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Abstract: In the past three decades, the seed sector has experienced, and is now again experiencing,
corporate concentration trends. The fallout of this consolidation is the subject of numerous concerns.
However, the seed sector is rather poorly understood. Thus, it is useful to understand it better and
to investigate the potential impact on the agri-food chain of the trend toward increased corporate
concentration. The first part of this paper presents the main characteristics of the global seed sector,
its stakeholders, and its size in the agri-food chain. Next, the corporate consolidation trends of the
seed industry over the past two years are examined. The technological evolution of the seed sector is
also briefly presented. In the last part of this paper, the fallout of recent mergers and acquisitions in
the seed industry are analyzed. Opposing views are expressed on the impact of these mergers and
acquisitions in the agri-food chain: while certain stakeholders worry about the risk of food power by
the biggest companies, some others expect useful innovations.
Keywords: seed; seed industry; seed company; agri-food chain; corporate concentration;
consolidation; biotechnology; plant breeding; controversy; agriculture

1. Introduction
Seeds play a significant role in the sustainability of the agri-food system, as they are at the very
beginning of the food chain, and thus constitute its base and foundation. Hence, the consolidation of
the seed sector in recent decades, and particularly in the past few years, has become a topic of concern.
The 2015–2016 wave of mergers and acquisitions has brought about many worries since concentration
among the five largest groups is still growing. Indeed, certain stakeholders and concerned citizens are
worried about the consequences of this corporate consolidation for the diversity of available seeds and
their adaptability to the variety of farmers, agroeconomic conditions, and crops, as well as about the
risks of creating an oligopoly. They are also concerned about the control over the food system gained by
the major players in the seed sector [1–4]. In addition, over the past decades, trends in the evolution of
the seed sector have been raising concerns for two main reasons: (i) corporate consolidation resulting
in a concentration of resources and of plant breeding and seed supply into a limited number of hands
and places, hence the fear of increased farmer and food dependency on a few big companies; and
(ii) the development of biotechnology and new plant breeding techniques with the controversies
accompanying these methods. However, stakeholders of the seed industry and other actors point to
major progress resulting from advances in the seed sector, such as increased yields allowing for land
sparing, easier work for farmers, valuable characteristics introduced in improved seeds, as well as
increased attention devoted to the environment, and to demands by the food processing industry and
consumers. These voices also underline the need for consolidation in the seed industry to better cope
with the agricultural and food challenges of the coming decades.
Therefore, it is useful to better analyze the seed sector, its consolidation trends in the past few
years, and their repercussions. There have been many comments on this topic in the media, as well
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as letters and hearings, but few scientific papers that mainly deal with the issue in the case of North
America [5–12]. This analysis is particularly essential given that the seed sector is a major player and a
major actor of sustainability when we consider the many agricultural, food and climate issues today
and in the future. Indeed, plant breeding, in conjunction with crop practices and the various uses of
production, influences the type and diversity of products obtained (food, feed, bioresources, fibers,
etc.), the characteristics of production, their environmental impact, and food security issues, including
some nutritional aspects [13]. In addition, the techno-economic and institutional characteristics of the
seed sector can affect the accessibility of seeds as well as their prices and ways of using them.
As early as the end of the 1980s, during the first field trials of transgenic plants, a controversy
arose, and has not stopped for 30 years. On the contrary, it has grown more and more intense over
time. Indeed, the use of genetic engineering in plant breeding has led to many debates on the interests
and risks of GMOs [14]. This has drawn attention to the techniques used in plant breeding and to
the seed industry in general, particularly its largest companies. Non-governmental organizations
(NGOs) and certain citizens and activists have become very critical of the seed industry, notably of
multinational seed companies. They often denounce increasing corporate consolidation that leads to a
risk of food dependence on some firms [1,4]. These criticisms have been widely circulated by the media
and the Internet. Hence, multinational seed companies are often criticized in NGO papers and in the
media, but this representation varies by country. For some stakeholders, particularly in Europe, these
companies have become very powerful organizations that have deprived and are depriving farmers
of their know-how and seed resources, and who have a growing power over agriculture and food
through plant breeding and seed production. The importance of the seed multinational companies
and the growth of their market shares are frequently highlighted. On the contrary, other players,
particularly in the USA, see the seed sector—particularly the biotechnological applications designed
and implemented by the biggest firms—as an essential means of quickly transferring new, interesting
traits to plants. They believe that these technologies could better address the agricultural, food, and
climate challenges of the coming decades, and additionally that the contribution of these companies to
the economy of the nation is essential. Thus, the issues of technological change and structural change
in the seed industry, as well as their perception and acceptance, are linked.
The main goal of this paper is to analyze the ongoing consolidation wave in the seed industry at a
global level, its possible impact, the issues at stake, the concerns expressed by many people, and the
benefits claimed by some stakeholders. The first two sections give an overview of the seed sector, its
various stakeholders, the issues at stake, the effects of technological change, and the concentration
trends of the past few decades, as well as data on the global seed market, the sales of the main
companies, and the structure of the seed industry. The last section deals with the potential impact of
corporate consolidation in the seed industry. The paper first studies the seed sector in order to provide
more accurate and quantified elements for assessment. This can contribute to a better analysis of the
many issues linked to seeds and of the ongoing consolidation, and thus to a better understanding of
related controversies and polemics. Indeed, the world of seeds remains poorly known outside the circle
of specialists in the field. In a certain way, the controversy has worsened this lack of understanding
as a result of claims that are too Manichean, simplistic, or partial. While many articles discuss this
sector, notably targeting GMOs, detailed analyses and precise assessments remain quite rare outside
the specific domain of market studies carried out by market research companies, which primarily focus
only on market forecasts. Therefore, the aim of this paper is to provide a better understanding as well
as elements for evaluation of the role and weight of the seed companies among the many stakeholders
involved in the way that agriculture, food, and the bioeconomy evolve. There are many stakeholders
in the agri-food chain [15]. In addition, in each of its sectors, there are several operators. For example,
in the seed sector itself, there are many actors, as indicated below in the discussