagating
material.
Permissive, but breeding and
exploitation of a new variety
"essentially derived" from earlier
variety require right holder’s
authorization.
It is allowed at the option of the

Plant Breeders’
1978 UPOV Convention
Rights
(allow farmers to use
definition of minimum
the harvested variety
exclusive rights.
covered by PBRs for
propagation on their
own holdings)
Source: Adapted from Helfer, 2004.

1991 UPOV Convention
member State (up to national
laws) within reasonable limits
and subject to safeguarding the
legitimate interests of the right
holder.

2.3.2 Trade Related Aspects of Intellectual Property Rights (TRIPS)
Agreement

A second critical trade legislation for agricultural innovation is the World Trade
Organization’s TRIPS (Trade Related Aspects of IPRs) Agreement which came into force
in 1995. The most important regimes in the international IP laws that preceded the TRIPS
Agreement are the Paris Convention for the Protection of Industrial Property 1883 and
Berne Convention for the protection of Literacy and Artistic Works 1886. The World
Trade Organization (WTO) was established by the Marrakesh ministerial meeting of
1994, attended by both developed and developing countries. Currently, there are 164
members of WTO that are bound to the TRIPS requirements of IP rights protection. The
goal of the provisions of TRIPS Agreement was to set out minimum requirements for the
protection and enforcement of IPRs. The TRIPS Agreement is a trade legislation that
influenced IP management. The Agreement is characterized by three features: 1)
Standards: the agreement sets out the minimum standards of protection to be provided by
each member such as protection of subject-matter, grant a right and exception to this
right, and the minimum duration of protection; 2) Enforcement: the agreement includes a
set of provisions to enforce all IPRs; and 3) Dispute settlement: all members of WTO
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must abide to the TRIPS obligations and follow WTO’s dispute settlement procedures
(WTO, 2013).

Of interest to crop biotechnology R&D, in terms of the TRIPS Agreement, is the
protection of new varieties of plants. For example, Article 27(1) requires that “patents
shall be available and patent rights enjoyable without discrimination as to the place of
invention, the field of technology and whether products are imported or locally
produced.” Article 27(3)(b) requires each member state to “provide for the protection of
plant varieties either by patents or by an effective sui generis system or by any
combination thereof”. The new developments in biotechnology have also completely
transformed the international IP system. Provisions of the TRIPS Agreement,
consequently, were drafted to facilitate some of the trade-related concerns (Yu, 2008).
For example, Article 27 (3)(b) also allows each WTO member state to exclude from
patentability “plants and animals other than microorganisms, and essentially biological
processes for the production of plants or animals other than non-biological and
microbiological processes.”

The relevant literature is clear that there are key differences between the
perspective of developed and developing countries on the role of IP protection and
enforcement in the TRIPS Agreement (Yu, 2009c). Developing countries are concerned
that the interpretation and implementation of the Agreement will favour stronger
economies which have relatively more resources to allocate to TRIPS Agreement
minimum requirements. IP expert Peter Yu (2009c, p. 1008) observed the complexity of
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the international IP regimes as he noted it “continues to increase the need to better
understand the interactions between IPRs and rights in other areas becomes even greater.”
Consequently, support for low-income countries in the form of funding for activities,
such as policy dialogues and capacity building programs, has been established within the
agenda of WTO, the World Intellectual Property Organization (WIPO) and other
international forums (Yu, 2009c). Relatively wealthier nations, such as the United States
and Canada, have engaged with the global legislation in quite different ways, as discussed
in the next section of this paper.

47

2.4 Regulatory Contexts in USA and Canada for IP in Agricultural
Innovation

2.4.1 United States of America

The USA is a signatory to the major global agreements discussed above, with the
important exception of the CBD. Plant breeders and research scientists may seek IPRs for
crop biotechnology and protection of new plant varieties in the U.S. legal system through
different mechanisms (Starchan, 2011). IPRs in agricultural R&D that are available in the
U.S. legal system are classified into the following categories: trade secrets, plant patents,
plant variety protection (or plant breeders’ rights), utility patents (Santaniello et al., 2000;
Strachan, 2011) and trademarks. These forms are important types of new plant variety
protection in the USA.

Firstly, a trademark is a sign that is used to distinguish the goods or services
offered by one undertaking from those offered by another. A trademark must be
distinctive and it should not be deceptive. Trademarks are given special protection under
the Paris Convention and the TRIPS Agreement. Secondly, trade secrets cover
confidential business information that is not generally available to the public and include
manufacturing or industrial secrets and commercial secrets, such as the parental lines of
the hybrid varieties. Unlike other IPRs, the term of trade secret is forever, as long as it
remains secret and valuable in fact. Some written description of the asserted trade secret
would need to be provided by the trade secret owners at the point of enforcement
(Crouch, 2014). Trade secrets are generally of lesser importance than other IPRs in
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agricultural R&D. The U.S. Defend Trade Secrets Act (DTSA) was signed by the
President in 2016, which considers one of the most significant expansions of IP law in the
U.S. history. This law may provide enough incentives for IP owners to keep more
information as trade secrets. Briefly, this means that a trade secret owner can bring claims
for misappropriation and seek remedies (Rich, 2016). Thirdly, there is the plant patent
which was introduced in the U.S. in 1930 to cover asexually reproduced plants (except
tubers and seeds reproduced plants) which include ornamental, shrubs, fruit, citrus and
nuts (Santaniello et al., 2000; Strachan, 2011). Such patents can last up to 20 years from
filing and they continue to be relevant to conventional plant breeding within the
agricultural sector. For example, most horticultural industries use plant patents.

Fourthly, there is plant variety protection (PVP) also known as plant breeders’
rights (PBRs) which were introduced in 1970 and administered by the U.S. Department
of Agriculture (USDA). As discussed above, the purpose of PVP/PBRs is to protect seedreproduced plants and new varieties developed by plant breeders. The variety should be
novel and sexually reproduced (other than fungi, bacteria or first-generation hybrid)
(Santaniello, et al., 2000; Strachan, 2011). The term of protection is 20 years. Based on
both the Plant Patent Act and the PVP, the U.S. joined UPOV in 1981 under the 1978
UPOV Convention. The PVP Act in the U.S. was then amended in 1994 to be compliant
with the 1991 UPOV Convention which extends protection to all plant species. Tuberreproduced plants (e.g. Solanum tuberosom or potato, and the ornamental genus
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Caladium) and F1 hybrids11 were also included in the PVP Act. As a result, inbred lines,
open-pollinated and self-pollinated varieties, synthetic populations, hybrids and
genetically modified plants, were eligible for PVP. Bacteria and fungi are still ineligible
for protection under the PVP Act (Strachan, 2011).

Furthermore, the U.S. system widely uses utility patents which are patents
obtained on a new and useful process, or through art, machine, manufacture, or
composition of matter, or any new and useful improvement in the previous matter. In
addition to these criteria, the invention must be an inventive step (non-obviousness) to the
prior art (Borden Ladner Gervais, 2011; Strachan, 2011; USPTO, 2016). In the USA, a
patent is granted by the federal government agency, the United States Patents and
Trademarks Office (USPTO), to an inventor for the purpose of excluding others from
making, using, or selling the invention. In return, an inventor must fully disclose the
details of the invention to the public to further develop the technology. But the patent
holder has no right to exclude others from using the innovation when the patent expires
(Teece, 2013). A brief description of this ‘prior art’ is all information that has been
disclosed to the public in any form about an invention before a given date. For instance, if
an invention has been described in the prior art, a patent on that invention is invalidated.
In the IPR regimes, hence, patents can only be challenged on prior art grounds. Utility
patents for plants are enforceable for 20 years after the application filing date. A recent

11

F1 refers to the first filial generation, often assigned to hybrid variety which is produced from crosses
between two distinct, inbred parent lines. F1 hybrids are usually created by pollination or sometimes by
hand pollination. F1 hybrids must be produced each season and can’t be saved for future plantings (Runge
& Patterson, 2006, p. 58). For instance, hybrid crops such as corn and sorghum, in which seeds could not
be saved because of the natural loss of heterosis, considered a natural incentive for private plant breeding
(Santaniello et al., 2000).
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and fundamental change in the American patent system was the move from a first-toinvent system to a first-to-file system in 2011. The amendments came into force on
March 16, 2013 (USPTO, 2016).

In relation to life sciences and specifically, the biotechnology industry, there were
notable case laws and changes in IP policy came in the U.S. due to a number of landmark
court cases, as illustrated in Figure 2.2.

2013
2001
1985
1980
1970
1930

Figure 2.2: The vital and landmark court cases that affected IPRs in the USA.
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In particular, American patent law took a historic turn in 1980 due to the U.S.
Supreme Court’s decision on the case of Diamond v. Chakrabarty.12 As IP specialist
Jerome Reichman (2005, p. 5) noted, “The decision of the U.S. Supreme Court in the
case of Diamond v. Chakrabarty in 1980 and the creation of the U.S. Court of Appeals
for the Federal Circuit in 1982 changed the patent and federal policy in terms of
patentable subject matter and the scope of protection.” The Supreme Court ruled that
bacteria capable of breaking down multiple components of crude oil were decided to be a
patentable subject matter under the U.S. utility patent.13 This decision allowed for the
patenting of living subject matter,14 except for claims pertaining to a human being. As a
result of this decision, the USPTO received many patent applications for genetically
engineered life forms. Consequently, in the USA, higher life forms such as plants became
patentable. The U.S. Supreme Court actively took a decision and recognized these
modified microorganisms as patentable subject matter (Robinson & Medlock, 2005).

This decision was extended by the U.S. Patent and Trademark Office (USPTO)
when they ruled the decision in the Ex Parte Hibberd15 in 1985 that genetically modified
plants and seeds are subject matter and can be patentable. In the past, many countries
were unwilling to patent life forms and organisms including plants and animals, and the
activities of such research were performed primarily in public institutions such as
governments and universities where there was no impetus for legal protection (Horbulyk,

12

Diamond v. Chakrabarty, 447 U.S. 303 (1980).
U.S. patent 4,259,444.
14
Supreme Court Decision on Justia Diamond v. Chakrabarty “living materials are eligible for patenting
when the living material is a human-made invention” (http://supreme.justia
.com/cases/federal/us/447/303/case.html).
15
227 USPQ 443 (Bd. Pat. App. & Inter. 1985).
13
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1993). This court case is a landmark ruling because it is relevant to the legal protection
for biotechnology such that any living subject matter developed through biotechnology
(including biological organisms, traits, genes and even bacteria, as established by this
legal precedent) could be patented. It is also historic because of the most recent 2013 U.S.
Supreme Court decision on isolated DNA from the human genome and synthetic DNA in
the case of AMP et al. v. Myriad Genetics, Inc. et al. (569 U.S.-2013) which reverses the
U.S. government position that awarded patents on isolated human genes for almost 30
years.

In a 2001 landmark case, the fit between plant variety protection and the utility
patent was the focus of the U.S. Court ruling on J.E.M. Ag Supply, Inc. v. Pioneer HiBred International, Inc.16 involving genetically altered plant varieties. It was found that
sexually reproduced plants are eligible for utility patent protection under the Patent Act
35 U.S.C. 101.17 In this 2001 case, J.E.M. Ag Supply (doing business as Farm
Advantage, Inc.) purchased patented hybrid corn seeds from Pioneer and resold them.
The defendant declared that the patented plants were not patentable subject matter under
section 101 of the 1952 Patent Act and that the USPTO granted this patent to the plaintiff
by a wrong understanding of applicable law. The defendant also made other arguments
for denying the patents on sexually reproducing plants under the Patent Act and the Plant
Variety Protection Act. The judge relied on the previous case (Diamond v. Chakrabarty,

16

J.E.M. Ag Supply, Inc. V. Pioneer Hi-Bred International, Inc. 122 S. Ct. 593 (2001).
Supreme Court Decision on Justia J.E.M. Ag Supply, Inc. V. Pioneer Hi-Bred International, Inc.
(http://supreme.justia.com/cases/federal/us/534/124/case.html).
17
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1980) and the broad language of section 10118 in the rejection of the defendant’s
arguments.19 The main argument in this case was that sexually reproduced plants were
subject matter under section 101 of the Patent Act. Ruling in favour of Pioneer Hi-Bred,
the court made it clear that if plant varieties meet the standard of patents under section
101, they will be entitled for utility patent. And section 101 is harmonized with the Plant
Patent Act and the Plant Variety Protection Act. Plant breeders, therefore, may apply for
the protection of new plant varieties under each regime and benefit from the protection of
each regime (Baird, 2002). It was also observed that “it is thus established that the right
to save seed of plants registered under the PVP Act does not impart the right to save seed
of plants patented under the Patent Act.”20

The constitution and previous availability of IPRs for plants in the U.S. legal
system provided a strong legislation and incentives for plant breeders to protect new
varieties and continue developing new ones (Strachan, 2011). In other words, the
protection of seed-reproduced plants in the U.S. can be achieved with the use of utility
patents, and there is the possibility of agronomic protection from both utility patent and
PVP/PBRs. This has contributed to the consolidation of the plant breeding industry in the
U.S. which is dominated by a limited number of large life sciences companies (Strachan,

35 U.S.C. 101 (1999) states “whoever invents or discovers any new and useful process, machine,
manufacture, or composition of matter, or any new and useful improvement thereof, may obtain a patent
therefore, subject to the conditions and requirements of this title.”
19
J.E.M. Ag Supply, Inc. v. Pioneer Hi-Bred International, Inc.
20
Monsanto Company v. Homan Mcfarling, United States Court of Appeals, Federal Circuit. – 302 F.3d
1291. (http://law.justia.com/cases/federal/appellate-courts/F3/302/1291/559968/).
18
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2011) such as Monsanto21, Syngenta, DuPont/Pioneer Hi-Bred. Plant breeding research,
both in the public and the private sectors, must still be attentive to the degree of
inventiveness and the complexity of obviousness and patenting of essentially biological
processes. Again, due to the legal, technical and financial difficulties, as well as the high
cost of patent applications, large companies in the private sector (e.g. Monsanto and
Bayer Crop Science) have the greater advantage for agri-biotechnology research (Kapur,
2011). In 1991, the USPTO opposed efforts by the National Institutes of Health to patent
applications on ESTs. The private industries heavily filed patent applications on DNA
sequences including gene fragments (Heller & Eisenberg, 1998). Nevertheless, one of the
restrictions in patent law for agricultural research in the U.S. system since 2005, is that
DNA markers such as expressed sequence tags (ESTs)22, or a partial sequence of a gene,
have not been patentable because there is no industrial application yet for this technology
(Crouch, Henson-Apollonio, Perset, & Re Manning, 2011; Kapur, 2011) For example, in
2005, Monsanto failed to identify the usefulness of individual ESTs and therefore, the
patent was rejected (Isaac & Park, 2009).

To date the IPRs in the United States is a dynamic field of policy analysis due to
its complex set of laws concerning granting and enforcement of IPRs that are subject to
judicial review (Crouch et al., 2011). In the past, and for almost 30 years, the USPTO was

In September 2016, Bayer AG acquired Monsanto to form one of the world’s largest agricultural
companies. http://www.wsj.com/articles/bayer-and-monsanto-expected-to-announce-takeover-1473839357.
Other deals and mergers are Syngenta and ChemChina, and Dow Chemical and Dupont.
21

22

ESTs are tiny fragments of genes, a length of Complementary DNA (cDNA) that is generally a partial
sequence of gene being expressed at the time a specific tissue is sampled. So, they are a fragment of a
sequence of DNA which may or may not code to functional proteins (Holman & Munzer, 2000).
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granting patents on human genes and considered isolated genes to be patentable subject
matter. As of June 2013, the U.S. Supreme Court overturned an argument and lawsuit
that has been in the court since 2009. This landmark case in question involved action by a
medical group (the Association for Molecular Pathology or AMP23) against Myriad
Genetics Inc. of Salt Lake City, Utah, which owns human gene patents on BRCA1 and
BRCA2 – genes that are linked to increased susceptibility to breast and ovarian cancer.
The ruling in this case decided that the patents were improperly granted and isolated
DNA cannot be patented because it is a “product of nature.” The case also determined
that synthesized DNA (cDNA) is not naturally occurring, and therefore, it remains
patentable as a “human made invention”. Cancer research scientists at AMP challenged
the patents on the basis that genes carrying the ‘secret of life’ should not be exploited for
commercial purposes and that private control cannot be exerted over their use. For their
defense, Myriad Genetics Inc. argued that a patent is a reward for years of expensive
research that moves science forward (Justia, 2013). As discussed below, the decision has
significant implications for the future of gene patents granted in the USA and the
arguments may impact investment and innovation in molecular genetics research and
quite possibly, genetically modified crops.

National laws in the U.S. agricultural R&D system can, and do, have global
influence even with other countries whose perspective on IPRs may be different from
those in the USA. For example, under Section 301 of the Trade Act of 1974, the Trade

Association for Molecular Pathology v. Myriad Genetics, Inc. – 12-398. Argued April 15, 2013. Decided
June 13, 2013.
23
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Representative of the U.S. can take all appropriate actions against countries that fail to
provide adequate and effective protection of IPRs, despite the fact that these countries are
compliant to the specific obligations of the TRIPS Agreement (USTR, 2012). Also,
despite Canada, Mexico and the USA having formed and signed the world’s largest free
trade area or the North American Free Trade Agreement (NAFTA) in 1994, the USA has
developed separate legislation from its nearest trade partners. A case in point of the
diversion of interests between the USA and other nations is found in the context of the
Anti-Counterfeiting Trade Agreement (ACTA) initiated by USA and Japan in 2006.
ACTA-NAFTA aligned legislation has not yet come into force. In Canada, action was
taken to create Bill C-56, entitled Combating Counterfeit Products Act, which passed in
June 2013 and was successfully approved by Parliament to amend the Copyright Act, the
Trademark Act and other Acts. In effect, ACTA and Bill C-56 in Canada suggest that the
IP regimes and policy approaches for protection of IPRs are always dynamic and have
some similarities and differences, even between close, neighbouring countries such as
Canada and the USA. When things happen in the United States, they tend to happen in
Canada and elsewhere. What can not be accomplished through IP laws is done through
private laws (contracts).
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2.4.2 Canada
Canada’s laws on intellectual property include key elements such as the Patent
Act (198524), Trademarks Act (198525), and Copyright Act (192126) which underwent
review and amendments in 2012. The first Patent Act in Canada was created in 1869 as a
part of the British North America Act, which originally defined the Canadian
Constitution. In more recent legislation, the work of federal government agencies such as
Agriculture and Agri-Food Canada (AAFC), provincial agencies such as the Ontario
Ministry of Agriculture and Food (OMAF), and Canadian public universities are
implicated in the IP and agricultural innovation. The policy of global conventions and
national legislation is interpreted or presented in specific policy briefs and contractual
arrangements for agricultural R&D (AAFC, 2012).

The Seeds Act in 1923 was the first legislation that regulated the distribution of
seed in Canada (Gray, Nagy, Galushko, & Weseen, 2008). Under the Seeds Act, the
farmers can exercise the ‘brown bagging’ of seed which allows farmers to save the seed
for replanting purposes or exchange harvested seeds with the neighbours. The Seeds Act
did not provide plant breeders with the exclusive rights for marketing and distribution of
the new plant variety (Gray et al., 2008). Today in Canada, plant breeders’ right is the
only mechanism that provides plant breeders and researchers with the necessary
protection of new varieties of plants (both sexually and asexually reproduced plants). All

24

The Patent Act R.S., c. P-4, s. 1.
The Trademarks Act R.S., c. T-10, s. 1.
26
The Copyright Act R.S., c. C-30, s. 1.
25
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plant species, except algae, bacteria and fungi, are eligible for protection under the PBRs
Act. In 1990, the Canadian PBRs came into effect to grant exclusive rights for
multiplying, marketing and distributing the protected variety. In addition, it protects the
new variety from exploitation by others. Plant breeders’ rights are administered by the
Canadian Food Inspection Agency (CFIA). The Act provides legal protection for up to 20
years. The CFIA also manages the Seeds Act and approves new varieties in Canada
(CFIA, 2015). In Canada, plant genetic resources are maintained at the Canadian national
seed gene bank at Plant Genetic Resources Canada (PGRC), located in Saskatoon,
Saskatchewan.

Canada joined the UPOV Convention in 1992 under the 1978 UPOV Convention.
Canada was not compliant with the 1991 UPOV until Bill C-18 or the Agricultural
Growth Act recently received royal assent. The Plant Breeders’ Rights Act in Canada was
amended in February 2015 to conform to the 1991 UPOV Convention (CFIA, 2015). This
was a significant change that attempted to strengthen IPRs for plant breeding and
generate funds for reinvestment in R&D as well as attract international investment. The
current situation in Canada is that farmers are not allowed to save or exchange seeds of
protected varieties for future planting, and anyone is allowed free access to a protected
variety for the purpose of breeding other new varieties (Breeders’ exemption), conducting
experimental research, or for propagating protected varieties for private or noncommercial purposes. Plant breeders and seed companies are allowed to collect royalties
on the entire crop (harvested material) and the seed. This is called “end-point royalties”
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and the fees have to be paid when a crop is sold. No royalty can be collected on the saved
seed used to replant the crop.

Higher life forms27 (such as plants) are still not patentable materials under the
Patent Act in Canada (Stovin & Phillips, 2000). Canadian scientists are closely watching
the above-mentioned 2013 ruling of the U.S. Supreme Court that determined isolated
DNA from the human genome is not eligible for patent protection (see AMP et al. v.
Myriad Genetics, Inc. et al., 569 U.S.-(2013)). In Canada, as was the case in the U.S. for
almost 30 years, isolated DNA is patentable subject matter. CIPO has granted claims to
isolated gene sequences and continues to do so. Specifically, in the Canadian Patent Act,
life forms are divided into lower life forms “unicellular” (statutory) and high life forms
“multicellular” (non-statutory). In 2002, the Supreme Court of Canada ruled in Harvard
College v. Canada (Commissioner of Patents)28 that higher life forms do not fall within
the scope of section 2 “definition of invention, art, process, machine, manufacture, and
composition of matter” (CIPO, Patents, MOPOP, Chapter 17, Biotechnology, 2013;
Peekhaus, 2013). This landmark case in Canada involved an argument on patenting a
higher life form (the modification of the plant and inserting gene). As Law & Marles
(2004, p. 44) mentioned, “the Supreme Court of Canada (eventually) decided that a
higher life form cannot be patentable subject matter as in the 2002 case of Harvard
College v. Canada.”

27

Lower life forms include microscopic algae, unicellular fungi (moulds and yeasts), bacteria, protozoa,
viruses, transformed cell lines, hybridomas, and embryonic, pluripotent, and multipotent stem cells. Higher
life forms include animals, plants, seeds, mushrooms, fertilized eggs and totipotent stem cells (CIPO,
Patents, MOPOP, Chapter 17, Biotechnology).
28
Harvard College v. Canada (Commissioner of Patents), [2002] 4 S.C.R. 45, 2002 SCC 76.
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In a practical manner, the results of plant breeding research at public institutions
are usually licensed exclusively. This is achieved through partnerships with private
biotechnology industries that used genetic engineering to develop new biotechnology
crops and then to gain patents protection on their inventions (Graff, Cullen, Bradford,
Zilberman, & Bennett, 2003). Similarly, Monsanto employed strategic practices to secure
the glyphosate29 herbicide that came off patent in 2000 by linking up the herbicide to
Monsanto’s patent of genetically modified crops (Peekhaus, 2013), as well as obtaining
trademark protection for Roundup Ready®. In addition to patent protection and
enforcement, Monsanto was able to maximize control over its genetically modified crops
through licensing arrangements and then used these contracts to sue farmers who either
did not get permission to use the seed in the first place or breached one of the conditions
in the license (Durell & Gold, 2009). The 2004 ruling of the Supreme Court of Canada on
Monsanto Canada Inc. v. Schmeiser30 is arguably one of the most famous court cases
concerning the patent infringement of a biotechnology crop in Canada.

This landmark case concerns the first commercialized crop biotechnology in
Canada which was herbicide tolerant canola and was developed in 1996. Canola remains
the largest biotechnology crop in Canada. Roundup Ready® (RR) canola is a technology
involving a herbicide-tolerant gene31 developed and patented in the U.S. by Monsanto.
Monsanto charged a U.S. $15 per acre license fee to farmers to grow the RR® canola

29

The common name of Roundup, it is a systemic herbicide. Monsanto brought it into the market in the
1970s and Monsanto’s last commercially relevant U.S. patent expired in 2000. U.S. Patent 3,799,758.
30
Monsanto Canada Inc. v. Schmeiser, [2004] 1 S.C.R. 902, 2004 SCC 34. The Supreme Court Decision,
(http://scc.lexum.org/decisia-scc-csc/scc-csc/scc-csc/en/item/2147/index.do).
31
“Glyphosate-Resistant Plants” Canadian patent No. 1,313,830.
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seeds (Law & Marles, 2004, P. 44). Percy Schmeiser, a canola farmer in Bruno,
Saskatchewan planted canola seeds saved from his field. After spraying the plants with
glyphosate, he found that 60% of the plants were RR® resistant plants. He separated the
harvested seeds of the GM crop from the rest of the seed. In 1998, he used the balance of
what he claimed to be non-RR® seed to plant approximately 1,000 acres of canola. A
sample test of canola plants by expert investigators showed that 95-98% of the plants
were Roundup Ready canola. Schmeiser did not pay the license fee to Monsanto for using
its technology.32 Subsequently, Monsanto filed a lawsuit against Schmeiser for patent
infringement. The Federal Court of Appeal33 and the Supreme Court of Canada found
that Monsanto’s Canadian patent was valid and that Schmeiser had infringed it.

The main issue in the court case of Monsanto Canada Inc. v. Schmeiser, 2004 was
whether or not the actions of Percy Schmeiser violated the Patent Act of Canada. The
ruling was important for agricultural sector because it was found that Schmeiser was
infringing the Patent Act by selecting and planting RR® canola in his fields. The main
argument by the plaintiff in this case was upheld by the Court on the definition of the
word “using” in the Patent Act “a patent grants to the patentee the exclusive right,
privilege and liberty of making, constructing and using the invention...” As Law &
Marles (2004, p. 45) remarked, “if a product as a whole is not covered by a patent, if an
important part or component of the product is patented, exploitation of the product may
still result in infringement.” Under the current Canadian patent legislation, Monsanto was

32

Monsanto Canada Inc. v. Schmeiser, [2004] 1 S.C.R. 902, 2004 SCC 34. The Supreme Court Decision,
(http://scc.lexum.org/decisia-scc-csc/scc-csc/scc-csc/en/item/2147/index.do).
33
Schmeiser v. Monsanto Canada Inc., [2003] 2 F.C. 165, 218 D.L.R, (4th) 31, 293 N.R. 340, 21 C.P.R.
(4th) 1, [2002] F.C.J. No. 1209 (QL), 2002 FCA 309.
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not able to acquire patent protection over the entire genetically modified plant itself;
however, Monsanto claimed protection for the genes and the modified cells that made up
the plant (Peekhaus, 2013). For Canadian agricultural R&D this landmark case is
important because as Law & Marles (2004, p. 46) noted, it is clear on three fronts, that,
“first, the scope and the value of the patent on modified genes, vectors, and cells go
beyond the genes, vectors and cells themselves, second, the effective scope of patent
protection in Canada is arguably similar to the scope of protection in the United States
and Europe, and third, the protection of plants provided an incentive to agribiotechnology to conduct research and invest in this area of biotechnology.” For these
reasons, in countries such as Canada and the USA, there are real restrictions on the
legitimate use of plant genetic materials and they often require obtaining a licence from
the patent owner. This situation is likely to have strong advantages and incentives (or
conversely, disadvantages and disincentives) for agricultural R&D in both the public and
private sectors, as well as for partnerships for innovation involving these sectors.

To go back to 1989, before the important case of Monsanto Canada Inc. v.
Schmeiser, 2004, it is important to note that the patent system in Canada switched from a
first-to-invent to a first-to-file system for patent applications in 1989. This modification
brought a value and strength to the IP laws in Canada (Carew, 2005). Thus, to decide
priority among competing claims to an invention, the filing date for a patent is considered
the claim date. There are many benefits to this system, such as certainty in the
determination of patent rights, publication of patent applications 18 months after date of
filing and research exemptions for 20 years from date of filing (CIPO, 2016). The term of
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a patent protection in Canada was extended in 2001 from 18 years from the date of filing,
but extended to 20 years as a result of a WTO ruling that 18-year patents violated TRIPS
requirements (CIPO, 2016). This standard duration of protection harmonized Canadian
law with the term for protection used by most patent systems around the world.

In Canada, as in USA, patents are granted on the basis of three criteria: novelty,
inventiveness (non-obviousness) and industrial application (utility). Business methods,
software, and methods of medical treatment, are not patentable in Canada because these
are considered to be outside of the definition of invention from Canada’s perspective
(Borden Ladner Gervais, 2011). In Canada, in the Patent Act Section 28.234 it states that
the subject matter of an invention must not have been disclosed before the claim date of
the patent application (novelty requirements). If the subject matter is disclosed to the
public by the applicant, there is one-year grace period which extends back from the
Canadian filing date but not from the claim date (Borden Ladner Gervais, 2011). A patent
application must be filed in the Canadian Patent Office within one year of the public
disclosure (when a public disclosure is made by the applicant anywhere in the world) to
be able to have novelty of the prior disclosure. The public disclosure may be a printed
publication, a thesis dissertation, a presentation at a conference or a display at a trade
show (CIPO, 2016). Inventive and non-obviousness requirements are the same as the
novelty provisions in the Patent Act in Section 28.3. If a public disclosure is made by a
person other than the applicant or someone obtaining knowledge from the applicant, no

34

Patent Act of Canada, ss.2 and 28.2.
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grace period applies and the information will be considered prior art for the purposes of
determining obviousness of the subject matter (CIPO, 2016).

In patent law, in the U.S., Canada and elsewhere, innovation must be disclosed to
the public in order for IP rights to be granted. This means that the public disclosure is
enabled and one can make the invention based on the written description of the invention
(Crouch et al., 2011; Henson-Apollonio, 2013, Personal Communication). It is a worth
noting that innovations go into the public domain and can be used without permission of
the rights holders and restrictions after the expiration of the patent term (Crouch et al.,
2011; Henson-Apollonio, 2013, Personal Communication). IP expert, Dr. Crouch et al
(2011, p. 10) questions the conundrum of enablement in living materials such as seeds,
plant cells, microorganisms and animal cell lines...etc. These living materials are often
required to be deposited through the Budapest Treaty, as in the U.S. in order to be
released into the public domain when a patent expires.

In summary, plant patents, plant breeders’ rights and the utility patents are strong
forms of IPRs that are available to plant breeders in the USA and Canada. A summary of
the differences between USA and Canada in types of IPRs in agricultural R&D are
illustrated in Table 2.3. IPRs strategically protect individual rights and breeders from
exploration by entities that have not licensed the right to use the invention from the IPR
holder. This recognition, entrenched in Canadian and American legal systems, provides
incentives to research. At the same time, the public benefits from the dissemination of the
results of the research activities. The current IP system in the neighbouring nations of
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USA and Canada suggest these national IP systems are not yet harmonized, and as
discussed further in this paper, neither are consistent with issues circulating in the wider
global IP system such as breeders’ rights, farm-saved seeds and the free dissemination of
germplasm.

Table 2.3: The differences between USA & Canada in types of IPRs in agricultural
R&D.
Types of IPRs in
agricultural R&D
Trademarks
Trade secrets
Plant patent

Plant variety
protection or PBR

Utility patent

USA

Canada

Must be distinctive and should not be deceptive, USA and Canada have
similar requirements for application
Confidential business information, industrial and commercial secrets
Asexually reproduced plants
(except tubers & seeds)
Up to 17 years
Sexually reproduced plants (except
fungi & bacteria)
Tubers & F1 hybrid
20 years
1991 UPOV Convention
Life forms & organisms (plants)
are patentable
A new, useful & non-obviousness
to the prior art
20 years
Diamond v. Chakrabarty 1980

N/A

Asexually & sexually reproduced
plants (except algae, bacteria &
fungi)
20 years
1991 UPOV Convention
High life forms (plants & seeds)
are not patentable
A new, useful & non-obviousness
to the prior art
20 years
Harvard College v. Canada 2002

A global system of IPRs that contemplate the needs of both developing and
developed countries is a relevant policy, and often, a political consideration. The recent
2013 U.S. Supreme Court’s decision to prevent patenting isolated DNA from the human
genome also raises some fundamental questions about what kind of biotechnology R&D,
including agricultural biotechnology and more specifically, crop biotechnology, will be
patented in USA and Canada, and indeed, globally. The enforcement of IPRs is a
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challenge, both nationally and globally. A better understanding of the key court cases will
further illustrate the political dynamics involved in managing IP systems. As well, publicprivate partnership in the USA has been nurtured and fostered closely since the
government enacted the Bayh-Dole Act (1980). The Bayh-Dole Act of 1980 created a
uniform licensing system for all federal agencies, reduced the steps needed to grant
licenses, and provided incentives for industry to invest risk capital in product
commercialization from federal patents (Nugent & Keusch, 2007). This partnership was
able to acquire and develop the technology to fulfill innovation. This paper, nonetheless,
discusses the role of technology transfer in the next section because of the prominence of
issues related to IP management. Technology transfer holds implications for agricultural
innovation’s multi-stakeholder pathways and the often legally-protected arrangements
underlying scientific agricultural R&D that increasingly involve partnerships between
private and public sector institutions.
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2.5 Technology Transfer and Public-Private Partnerships (PPP) in Crop
Biotechnology
The Bayh-Dole Act of 1980 created a uniform licensing system for all federal
agencies in the U.S., reduced the steps needed to grant licenses, and provided incentives
for industry to invest risk capital in product commercialization from federal patents
(Nugent & Keusch, 2007). The Act also allowed public universities in the U.S. to hold
results of inventions made by their employees. The private industry licensed and
developed products from publicly funded university research with full legal protection
from competition. As a result, a proficiency in technology transfer and professional staff
who regularly dealt with patents and licensing, was developed through the major U.S.
research universities (Nugent & Keusch, 2007). Where partnerships between the public
and private sectors in USA are concerned, patenting the results of scientific inventions
and then licensing the inventions to the private sector or commercialization of them, was
strengthened through the Bayh-Dole Act of 1980 (Fraser, 2007; Mowery, Nelson,
Sampat, & Ziedonis, 2004). The logic underlying this Act was to enhance the quality of
life and increase productivity in the economy by creating incentives that would also
simulate the education of new generations of science, as well as create new knowledge
through increased innovation capacity. Inventions could be moved from laboratories into
the market by developing new products for commercialization (Fraser, 2007). Sometimes
when changes occur in federal or state innovation in the USA, they tend to happen in
Canada. Like their neighbour to the South, the Government of Canada launched
initiatives and implemented policies in the mid-1990s to encourage technology transfer
and promote commercialization from government laboratories and universities research
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programs (Trosow, S., McNally, M. B., Briggs, L. E., Hoffman, C., Ball, C. D., Jacobs,
A., Bridget, M., 2012). Nowadays, most of Canadian universities have technology
transfer offices that manage policies on intellectual property and commercialization
strategies as well as conduct a range of activities within their scientific jurisdictions such
as IP evaluation, patent protection, marketing and negotiation of licenses. Canada does
not, however, have legislation similar to Bayh-Dole. In contrast, Canadian universities
assign IP in their own determination, structured according to institutionally-unique
arrangements, and typically ranging from sole creator to sole university rights and joint
and negotiated rights if commercialization is involved.

Financial rewards in the form of royalties and fees from patents and licenses were
the outcome of their activities. Most analysts would argue that royalties and other income
from licensing were modest, except in a few well-known cases such as the Cohen and
Boyer recombinant DNA technologies. Wide use of inventions was the greatest benefit as
well as the expansion of technology transfer expertise at the university level. Agricultural
agents likely “paved” the way in good technology transfer practices. It is noted, however,
that supplemental revenue streams to the universities were not the express intent of the
Bayh-Dole Act of 1980. Rather, the intention was to enable creativity and innovation that
potentially generates and transfers technologies for economic development (Nugent &
Keusch, 2007). The Bayh-Dole Act in the U.S. mandated the transfer of the academic
research and the IP generated in universities laboratories into the commercial IPRs
(Holbrook, 2009). It also represented a “linear model” of innovation that disseminates
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public science and technology into private sector commercialization (Mowery & Sampat,
2005).

Public and private sector institutions in Canada and USA, and in a more general
sense, other nations in the world, are aware that the comprehension and use of IPRs for
crop biotechnology is lagging somewhat behind other industries, such as
pharmaceuticals. Biological selections, such as hybrid cases, had offered good protection
and incentives were lacking until the advent of GMO technologies. There is a recognized
need for designing specific incentives and approaches for collaboration that could open
new opportunities for innovation and lead to socio-economic benefits from agricultural
development. There is, consequently, substantial attention being paid to public-private
partnerships (PPPs, or P3) arrangements involving both public and private sector partners
in the life sciences industries. Certainly, since the Bayh-Dole Act (1980) in the U.S. and
the federal government initiatives to promote commercialization in Canada, PPP as a
model for agricultural R&D and technology transfer has grown in importance. Such
partnerships aim to contribute to planning, investment resources, shared risks and
benefits, and activities that achieve mutual objectives and common goals between public
and private sectors (Herder, 2008). There are, however, issues at stake with regards to
IPRs and technology transfer that are crucial for public research institutions operating
within PPP. The challenge lies in the fact that the public sector as represented by
government, universities, national and international research centres are all crucial for
simultaneously leading of the preservation and access to plant genetic material resulting
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in new plant varieties (IPGRI, 1996) to ensure future unrestrictive access to germplasm
for research and experimental plant breeding.

The available literature on PPP in agriculture is more substantial where it relates
to globally significant case studies. For example, at the international level, Golden Rice35
and Virus Resistant Papaya36 were results of collaborations between public and private
sectors enabling access to agri-biotechnology and addressing concerns relevant to global
food security.

Where PPP is involved, notable concerns for life sciences industries are the
collection of returns on the unlicensed use of their technology through the World Trade
Organization’s (WTO) Agreement on Trade Related Aspects of Intellectual Property
(TRIPS). As well, there is an interest within the private sector to develop seed
technologies that are incapable of reproducing; thus requiring renewal of licenses on
these technologies (Cardwell & Zhang, 2009). The inability and unwillingness to protect
and enforce assets of life sciences firms in some developing countries has also been
viewed negatively by life sciences industries, as well as by many analysts of R&D, as
detriments to national investments in agriculture (Cardwell & Zhang, 2009). As a result,

35

Golden Rice (Vitamin A enhanced): The case was collaboration between the public sector (International
Rice Research Institute, Rockefeller Foundation (USA), and Swiss Federal Institute of Technology) and the
private sector (Syngenta, Switzerland); it purported to involve the use of inventions 70+, belonging to 32
companies and universities and difficult IPR negotiations. Board established to help deliver to developing
countries (Hall, 2006). Most of which were U.S. patents, thus not affecting the use of Golden Rice
anywhere except the U.S.
36
Papaya ring spot virus: The case was collaboration between the public sector (Research organizations in
South East Asia Universities in USA & UK) and the private sector (Monsanto (USA) & Zeneca Plant
Science (now part of Syngenta) (Hall, 2006).
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there have been calls among global forums, such as the Consultative Group on
International Agricultural (CGIAR) and the G8 Committee for Agriculture, for improved
procedures in public-private collaboration that can benefit consumers, invest in the
agricultural sector and help integrate research by private companies and public
institutions, while rewarding rights holders. The OECD and WIPO are dedicated to
innovation through partnerships and collaboration that emerge within IP research and
development.

Reshaping future agricultural R&D is certainly expected to depend on PPPs and
further collaborative technology transfer initiatives (Herder, 2008). In Canada,
agricultural economist Richard Gray (2008) observed that public institutions are
dominant research leaders in some crops such as wheat, barley and pulses (see also,
Galushko & Oikonomou, 2007). At the same time, breeding research in other crops, such
as canola, cotton, and soybean, have shifted from the public to the private sector (Gray et
al., 2008). Private sector companies are also leading the development of many
agricultural technologies, especially in agrochemicals and fertilizer. These changes have
occurred simultaneously to the development and enforcement of IPRs regimes in plants.
The main concern of the private sector is to protect their rights over genetic materials,
which have an indirect effect on the public sector’s R&D work (Gray et al., 2008). In
contrast, very few scientific researchers in public academic institutions file patents. The
prevalent practices are that while many scientific researchers may assign some economic
value to their inventions, they are not in a position to attract and engage the private sector
in negotiation and investment.
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2.6 Discussion
It is clear from the reviewed literature that management of IP and IPRs are
relevant issues for future investments in agricultural innovation; specifically, national and
international public and private sector agricultural R&D, and even more specifically,
dissemination and use of genetics and crop biotechnology. Food and agriculture is an
industry undergoing major changes around the world with more than $4.6 billion of
venture capital investment spent in this sector in 2015 alone. Expectations are that by
2020, this investment will have doubled in preparation for a world population of nearly 9
billion people (Fernandez, 2017). One of the challenges for agricultural innovation will
be balancing IPRs and the benefits of access to knowledge inside crop biotechnology.
There is an apparent need for fostering technological and scientific innovation by
implementing a more effective and manageable system, which includes institutional
reform that will balance incentives for innovations with access to knowledge. Policies
and issues vary across nations, yet there are similarities observed among nations with
respect to the importance of understanding and managing IP. This is to ensure the
necessary protections and incentives exist for investments in research by both private and
public institutions, as well as enabling best use of new technologies for economic and
social benefits.

The literature recognizes the dynamic nature of IPRs, recommending that systems
develop an understanding of the evolving legislation from both the global and national
contexts. There is also a need for capacity strengthening in IP management within
agricultural innovation systems. It is no longer a matter of debating whether or not IP
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matters to innovation, but rather, understanding how R&D can be more efficient and
useful through the improved management of IP. Management of IP can encourage
improved development and diffusion of technical knowledge, as well as enable
institutional innovations that create benefits for nations and the wider world (Roffe,
1998). The literature suggests that developing nations have the greatest needs for capacity
strengthening. Too often, developing countries continue to suffer from policy
incoherence and coordination problems and yet their economies are often the most
dependent on innovation for sustainable agri-food production (Drahos, 2002). As IP
specialist Peter Yu (2009a, p. 507) observed, “Brazil and India were both vocal about the
need to reform the international patent system, and both of them had provided major
leadership since the 1960s.” This leads to the question of asking how might all nations
around the world approach IPRs in crop biotechnology in future, recognizing that not all
nations have the same capacity for IP management?

This review of literature suggests that currently, in the 21st century, successful IP
law reform in both developed and developing countries provides an enforceable
environment for the protection of IPRs. Therefore, such problems are argued to be easier
to tackle than in previous decades (Yu, 2008). Key factors of recent reform include
“knowledge and awareness of legal rights, an effective and independent judiciary, a wellfunctioning innovation and competition system, and a critical mass of local stakeholders”
(Yu, 2008, p. 939). As mentioned, the restriction of legitimate use of genetic materials is
a strong advantage for those individuals and institutions that hold proprietary rights to
agricultural technologies. These are incentives for the agri-food industry to engage in
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R&D now and into the future (Chiarolla, 2006). Access to the use of technologies
increasingly needs to be accomplished through collaboration, including public-private
partnerships. The literature indicates that there is an increasing pressure on legal
procedures that ensure IPRs without restricting access to the genetic material of plants
(Chiarolla, 2006).

The patent system provides protection and the ability to share R&D expenditures
with customers through technology agreements and fees, which enables the investment in
agricultural R&D to continue. The patent expiration may disrupt trade, especially when
there is a difference in some respect to how GM crops are regulated in the U.S. and
internationally. In the U.S., the USDA deregulates the inserted gene into a crop and
accepts its use in the crop indefinitely. In contrast, with other countries (e.g. Europe), GM
crops applications must be reapplied at regular time intervals for regulatory approvals
(Grushkin, 2013).

Review of the relevant literature further suggests that plant variety protection is
the most common tool for protecting varieties, and many countries have legislated and
implemented a PVP system in order to accomplish the following: a) provide breeders
with an opportunity to receive a reasonable return on past investment, b) provide an
incentive for continued investment in future breeding research, c) recognize the legal
right of the innovator, and d) acknowledge the right of an economic return on their
efforts. Similarities and differences between plant variety protection and patents exist
with respect to the protected material. For example, some use of the protected material is
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a serious concern and must be identified for the patent system which does not exist for
plant variety protection. Successful technology transfer and future investment in crop
biotechnology increasingly depends on the strength of PVP legislation. Plant breeders’
rights protection, however, is considered a relatively weak protection system compared to
patents (Lesser, 2007). This probably explains why the use of PBRs in Canada to protect
new varieties is very limited even when it is the only tool available for plant protection in
Canada.

Plant breeders and researchers in Canadian public and private sectors believe that
there are issues and concerns around PBRs in Canada. Under the PBRs, the farmer can
grow the seed into a plant, retain seed from the progeny and grow the progeny’s seed on
their own farms. Additionally, farmers can sell the plant or plant parts in any nonpropagating form (for example, for food or feed), but not for further propagation. If a
farmer plants the seeds and then sells the seeds produced from the resulting plant, the
farmer would infringe the PBRs Act. Under the new amended Canadian PBRs Act,
infringement would occur from using the protected variety for breeding and developing
new varieties of plant. This would also restrict farmers’ ability to save, re-use, exchange
or sell seed. Plant breeders are currently allowed to collect royalties on the entire crop,
not just the seed as was allowed under the UPOV 1978. Private seed industries as well as
most plant breeders and researchers in Canada are now seeking utility patents in the USA
to protect their new varieties of plant. The utility patent provides more protection to the
holder of the right than PBRs especially in Canada where plants have not been able to be
patented. Traits are subject matter and patentable in Canada, and therefore, this would
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prevent farmers from saving seeds containing patented traits. Finally, with respect to
Canada, the literature is clear that review and strengthening of existing IP legislations and
policies that encourage innovation and affect public-private partnerships and transfer of
technology activities, are needed to foster the needed capacity for management of IPRs.
Recently, Canada updated its PBRs Act to comply with the 1991 UPOV Convention and
passed the Copyright Modernization Act which was the first update on the Copyright Act
since 1997. Others are underway such as the Bill C-56 on copyright (the Combating
Counterfeit Products Act) as well as considerations with respect to ratifying international
treaties.
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2.7 Towards a Conceptual Framework for IP Management in Crop
Biotechnology
This review of literature informs a conceptual framework organized as a set of
emergent themes that provide a theoretical and analytical lens for the research discussed
in this dissertation. The conceptual framework is illustrated in Figure 2.3.

Figure 2.3: Schema of the conceptual framework of the study.

The proposed conceptual framework emphasizes four key dimensions of
intellectual property management: collaboration, incentives, capacity development and
protection and enforcement. The literature suggests management of IP implicates
incentives that recognize individual and institutions for their creative efforts, while pro-
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active management of IP seeks to ensure the proper balance in collaboration between
inventors, their participating institutions, commercialization opportunities and public
interest. Collaboration should be nurtured between life sciences industries, governments
and other private entities that acquire and develop the technology. Wood & Gray (1991)
defines collaboration as “a group of autonomous stakeholders of a problem domain
engage in an interactive process, using shared rules, norms, and structures, to act or to
decide on issues related to that domain.” This process involves shared norms and
mutually beneficial interactions, as well as, joint decision-making and sharing of
authority and responsibility. Possible models of collaboration are the public-private
partnerships such as the Brazilian Agricultural Research Corporation (EMBRAPA) and
Monsanto and the private-private partnerships such as Monsanto and Dupont, and Dupont
and Syngenta. To date, the literature points to the importance of public-private
partnerships in IPRs and management of IP. This is a well-motivated argument for why
development of institutional policies and supportive communities for IPRs practitioners
play important roles in the implementation of IP management in crop biotechnology.
Intellectual property and IPRs in crop biotechnology are tremendously important aspects
of the global and national policy architectures, and more specifically, capacity
development for innovation within agricultural R&D. This connection to collaboration,
incentives, and protection and enforcement, will be illustrated by the case study of the
Roundup Ready® soybean examined in Chapter Three of this dissertation. Following this
case study, the focus of this research will look specifically at the theme of capacity
development for effective IP management in Chapter Four.
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2.8 Conclusions
The overarching review of literature and policies inform an argument that IP
management and technology transfer (TT) in agricultural R&D is a direct result of the
challenge to create public goods that are aimed at improving global and national
economic development, food security and supporting the future of agricultural
innovation. Through an analysis of management of IPRs in crop biotechnology, this
paper provides the key recent developments in the IP field and discusses the extent to
which these have been taken up by growing polarized debates. Chapter One draws from
the existing literature to provide the underlying framework of IP issues in crop
biotechnology, nationally and internationally. In its conclusions, this chapter presents the
conceptual framework which encapsulates collaboration, incentives, capacity
development, and protection and enforcement.

This chapter identifies a range of national and international papers on the IP
landscape that impact crop biotechnology R&D along with changes in key policy that are
relevant to the protection of IPRs in crop biotechnology. The focus of this paper is not
only how IP can be leveraged for crop biotechnology innovation, but also on the dynamic
context surrounding the management of IPRs in crop biotechnology. This would have
appeal to a various audience of researchers and practitioners in both public and private
institutions (plant breeders, IP specialists, technology transfer associates, entrepreneurs,
investors, corporations, farmers, and students of IP law). In response to the ongoing
dispute over broad global trends and issues in IPRs in crop biotechnology, this paper
brought together the recent key IP laws or policies with a particular emphasis on patent
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and plant breeders’ rights, the TRIPS Agreement and the UPOV system. It examined
IPRs in relation to agricultural innovation systems, with a specific look at the regulatory
context of USA and Canada.

This paper contributes to the understanding and evolution of IP management for
agricultural R&D as well as IPRs policy, both nationally and internationally, in the area
of crop biotechnology. Its findings point to a need for awareness of IP management issues
in agricultural innovation, and not insignificantly, as well as the issue of capacity
strengthening to manage IP effectively. It raises questions that should be explored
through further research including what is the best way for people, organizations and
systems to build capacity in IP? What is the experience in the capacity development for
IPRs in crop biotechnology? Have the plant breeders’ rights in USA and Canada fostered
greater innovation in U.S. and Canada in the plant breeding industry? How might
experiences with key dimensions of IP management such as collaboration, capacity
development, incentives, and protection and enforcement, inform an integrative model to
analyze the effect of IPRs (patents and PBRs) on crop biotechnology?

This paper concludes that research studies should set out and focus on plans and
initiatives that need to be implemented by national governments in order to strengthen
intellectual property regimes, including capacity development efforts in IP. There is still,
however, a need to consider a global system of intellectual property rights that
contemplates the needs of both developing and developed countries. The protection of
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IPRs must be improved, since IPRs play a key role in creating a supportive environment
to spur innovation and foster technological development.
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Chapter 3: A Case Study of Management of IPRs in Soybean
Biotechnology: Evidence from Brazil and a Successful
Coexistence in Canada and USA
Abstract
Intellectual property rights (IPRs) protection influences the use and application of
crop biotechnology. It is often argued that without the IPRs, the life sciences industries
would have no incentives to spend the resources necessary to develop new crops. The aim
of this paper is to identify and assess issues of IPRs and their influence on soybean
biotechnology R&D by examining Monsanto’s Roundup Ready (RR®) soybean in one of
the major soybean producing nations of the world, Brazil, with comparison to the
contexts of Canada and USA.
Drawing from data obtained through document review and in-depth key informant
interviews, the research discusses the challenges of protection and enforcement of IPRs,
which in turn, influences the uptake and R&D of soybean in plant breeding and in the
farmers’ fields. It shows the role of key institutions, such as EMBRAPA, and changing
technology due to patent expiration. Findings show that RR® first generation soybean is
profoundly important, despite the marketing to encourage farmers to quickly switch-over
to the RR® second generation soybean. The research indicates also the availability of
generic traits post-patent expiration, which is only confined to the public research
institutions. This however, can be influenced by the performance advantages with new
traits and demand for enhanced seed biotechnology. Findings, indicate that a technology
fee is a major issue for life sciences industries and farmers related to the case study. This
paper concludes with recommendations for further research and action on the
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management of IPRs and how to reconcile IPRs with farmers’ rights and other local
interest in seed biotechnology.

Key words: collaboration, enforcement and protection, generic trait, herbicide tolerant
soybean, incentives, intellectual property rights, patent expiration, royalty system,
soybean biotechnology, technology fee.
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3.1 Introduction
Intellectual property plays an important role in the business strategy of the life
sciences industry, and more specifically, crop biotechnology. It facilitates innovation and
promotes a strong and dynamic economy. The legal, policy and technical framework
underlying IPRs changes frequently and this is certainly true for crop biotechnology. The
case in point examined in this paper is the soybean breeding industry, which is a success
story in regard to advancing technology and enabling countries, such as Brazil, Canada
and USA, to make soybean a major global crop and commodity. From an IP perspective,
soybean is a unique and tremendously important case study as described in this paper.
Indeed, it reinforces the importance of soybean as a major crop biotechnology in the
world today. On one hand, it brings together all stakeholders in the development of crop
biotechnology, plant breeders and researchers, life sciences industries, farmers and their
associations. On the other hand, it offers an important research opportunity regarding the
challenges of balancing IPRs and the benefits of access to knowledge inside the Roundup
Ready (RR®) soybean.

This paper addresses the outstanding question of how can the implications of such
current issues and changes in IP management be best understood? The purpose of this
paper is to identify and assess issues of IPRs and their influence on soybean
biotechnology R&D by adopting an empirical and technical case study of management of
IPRs in soybean biotechnology in Brazil, Canada and USA. Through the in-depth
interviews with stakeholders, this paper shreds light on the challenges and opportunities,
along with benefits and risks, when the patent rights on RR® soybean expire. Patent
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expiration means potential competition with generic traits and related issues. There are
implications that include the preference by farmers to keep planting RR® first generation
of soybean, and therefore, there will be no technology fees and farmers would no longer
have to abide by contractual restrictions on saving and re-using the first-generation seeds.
In addition, there are performance advantages with new traits and demand for enhanced
seed biotechnology to take into account. The paper examines the specific case study of
herbicide tolerant soybean biotechnology, the soybean production and the effects of the
first-generation RR® soybean being put into the public domain. Important context is
included in this case study including the history and development of soybean and its
importance in global agriculture and trade. The findings of this research are presented in
four major sections of this paper as follows: 1) the role of key institutions such as
EMBRAPA in Brazil as it responds to the issues and changing technology associated
with patent expiration, 2) the most compelling impacts of IPRs and patent expiration
associated with the herbicide tolerant soybean, 3) the soybean technology and royalty
system, and finally, 4) complementary findings from Canada and USA.

This paper conceptualizes and presents the three key dimensions’ framework of
management of intellectual property: collaboration, incentives, and protection and
enforcement. As this paper will argue, the complexity of protecting IPRs is a dynamic
situation and it proves challenging for all institutions – from the nation state of Brazil to
the private multinational company Monsanto - and from the involvement of major
national seed firms and individual farmers that engage in production to those companies
that control the soybean market both within Brazil, and outside of Brazil (e.g. Argentina).
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Often, management of IP must also deal with different legal jurisdictions, as illustrated in
this case study. To ensure returns on investment, Monsanto protects its RR® soybeans
with patents registered in Brazil (as well as in other countries such as USA and Canada).
Monsanto licenses the RR® soybeans to seed companies in Brazil, which acts on behalf
of Monsanto according to a signed contract. Then, they establish an agreement with
farmers who buy the seeds with Monsanto’s technology, thereby requiring the transfer to
Monsanto of a fee called ‘rate of use of technology’ (Schnepf, 2003; Varella, 2013).
Similarly, Monsanto has agreements with other seed companies to incorporate RR®
soybean into their seeds through breeding. Both the resistance gene, (the transgene
construct) that is inserted into a special variety, the variety of RR® soybean (with the
transgene insert) were patented by Monsanto in the U.S. On the other hand, when
soybean breeders crossed the patented variety and Brazilian soybean varieties, these were
the varieties commercialized by Monsanto in Brazil (Varella, 2013). But the absence of
the enforcement in Brazil, encouraged farmers to save RR® soybean seeds for planting or
resale. (This is also the case in Argentina, where there is not a strong control system and
reformed seed law, which allowed Argentine farmers to save the technology fee on
soybean seeds (Schnepf, 2003)).

Notwithstanding, Monsanto is concerned that the second generation of GM
soybean (Intacta® Roundup Ready® 2 Pro) which has already been patented in Brazil and
elsewhere, would likely be sold on the black market and smuggled in Brazil, if Monsanto
licenses Intacta® RR® 2 Pro to local seed dealers (Reuters, 2011). Under license
stipulation, Monsanto collects a technology fee and then gives 12.5% of the total
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collected fee to the licensed firm. The signed agreements between Monsanto and other
licensed seed companies ensure that these companies do not insert other genes with
different characteristics of interest into varieties that contain Monsanto’s technology.
Furthermore, these licensed seed companies cannot use the Monsanto gene for sale or set
up new contracts with other firms for commercialization. This strategy has allowed
Monsanto to monopolize the commercialization of 83% of the Brazilian soybean
production (Varella, 2013). However, DNA tracing technology and investigation of
violations of the agreements or unauthorized re-use of seed has been costly (Santaniello,
Evenson, Zilberman, & Carlson, 2000).

The commercial status of RR® soybean in Brazil was disputed in the Brazilian
courts in 2014. An important aspect in the disputed case involved a group of growers
from the State of Mato Grosso who requested to stop the fee collection on the GM
soybean. Another important aspect in this Brazilian case was that the soybean seeds were
not bought directly from Monsanto. The GM soybean that was planted in Brazil is the
result of the crossing of Monsanto RR® soybeans (saved by farmers and imported
illegally from Argentina) with the conventional Brazilian soybeans (Varella, 2013).
Monsanto was also unable to sell RR® soybean in Brazil for some time because the
Brazilian authorities temporarily banned GM crops. Regardless of the ban, the main
production centres rapidly adopted GM soybeans. The Brazilian authorities could not
avoid the RR® soybean variety with the wide spread of this variety among farmers.
Eventually, Brazilian authorities legalized planting the RR® soybean. Consequently,
Monsanto sought IPRs on its invention leading Brazil to become, as mentioned above, the
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second largest producer of soybeans currently in the world (Meyer & Cederberg, 2010;
CONAB, 2010). Nowadays, Monsanto’s policy shifts in the Brazilian context and the
expiration of patents which could also pave the way for generic version of the seeds
without going through the costly R&D process, are discussed. Potential competition with
generic traits and related issues are expected to cause profound changes in the coming
years.

In the next section, the paper proceeds with an overview of the methods involved
in this research, including data-gathering and analysis technique. Section three provides a
concrete context for the case study of RR® soybean which includes the IP laws and the
diffusion and commercialization of GM soybean in Brazil. This context is divided into
three subsections: history and development of the soybean biotechnology, the herbicide
tolerant soybean (RR® soybean) and soybean production and trade. This is followed by
the findings from Brazil, which include EMBRAPA and private industry collaboration,
implications from patent expiration on herbicide tolerant soybean, soybean technology
and the royalty system. Then, this is followed by the complementary findings from
Canada and USA. Finally, a discussion and conclusion section summarizes the research
findings and its implications.
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3.2 Methods
In this paper, the purpose of research is to identify and address issues of
intellectual property rights and their influence on soybean biotechnology research and
development. It is based primarily on key informant interviews, and to some extent, on
document studies of literature review. The paper of this dissertation contextualizes the
study in the relevant and systemic literature and adopts a case study approach. The
creative interaction of a literature review, the procedure of data collection and the
contemplation of the researcher’s own thoughts and desires (Patton, 2002), was provided
by the implementation of a literature review before, and during, data collection. This
paper represents the qualitative research components of this dissertation, with all data
drawn from stakeholders’ interviews throughout these countries. The findings from this
paper highlight how IP was implicated in the case of Brazilian soybean biotechnology
and the rapid transfer of technology of GM soybean in Brazil after 2001. The findings
further illustrate the challenges and opportunities, along with benefits and risks, when the
patent rights on RR® soybean expire.

What follows in this section is a description of the research design used to
investigate the research questions and the procedures for data collection, including
sampling, methods of data collection, as well as participant consent and interview
protocols. A detailed flow of the methodology implemented in this paper are present in a
schema in Appendix One. Finally, there is a description on how data was analyzed.
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3.2.1 Data-Gathering and Analysis Techniques

This research was framed through a case study approach and was based on
determining the specific choice in the case study with the partner institutions, and
logically linking the data to be collected and analyzed to the original research questions
(Yin, 2003). The qualitative approach is important because of the exploratory nature of
the research questions (Silverman, 1993). According to Yin (2003) and Eisenhardt &
Graebner (2007), a case study is the preferred strategy when focusing on a current
phenomenon in a real-life context and suitable for answering ‘how’ and ‘why’ questions.
The case study approach enables one to understand the dynamics present within a single
setting (Eisenhardt, 1989). The research study has a main phase of research activity
which involves human participants for data collection purposes. Participants were
contacted with regards to the qualitative research on soybean biotechnology and
management of IP from Brazil, which complement the findings from within the Canadian
and American context and interviews.

In-depth key informant interviews were conducted with 17 individuals involved in
the soybean industry (R&D) and IPR-related issues in soybean biotechnology from
Brazil, between June 2015 and April 2016 at the research sites of EMBRAPA and
Monsanto, as shown below in Figure 3.1. Participants were from different backgrounds
and positions as follows: global policies coordination, business development office, plant
IP protection, regulatory director, head of technology transfer, research scientists, and
plant breeders. In-depth key informant interviews were also conducted with 11
individuals from Canada and USA between June 2015 and April 2016 from the different
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organizations as follows: Monsanto Canada, Agriculture and Agri-Food Canada,
Canadian Food Inspection Agency, University of Ottawa, Canadian Seed Growers
Association, Crop Life Canada, Ontario Agri-Food Technologies and University of
Arkansas, USA.

Figure 3.1: A map highlighting the research sites of EMBRAPA HQ, Soybean and
Monsanto, Brazil.

The research questions were divided into two main groups. The first group
included general questions that were asked of every interviewee and the other group
consisted of specific questions related to the case study of soybean. The contents of the
interviews were shaped by relevant themes in the literature for context. The systemic
literature review informed the data collection and analysis by providing sensitizing
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concepts that guided the development of the research design and data collection
(Charmaz, 2014). These sensitizing concepts provided a deep perception into the
interpretation of data and the development of interview protocol decisions related to
participant selection. Description of the data provides background and context and to
gather rich and thick data (Denzin, 1989). It is worth mentioning that, in order to engage
interviewees in natural and spontaneous conversation, and to encourage the emergence of
information relating to management of IPRs in crop biotechnology, all of the interviews
followed a conversational structure (Kvale, 1996) to allow personal views and a variance
in voices to emerge. Equally important, this approach created the space for conversations
to evolve around themes and for the interviews to expand well beyond the initial
questions. The interview responses provided insight on issues for intellectual property
management and effective technology transfer in crop biotechnology.

All interviews were digitally audio recorded and hand-written notes were also
taken with consent of the interviewee. The recording and notes were later transcribed by
the researcher and checked to ensure accuracy before analyzing for emergent themes.
After each interview, a detailed description of reflected thoughts was recorded as a
reflective journal that was used to align and speculate with the original views of the
interviewees. These hand-written notes after each interview served as a reflective journal
to think deeply about the data collection and themes emerging from the interviews. All of
the research activities were approved by the Research Ethics Board (REB) at the
University of Guelph (2015).
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The interviews were analyzed descriptively using a rigorous qualitative analysis
(Mays & Pops, 1995; Patton, 2002) by the researcher, using a constant comparative
method of data collection and analysis (Bradley, Curry, & Devers, 2007) and inductive
open coding to allow for emergent themes within the management of intellectual property
rights in soybean biotechnology. This qualitative research tends to use inductive analyses
of data, which identifies the critical themes that emerge out of the data (Patton, 1990). A
systemic approach to understanding the data informed the data collection process,
categories of coding, and the theoretical approaches and contribution of this research.
This approach required the immersion of the researcher with the transcripts through a
multi-step iterative process; thus, the data was organized and analyzed in line with
Bryant’s four stage model of qualitative analysis (Bryant & Charmaz, 2007).

The first stage was done by transcribing the data into text format by reading and
re-reading the transcribed typewritten interviews and the reflective notes of the
researcher, and then making notes on the text and recording emergent and major relevant
themes by interviewees. Second, the resulting themes were checked to ensure the
accuracy and authenticity of the categories. This was done by reading the text again and
highlighting the text in order to identify some keywords and make notes about ideas
emerging from the data, a process referred to as “open coding” (Strauss & Corbin, 1990).
This open coding was then expanded and subsequently collapsed to reflect newlydiscovered themes and ideas from these interviews by the researcher who performed the
interviews. At this level, initial coding and open coding were further developed into
focused coding and category development. The third step was done by coding the data

108

and writing notes from the data coding. A final list of codes was created by identifying
and categorizing themes in the text, and the transcripts were re-coded as necessary to
ensure inter-coder reliability. This final list of codes was checked to further ensure
accuracy, authenticity, and relevancy. At this level, previous coding was further studied
to develop highly refined themes and the focused codes were categorized together based
on the related emergent themes. The final stage involved interpreting the data and writing
notes about the relation of the coding to the objectives of the research study. Data
analysis was complemented by use of the qualitative data analysis software NVivo 11.

109

3.3 Context
Plant innovations are subject matter that must have a means to be protected by
patents or sui generis system according to the TRIPS Agreement. The pattern of IP
protection in crop biotechnology in Brazil is reminiscent of legislation in India and China
(Brazilian National Institute for Intellectual Property INPI, 2012) due to strict IPRs
protection and enforcement. In Brazil, the IP laws are harmonized with the international
TRIPS Agreement, (reconciliation of TRIPS and the national IP laws which set the
minimum standards of IP protection among members’ countries), (TRIPS, 1994).
Therefore, in Brazil the Industry Property Law (Law 9.279/96) and Plant Variety
Protection Law (Law 9.456/97) came into force to protect transgenic microorganisms by
patents and to protect plant varieties by the sui generis system, respectively.

The diffusion of GM soybean, and Brazil’s involvement in crop biotechnology
associated with genetically modified organisms, is relatively recent. After the approval of
cultivation and commercialization of Monsanto’s GM soybean in 1998, Monsanto signed
an agreement with Brazil’s most important entity of agricultural research, EMBRAPA,
regarding research and development of new varieties of GM soybean (Rhodes, 2014). A
year afterwards, and in response to campaigns against the commercialization of GM
soybean in the country, a federal court issued a decision of prohibiting the
commercialization of GM soybean (Rhodes, 2014). Brazil, however, has gone from a
country where GM crops were illegal before 2001 to being classified as the second
largest area of crop biotechnology in the world with 42.2 million hectares in 2014 (James,
2014). De Castro (2008) stated in fact, by 2003, most GM soybeans in Brazil were being
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imported and smuggled from neighboring Argentina where RR® soybean varieties were
commercially grown (De Castro, 2008; Rhodes, 2014). Yet, the state Rio Grande do Sul
supported GM soybean and farmers were allowed to grow RR® soybeans temporarily in
2003 (Meyer & Cederberg, 2010). Afterwards, the Biosafety Law was passed by the
Brazilian Congress (Rhodes, 2014). The Biosafety Law (Law 11.105) came into force in
2005. Roundup Ready® soybeans were allowed four years later in 2003, and by 2007, the
total number of soybeans varieties that were registered for sale in Brazil was 61, of which
75% were RR® soybean and 25% were conventional soybean (James, 2007).

Brazil is the second largest producer and exporter of soybeans in the world
(Meyer & Cederberg, 2010; CONAB, 2010) and this country has become a global
flagpole in soybean production. The soybean area harvested in Brazil in 2012 is shown
below in Figure 3.2. Five states are responsible for 80% of Brazil’s soybean production:
Rio Grande do Sul and Parana in the South, Mato Grosso, Goias and Mato Grosso Sul in
the Mid-West (Meyer & Cederberg, 2010). Mato Grosso has the highest adopted rate of
soybeans biotechnology, with 7.78 million hectares, followed by Parana, with 4.77
million hectares (Celeres, 2012). As mentioned previously, soybeans continue to be the
most adopted crop biotechnology, with herbicide tolerance traits and stacked traits
technology (herbicide tolerance and insect resistance), in Brazil. The production growth
of stacked traits however, was slowed down by the delay of the regulatory approval in
China because China is the largest importer for Brazilian soybean grains (Celeres, 2012).
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Figure 3.2: The soybean production in Brazil by area harvested (Ha) in 2012.

There was a rapid and widespread adoption of RR® soybeans resulting in
excessive reliance of only one single herbicide (glyphosate) (Meyer & Cederberg, 2010).
The crossing between the herbicide tolerant trait (RR® soybean) and Brazilian soybean
varieties, are the varieties that are now most widely commercialized by Monsanto in
Brazil (Varella, 2013). The expanded global demand for soybeans over the past several
decades was a key factor in shaping the early adoption of crops biotechnology in South
America (Brazil and Argentina) (Rhodes, 2014) and the diffusion of GM soybean in
Brazil.
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3.3.1 History and Development: The Crop Biotechnology, Soybean

Soybean, Glycine max L., is a legume with over 3000 years of history in East
Asia, and more recently expanded production across the world from Canada to Brazil to
Ghana. Soybean is an important crop across the world, and is increasingly consumed
among the world’s poorest people and those preferring plant proteins. It is more than
three-quarters of production is, however, used in animal feed. Soybean oil is widely used
for human consumption as well as in soaps, biofuels and fatty acids in a range of
industrial products. Interestingly, soybean is not among the 64 major crops and forages in
the multilateral treaty of International Treaty on Plant Genetic Resources for Food and
Agriculture (ITPGRFA). The treaty recognizes the contribution of farmers and
indigenous people to the use and commercialization of agricultural biodiversity. This
treaty also provides other strategies such as information-exchange, access to technology
and capacity building (WIPO, 2012). The exchange of seeds for breeding, research, and
training, is facilitated by the ITPGRFA. However, China opposed adding soybeans to the
list of major crops and forages in the treaty (Andersen, 2013).

Soybean is a self-pollinating crop and therefore soybean breeder flowers
emasculate by removing the anthers or the male part of the flower by hand and then
pollinate with pollen from another plant. Plant breeders usually select for desired
agronomic traits (drought tolerant, pest and herbicide tolerant, abiotic stresses tolerant,
yield…etc.) which are likely to be in the the female parent. The male parent is the usual
donor of the new trait (ISAAA, 2010). The Soybean has been the subject of
biotechnology and genetic modification for over three decades to complement the
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conventional plant breeding tools and enhance the quality of new varieties of soybean.
The process by which a single gene trait can be transferred from one crop to another, thus
creating a new technology of crops, such as herbicide tolerant and insect resistant, is
called transgenic technology. Most transgenic technologies could be examined for
patenting and most industrialized countries allowed patents on genes and DNA
sequences, but not anymore (see Myriad Genetics case and U.S.SC decision in 2013). For
example, the marker assisted selection (MAS) is a tool to select crop traits where the gene
and the markers for a specific trait are known. This might take plant breeders 7 to 10
years for developing new crop varieties (ISAAA, 2010). The seed technology categorizes
the results of plant breeding into: 1) open pollinated crop such as corn, 2) inbred varieity,
such as rice, and 3) hybrid seed or F1 (referring to the first filial generation). The first two
can maintain the same features in case of multiplication and seed savings. Hybrid seeds
result from crosses between two distinct, inbred parent lines (pure lines) of several cycles
of repeated self pollination, producing sexual offsprings that is similar to the parents
(ISAAA, 2010). Therefore, hybrid seeds must be produced each season and cannot be
saved for future plantings (Runge & Patterson, 2006, p. 58). This is due to the natural loss
of heterosis in subsequent generations which considers a natural incentive, or biological
protection, for private plant breeding (Santaniello et al., 2000). Nowadays, breeders are
able to edit genes without any foreign gene transfer, which allows permanent
modification of genes within organisms. This new technique called CRISPR-Cas
technology has potential to reduce the number of breeding selection cycles.
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3.3.2 Herbicide Tolerant Soybean (Roundup Ready® (RR®) Soybean)
The herbicide tolerant plants (e.g. Roundup Ready®), are also called glyphosate
resistant soybeans. Glyphosate is a non-selective herbicide originally developed and
released by Monsanto Roundup® is the Monsanto’s trademark for their glyphosate
product. Monsanto patented the use of glyphosate as an herbicide in 1974. This patent
expired in 2000. Monsanto has continued the rights to the Roundup® trademark.
Glyphosate can be applied on GM soybeans during the post emergence period, which
kills the weeds and non-genetically modified plants. Glyphosate was a spectacular
success for Monsanto, both as an herbicide and also as a business phenomenon. The
herbicide is used by farmers as part of “no-till” cultivation methods, which minimize
erosion and conserve topsoil. These practices contributed to adoption of the research and
glyphosate herbicide tolerant soybean (Fernandez-Cornejo & McBride, 2000). Farmers
and producers gained benefits from the GM soybean after Monsanto introduced it in the
mid-1990s. These benefits included reduction in production costs (savings due to the
elimination of farming practices such as field scouting by farmers to identify weeds),
flexibility in land management and timing, better yields and quality, and less application
of herbicides (because RR® soybeans are not harmed by the herbicide) (Bullock & Nitsi,
2001). The technology timeline for the Roundup® trademark and first-generation
glyphosate tolerant soybean are illustrated below in Figure 3.3.
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Figure 3.3: Technology timelines for the Roundup® trademark and first-generation
glyphosate tolerant soybean.

The commercial name of the herbicide tolerant soybean of Monsanto is Roundup
Ready® soybean. Roundup Ready® soybean is a platform technology and the most widely
adopted crop biotechnology in the world. Roundup Ready Soybean® trademark applied
for in 1995, registered in 1997, and cancelled in 2004, owned by Monsanto. Roundup
Ready® trademark applied for in 1993, registered in 1995, and still active and owned by
Monsanto. Farmers in USA, Canada and other parts of the world, rapidly began using the
technology on their farms because of the improved weed control benefits as mentioned
previously. Additionally, Monsanto licenses the GM trait and also acquires rights from
other seed companies (Bayer Crop Science, Dow AgroSciences and Dupont (Pioneer Hi-
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Bred)37) through collaboration since the GM trait could be incorporated with other
proprietary traits of soybean seed. This approach of cross-licensing between two
companies was a key factor that influenced the availability of RR® soybean in the market.

Nowadays, over 90 percent of the soybeans grown in the USA are genetically
modified soybeans, and 60 percent of this country’s soybeans are exported abroad,
mainly to China, Japan, and Mexico (Grushkin, 2013). This is; however, the first
widespread crop transgenic trait to go off patent. In effect, the RR® soybean patent was
registered in the United States in 1990, issued as a patent in 1994, showed up in the field
in 1996; therefore, the original Monsanto patent (U.S. patent # 5,352,605) was due to
expire in 2011 (after the designated duration of 17 years’ protection under the old
regime). Monsanto, however, managed to keep the patent active through to 201438 using
the USPTO re-examination system (five years from a re-examination process in 2009, RE
39,247) and maintained that this extension also applied in other countries such as Brazil.
While in Canada the RR® soybean patent expired in late 201139. The request for a patent
re-examination is provided for in section 35 U.S.C. 302, and it is a frequent process post
grant procedure in the U.S. Patent and Trademark Office. This process can be requested
by any person, other than the right holder, to challenge the validity of a patent based on
prior art, and the patent office re-examines the issued patent as a new patent application.
The patent owner can submit new claims, provided they are not broader than the claims

In September 2016, Bayer AG acquired Monsanto to form one of the world’s largest agricultural
companies. http://www.wsj.com/articles/bayer-and-monsanto-expected-to-announce-takeover-1473839357.
Other mergers going on in the life sciences industries: Dow AgroSciences and Dupont, ChemChina and
Syngenta.
38
http://www.monsanto.com/newsviews/Pages/roundup-ready-patent-expiration.aspx.
39
http://www.monsanto.ca/newsviews/Pages/Thu11Jan2011a.aspx.
37
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in the original patent. The re-examination certificate will incorporate new claims
determined to be patentable (USPTO, 2017). The Table 3.1 below shows some of
Monsanto’s patents related to the Roundup Ready® soybean trait protected under the U.S.
patents.

Table 3.1: Monsanto’s patents related to the Roundup Ready® soybean trait.
U.S. Patent

Publication /

Patent Title / Trait

Grant Date
4,535,060

1985

Inhibition resistant 5-enolpyruvyl-3-phosphoshikimate
synthetase, production and use

4,940,835

1990

Glyphosate-resistant plants

5,352,605

1994

Chimeric genes for transforming plant cells using viral
promoters

5,530,196

1996

Chimeric genes for transforming plant cells using viral
promoters

5,633,435

1997

Glyphosate-tolerant-5-enolpyruvylshikimate-3phosphate synthases

Source: USPTO, 2015.

Monsanto already brought out the second-generation of RR® soybeans in 2009
which called Roundup Ready® 2 Yield® soybeans in USA and Canada. Monsanto
developed this trait to bring to farmers more yield and profit potential. Table 3.2 details
the regulatory approval database of the GM soybean events with glyphosate herbicide
tolerance. Mon 87701 x Mon 89788 was introduced in South America and featured as
tolerant to herbicide and resistant to insects. Mon 87701 has gene cry1Ac, originated in
Bacillus thuringiensis (Bt) and Mon 89788 has gene cp4 epsps which is produced by
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transformation mediated by Agrobacterium sp. The latest gene decreases binding affinity
for glyphosate, therefore conferring increased tolerance to glyphosate herbicide
(CTNBio, 2015; ISAAA, 2016).

Table 3.2: The Regulatory approval database of the GM soybean events with
glyphosate herbicide tolerance.
Soybean
Event

Trade Name

Trait (s)

Country

GTS 40-3-2
Monsanto

Roundup Ready®
soybean

Glyphosate
tolerance

Argentina

Year of
Regulatory
Approval
1996

Brazil
Canada
USA
Canada

1998
1996
1995
2007

USA
Argentina

2007
2012

Brazil
Canada

2010
2011

USA
Canada

2011
2012

USA
Canada

2011
2009

USA

2007

Mon89788
Monsanto

Genuity® Roundup Glyphosate
Ready 2 Yield®
tolerance

Mon87701 x
Mon89788
Monsanto

Intacta® Roundup
Ready® 2 Pro

Mon87705
Monsanto

Mon87708
Monsanto

DP356043
Dupont

®

Vistive Gold

Stacked
(Glyphosate
tolerance &
modified product
quality

Genuity Roundup
Ready 2 Xtend

Optimum GAT

Stacked
(Glyphosate
tolerance & insect
resistance)

®

Stacked
(Glyphosate &
Dicamba tolerance)
Stacked
(Glyphosate &
Sulfonylurea
tolerance)

Source: ISAAA, 2016.
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3.3.3 Soybean Production and Trade

The USA, Brazil and Argentina are currently responsible for about 80% of the
global soybean production and dominate the world exports of soybeans and soy meal
(Meyer & Cederberg, 2010). Figure 3.4 below illustrates the ten-leading soybean
producing countries in the world by area harvested in 2014. The USA was the leading
soybean producing country with an area harvested of 33 million hectares. Brazil was the
second leading country with an area harvested of 30 million hectares, and Canada was the
seventh leading country with an area harvested of two million hectares (FAO Statistics,
2014).

Figure 3.4: The top ten soybean producers by area harvested (Ha) in 2014.
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The most important export markets for American soybean are China, the
European Union, Japan, Mexico and Taiwan (USDA, 2015). While Brazil is the second
largest producer and exporter of soybeans in the world (Meyer & Cederberg, 2010;
CONAB, 2010), China is the most important market for the export of Brazilian soybean
grains, and Europe is the most important market for the export of Brazilian soybean
meals and oils. China consumes one-third of global soybean production and imports 65%
of global soybean exports of which over 90% is soybean biotechnology (James, 2014).
The global markets for oilseeds, and the increasing demand for soybeans in China, are
key factors in producing increasingly more soybeans. The top five countries in the world
for growing the largest hectares of crop biotechnology is illustrated below in Table 3.3.
Roundup Ready® soybean was one of the crop biotechnology that had the highest
adoption rate, and is widespread, among farmers in the world.

Table 3.3: The top five countries for growing the largest areas of crop biotechnology
in 2014.
Rank

Country

Area (million

Adoption of Crops Biotechnology

hectares)
1

USA

73.1

2

Brazil

42.2

3

Argentina

24.3

4

India

11.6

5

Canada

11.6

Over 90% of principal crops (maize,
soybean and cotton). Other crops canola,
sugar beet, alfalfa, Papaya, squash.
Over 93% of principal crop (soybean). Other
crops maize, cotton.
100% of principal crop (soybean) and 80%
of principal crop (maize). Other crops
cotton.
95% of principal crop (cotton).
95% of principal crop (canola). Other crops
maize, soybean, sugar beet.

Source: James 2013 and 2014.
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The global area of herbicide tolerant soybean was around 81 million hectares in
2012 which occupied 47% of all crop biotechnology planted globally (James, 2013). The
top three countries in the world for growing the largest hectares of herbicide tolerant
soybean are illustrated below in Table 3.4. The USA, Brazil and Argentina are also the
principal producer of genetically modified (GM) soybeans in 2011 (James, 2011).

Table 3.4: The top three countries for growing the largest hectares of herbicide
tolerant soybean in 2013.
Rank

Country

Area (million hectares)

1

USA

29.5

2

Brazil

23.9

3

Argentina

20.2

Other countries growing herbicide tolerant soybean in decreasing order:
Paraguay, Canada, Uruguay, Bolivia, South Africa, Mexico, Chile, and Costa
Rica.
Source: James, 2013.

The USA continues to be the lead country for planting GM soybeans with over
94% adoption for soybean biotechnology (James, 2014). A percent of all herbicide
tolerant soybean planted in USA in 2014 and 2015 (USDA, 2015) is illustrated below in
Figure 3.5.
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Figure 3.5: Soybean biotechnology as a percent of all soybean planted in the U.S. in
2014 & 2015.

Soybean is an important crop in Canadian agriculture. The soybean production
expanded widely after the mid-1970s from southern Ontario into other growing regions
across Canada (Quebec and Manitoba) (Statistics Canada, 2009). The total production
area of soybean in Canada was 2.9 million hectares in 2015 (Statistics Canada, 2016) and
6.2 million tonnes in 2015 (Statistics Canada, 2015). The Netherlands, China, USA,
Japan, and Belgium were the top five export markets for the Canadian soybean in 2014
(Soy Canada, 2015). The herbicide tolerant soybean represents approximately 80% of the
total area of soybean production in Canada in 2012 (Canadian Soybean Council, 2012) as
illustrated below in Figure 3.6. GM soybean is an important crop in the Canadian
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agricultural innovation system.

Figure 3.6: The soybean area planted by major growing regions in Canada with the
percentage of GM soybean area harvested in 2012.
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3.4 Findings: Brazil
All participants have noticed that genetically modified glyphosate treatment
soybeans have brought great value to Brazil’s farmers and the country’s economy. Public
research institutions in Brazil, such as EMBRAPA, are increasingly unlimited in their
ability to develop new crops using RR® soybean technologies. Other private companies,
such as Monsanto, that hold IPRs on their inventions, are compensated through the
technology fees and the payments of royalties. This business model has played an
important role in fostering new investments in Brazilian agricultural production,
according to interviewees in Brazil. As intellectual property rights proliferate, the case
study of soybean biotechnology and the productivity of soybean are facing new
challenges that are vital to the future of people in Brazil and are at the center of global
agriculture development policy. Protection and enforcement of IPRs for this crop
influences the uptake and development of crop biotechnology elsewhere and for other
crops. Therefore, the potential to foster new investment and international partnerships in
Brazilian agricultural production holds benefit for the global food supply, and soybean
R&D benefits other areas of the world as well as providing new innovations related to
soybean products.

3.4.1 EMBRAPA and Private Industries Collaboration

EMBRAPA collaborates and has partnerships with many private companies for
crop biotechnology. The first contract between EMBRAPA and Monsanto was signed in
1996. EMBRAPA developed the first cultivar using RR® soybean in its breeding program
in 2005. As reported by participants, Monsanto licensed the first-generation RR® gene to
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EMBRAPA, and then EMBRAPA inserted the RR® gene into an EMBRAPA cultivar to
develop a new cultivar of soybean such as Conquista/ValiosaRR (replaced by
EMBRAPA58/BRS242RR), BRS133/BRS245RR and EMBRAPA59/BRS244RR
(Nakatani, Fernandes, de Souza, da Silva, dos Reis-Junior, Mendes & Hungria). Based on
the signed agreement, EMBRAPA owns this new cultivar and Monsanto owns the gene
(trait). Other private companies such as BASF and Bayer Crop Science have followed the
same business strategy of Monsanto. To get a sense of the important issues concerning
management of IPRs in soybean biotechnology, respondents were asked to identify the
relevant IP management strategies, such as collaborations with the private sector as well
as incentives to improve crop biotechnology related to the soybean biotechnology. One
interviewee underlined, “EMBRAPA has three soybean research programs: 1)
conventional breeding which involves genetic variability, 2) Roundup Ready® soybean
where 50 cultivars have been developed in the past, and 3) Intacta® Roundup Ready® 2
Pro where 11 cultivars have been developed”. As another interviewee reported,
“EMBRAPA started field tests to develop new varieties of GM soybean through a
partnership with the German BASF to produce herbicide (imidazoline) tolerant soybean,
because glyphosate is not efficient in controlling weeds.” Another interviewee stated that
“EMBRAPA collects royalty on the new cultivar through this collaboration; however, the
technology fee is divided between EMBRAPA and BASF.” In this case, EMBRAPA is
taking part of the technology fee which is different from the case of Intacta RR® 2 Pro
with Monsanto. Another interviewee stated in regard to incentives, “Monsanto returned
some funding for EMBRAPA to invest in soybean biotechnology research and capacity
development.” As was pointed out by one interviewee, “EMBRAPA has negotiated the
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continued use of developing new varieties with RR® soybean first generation after the
end of IP protection.” But as this participant further elaborated, “Roundup Ready®
soybeans will be in a very small area in the next few years due to patent expiration.” It
seems that farmers will grow less first-generation RR soybean in the future.

As one participant explained during an in-depth interview, “EMBRAPA has a
corporate social responsibility towards farmers to maintain conventional varieties of
soybeans.” Another participant confirmed that “EMBRAPA acts for the benefit of
farmers and this represents the social responsibility towards farmers.” This might explain
why EMBRAPA pays little attention to farmers saved seeds to replant in the next season.
As was pointed out by one participant, “For example, EMBRAPA decided to give away a
new crop technology, virus-resistant dry bean variety, that was developed by
EMBRAPA’s breeders, they decided to not collect royalties for the first three years of
marketing this excellent technology, and afterward, they were looking for
commercialization of the new cultivar.” As he further elaborated, “There is the challenge
of enforcement of IP in Brazil, and most of cases have been litigated under the PVP Act.”
As one participant indicated, “Farmers are affected by IP but they are eager for a new
crop technology, and mainly the price of soybean biotechnology, after 2005.” Another
participant stated that “there are market forces and these could influence IP protection in
the country.” Therefore, the market decision in regard to soybeans biotechnology was
taken jointly between EMBRAPA-Headquarters and EMBRAPA-Soybean. EMBRAPA
and private industries collaboration and other IP management strategies (incentives and
protection and enforcement) are illustrated in Figure 3.7.
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Figure 3.7: A schema of EMBRAPA and private industries collaboration and other
IP management strategies (incentives and protection and enforcement).

3.4.2 Implications from Patent Expiration on Herbicide Tolerant Soybean

The soybean patent expiration is an excellent opportunity to explore the role of
the intellectual property system in an important contemporary issue related to agriculture,
food security and IP. To get a sense of implications from patent expiration, respondents
were asked whether farmers prefer to keep using RR® first generation of soybeans in its
generic form40, or even would be generic seeds of RR® soybeans available in the market?

“A generic”: is a product that is comparable to brand listed product in quality, performance
characteristics and intended use. Generic product is usually sold for lower prices than its branded
equivalent because the competition increases among producers when a product is no longer are protected
40
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For all the respondents, the Roundup Ready® soybean was profoundly important, and the
same applied to the Roundup Ready® second generation soybean. As one interviewee
stated, “Monsanto already switched the RR® soybean to the RR® 2 stacked with Bt. in
Brazil.” Another soybean breeder from EMBRAPA shared the same thought, asserting
that “Intacta® RR® 2 Pro provides higher yield potential and this is true to specific
regions in Brazil but not all regions. In addition, this new technology gave farmers more
freedom in the field in regard to the spray time of herbicides.” As mentioned previously,
Monsanto introduced Intacta® RR® 2 Pro (herbicide tolerant and insecticide resistant) in
South America in 2013, and Genuity® RR® 2 Yield (herbicide tolerant) in North America
in 2009.

This new technology of soybean has been approved for import in most countries
such as China, European Union and Japan. One interviewee shared his perception on the
new technology of soybean with regard to weed control in that “the change from
conventional soybean to RR® soybean after 1995 was important, but the change from
RR® soybean to RR® 2 Pro was not different in regard to weed control.” Despite this
sentiment, most of the participants reported that the production of RR® soybean will stop
soon and farmers want RR® 2 Pro soybean, as it provides more benefits for farmers.
Shifts in the demand of RR® 2 Pro is increasing. As another participant indicated,
“Brazilian farmers are much acquainted and they are aware of the differences between
RR® 1 and RR® 2.” Compared to the RR® first-generation soybean, the RR® 2 Pro in

by patents. Generic producers do not incur the cost of discovery. A generic product can be produced
without patent infringement when the patent has expired (http://en.wikipedia.org/wiki/Generic_drug).
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Brazil has many advantages for farmers, taken together the weather in most regions of
Brazil is favorable for soybean pests. As many participants indicated on the benefits of
RR® 2 Pro to Brazilian farmers, “RR® 2 Pro is tolerant to glyphosate, resistant to insects,
higher yield potential,” and therefore, more beans per pod, resulting in more bushel per
acre, and finally, more potential for profits.

Interview participants reported that there have been numerous observed changes
in the availability of RR® soybean in the market. As one participant explained,
“Monsanto is trying to use any mechanism to reduce the availability of RR® firstgeneration soybean in the market.” Another participant asserted, “The RR® firstgeneration soybean will be a forgotten technology in the future.” However, as mentioned
previously, EMBRAPA has negotiated with Monsanto the continuity, using and
marketing RR® first-generation soybean for developing new varieties.

EMBRAPA, farmers’ associations, and other stakeholders, are aware that there
will be no technology fees post patent expiration in 2014-2015 in Brazil. Farmers,
therefore, pay less money for new cultivars developed by EMBRAPA and containing the
RR® first-generation. Monsanto also confirmed that it will maintain the regulatory
approval on RR® soybean until 2021, but as one participant confirmed, “Monsanto will
not do anything after this date.” Another participant stated that “EMBRAPA could
maintain regulatory approval beyond 2021 for specific markets such as China and EU if it
is inexpensive and simple.” One participant reported that “there were 65% of certified
seeds and 35% saved seeds in the market in the last season from GM soybeans.” The
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price of soybean seeds depends on demand and Chicago Mercantile Exchange (American
Financial and Commodity Derivative), as one participant stated, “Export markets have
been implicated after patent expiration. This is also because of low prices of soybean
seeds.” A summary of implications from patent expiration on herbicide tolerant soybean
is illustrated in Figure 3.8.

Figure 3.8: A summary of implications from patent expiration on herbicide tolerant
soybean.
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3.4.3 The Soybean Technology and Royalty System
EMBRAPA was the country’s leading soybean plant breeder until the approval of
the Cultivar Act or Plant Variety Protection Law (Law No. 9.456) in 1997. This Act has
assured plant breeders and cultivar owners the legal IPRs over their cultivars which can
generate royalties. The Seed Law (Law No. 6.507/77) is managed by the Ministry of
Agriculture, which regulated the production of certified and inspected seeds. This law
regulates the national cultivar registry and approval of the bylaws of the national cultivar
protection service. Plant Breeders’ Rights in Brazil, is based on the UPOV 1978, which
allow farmers to save seeds to replant in the next season, depending upon the bill and size
of seeds, but not to sell the seeds. Plant Breeders’ Rights is in debate in the Brazilian
Congress for update and to conform to the UPOV 1991. Farmers oppose this update
because the update would change the equation in Brazil in regard to saving seeds and
commercialization of crop biotechnology.

Private seed industries invested heavily in Brazilian markets after the
implementation of IP laws in 2005. As one participant stated, “Farmers are affected by IP
and they do not have the freedom to operate. Legislation and policy are hard to
understand sometimes.” The technology fee is a major issue in the fight and debate
between farmers and Monsanto. For instance, the Monsanto-soybean battle ground with
farmers ended in 2014. Monsanto offered to reduce the price on its new Intacta® RR® 2
Pro soybeans in exchange for dropping the case against Monsanto over royalties paid in
previous years (from 2010-2014) on the RR® first-generation. This lawsuit involved a
group of farmers who claimed that Monsanto collected royalties on its expired patent in
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2011 under Brazilian laws, while Monsanto defended this claim asserting that the patent
did not expire until 2014; the same applied in the USA.

There are fees on the RR® soybean combined by two sets of fees: royalty and
technology fees. EMBRAPA protects a newly developed cultivar by PBR and collects
royalty from farmers based on the UPOV system, while Monsanto collects technology
fees from farmers on the patented gene at elevators or trade gates. One interviewee shared
his thoughts, asserting that “the grain elevator operators would test the soybeans to assure
if they are RR® soybeans, and if they were, the operator could collect a technology fee
from farmers representing 7.5% of the soybean grain. In accordance with this procedure,
a farmer must show a receipt of purchase of RR® soybeans from Monsanto or other
licensees. This would be proof that farmers had paid the price of the seeds and
technology fee. The test is called the strip test, which Monsanto arranges and supports the
cost of this procedure.” The seed law in Brazil allowed farmers to save seeds in case of
farmers’ payback royalties and technology fees on the harvested seeds. This approach is
different from what is happening in the USA and Canada because of the IP law
enforcement and protection. Another interviewee shared the same thought indicating,
“The patent on RR® first-generation of soybean is in the public domain and can be used
freely as long as the trait and the seed containing it were acquired legally.” It would be
difficult without mandatory testing to differentiate between seeds that contain RR® first
generation trait and seeds that contain RR® second-generation trait, which is still under
patent.
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Nowadays, Monsanto is concerned in testing Bt. for the trait in the RR® 2 Pro by
strip test. As one interview explained, “Monsanto changed its policy in regards the price;
they implemented one price which is the soybean price and technology fee combined in
one set.” This interviewee commented on the policy of Monsanto towards the price of
soybean seeds, saying “this change is happening because of intellectual property and
farmers’ attitude towards IP in Brazil.” A summary of the soybean technology and
royalty system is shown in Figure 3.9.

Figure 3.9: A summary of the soybean technology and royalty system.

Transgenic modified organisms are patentable in Brazil, according to the
Industrial Property Law (Law No. 9.279) in 1996 as shown below in Table 3.5. Yet,
private seed industries are facing a problem of protection and enforcement of their
intellectual property. From 1998 to 2005, RR® soybeans were not approved in Brazil and
farmers were using soybean technology without paying a technology fee. After 2005,
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Monsanto was able to launch and commercialize the technology RR® soybeans and
receive royalty and technology fees. Monsanto used to charge a technology fee on the
RR® first-generation $ U.S. 15/ha, which is cheaper from the technology fees on the RR®
2 Pro $ U.S. 30/ha. Afterwards, and as one interviewee indicated, “The price of RR®
soybean is $ U.S. 115 per seed bag, which includes the soybean price and technology
fees.”

Table 3.5: Intellectual property laws related to crop biotechnology enacted by the
legislature in Brazil.
Intellectual Property Laws

Law Number

Protection

Industrial Property Law

Law No. 9.279

Patents, Trademarks, Trade

1996

Secrets

Plant Variety Act 1997

Law No. 9.456

Plant variety protection

Biosafety Law 2005

Law No. 11.105

Genetic resources, plant
variety protection

Access and Benefits Sharing

Law No. 13.123

of Genetic Resources 2015

Genetic resources, Traditional
knowledge

Source: World Intellectual Property Organization, 2016.

3.4.4 Findings: Canada and USA

Compared to the Brazilian soybean sector and management of IPRs in crop
biotechnology, the situation is drastically different in the Canadian and USA soybean
sectors, in regard to their management of IPRs. The relevant IP management policies and
strategies related to genetically modified soybeans are the Patent Act that covers soybean
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traits and the Plant Breeders’ Rights, in both Canada and USA. The trait patents on GM
soybean is the most tested protection comes for soybeans as compared to PBRs and plant
cell patents. Furthermore, the patent holder’s internal IP policies, business and marketing
strategies, and technology use agreements between the soybean developer and the
purchasers (farmers), are relevant IP management policies and strategies related to GM
soybeans. Licensing of patents is obviously essential for private industries in crop
biotechnology.

To get a sense of policy issues and IP related issues in crop biotechnology, and
the key IP related factors influencing the availability of soybean biotechnology in the
Canadian and USA markets, respondents were asked to identify useful incentives to
strengthen IPRs and improve crop biotechnology in soybeans. Further clarity is needed
on patentable subject matter (e.g. higher life forms) through updated Patent Act or
guidance from the Canadian IP Office. As one participant indicated, “In a modern
agricultural context, the patenting of higher life forms remains controversial, and has
been the subject of two high-profile Supreme Court of Canada decisions in the last 10
years.” These two court cases are Harvard v. Canada (Commissioner of Patents) in 2002,
and Monsanto Canada Inc. v. Schmeiser in 2004. The outcomes of the Harvard Mouse
case culminated with the SCC decision that entire higher life forms, including plants and
animals, were un-patentable. Subsequent to the SCC decision, Harvard obtained a
Canadian patent on the method of producing the mouse and its specific use in testing
carcinogens. As one participant shared the same thought, asserting that “this illustrated an
important distinction between Canada’s practice at that time, and practice among other
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countries, including the U.S., where the Harvard Mouse patent was granted on the entire
life form.”

In another case, Monsanto sued Schmieser for patent infringement of RR® canola
seeds without having paid for the technology. The SCC held that unauthorized possession
of canola plants incorporating Monsanto’s patented genes and cells, for commercial
purposes, constituted an infringing “use” of the patent. As was pointed out by one
participant, “The court drew a distinction between the patenting of a gene or cell, which it
affirmed as being valid, and the patenting of the plant itself.” This participant further
elaborated, by indicating that “the decision was controversial and led to concerns
amongst anti-GM, such as some civil society and consumer groups about the ability to
patent “the genes of life” and quasi-related unease about corporate concentration in the
agriculture and food sectors.” However, stakeholders in the agricultural biotechnology
sector received the decision positively, as the participant recognized “as it affirmed the
validity of their gene and cell patents and demonstrated that they could successfully seek
recourse in cases of infringement.”

The same participant asserted, “The resultant changes in law and technologies
created enforceable property rights, which in turn, have conferred monopolistic rights to
the inventor, leading to increased private investment in agricultural research.” As he
continued commenting on the most useful incentives, “strong and enforceable IPRs have,
therefore, provided the private sector in many industries with the incentive to invest
significant amounts of time and money to undertake R&D.” The expressed desire of crop
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sector representatives for improved value capture mechanisms for crops including what
could be taken as an indication that the same is, or could be, true of agriculture. Another
participant shared his thought in regard to the most useful incentives, asserting that “the
creation of improved products that create value for farmers and end use customers.”
Whether it is herbicide tolerance, or insecticide resistance, the farmer needs to see
increased yield or decreased cost to create an environment where investment in
biotechnology is shared equally between the farmer, the seed retailer, and Monsanto as
the technology developer. As one participant elaborated, “Unfortunately, long term value
is sometimes sacrificed for short term gain by a few individuals who infringe on patents;
however, this is the minority and most farmers appreciate the benefits of the technology,
being brought forward by biotechnology companies, that is being provided to them on
their farm.”

To get a sense of prevalent issues in the soybean sector and management of IP,
the respondents were asked to identify the important issues concerning management of
IPRs in soybean biotechnology and how IP can be leveraged for soybean biotechnology
innovation. As one participant reported, “The subject of IP as it relates to innovation does
not end with the legislation. Many issues and disparate viewpoints also surround the
organizational or “hands on” management of IP, both in the private sector and public
research institutions.” Issues related to IP management are distinct from the legislative
issues. This participant asserted these issues primarily related to: “the management policy
of the initial assignment of ownership, (whether it be to the institution, the researcher, or
the funder), the transfer of ownership and management policies that are usually applied in
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practice by an office of technology transfer or other intermediary, the length of time
negotiating with public institutions, and inconsistencies in management policies across
public and academic institutions, the lack of management of idle IP assets, and crosslicensing thickets.” As was pointed out by one participant, the issues from a business
perspective largely deal with “the inconsistent approach and lack of best practices among
research institutions, universities and government labs, and business-unfriendly IP
management.” Another participant shared the same thought, asserting the existence of
“misinformation and urban legends about current practices in the market.” This
participant continued his thoughts on leveraging IP for soybean biotechnology innovation
“as long as the legal system, regulators and science community continue to create
reasonable certainty that a technology creator will be rewarded for innovation (creation of
Intellectual property), then innovation can flourish and investment by companies (large
and small) will be sustained and lead to further innovation building on the base of
existing technologies and crop types.”

The pattern in the soybean industry is completely different from other
biotechnology crops. To get a sense of patent expiration of RR® first-generation of
soybean, the respondents were asked to identify the implications of patent expiration for
farmers. As one participant indicated, “Farmers will have to decide if they want to
continue growing varieties incorporating this trait for which they no longer have to abide
by contractual restrictions or take advantage of the benefits of newer varieties which may
include contractual restrictions (i.e. on saving and re-using seed).” Another participant
indicated that “farmers now have the ability to save and plant RR® first-generation
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soybeans as long as the variety does not have another form of intellectual property.” Even
though the patent on RR® first-generation soybeans has expired, in many cases there are
other forms of IP on some varieties including plant cell patents, plant breeders’ rights,
and single use contracts.

The value of soybean seed being sold is only partly made up by the herbicide
tolerance trait. Much of the investment goes to creating genetics that have value by
creating yield, disease resistance and suitability to specific geographies. One participant
asserted, “Farmers will be the beneficiary of patent expiry as companies invest to create
new traits including Roundup Ready® 2 Yield and Roundup Ready® 2 Xtend that provide
improved features and benefits to their soybeans.” Even though farmers could access the
RR® first-generation soybean technology and save and re-use that seed on farm, one
participant reported that “most are not doing so because there are new, enhanced options
available in the marketplace and they are willing to pay for the benefits they are
receiving.”

Another participant asserted, “Farmers do not want to pay the royalty and
technology fee.” One participant shared the same thought, indicating “greater availablity
and use off-patent soybean varities, such as lower costs for seed, provide greater
incentive to save seed of off-patent varieties for future replanting, plus potential market
access challenges for farmers if developers no longer support “discontinued” RR® firstgeneration soybean varieties.” Monsanto has made information available to farmers on
the use and management of RR® first-generation soybean varieties whose patent has
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expired. Monsanto is investing in new traits that create value for farmers who grow
soybean such as Roundup Ready® 2 Yield and Roundup Ready® 2 Xtend. As one
participant indicated, “Farmers will always benefit from increased competition and
investment. The choice of which technology to use remains with the farmer.” Another
participant asserted, “Farmers enjoy the freedom using RR® first-generation without
paying the royalty; Monsanto is allowing the free use.”

The Canadian IP regime is often criticized for not keeping pace with
improvements and system modernizations of its closest competitors, notably USA and the
European Union. As one participant indicated, “As research and development costs
continue to rise and the rate of turnover of new inventions increases, there is an even
greater need to collaborate with other sectors and other countries in order to share costs
and benefits.” In this environment, the abiltiy to negotiate and protect IPRs is critical, and
a clearly defined operating environment becomes increasingly important. These trends
are fuelling a worldwide drive to strengthen IPRs. For instance, USA has become one of
the most attractive countries for biotechnology investment, in part due to its patenting
environment for biotechnology, which is considered to be one of the world’s strongest.
As was pointed out by one participant on strengthening Canada’s IP regime, “By
amending the Patent Act to allow for explicit patenting of higher life forms, proponents
argue that this is necessary to bring Canada in line with its international competitors and
create incentives for foreign investment.” Intellectual property and technology transfer,
thereby enabling Canadian producers to have access to cutting edge innovations. Others
argue that overly protective IP regimes could inhibit competition, innovation and the
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diffusion of knowledge and technology. As one participant pointed out, “Patent thickets
and the complexity of cross-licensing are evidence of this.” He continued to elaborate,
saying that “an uncompetitive IP regime is thought to discourage both domestic and
foreign investment and commercialization, and in turn, disadvantage the import and
export potential of a nation.” Perhaps this is a rational reason behind the deals and
mergers of the largest multinational companies, such as Bayer AG and Monsanto,
Syngenta and ChemChina, and Dow Chemical and Dupont in recent times.

To get a sense of the key IP related factors influencing the availability of RR®
soybean in the market, one participant reported, “Single use contracts, plant breeders’
rights and plant cell patents” contribute to the availability of RR® soybeans on the
market, but he asserted that “the biggest factor influencing the availability of RR®
soybeans is the performance advantage with new traits and breeders’ choice to breed with
the newest traits that provide the best chance of success for their genetics.” Another
participant indicated that “ownership and patent” are influencing the availability of RR®
soybeans. There is demand for enhanced seed technology that includes better quality and
yield. This might drive the availability of soybean biotechnology or lack thereof. As one
participants indicated, “Monsanto believes in providing access to ‘knowledge inside
seeds’ by broadly licensing traits so that other breeders and companies can leverage the
value of the trait in their own genetics and provide the benefits of the trait to more
farmers.”
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One of the challenges of seed technology is that it only provides a benefit once
inserted into a seed. As was pointed out by one participant on balancing IPRs and the
benefits of access to knowledge inside seeds, is “how to share and protect at the same
time.” The GM tolerant herbicide has contributed to the diffusion of GM soybeans in
Canada and elsewhere. As one participant indicated, “The development of shorter season
varieties adapted to the Canadian climate has had a greater impact on diffusion of GM
soybeans than the GM trait itself.” Farmers are looking for ways to decrease their input
costs and labour in managing their crops during the growing season. As was pointed out
by one participant, “GM varieties have allowed farmers to do this, but there is still a
significant demand for non-GM food grade soybeans for overseas markets (e.g. Japan).”
In a sense of whether the absence of IP or the presence of IP has led to the diffusion of
GM soybean, one participant reported that “the diffusion of this trait happened rapidly in
countries that have systems that protect IP and also in countries that did not protect IP
effectively.” Another participant commented that “an individual GM traits prevalence in
the market is more related to the value it creates than the presence of IP; however, IP will
enable an environment where traits with value are created and commercialized.” A
summary of complimentary findings from USA and Canada is shown in Figure 3.10.
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The biggest factor
influencing the
availability of RR®
soybeans
•The performance
advantage with new
traits and breeder’s
choice to breed with the
newest traits that
provide the best chance
of success for their
genetics

The AgAccord (in the
U.S.)
•To address IP issues
post patent expiration
in seed biotechnology
and support a transition
to the marketplace.
•The Generic Event
Marketability and
Access Agreement
(GEMMA) & the Data
Use and Compensation
Agreement (DUCA)

The PVP in Canada and
USA prevents farmers
from saving seeds
•Public research
institutions would
continue to offer
soybean varieties
containing RR® first
generation trait post
patent expiration

Figure 3.10: A summary of complimentary findings from USA and Canada.
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3.5 Discussion
Collaboration, incentives, and protection and enforcement compose an integrative
model to analyze the effect of IPRs on crop biotechnology. It is clear from this research
that EMBRAPA has collaboration with other seed companies and in particular,
Monsanto, to incorporate RR® first generation soybeans into their conventional seeds
post patent expiration. The research indicates that the RR® first-generation soybean will
remain for a period of time in the commercial supply chain. Although the research
indicates that the demand of RR® first-generation is limited because Brazilian farmers are
acquainted and benefitting from the RR® second-generation in most regions with
increased yield, weed control and insect control. The research also indicates that the RR®
first-generation might be a forgotten technology, particularly after 2021 when the
regulatory approval of this technology expires. These findings resonate with introducing
the RR® second-generation by Monsanto to reduce the availability of old seed
technology.

Licensing of GM traits appears to be an essential business practices between
private and public research institutions (Moschini, 2010). This can facilitate access to
crop biotechnology, speeding up the progress of dissemination of new technologies and
sharing the risk and financial resources in research and development activities. Monsanto
had licensing agreement with Dow AgroSciences to use the RR® second-generation
soybean and stacking it with other traits. DuPont chose to not act as a licensee of the RR®
second-generation soybean trait, but rather asserted its legal rights to use the RR® secondgeneration soybean in stacks with other soybean traits and rejected the decision to license
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this soybean trait (Redick & Hawker, 2010). Other soybean breeders from American
public research institutions were able to incorporate the RR® gene into varieties after the
patent expiration. Public research institutions in North America were breeding with the
RR® first-generation soybean for several years, and some of them continued breeding
even after the patent expiration (McEowen, 2011). Some of these research institutions
that launched their own generic traits include the University of Arkansas, UA 5414RR
and the University of Missouri. The price of generic soybean was half the price of the
RR® second-generation soybean. Farmers do not have to pay technology fees and can
save the seeds obtained from the harvest to plant in the next season. However, the plant
breeders at the University of Arkansas believe that the UA 5414RR generic trait provides
7% less seed yield than the second-generation RR® soybean. These seeds were sold to
Arkansas farmers and local seed dealers who distributed these seeds in Nebraska, Kansas,
Missouri, South Carolina, Alabama, Louisiana and Texas.

An important issue concerning management of IPRs is the potential for generic
soybeans in the market. For the participants interviewed in this research, RR® first
generation soybean was profoundly important, despite of a quick switch-over to the RR®
second-generation. The findings show that Brazilian farmers are benefiting from the RR®
second-generation which justify the quick switch-over to this technology. The research
demonstrates that the competition with generic traits is still within public research
institutions, which has resulted in lower prices of soybean seeds. Other implications of
post patent expiration and availability of generic soybeans as suggested by the findings,
include farmers that do not have to pay the technology fee and can save seeds to replant
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in the next season. However, market forces could influence the availability of generic
soybeans. For example, Monsanto asserted that the regulatory approval on the RR® firstgeneration is sustained until 2021. After this date, health and safety data are needed for
regulatory approval (Moschini, 2010).

The findings of this research indicate that Monsanto will discontinue the
regulatory responsibility after this date. In the USA, life sciences industries created the
AgAccord to address IP issues post patent expiration in seed biotechnology and support a
transition to the marketplace (AgAccord, 2015). There are two important agreements in
the AgAccord that cover issues related to patent expiration: The Generic Event
Marketability and Access Agreement (GEMMA) and the Data Use and Compensation
Agreement (DUCA). Under the GEMMA, Monsanto decided to sustain and share
regulatory responsibility until 2021 at no cost to users of the generic soybeans. Under
DUCA, access to health and safety data is mandatory in case Monsanto exits the market,
and public or private research organizations want to use off-patent traits of soybean as a
single trait or stack off-patent traits with other traits.

It seems this framework of management strategy by the biotechnology industries
is similar to the Hatch-Waxman Act in pharmaceutical industries in the USA. This Act
refers to the Drug Price Competition and Patent Term Restoration Act of 1984, which
addresses issues related to generic in the pharmaceutical industries. For example, this law
allows generic drug companies to access research and regulatory data (enablement) by
the original innovator (Matthews, 2012). The regulatory approval of GM soybean in the
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import countries needs to be renewed periodically. For example, in China, applications
must be submitted every three years, and in EU and Japan, every 10 years (Grushkin,
2013; Redick & Hawker, 2010). In contrast, in the USA, the GM soybeans are
deregulated and approved indefinitely (Grushkin, 2013). The findings of this research
show that EMBRAPA might take steps to gain regulatory approval after 2021 to avoid
trade disruption, but only if it is simple and inexpensive.

The technology fee and royalty model of plant variety contributes towards the
fixed cost of the research and development that generates the intellectual property
(OECD, 2012). Life sciences industries control patented plants by not allowing a seed
crop to be produced by a farmer, for subsequent generations of planting. In addition to
patent rights, Monsanto adopted a successful soybean commercialization model that has
required farmers to sign an agreement or contract that limits the use of the seed for only
one planting season. Based on this agreement, farmers cannot use or sell the seeds of the
harvested crop. The findings demonstrate that technology fee in seed biotechnology is a
major issue for life sciences industries and farmers. For example, in Brazil, there was a
lawsuit between Monsanto and soybean farmers, which ended in 2014, where Monsanto
offered to reduce the price on its RR® second-generation soybean in exchange for
dropping the case against Monsanto over royalties paid in previous years on the RR®
first-generation soybean. The RR® first-generation soybean trait (USP 5,352,605) as was
shown previously in Table 3.1 was granted patent in 1994 and therefor expired in 2011.
This has occurred under the old regime in the USA where a patent received a 17-year
term from its grant date (Noonan, 2015, Personal Communication). Some patentees
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complained to the U.S. Congress that they would be harmed by the change in patent term
provisions under the law and Congress enacted a bill to conform to the General
Agreement on Tariffs and Trade (the “GATT”) after the Uruguay Round in 1995. This
amendment by Congress also extended the term of patents from a 17-year to 20-year post
grant (Noonan, 2015, Personal Communication; Redick & Hawker, 2010). While
Monsanto managed to extend some patent claims to 2014 (five years from the reexamination process in 2009) using a re-examination process (RE 39,247) and
maintained that this extension also applied in Brazil, Canada and elsewhere41. The
request for a patent re-examination is provided for in section 35 U.S.C. 302, and it is a
frequent process post grant procedure in the U.S. Patent and Trademark Office. This
process can be requested by any person other than the right holder to challenge the
validity of a patent based on prior art, and the patent office re-examines the issued patent
as a new patent application. The patent owner can submit new claims, provided they are
not broader than the claims in the original patent. The re-examination certificate will
incorporate new claims determined to be patentable (USPTO, 2017). This might remove
any ambiguity and dispute of the date of patent expiration (2014 instead of 2011) on the
RR® first-generation soybean which applies in Brazil, Canada and elsewhere.

It is clear from this research that patent expiration on the RR® first-generation
offers opportunities for farmers to avoid paying technology fees and the ability to save
seeds for replanting in the next season. This would further inform the continuity of

41

http://www.monsanto.com/newsviews/Pages/roundup-ready-patent-expiration.aspx.
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EMBRAPA integrating the RR® first-generation soybean into varieties because
EMBRAPA as a public research institution that has social responsibility towards farmers.
This indicates that the IP management strategy of EMBRAPA is to make RR® firstgeneration soybean available for farmers’ post patent expiration, without paying
technology fee on the harvested seeds, and be compliant with the seed law in Brazil that
would allow farmers to save seeds for replanting purposes. In contrast to the seed laws in
Brazil, the plant variety protection in Canada and USA prevent farmers from saving
seeds. These findings complement perspective from the American Soybean Association
that public research institutions would continue to offer soybean varieties containing RR®
first-generation trait post patent expiration. This however, can be influenced by the
performance advantages with new traits and demand for enhanced seed biotechnology.
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3.6 Conclusions
The case of soybean biotechnology is a case in point of internationalized
intellectual property management practices of a dominant crop biotechnology. Monsanto
is one of the largest patent holders worldwide in crop biotechnology. In Brazil, Monsanto
still has licensing agreements with EMBRAPA to incorporate the RR® first-generation
into their conventional seeds. But lack of intellectual property protection and enforcement
in Brazil encouraged farmers to save RR® soybean seeds for planting and resale.
Therefore, Brazilian farmers could relinquish the technology fee on soybean seeds.
Although, the soybean biotechnology of Monsanto and other private industries were
protected by patent in Brazil, when a patent expires, others will be free to copy whatever
it protects without fear of infringement.

This case has also shown that national legislation is not always in line with other
regional or international standards. This paper identified collaboration between
EMBRAPA and private industries relevant to IPRs in crop biotechnology. In particular,
this paper discussed implications from patent expiration on herbicide tolerant soybean,
the soybean technology and royalty system, and the essence of IP management as a
successful coexistence in Canada and USA. Enforcement of national laws that comply
with the trade-related legislation, TRIPS is a very important aspect in the case of soybean
biotechnology. The TRIPS Agreement mandates strong patent protection for nearly all
inventions across country boundaries, and provides opportunities for the countries to
design their IP regimes to their own specific circumstances, to allow utilization of local
resources without the intervention of IPRs.
151

Legal approval for genetically modified crops is required prior to
commercializing crop biotechnology and this is also applicable to generic version
producers. Most of countries, including Brazil, developed a regulatory structure for GM
crops based on science and provided a clear and transparent system for such approval.
The case of Roundup Ready® soybeans in Brazil brought up debates that continued for
more than six years. The debate started with the commercialization approval of RR®
soybeans in 1998 by the National Biosafety Technical Commission (CTNBio), which
was created in 1995 within the Ministry of Science and Technology and continued until
2005 (de Souza, de Melo, Kido, & de Andrade, 2013; Rhodes, 2014). This debate ended
by authorizing the first harvest of the GM soybean in the country. The holdups of
releasing GM crops, including GM soybeans, have cost the Brazilian economy about
U.S.$ 28.75 billion to date (Celeres, 2012).

The specific case of the Roundup Ready® soybean resulted in the empirical
analysis of issues arising in IP management of crop biotechnology. As discussed above,
soybean is one of the most important crops in developed and developing countries. The
diffusion of GM soybean technology happened rapidly in these countries due to the value
this technology creates for farmers. The same seems to be largely true today. Addressing
the challenges facing technology transfer in GM soybean is highly relevant to the agrifood sector in Brazil and can inform global crop biotechnology IP-related policy and
practices. Of particular importance are issues related to seed saving by farmers which has
proven somewhat more difficult. Life sciences industries invest significant resources in
detecting violations and initiating a number of lawsuits in North America related to seed
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saving of their transgenic varieties. Adequate protection and incentives for genetically
modified traits development depend upon seed laws, biosafety regulation and IPRs
regimes.

The research unearths some of the contemporary challenges life sciences
industries face with the IPRs associated with soybean biotechnology. The seed
biotechnology industries that hold IPRs on their inventions are compensated through
technology fees and royalties. This approach has played an important role in fostering
new investments in Brazilian soybean production. This research aimed to create greater
internal and external awareness of IP management issues in crop biotechnology
innovation. Finally, from the findings in this chapter, then, it is clear that more research is
needed to further examine how to reconcile IPRs with farmers’ rights and other local
interest. Additional evaluation of the impact of IP related policies and initiatives would
need to aim to promote the transfer and dissemination of crop biotechnology.

153

References
AgAccord. (2015). The AgAccord. Retrieved from http://agaccord.org/

Andersen, R. (2013). Governing agrobiodiversity: plant genetics and developing
countries. Global Environmental Governance (pp. 442). Ashgate Publishing Ltd.

Bradley, E. H., Curry, L. A., & Devers, K. J. (2007). Qualitative data analysis for health
services research: Developing taxonomy, themes, and theory. Health Services
Research, 42, 1758-1772.

Bryant, A. & Charmaz, K. (2007). Grounded theory research: Methods and practices. In
A. Bryant & K. Charmaz (Eds.), The Sage handbook of grounded theory (pp. 128). Thousand Oaks, CA: Sage.

Bullock, D. S. & Nitsi, E. I. (2001). Roundup Ready soybean technology and farm
production costs, measuring the incentive to adopt genetically modified seeds.
American Behaviour Scientist, 44(8), 1283-1301.

Canadian Soybean Council. (2012). Production and quality. Retrieved from
http://soybenacouncil.ca

Celeres. (2012). Biotechnology reporting. Retrieved from
http://celeres.com.br/wordpress/wp-content/upload/2012/12/RelBioecBrasil_1202
_ingl.pdf

Charmaz, K. (2014). Constructing Grounded Theory. London: Sage.

CONAB, National Company of Food Supply. (2010). Brazilian Crop Assessment. Forth
estimate. January 2010. Retrieved from http://www.conab.gov.br/conabweb

154

CTNBio, 2015. Technical Opinion no. 2542/2010 - Commercial release of genetically
modified insect resistant and herbicide-tolerant soy containing genetically
modified events MON 87701 and MON 89788
http://ctnbio.mcti.gov.br/liberacao-comercial//document_library_display/SqhWdohU4BvU/view/686091;jsessionid=2BEB03E5
FEEB0B6BAB640C9F9E845D3E).

de Castro, B. S. (2008). A introdução no Brasil do algodão, milho e soja geneticamente
modificados: coincidências reveladoras (The introduction in Brazil of genetically
modified cotton, corn and soybeans: revealing coincidences). Paper presented at
the IX Congress BRASA-Tulane University, New Orleans, USA. Retrieved from
http://sitemason.vanderbilt.edu/files/iD6Qxi/Castro%20Bianca%20Scarpeline.pdf

Denzin, N.K. (1989). Interpretive Interactionism. Newbury Park, CA: Sage.

de Souza, G. D., de Melo, M. A., Kido, E. A., & de Andrade, P. P. (2013). The Brazilian
GMO regulatory scenario and the adoption of agricultural biotechnology. World
Food Science, 15.

Eisenhardt, K. (1989). Building theories from case study research. Academy of
Management Review, 14(4), 532-550.

Eisenhardt, K. & Graebner, M. E. (2007). Theory building from cases: opportunities and
challenges. Academy of Management Journal, 50(1), 25-32.

FAO, Food and Agriculture Organization. (2014). Global soybean production. Retrieved
from http://faostat3.fao.org/download/Q/QC/E

155

Fernandez-Cornejo, J. & McBride, W. D. (2000). Genetically engineered crops for pest
management in US agriculture: farm-level effects. Agriculture Economic Report
No. (AER 786), US Department of Agriculture Economic Research Service.
Retrieved from http://www.ers.usda.gov/publications/aer-agricultural-economicreport/aer786.aspx

Grushkin, D. (2013). Threat to global GM soybean access as patent nears expiry. Nature
Biotechnology, 31(1), 10-11.

INPI, National Institute of Industrial Property. (2012). Brazilian patent system, A brief
introduction. Retrieved from
https://www.jpo.go.jp/torikumi/ibento/ibento2/pdf/brazil_seminar/tegaiyou_en.pd
f

ISAAA, International Service for the Acquisition of Agri-Biotech Applications. (2010).
Agri biotech GM crops. Retrieved from: http://isaaa.org/

ISAAA, International Service for the Acquisition of Agri-Biotech Applications. (2016).
GM approval database. Retrieved from
http://www.isaaa.org/gmapprovaldatabase/gmtrait/default.asp?TraitID=2&GMTra
it=Glyphosate%20herbicide%20tolerance

James, C. (2007). Global status of commercialized biotech/GM crops. ISAAA Brief No.
37. ISAAA: Ithaca, NY.

James, C. (2011). Global status of commercialized biotech/GM crops. ISAAA Brief No.
43. ISAAA: Ithaca, New York.

James, C. (2013). Biotech Soybean. Excerpts from (2012) Global status of
commercialized biotech/GM crops. ISAAA Brief No. 44. ISAAA: Ithaca, New
York.
156

James, C. (2014). Top Ten Facts about biotech crops in 2014. Global status of
commercialized biotech/GM crops. ISAAA Brief No. 49. ISAAA: Ithaca, New
York.

Kvale, S. (1996). InterViews: An introduction to qualitative research interviewing.
Thousand Oaks, CA: Sage.

Matthews, M. (2012). The seeds of IP policy: A growing agricultural success story. A
publication of the Institute for Policy Innovation. Retrieved from
http://www.ipi.org/ipi_issues/detail/the-seeds-of-ip-policy-a-growing-agriculturalsuccess-story

Mays, N. & Pope, C. (1995). Rigour and qualitative research. British Medical Journal,
311, 109-112.

McEowen, R. A. (2011). Expiration of biotech crop patents-issues for growers. Iowa
State University. Centre for Agricultural Law and Taxation. Retrieved from
http://www.calt.iastate.edu/

Meyer, D. & Cederberg, C. (2010). Pesticide use and glyphosate-resistant weeds-a case
study of Brazilian soybean production. SIK Rapport No. 809. Stockholm:
Swedish Institute for Food and Biotechnology.

Moschini, G. C. (2010). Competition issues in the seed industry and the role of
intellectual property. Choices Magazine. Retrieved from
http://choicesmagazine.org/magazine/print.php?article=120

Nakatani, A. S., Fernandes, M., F., de Souza, R., A., da Silva, A., B., dos Reis-Junior, F.,
B., Mendes, I., C. & Hungria, M. (2014). Effects of the glyphosate-resistance
gene and of herbicides applied to the soybean crop on soil microbial biomass and
enzymes. Field Crops Research, 162, 20-29.
157

OECD, Organization for Economic and Co-operation Development. (2012). Greening
Development: Enhancing Capacity for Environmental Management and
Governance, OECD Publishing. Retrieved from
http://dx.doi.org/10.1787/9789264167896-en
Patton, M.Q. (1990). Qualitative evaluation and research methods (2nd ed.). Newbury
Park, CA: Sage Publications, Inc.

Patton, M. Q. (2002). Qualitative research and evaluation methods. Thousand Oaks, CA:
Sage.

Redick, T. P. & Hawker, N. W. (2010). Legal issues arising from generic biotech crops.
Agricultural Law Update, 27(3). American Agricultural Law Association.

Reuters. (2011). Monsanto signs royalty deals with Argentine farmers. Retrieved from
http://www.reuters.com/article/argentina-monsanto-soyidUSN0717504320110607

Rhodes, S. D. (2014). South American adopters: Argentina and Brazil. In S. J. Smyth, P.
W. B. Phillips & D. Castle (Eds.), Handbook on agriculture, biotechnology and
development (pp. 86-98). Edward Elgar Publishing, Inc., U.S.A.

Romm, N. R. A. (2002). A trusting constructivist approach to systemic inquiry: Exploring
accountability. Systems Research and Behavioral Science, 19(5), 455-467.

Runge, M. S. & Patterson, C. (Eds.). (2006). Principles of Molecular Medicine. Humana
Press Inc. New Jersey.

Santaniello, V., Evenson, R. E., Zilberman, D. & Carlson, G. A. (Eds.). (2000).
Agriculture and intellectual property rights economic, institutional and
implementation issues in biotechnology. UK: CABI Publishing.
158

Schnepf, R. (2003). Genetically engineered soybeans: Acceptance and intellectual
property rights issues in South America. Congressional Research Service, Report
for Congress. Retrieved from http://www.policyarchive.org/handle/10207/3758

Silverman, D. (1993). Interpreting qualitative data. methods for analysing talk, text and
interaction. London: Sage Publications.

Soy Canada. (2015). Top 20 Export Markets. Retrieved from
http://soycanada.ca/statistics/top-20-export-markets/

Statistics Canada. (2009). The soybean, agriculture's jack-of-all-trades, is gaining ground
across Canada. Retrieved from http://www.statcan.gc.ca/pub/96-325x/2007000/article/10369-eng.htm

Statisitics Canada. (2015). Production of principal field crops
http://www.statcan.gc.ca/daily-quotidien/151204/dq151204c-eng.htm

Statistics Canada. (2016). Production of Principal field crops
http://www.statcan.gc.ca/daily-quotidien/160421/dq160421b-eng.htm

Strauss, A. & Corbin, J. (1990). Basics of qualitative research: Grounded theory
procedures and techniques. Newbury Park, CA: Sage Publications, Inc.

USDA, US Department of Agriculture. (2015). Soybeans and oil crops. Retrieved from
http://www.ers.usda.gov/topics/crops/soybeans-oil-crops/trade.aspx#US

USPTO, US Patent and Trademark Office. (2015). Patent full-text and image database.
Retrieved from patft.uspto.gov/netahtml/PTO/srchnum.htm

Teddlie, C., & Yu, F. (2007). Mixed methods sampling a typology with examples.
Journal of mixed methods research, 1(1), 77-100.
159

TRIPS, the Trade Related Aspects of Intellectual Property Rights. (1994). Annex 1 C of
the Marrakesh Agreement Establishing the World Trade Organization, signed in
Marrakesh, Morocco on 15 April 1994. Retrieved from
http://www.wto.org/english/docs_e/legal_e/27-trips_01_e.htm

Varella, M. D. (2013). Intellectual property and agriculture: The case on soybeans and
Monsanto. Journal of Technology Law and Policy, 16(2), 1-26.

WIPO, World Intellectual Property Organization. (2012). International Treaty on Plant
Genetic Resources for Food and Agriculture. Retrieved from
http://www.wipo.int/wipolex/en/details.jsp?id=12507

WIPO, World Intellectual Property Organization. (2016). Main Brazilian IP laws:
enacted by the legislature. Retrieved from
http://wipo.int/wipolex/en/profile.jsp?code=BR)

Yin, R. K. (2003). Case study research: design and methods. Applied Social Research
Methods Series. Third Edition. Vol. 5. Sage Publications.

160

Chapter 4: Capacity Development for IP Management in
Canadian Crop Biotechnology: Qualitative Analysis Using a
Modified Delphi Method
Abstract
Innovation policies and investments, IP laws and policies, public research
institutions, private sector partnerships, normative practices, behaviours, and attitudes are
all parts of the enabling environment in which individuals and organizations involved in
IP management function. To date, and specifically, in Canada, there are few empirical
analyses of capacity development for managing intellectual assets within agricultural
R&D and specifically, crop biotechnology. This paper is designed to examine capacity
development approaches for IP management in agricultural R&D and identify the major
barriers, attitudes, skills and know-how needed.
An exploratory study was designed collecting data using a modified Delphi
method which involved an online survey, of which there are two rounds of brainstorming
by participants that was followed by their ranking of weighted and collated findings. A
non-probability sample of participants (n=20) was generated from an inventory of public
research institutions and firms within the agricultural industry in Canada. In Round One,
qualitative statements from respondents were collected on a set of open-ended questions
based on thematic categories determined from the wider review of literature and a
conceptual framework. In Round Two, respondents scored anonymous, collated
responses based on their perceived importance using a five-point Likert scale. The ordinal
data was analyzed with SPSS software using descriptive statistics and the test of
Cronbach’s alpha. Most responses identified by the expert group were rated ‘important’
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and ‘very important’ with a mean score ranging from 4 to 5. The Cronbach’s alpha for the
set of responses related to major barriers indicate that the responses are entirely
independent from one another and lack correlation. Using this measure for the attitude
and skills-set of responses, indicates that the responses are highly correlated and share
covariance. The responses and their mean scores also indicate that there is consensus and
agreement about the importance of each response. The discussion and conclusions of this
paper suggest that there is an identified need by the expert group for the development of a
capacity building program in IP management for agricultural R&D in Canada. Discussion
of the findings indicates that IP management programs are relevant to assist strategic
planning for IP management within scientific research projects and partnerships.

Key words: agricultural research and development, capacity development, Delphi
method, IPRs, management of IP, public research institutions, technology transfer.
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4.1 Introduction
Within public agricultural R&D institutions in Canada, and in many other nations,
the overall vision of managing intellectual assets is to enable access and uptake of
publicly funded research results. Innovation is made possible when the products of R&D,
often with the transformation of technologies as well as institutions, pursue the active
management of intellectual assets, including knowledge transfer and commercialization
to benefit the economy and society (Hall, 2006; Yu, 2009). The knowledge, attitudes and
skills of individuals, of organizations in which the individual’s functions are employed,
as well as the wider networks and systems around them, are embodied by the concept of
capacity development. There are different types of actors in the agri-food innovation
system that collaborate and interact amongst each other to develop strong capacities,
while the system provides a nurturing environment for innovation (FAO, 2016; UNDP,
2008). Innovation policies and investments, IP laws and policies, public research
institutions, normative practices, behaviours, mindsets and attitudes, forms all parts of the
enabling environment in which individuals and organizations interact and function, as
illustrated in Figure 4.1.
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Figure 4.1: A schematic representation of the enabling environment, organizations,
and individuals involved in capacity development for IP management.

In recent years, the literature has examined various approaches to capacity
development with respect to understanding and managing intellectual assets in
agricultural R&D (de Beer & Oguamanam, 2010; Derwisch, Kopainsky, & HensonApollonio, 2010; Filomeno, 2013; Hall, 2005; Louwaars, Tripp, Henson-Apollonio, Hu,
Mendoza, Muhhuku, Pal & Wekundah, 2005; Mayer, 2003; Payumo & Grimes, 2011). It
is argued that capacity development is of utmost importance to ensure a vibrant agri-food
sector through building the knowledge, attitudes and skills needed for effective
public/private partnerships, technology transfer and commercialization of research that
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create jobs and market opportunities, as well as efforts taken by organizations to ensure
attention to traditional knowledge and open access systems of agri-food knowledge
management (Derwisch et al., 2010; Hall, 2005).

Substantial research has been conducted to analyze intellectual property rights in
the global economy. This is driven, in large part, by the need to create incentives for
investments in science and technology. In this paper, the term intellectual assets
management is used to refer to a range of proprietary IPRs such as patents, plant
breeders’ rights and copyright, as well as non-proprietary knowledge management that
may implicate open systems of learning and access to scientific and traditional
knowledge. Within public institutions, such as universities, technology transfer offices
facilitate the licensing, copyright and patent processes. This is true of Canadian colleges
and universities. It is, however, more typical to find ever-increasing cases of licensing
agreements to access and use products and processes of scientific work than patents.
Copyright features significantly important within public institutions, particularly with
respect to open access systems. The key actors within intellectual assets management
may be legal professionals, scientists, research managers and administrators of public
institutions. A group of knowledge workers that are equally important, but typically
under-recognized, are individuals or programs that must work across the disciplinary
domains of IP and leverage ideas, and mentor knowledge, attitudes and skills, for
intellectual assets management. These may be legal advisors, scientists, professors,
business specialists, or administrators. This is the essential workforce of capacity
development. These developers of capacity require expertise with both the concepts and
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practice (referred to in combination as praxis) to operate simultaneously across the levels
of individual training or mentoring, organizational learning and change, and at the
systems level, while ensuring the necessary networking and negotiation of the
institutional environment (ECDPM, 2008; Morgan, 2005).

To date, there is insufficient analysis of the actors and approaches to capacity
development for intellectual assets management in Canada. Agricultural technology
transfer and IP management needs to take into account the changing societal and
economic role of agriculture and agri-food systems, nationally and globally. This requires
study of the underlying capacity and core competencies for managing intellectual assets
(OECD, 2008, PIIPA, 2011). For example, the Canadian Intellectual Property Office
(CIPO) has not had the opportunity to include an agricultural case study in its portfolio of
the IP case studies in their teaching tool. Despite widespread recognition within Canada
that technology transfer is a key requirement for agri-food innovation and economic
prosperity in the rural sector, there are few published case studies of the competencies
required to commercialize agricultural R&D in crop biotechnology and strategies to
engage with diverse stakeholders in knowledge networking. Historically, Canada has had
a lead role in global agricultural R&D (AAFC, 2017). Nonetheless, there are few
Canadians with an expertise in analysis of intellectual assets management and
specifically, in the area of capacity development.
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4.1.1 Global Perspectives Potentially Relevant to Canada

It is useful to consider programs that have tackled the challenge of capacity
development for intellectual assets management. From the global public research system,
for example, the Central Advisory Service on Intellectual Property (CAS-IP) was created
by the Consultative Group on International Agricultural Research (CGIAR). This
initiative was established by the CGIAR Centre Directors’ Committee in 2000 to assist
the research centres in strengthening IP management, and through an integrated set of
activities for capacity building, share practical solutions that support pro-poor innovation
systems (Hambly, Crouch, Trayner, Thornstrom, & Quaite-Randall, 2010). CAS-IP
represented an approach to intellectual assets management in agricultural R&D that
developed core capacity within centres and across them, including creating successful
knowledge transfer communities between the CGIAR and national agricultural research
institutions and systems. Several relevant case studies were produced by CAS-IP,
individual IP managers and scientists were trained, databases of IP tools and resources
were established, numerous IPRs were negotiated and technologies transferred, and to the
current day, the CGIAR has policies and an overarching strategy on intellectual assets
management.

There is nonetheless limited information about capacity development for
intellectual assets management in agricultural R&D; however, the existing literature calls
for five priority areas of work: 1) new analytical approaches for studies of intellectual
asset management for outcomes or impact pathways (future impact) that illustrate new
lessons for technical and institutional innovation (World Bank, 2010), 2) intellectual asset
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management tools and legal instruments for more effective and efficient transactions this includes action within proprietary and non-proprietary knowledge systems, 3) models
of networking and capacity building including ways in which organizations learn and
change (e.g. follow-up that sustains capacity) (Wenger, Trayner, & de Laat, 2011), 4)
examination of policy and programming efforts that involve discussions about the
balance between shared knowledge, research incentives and IP management as primary
drivers for developing effective innovation policies (World Bank, 2010), and 5) advocacy
efforts that encourage fair policies, laws and rules for capturing innovation and their use
in ways that brings opportunities for as many beneficiaries as possible within Canada’s
national system of innovation and also globally, those beneficiaries of agri-food
innovation (e.g. the context of global food security). Responding to the need for new
analytical approaches and the examination of policy and programming efforts, this paper
explores the types of capacity development needed in Canada to support the context of
individual, organizational and systemic change required for effective intellectual assets
management in agricultural R&D and innovation, and where possible, draw specific
attention to the focus on crop biotechnology (CIDA, 2001; ECDPM, 2008).
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4.2 Methods
This paper explores the topic of capacity development for intellectual assets
management in agricultural R&D. It accomplishes this by designing a study that aims to
assess the needs for capacity development among relevant participants using a modified
Delphi method. In its analysis, it identifies major barriers for effective intellectual asset
management, and the attitudes, skills and know-how needed for effective intellectual
asset management including, the development of relevant processes, tools and resources.
Data from an expert group was collected using a modified Delphi method to forecast key
areas of capacity strengthening (Rowe & Wright, 2001).

The original Delphi method (named for the Oracle of Delphi) was initially
developed in the 1960s by military analysts to assess and prioritize training needs and it is
well-known within the agricultural technology transfer literature. The modified Delphi
method is designed to gather qualitative data from participants without requiring them to
work face to face (Rayens & Hahn, 2000). This method remains a rigorous approach for
finding consensus among experts who have differing views and perspectives on a realworld issue (Okoli & Pawlowski, 2004). For example, in one study conducted by the
University of California - Davis, analysts from extension studies regularly used the
modified Delphi method to gather information from stakeholders and assess consensus
perspectives among participants with regard to enhancing plant breeder education and
training (Miller, Repinski, Hayes, Bliss, & Trexler, 2011). To implement the method, as
in this study, a first round of questions is presented to the respondents (also known as the
expert group) to collect (or brainstorm if done in a face to face workshop) qualitative
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inputs from respondents. In the second round, the task is to create a collated set of
statements for feedback involving some degree of quantification and statistical analysis
(Hasson, Keeney, & McKenna, 2000). Most research studies limit data collection to two
or three rounds of collecting and prioritizing data (Day & Bobeva, 2005). In the Delphi
study, the focus of analysis is on the quality of the study rather than focusing solely on
the number of respondents or sample size (Powell, 2003). Some Delphi researchers
suggest that a small size and homogenous stakeholders of 10-15 experts might be enough
and able to achieve the purpose of research (Delbecq, Ven, & Gustafson, 1975; Ziglio,
1996).

A further modification of the original technique allows data to be collected using
an online survey of which there are two rounds. This approach was adopted by this
research study, such that respondents were asked to participate in two rounds of iterative
feedback using a questionnaire that asked questions about capacity development for the
effective management of intellectual assets in agricultural R&D. In Round One,
participants were each asked the same set of open-ended questions. The responses are
based on the respondents’ expert experiences and current needs. For Round Two,
participants were provided with anonymous, collated responses from the previous
responses to provide context for their subsequent set of responses and scoring of these
collected responses in order to arrive at a final set of prioritized and preferred areas of
capacity development for intellectual assets management in agricultural R&D in Canada.
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Substantial time is spent in ensuring that the non-probability sample is as robust
as possible. An inventory of stakeholders (population) of experts relevant to the
management of intellectual asset in Canada was created, since no such inventory exists
within the public domain. This was generated by the researcher using internet searches on
publicly accessible databases, as well as, field visits to several agricultural meetings,
conferences and workshops. The stakeholders’ inventory was constructed as a quasipopulation for random sampling. The sampling of Delphi method respondents is
considered deterministic and purposive on the basis of the relevance of their expertise
(Hasson et al., 2000). Individual experts within public research institutions and firms
within the industry were qualified by cross-referencing the existing knowledge base (e.g.
internet searches, expert recommendations, etc.) in order to ensure they have experience
and knowledge about the phenomenon under study (Teddlie & Yu, 2007). Subsequently,
from this inventory, a modest number of experts were selected randomly and invited to
participate in the Delphi method.

The Delphi method was conducted with a total of 20 experts from different
organizations and from diverse backgrounds and positions within their organizations.
This includes positions such as intellectual assets/IP managers, regulatory/legal counsel
and research program directors, scientific research analysts or expert faculty and research
project leaders. These individuals work in public research institutions such as universities
and national and provincial agencies, firms within the agricultural and crop
biotechnology industries, and intellectual asset firms or consulting firms in Canada. The
modified Delphi method was conducted between June 2015 and April 2016. Twelve of
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the selected 20 participants (60%) provided responses in Round One of the online survey
of Delphi method. Each round of data collection was constructed via an online
questionnaire using Qualtrics Survey Software distributed by email. Completion times for
the questionnaire were estimated at 30 minutes for Round One and 20 minutes for Round
Two.

In Round One of this study, the questions invited individual brainstorming and
ranking of various issues and knowledge, attitude and skills needed for intellectual assets
management. Each question was followed by an opportunity to enter free text entry, and
then, at the end of the questionnaire, participants were provided with a further
opportunity for open-ended comments. The questionnaire consisted of seven specific
questions and was divided into two sections. The first section included general questions
about participants and their organizations such as the respondent’s main responsibilities
within the organization and years of experience in this profession/business. The second
set of questions consisted of specific questions to guide individual reflection (referred to
as brainstorming in the Delphi method) on the topic of capacity development for
intellectual asset management in agricultural R&D activities and needs for knowledge,
attitudes and skills. Specifically, the questionnaire covered the perceived value of
intellectual assets for innovation within participants’ organizations, the major barriers, the
most important attitudes, and the most important skills and the know-how needed for
effective intellectual assets management.
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In Round Two, responses from Round One were collated by sorting and grouping
them by similarity. Participants were informed of the results from Round One and given
an opportunity to score these results, in the light of the average results from Round One.
Participants were asked to score the original responses from Round One based on their
perceived importance on a five-point Likert-type scale42 (1 = unimportant, 2 = somewhat
important, 3 = neither important nor somewhat important, 4 = important, and 5 = very
important). In this second round, participants were asked to score three collated questions
from Round One as follows: the statements are about the major barriers for effective
intellectual property, the statements are about the most important attitudes for effective
intellectual property management, and the statements are about the most important skills
and know-how needed for effective property management. Eight participants out of
twelve participants (40 percent of the original sample) responded completely to Round
Two of the modified Delphi method. The process of the Delphi method for this study is
illustrated in Figure 4.2.

42

A popular measuring tool in psychology (Hole, 2011, retrieved from:
http://users.sussex.ac.uk/~grahamh/RM1web/Levels%20of%20Measurement.pdf).
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Figure 4.2: A schematic representation of the modified Delphi study process.
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The ordinal data was analyzed with descriptive statistics (mean and standard
deviation) (Miller et al., 2011; Repinski, Hayes, Miller, Trexler & Bliss, 2011) and
Cronbach’s alpha using SPSS software. Data was exported from Qualtrics into Microsoft
Excel for sorting and collation, and qualitative text coded with the qualitative data
analysis software, NVivo 11.
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4.3 Findings
The modified Delphi method identified several positions within Canadian
organizations and ensuing responsibilities of participants with respect to intellectual
assets management. This included the following: partners in intellectual property law
firms, professors who teach or do research in IP management, consultants in IP
management, managers of scientific research and technology transfer, patent agents,
university technology transfer and commercialization managers, national and provincial
government senior managers in intellectual property, and both public and private
executive management specialists in scientific research and management of innovation.
The respondents had a fairly substantial duration of professional experience in their
positions; ranging from eight to more than 30 years in their jobs. Figure 4.3 uses a
graphic ‘word cloud’ format to visualize the respondents “mindset” regarding their main
responsibility (cloud #1), the primary types of intellectual assets managed by
participants’ organizations (cloud #2), and the value of intellectual assets for innovation
in their organization (cloud #3).
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Figure 4.3: Word clouds representing the main responsibility (cloud #1), the
primary types of intellectual assets managed by participants’ organizations (cloud
#2), and the value of intellectual assets for innovation in their organization (cloud
#3).
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The experts identified a total of nine aggregated values of IP for innovation in
their organizations as summarized in Table 4.1 below. This reflective question was only
included in Round One of the modified Delphi study. Two respondents identified that the
value of IP for innovation in their organization is low. An opinion from one such
respondent was that the transaction costs of R&D at public research institutions are high,
including licensing and negotiation of entrepreneurial ventures for innovative products.
Table 4.1: Responses in Round One on the value of intellectual property for
innovation in their organizations.
Question

Group Responses

Collated Responses

The value of

High

An important business tool, providing leverage for
financing, providing financial returns to research
and universities, and leading to economic
development
Promoting creativity and innovation, generating
future revenue by licensing IP, and increasing the
value of a company
Driving new business models, market control and
developing a strong market position, and
enhancing competitiveness
Commercial value to partners and stakeholders,
making an impact on society
Attracting private sector collaborators and
licensing public research institutions innovations
Generating impacts through use, and the various
mechanisms are the means to the end
Share of the IP is only marginal for the industry
sector
Relatively low importance (2 finds)
University research is too upstream to be of much
substantive value whereas its costs of acquisition
are high as the transaction costs involved with
licensing and startups

intellectual property
for innovation in

High

your organization or
High
industry
High
High
Medium
Medium
Low

Participants provided responses from Round One on specific questions related to
the capacity development for intellectual assets management in agricultural activities and
knowledge needs. Participants agreed on a variety of experiences critical for effective
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intellectual assets management. The tables (Table 4.2, 4.3 and 4.4) provided below
summarize the data.

Table 4.2: Responses in Round One on the major barriers for effective intellectual
property management.
Question

Collated Responses

The major barriers for

Lack of IP expertise, lack of knowledge and education about IP laws
and how to manage IP
Commercialization of intellectual assets
Intellectual assets opportunities can easily be lost if they are not
recognized by the companies and captured/documented/protected
appropriately
Inadequate protection and enforcement
Limited value, both perceived and real
The focus on return on IPRs is too short, leading the institution to
prefer licensing over direct commercialization through startups
Changes in patent regulations in different jurisdictions often are not
in sync, need for an actionable intelligence on prior art, lack of an
oversight and discipline in new product development, and Shrinking
R&D dollars
Lack of prioritization of IP. Trying to obtain too broad protection,
delaying responses to requests for information leading to increased
costs
Research may be too early stage to patent, but still requires
publication, fewer potential receptors for IP, Canada has relatively
low venture capital activity, start-up companies are hard to get funded
Overemphasis on obtaining IP rather than on building sticky assets
that draw industry and civil society to work with the university

effective intellectual
property management
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Table 4.3: Responses in Round One on the most important attitudes for effective
intellectual property management.
Question

Collated Responses

The most important

Development of aptitudes
Meetings, studies and a high-level expert forum related to managing
IPRs by academic and research institutions, this includes technology
transfer offices and exploring mechanisms such as licensing
agreements and enhancing capacity to draft patents
Knowledge with familiarity awareness and practical knowledge
Establishing credibility among colleagues, understanding and
utilizing the latest industry practices, recognizing experience and
qualifications, and demonstrating commitment to professional
development
Developing national IP strategies for innovation. Building a practical
understanding of core IP and licensing concepts from both the
business and legal perspectives
Efficient systems for maintaining current information at limited cost
IP Management should be goal oriented, and not simply the
bureaucratic counting of research artifacts
Close collaborative attitude between technology creators, business
and legal professionals, following up on timelines for IP protection
measures, timely feedback and review of IP development
Need to take in interest in the whole process; take the time to
understand what is needed and why things need to be done a certain
way, it is an integral part of the building of a company and/or
development of a product
Being a relationship builder, practical, curious, and interested in
exploring new ideas, flexible and adaptable, able to continually test
hypotheses related to the potential of an invention, self-starter,
problem solver and desire to assist others
Creativity, flexibility and openness to the points of view of others
De-emphasis of formal IP in favour of building platforms through
which to build and share knowledge

attitudes needed for
effective intellectual
property management
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Table 4.4: Responses in Round One on the most important skills and know-how
needed for effective intellectual property management.
Question

Collated Responses

The most important skills

Regulatory and legal affairs knowledge, know-how laws, policies and
practices are designed and used in different countries
Market knowledge, access to knowledge and technology to foster
creativity and innovation and to strengthen existing activities within
public research institutions
IP strategy that is aligned with a company’s business goal also allows
that company to quickly and easily decide whether valuable IP
created fits within their goals and mission
Decide how you plan to use IP to support business goals, identify IP
gaps and strengths, drive how you extract and seek potential IP, how
you will evaluate it and what type of protection you will seek once
you will get it, determine how you will monitor and enforce IP
Competitive intelligence, indicate which jurisdictions the applicant
feels are important enough to obtain patent rights, indicate where the
applicant is not seeking rights, these data points can help inform the
decisions such as: the likelihood of needing to obtain licensing rights,
markets of interest
Understanding of the issues raised by IP
Entrepreneurial aptitude, ability to work well with others and
commitment to efficient and effective process
Good overview of the technology boundaries, key players in the
particular field of invention, efficient contract management process
for collaborative research, innovative schemes for idea generation
Understanding the value of IP and be willing to invest the time and
money that is needed to effectively manage it
Ability to reduce a variety of complex information into easy-tounderstand plain language, basic understanding of patent and other IP
laws, strong scientific foundation, good networking skills, strong
communicator and strong marketing skills
Attention to detail, familiarity with subject matter, ability to
recognize potential IP in proposes work and to negotiate an outcome
everyone can live with
An understanding of the industry and the ability to identify
knowledge gaps

and know-how needed for
effective intellectual
property management
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Of the 12 respondents who completed Round One, eight respondents completed
Round Two of the Delphi study. Participants were asked to score the responses in light of
the average results from Round One. Participants provided scores to the original
responses from Round One based on their experiences and perceived importance. The
original responses were groups and scored as shown in the figures (Figure 4.4, 4.5, and
4.6).

Figure 4.4: The major barriers for effective intellectual property management most
frequently identified as being of importance in Round Two.
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Figure 4.5: The most important attitudes needed for effective intellectual property
management most frequently identified as being of importance in Round Two.
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Figure 4.6: The most important skills and know-how needed for effective intellectual
property management most frequently identified as being of importance in Round
Two.
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Results from Round Two are summarized with mean scores and standard
deviation (SD) for each individual response. Participants identified a total of 10 combined
statements for the major barriers for effective IP management (Table 4.5). Of those
responses, five respondents gave a mid-point score of three when considering inadequate
protection and enforcement. The responses indicate that the return on investment from
IPRs is too long-term, leading the institution to prefer licensing over direct
commercialization through startups and overemphasis on obtaining IP rather than on
building sticky assets that draw industry and civil society to work with public research
institutions, such as a university. These had the highest scores and were identified as the
most important statements. These statements were closely followed by statements
indicating that major barriers are a lack of IP expertise, lack of knowledge and education
about IP laws and how to manage IP. In order to understand whether the responses in this
questionnaire reliably measure the same latent variable (the major barriers), a Cronbach’s
alpha was run on a sample size of eight experts. The Cronbach’s alpha for this question is
0.27, and the coefficient is low, which means the responses are entirely independent from
one another. In other words, the responses are not correlated and share no covariance.
The variance analysis in this specific question is low which resulted in a lower
Cronbach’s alpha.
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Table 4.5: The major barriers for effective IP management based on responses in
Round Two.
The major barriers for effective IP management indicated in Round Mean*
One
Lack of IP expertise, lack of knowledge and education about IP laws
4.5
and how to manage IP
Commercialization of intellectual assets
4.1
Intellectual assets opportunities can easily be lost if they are not
4.0
recognized by the companies and captured/documented/protected
appropriately
Inadequate protection and enforcement
3.1
Limited value, both perceived and real
4.1
The focus on return on IPRs is too short, leading the institution to prefer 5.0
licensing over direct commercialization through startups
Changes in patent regulations in different jurisdictions often are not in
4.3
synch, need for an actionable intelligence on prior art, lack of an
oversight and discipline in new product development, and Shrinking
R&D dollars
Lack of prioritization of IP. Trying to obtain too broad protection,
4.1
delaying responses to requests for information leading to increased costs
Research may be too early stage to patent, but still requires publication, 4.0
fewer potential receptors for IP, Canada has relatively low venture
capital activity, start-up companies are hard to get funded
Overemphasis on obtaining IP rather than on building sticky assets that
4.9
draw industry and civil society to work with the university
*Mean: 3 = neither important nor somewhat important, 4 = important, 5 = very important.
Standard deviation for responses ranged from 0 to 0.64.
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Participants identified a total of 12 statements for the most important attitudes
needed for effective IP management, as summarized in Table 4.6. Of those responses,
four responses had the highest scores and were identified as the most important
statements with frequency percentages that ranged from 75% to 87.5%. These responses
are: 1) developing national IP law strategies for innovation and building a practical
understanding of core IP and licensing concepts from both the business and legal
perspectives, 2) efficient systems for maintaining current information at limited cost, 3)
IP management should be goal oriented, and not simply the bureaucratic counting of
research artifacts and 4) de-emphasis of formal IP in favour of building platforms through
which to build and share knowledge. In order to understand whether the responses in this
questionnaire reliably measure the same latent variable (the most important attitudes
needed), a Cronbach’s alpha was run on a sample size of eight experts. The Cronbach’s
alpha for this question is 0.73, and the coefficient is high which means the responses have
shared covariance and probably measure the same underlying concept. In other words,
the responses are highly correlated in this question. The variance analysis in this specific
question is high which resulted in a higher Cronbach’s alpha.
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Table 4.6: The most important attitudes needed for effective IP management in
Round Two.
The most important attitudes needed for effective IP management
Mean*
indicated in Round One
Development of aptitudes
4.0
Meetings, studies and a high-level expert forum related to managing
4.4
IPRs by academic and research institutions, this includes technology
transfer offices and exploring mechanisms such as licensing agreements
and enhancing capacity to draft patents
Knowledge with familiarity awareness and practical knowledge
4.3
Establishing credibility among colleagues, understanding and utilizing
4.3
the latest industry practices, recognizing experience and qualifications,
and demonstrating commitment to professional development
Developing national IP strategies for innovation. Building a practical
4.8
understanding of core IP and licensing concepts from both the business
and legal perspectives
Efficient systems for maintaining current information at limited cost
4.9
IP Management should be goal oriented, and not simply the bureaucratic 4.9
counting of research artifacts
Close collaborative attitude between technology creators, business and
4.1
legal professionals, following up on timelines for IP protection
measures, timely feedback and review of IP development
Need to take in interest in the whole process; take the time to understand 4.0
what is needed and why things need to be done a certain way, it is an
integral part of the building of a company and/or development of a
product
Being a relationship builder, practical, curious, and interested in
4.0
exploring new ideas, flexible and adaptable, able to continually test
hypotheses related to the potential of an invention, self-starter, problem
solver and desire to assist others
Creativity, flexibility and openness to the points of view of others
4.3
De-emphasis of formal IP in favour of building platforms through which 4.9
to build and share knowledge
*Mean: 3 = neither important nor somewhat important, 4 = important, 5 = very important.
Standard deviation for responses ranged from 0 to 0.71.
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Finally, participants identified a total of 12 statements for the most important
skills and know-how needed for effective IP management, as summarized in Table 4.7.
Of those responses, four responses had the highest scores and were identified as the most
important statements with frequency percent ranging from 62.5% to 100%. These
responses are: 1) understanding of the issues raised by IP, 2) entrepreneurial aptitude,
ability to work well with others and commitment to efficient and effective process, 3)
attention to detail, familiarity with subject matter, ability to recognize potential IP in
proposal work and to negotiate an outcome everyone can live with, and 4) an
understanding of the industry and the ability to identify knowledge gaps. In order to
understand whether the responses in this questionnaire reliably measure the same latent
variable (the most important skills and know-how needed), a Cronbach’s alpha was run
on a sample size of eight experts. The Cronbach’s alpha for this question is 0.60, the
coefficient is acceptable which means the responses have shared covariance and probably
measure the same underlying concept. In other words, the responses are correlated in this
question. The variance analysis in this specific question is high which resulted in a higher
Cronbach’s alpha.
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Table 4.7: The most important skills and know-how needed for effective IP
management in Round Two.
The most important skills and know-how needed for effective IP
Mean*
management indicated in Round One
Regulatory and legal affairs knowledge, know-how laws, policies and
4.5
practices are designed and used in different countries
Market knowledge, access to knowledge and technology to foster
4.4
creativity and innovation and to strengthen existing activities within
public research institutions
IP strategy that is aligned with a company’s business goal also allows
4.4
that company to quickly and easily decide whether valuable IP created
fits within their goals and mission
Decide how you plan to use IP to support business goals, identify IP
4.0
gaps and strengths, drive how you extract and seek potential IP, how
you will evaluate it and what type of protection you will seek once you
will get it, determine how you will monitor and enforce IP
Competitive intelligence, indicate which jurisdictions the applicant feels 4.3
are important enough to obtain patent rights, indicate where the
applicant is not seeking rights, these data points can help inform the
decisions such as: the likelihood of needing to obtain licensing rights,
markets of interest
Understanding of the issues raised by IP
5.0
Entrepreneurial aptitude, ability to work well with others and
4.9
commitment to efficient and effective process
Good overview of the technology boundaries, key players in the
4.1
particular field of invention, efficient contract management process for
collaborative research, innovative schemes for idea generation
Understanding the value of IP and be willing to invest the time and
4.3
money that is needed to effectively manage it
Ability to reduce a variety of complex information into easy-to4.1
understand plain language, basic understanding of patent and other IP
laws, strong scientific foundation, good networking skills, strong
communicator and strong marketing skills
Attention to detail, familiarity with subject matter, ability to recognize
4.6
potential IP in proposes work and to negotiate an outcome everyone can
live with
An understanding of the industry and the ability to identify knowledge
4.9
gaps
*Mean: 3 = neither important nor somewhat important, 4 = important, 5 = very important.
Standard deviation for responses ranged from 0 to 0.54.
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4.4 Discussion
The findings of this modified Delphi study suggest that respondents easily
provided insights from their own experiences as experts in the area of IP management for
innovation. The response to thematic issues and grouped perceptions related to the topic
of capacity development for effective management of intellectual assets within their
organizations were not difficult to solicit. The panel of experts randomly select for this
modified Delphi study was a diverse set of professionals with substantial years of
experience in the public research institutions and firms within the industry in Canada.
The number of respondents and the return rate of this study were acceptable in reference
to the standard use of the Delphi technique (Powell, 2003). It generated useful
information for an exploratory study and achieved qualitative value relative to a
traditional survey instrument. The panel of experts was sufficiently homogenous within
its small sample size to achieve the purpose of this qualitative analysis and project
findings to the existing, although limited, literature on the subject (Delbecq, 1975; Ziglio,
1996).

The findings suggest that Canada has experienced specialists who are capable of
leading and being involved in capacity development efforts for improved intellectual
assets management within public and private sector organizations. While there is no
apparent community of practice among these specialists, as evidenced in the background
review of literature and inventory created in the first stage of the Delphi study, there is a
community of interest which as Wenger, Trayner, & de Laat (2011) suggest, is integral to
models of networking and capacity building, including ways in which organizations learn
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and change. An example is the Association of University Technology Managers (AUTM)
Licensing Executive Society (LES) in North America. These organizations are leading,
supporting and enhancing IP, technology transfer and business development professionals
through education, networking, partnering and advocacy. The findings in this study
indicate that there was evidence of agreement in the language used around capacity
development for effective management of intellectual assets, particularly with respect to
the value of intellectual assets for innovation within participants’ organization. Most of
respondents asserted that intellectual assets are an important business tool, promote
creativity and innovation, as well as enhance competitiveness which leads to economic
development. Other respondents asserted that intellectual assets generate impacts through
use and attract collaboration between private and public research institutions through
commercialization and licensing; therefore, make an impact on society. A few
respondents observed that the value of intellectual assets within their organizations is
inadequate or low, and that this is due to, at least in part, to the high costs of acquisition,
including a resulting impact on licensing and startups.

Participants identified the major barriers for effective IP management in the first
round of the study. Most of the responses were rated important and very important in the
second round. These represent the following: lack of IP expertise, knowledge, and
education about IP laws, commercialization hurdles, recognition of intellectual assets,
limited value, both perceived and real, oversight and discipline in new product
development, lack of prioritization of IP, relatively low venture capital activity, and
building sticky assets that draw industry and civil society to work with the university.
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These issues were given the highest ratings based on individual experiences and
perception. However, much lower ratings were given for inadequate protection and
enforcement. Intellectual property rights are protected and enforced in Canada, under
local laws and align well with the international IP laws. The Cronbach’s alpha coefficient
shows that the major barriers indicated by experts for this question are entirely
independent from one another, therefore, these major barriers were not correlated and
share no covariance.

Participants also identified the most important attitudes needed for effective IP
management in the first round of data collection. Many experiences by experts focused
on development of aptitudes needed for meetings, negotiating licensing agreements, and
drafting patents, as well as utilizing the latest industry practices. Other elements of
attitudinal requirements presented were a practical understanding of core IP and licensing
concepts, efficient systems for maintaining current information at limited cost, IP
management that is goal oriented, and not simply the bureaucratic counting of research
artifacts. Also cited was the collaboration attitude between inventors, business and legal
professionals, the creativity, flexibility, and openness to the point of view of others, and
sharing knowledge. All responses to the most important attitudes needed were deemed
important and very important by experts in the second round. The Cronbach’s alpha
coefficient shows that the most important attitudes needed for effective IP management
indicated by experts for this question are highly correlated and share covariance.
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These findings are entirely consistent with the literature on IP for innovation. As
innovation systems expert, Andy Hall (2006, p. 612) points out, “Capacity is an
embedded concept that can neither be understood, nor developed, without an
understanding of contextual settings and particularly the institutional dimensions that
these imply.” The contemporary situation of IP management is highly dynamic and often
involves interactions within and among public institutions. Such interactions can be
formalized as partnerships between agencies, such as research institutes and universities,
and individuals, such as their plant breeders (scientists) and technology transfer agents.
Private sector organizations, such as seed companies, including their plant
breeders/research teams and linkages to producers (farmers) and other stakeholders in the
agricultural industry, may also be partners. As Andy Hall (2006, p. 621) further observes,
“It (IP management) exposes research organizations to new ways of working particularly
when working with organizations with contrasting cultures such as private firms.”

Finally, participants were able to identify the most important skills and know-how
needed for effective IP management as evidenced by the findings of the first round.
Experts emphasized the following skills of high importance in the second round:
regulatory and legal affairs knowledge, know-how regarding IP laws, policies and
practices, market knowledge, strategic IP aligned with a business goal, identifying IP
gaps and strength, competitive intelligence including the likelihood of need to obtain
licensing rights and markets of interest, understanding of the issues raised by IP,
understanding the value of IP, ability to work well with others, efficient contract
management process, familiarity with subject matter, negotiation and networking skills,
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and an understanding of the industry and the ability to identify knowledge gaps. The
Cronbach’s alpha coefficient shows that the most important skills and know-how needed
for effective IP management indicated by experts for this question are correlated and
share covariance. These findings are consistent with knowledge listed within the wider
literature on IP management for innovation (OECD, 2008, PIIPA, 2011). One finding
identified in the Delphi study, and likely influenced by respondents experienced in
public-private partnerships, is the idea of IP management in relation to building
competitive intelligence. This notion entails the limited sharing of proprietary knowledge
in order to stimulate innovation within a sector. The literature is growing in public policy
analysis of technology and manufacturing clusters (Andrews, Criscuolo, & Gal, 2015). It
requires further consideration in future studies of IP management for agricultural
innovation.

There are many needs for organizational learning and changes identified in this
study. Participants identified issues concerning patent lawyers and agents and suggested
“management needs understanding of cost-benefits, both for filing and maintenance and
for litigation.” This is because many organizations end up with costly, but relatively
useless IP. Other comments were suggested by experts, that “IP management skills are
often learned by doing and the systems are often personified by the leaders, method is
missing,” and the need to “learn the nuts and bolts of PBR, patents, trademarking…etc.
but actually apply the knowledge in real-life situations.” Indeed, good knowledge
management systems within public and private sector organizations are needed to identify
potential areas of activities within an organization, training of key technology personnel
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on IP related topics, tracking collaborative research activities, strong liaison between
technical and business functions, and outreach events on topics related to IP matters of
concern and interest to the organization.

Finally, it is noted that the results of this study suggested limited overlapping
among responses by experts for the questionnaire and those responses for capacity
development for effective IP management deemed the most prevalent based on
participants’ experiences and perceptions. This is likely due to the homogenous set of
respondents. Nonetheless, respondents provided their own opinions in the Delphi study
based on their experiences and situations that would occur in practice. In the study,
consensus was further assessed by looking at the responses and their mean scores which
indicated near-perfect consensus in the responses in the results of the second round.
Despite participants’ varying knowledge of the subject or vastly differing experiences or
different employer or organizational contexts, as a group of similar professionals within
the same innovation system, the responses were largely consistent. Analysis of responses
to the questionnaire show that this panel of experts generally agrees about the importance
for each response. This is one of the reasons that the researcher did not pursue the Delphi
study to Round Three. The results from the current study reached saturation and were
able to address the exploratory objectives for the study. The results provide a list of areas
and information relevant to the development of capacity building interventions, such as a
plan for professional learning and development, seminars and training workshops,
scholarly research skills development, an online community of practice, and advocacy
training for IP practitioners in agriculture. Specifically, the study offers insights for
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designing a program that will move intellectual asset specialists from a community of
interest to a community of practice. In summary, there are prioritized strategies for
effective IP management evident at the individual, organizational and systems level that
can improve agricultural R&D in Canada, and our nation’s role globally.
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4.5 Conclusions
Within the scope of this study, intellectual assets refer to intellectual property
rights such as patents, plant breeders’ rights, trademarks, trade secrets and copyrights as
well as non-proprietary knowledge management that may implicate open systems of
learning and access to scientific and traditional knowledge. The outcomes from the
Delphi study have been achieved in finding a number of most important issues
concerning capacity development for effective IP management within public research
institutions and industry such as the major barriers along with the most important
attitudes, skills and know-how needed.

Information from this study uncovers, in an exploratory manner, the substantial
experience available in Canada on this topic. There are contributions from individuals
and organizations in the academic and public policy communities, as well as firms in the
industry. This expertise can be tapped in order to better understand intellectual property
in agri-food innovation systems including user demands, needs for capacity development
and knowledge uptake. Data from this Delphi study suggest that efforts are required to
strengthen capacity development in the area of IP for innovation, and that this will benefit
technology transfer and commercialization programs, as well as future scientific research
projects. Universities, in particular, need to be aware of the importance of a strong and
clear IP policy and capacity within their institutions for technology transfer to use, protect
and grow intellectual assets. Other public research institutions and government agencies
are implicated in the IP management in agricultural research and development, and the
notion of competitive intelligence should be further assessed in relation to this industry.
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Ultimately, these strategies might make Canada’s well-established experience in IP for
innovation more accessible to stakeholders in agricultural R&D.
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Chapter 5: Final Summary and Conclusions
5.1 Final Summary
This dissertation is now drawing to a close, and it is time to revisit the major
themes and elements that emerged throughout this dissertation, as well as the major
concluding remarks for leveraging intellectual property management for crop
biotechnology innovation, and possible areas for further research. There are two main
streams of case studies connected by an overarching analytical framework derived from
the literature. An overview of relevant literature and arguments pertaining to the study of
intellectual property management within the context of crop science research and
development, and specifically, crop biotechnology is discussed in Chapter Two. The
conceptual framework is presented in this chapter which encapsulates collaboration,
incentives, capacity development and protection and enforcement as an integrative model
of IP management. The first case study is the management of IPRs in soybean
biotechnology with evidence from Brazil and it is complemented with comparative
reference to the Canadian and American contexts. The second case study is the capacity
development for IP management in agricultural R&D within institutions and individuals
surveyed in Canada. Together, these two case studies and the overarching review of
literature and policies inform an argument that IP management and technology transfer
(TT) in agricultural R&D is a direct result of the challenge to create public goods that are
aimed at improving global and national economic development, food security and
supporting the future of agricultural innovation.

The conceptual framework proposes four key dimensions of intellectual property
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management: collaboration, incentives, capacity development and protection and
enforcement. The emergent themes of collaboration, incentives, and protection and
enforcement, were discussed explicitly in Chapter Three within the case study on
Roundup Ready® soybean. The emergent theme of capacity development was examined
explicitly in Chapter Four. The overall conceptual framework is an integrative model
which proved robust in its application to the policy implementation and capacity
development of IP management in crop biotechnology.
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5.2 Conclusions
This work points to the importance of how collaboration should be nurtured
between life sciences industries, governments and other private entities that acquire and
develop crop biotechnology. This is a well-motivated argument for why development of
institutional policies and supportive communities for IPRs practitioners play important
roles in the implementation of IP management in crop biotechnology. The traditional
argument pursued with the relevant literature is whether IPRs enhance innovation and
provide incentives for innovation and technological diffusion. One of the challenges for
agricultural innovation will be balancing IPRs and the benefits of access to knowledge
inside crop biotechnology. There is an apparent need for fostering technological and
scientific innovation by implementing a more effective and manageable system, which
includes institutional reform that will balance incentives for innovations with access to
knowledge. Enforcement of national laws that comply with the TRIPS is a very important
aspect in the case of soybean biotechnology. Enforcement and protection of IPRs for this
crop, influences the uptake and development of crop biotechnology. This potentially
fosters new investment and partnerships in Brazilian agricultural production that holds
benefit for global food supplies. There is also a need for capacity strengthening in IP
management within agricultural innovation systems. It is no longer a matter of debating
whether or not IP matters to innovation, but rather, understanding how R&D can be more
efficient and useful through the improved management of IP. With respect to Canada, the
literature is clear that review and strengthening of existing IP legislations and policies
that encourage innovation and affect public-private partnerships and transfer of
technology activities, are needed to foster the needed capacity for management of IPRs.
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Contained within the pages of this dissertation is the case of management of IPRs
in soybean biotechnology, and more specifically, a case in point of internationalized
intellectual property management practices of a dominant crop biotechnology. The case
of Roundup Ready® soybeans in Brazil raised debates that continued for more than six
years. This debate ended by authorizing the first harvest of the GM soybean in the
country. The issue of technology fee between farmers and Monsanto would further
inform the continuity of EMBRAPA to collaborate and integrate the RR® first-generation
soybean into their conventional seeds post patent expiration. This indicates that the RR®
first-generation soybean will remain for a period of time in the commercial supply chain.
However, the RR® first-generation might be a forgotten technology particularly after
2021 when the regulatory approval of this technology expires. These findings resonate
with introducing the RR® second-generation by Monsanto to reduce the availability of
old seed technology. Other soybean breeders from American public research institutions
were able to incorporate the RR® gene into varieties after the patent expiration. These
public research institutions would continue to offer soybean varieties containing RR®
first-generation trait post patent expiration and may no longer owe trait royalty payment
to Monsanto. This however, can be influenced by the performance advantages with new
traits and demand for enhanced seed biotechnology. The price of generic soybean was
half the price of the RR® second-generation soybean. An important issue concerning
management of IPRs is the potential for generic soybeans in the market. However, market
forces could influence the availability of generic soybeans. For the participants
interviewed in this research, RR® first generation soybean was profoundly important,
despite of a quick switch-over to the RR® second-generation.
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Soybean is one of the most important crops in developed and developing
countries. The diffusion of GM soybean technology happened rapidly in these countries
due to the value this technology creates for farmers. The same seems to be largely true
today. Addressing the challenges facing technology transfer in GM soybean is highly
relevant to the agri-food sector in Brazil and can inform global crop biotechnology IPrelated policy and practices. Of particular importance are issues related to seed saving by
farmers which has proven somewhat more difficult, and life sciences industries invest
significant resources in detecting violations, initiating a number of lawsuits in North
America related to seed saving of their transgenic varieties. Adequate protection and
incentives for genetically modified traits development depend on seed laws, biosafety
regulation and IPRs regimes.

Moving beyond the case study of management of IPRs in soybean biotechnology,
this dissertation contains also the case study of capacity development for IP management
in Canadian crop biotechnology using the modified Delphi method. The findings from
this research suggest that respondents easily provided insights from their own experiences
as experts in the area of IP management for innovation. This case study generated the
responses to thematic issues and grouped perceptions related to the topic of capacity
development for effective management of intellectual assets within participants’
organizations. The findings suggest that Canada has experienced specialists capable of
leading and being involved in capacity development efforts for improved intellectual
assets management within public and private sector organizations. There is no apparent
community of practice among these specialists, as evidenced in the background review of
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literature and inventory created in the first stage of the Delphi study. Most of respondents
asserted that intellectual assets are an important business tool, promote creativity and
innovation and enhance competitiveness which leads to economic development. Other
respondents asserted that intellectual assets generate impacts through use and attract
collaboration between private and public research institutions through commercialization
and licensing and therefore, make an impact on society. A few respondents observe that
the value of intellectual assets within their organizations is inadequate or low, and that
this is due to, at least in part, to the high costs of acquisition, including a resulting impact
on licensing and startups.

Participants identified the major barriers for effective IP management and most of
the responses were rated important and very important based on individual experience
and perception. These issues include the following: lack of IP expertise, knowledge and
education about IP laws, commercialization hurdles, recognition of intellectual assets,
limited value, both perceived and real, oversight and discipline in new product
development, lack of prioritization of IP, relatively low venture capital activity, and
building sticky assets that draw industry and civil society to work with the university. The
research shows that these major barriers are entirely independent from one another and
therefore, they were not correlated and share no covariance. Participants also identified
the most important attitudes needed for effective IP management and all responses were
deemed important and very important. Many experiences by experts focused on
development of aptitudes needed for meetings, negotiating licensing agreements, and
drafting patents, as well as utilizing the latest industry practices. Other elements of
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attitudinal requirements presented included a practical understanding of core IP and
licensing concepts, efficient systems for maintaining current information at limited cost,
IP management that is goal oriented, and not simply the bureaucratic counting of research
artifacts. Also cited was the collaboration attitude between inventors, business and legal
professionals, along with creativity, flexibility, and openness to the point of view of
others, and sharing knowledge. The research shows that the most important attitudes
needed for effective IP management are highly correlated and share covariance. Finally,
participants identified the most important skills and know-how needed for effective IP
management and these skills of high importance: are regulatory and legal affairs
knowledge, know-how of IP laws, policies and practices, market knowledge, strategic IP
aligned with a business goal, identifying IP gaps and strength, competitive intelligence
includes the likelihood of need to obtain licensing rights and markets of interest,
understanding of the issues raised by IP, understanding the value of IP, ability to work
well with others, efficient contract management process, familiarity with subject matter,
negotiation and networking skills, and an understanding of the industry and the ability to
identify knowledge gaps. The research shows that the most important skills and knowhow needed for effective IP management are correlated and share covariance.

There are many needs for organizational learning and changes identified in this
study. Indeed, knowledge management systems and best practices within public and
private sector organizations are needed to identify potential areas of activities within an
organization, training of key technology personnel on IP related topics, tracking
collaborative research activities, strong liaison between technical and business functions,
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and outreach events on topics related to IP matters of concern and interest to the
organization. Information from this study uncovers, in an exploratory manner, the
substantial experience available in Canada on this topic. There are contributions from
individuals and organizations in the academic and public policy communities as well as
firms in the industry. This expertise can be tapped in order to better understand
intellectual property in agri-food innovation systems, including user demands, need for
capacity development and knowledge uptake. Data from this Delphi study suggest that
efforts are required to strengthen capacity development in the area of IP for innovation,
and that this will benefit technology transfer and commercialization programs, as well as
future scientific research projects. Universities, in particular, need to be aware of the
importance of a strong and clear IP policy and capacity within their institutions for
technology transfer to use, protect and grow intellectual assets. Other public research
institutions and government agencies are implicated in the IP management in agricultural
research and development, and the notion of competitive intelligence should be further
assessed in relation to this industry. Ultimately, these strategies might make Canada’s
well-established experience in IP for innovation more accessible to stakeholders in
agricultural R&D.
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5.3 Research Priorities
The case study of GM soybean in Brazil is very important and unique in that it
offers an important research opportunity. This dissertation aimed to create greater internal
and external awareness of IP management issues in crop biotechnology innovation. More
research is needed to further examine how to reconcile IPRs with farmers’ rights and
other local interest. Additional evaluation of the impact of IP related policies and
initiatives aimed to promote the transfer and dissemination of crop biotechnology. This
dissertation provides foundational research and strategic frontiers upon which future IP
management and crop biotechnology can build, and analyzes and highlights the numerous
gaps in knowledge and practice in this area. There is much work and research to be
conducted in this area of analyzing the effect of IPRs (patents and PBRs) on crop
biotechnology. In addition, the literature requires further consideration in future studies of
IP management for agricultural innovation. It will be imperative to include what is the
best way for people, organization and systems to build capacity in IP. What is the
experience in the capacity development for IPRs in crop biotechnology? Have the plant
breeders’ rights in USA and Canada fostered greater innovation in the plant breeding
industry in USA and Canada?

The intention of further research should also aim to illuminate capacity
development for intellectual assets management through additional case studies that
address these issues and identify further what is needed by all crop biotechnology
stakeholders. There is a role for further research, even in the case of GM soybean in
Brazil, in terms of what competencies were needed and how capacity continues to be
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developed in the dynamic regulatory and trade context of the country. The results of this
research provide a list of areas and information relevant to the development of capacity
building interventions, such as a plan for professional learning and development,
seminars and training workshops, scholarly research skills development, an online
community of practice, and advocacy training for IP practitioners in agriculture.
Specifically, the study offers insights for designing a program that will move intellectual
assets specialists from a community of interest to a community of practice. In summary,
there are prioritized strategies for effective IP management evident at the individual,
organizational and systems level that can improve agricultural R&D in Canada, and our
nation’s role globally. Thus, IP professionals who hold a stake in the intellectual property
system need to think strategically about the outcomes they want to achieve, and how
intellectual property can be leveraged appropriately to those ends.
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Appendices
Appendix One
A schematic representation of detailed and flow of the methodology implemented in
Chapter Three

Inventory of Stakeholders (Population N)
1) Creating contacts of all individuals and organizations relevant to the soybean
biotechnology in Brazil, Canada and USA through internet searches and field visits to
several conferences, meetings and workshops.
2) Determining sample selection (n).

Selection of Participants
1) Using a purposive sampling technique with the partner institution (EMBRAPA) and
Monsanto in Brazil to ensure that these participants had some knowledge about the
phenomenon under study (Teddlie & Yu, 2007)
2) Conducting individual interviews at EMBRAPA and Monsanto research sites in Brazil
(Brasilia, Sao Paulo & Londrina)

The First Phase of Data Collection
1) The stakeholders inventory was an exploratory research
2) Initial communications and contacts were initiated by email with EMBRAPA
Headquarter, and subsequent face-to-face interviews were conducted there-after.
3) Participatory interactions with respondents in the field (induction)
4) Researcher can reconsider his construction about the reality with others to fulfill his
individual purpose (Romm, 2002).
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Sample Size (n)
1) Sample size: 17 key informant interviews as follows: 6 individuals from EMBRAPA
Headquarter in Brasilia, 10 individuals from EMBRAPA Soybean in Londrina, and one
individual from Monsanto Headquarter, Sao Paulo.
2) Interviews were conducted at the place of work of the participants in-person.
3) Sample size: 11 key informant interviews with individuals from different organizations in
Canada and USA.
4) Interviews were conducted at the place or work of the participants by skype or in-person.
Key Informant Interviews
1) The key informant interview research questions consisted of 10 questions covering the
research profile of the interviewees, IP management policies in the leading soybean
producing nations, and IP-related issues in the RR soybean.
2) The interviews began to focus on asking about participants and their organization such as
main responsibility within the organization and years of experience in this profession and
business. The interviews, then, began to focus on IP management in the case study of soybean
biotechnology.

Key Informant Interviews Protocols
1) Obtaining oral and written consent from each participant.
2) All participants were made aware of their rights to not participate in, to refrain from
answering any question, and/or to not complete the interview without penalty at any time.
3) These key informant interviews with key people in Brazil, Canada and USA served the
original intention and fulfilled the purpose of the research study.
4) During the research study of the PhD, in retrospect, the researcher has participated in
international and national various discussions, workshops, meetings with farmers, plant
breeders, research scientists, seed technology managers, IP directors, IP lawyers, agricultural
economists and policy directors specifically addressing the issue of management of IP in crop
biotechnology.
5) This participation has resulted in providing insight and important input to the study, and a
privileged amount of information to the research study, in a complementary way with
document studies (annual reports, newspapers and magazine articles).
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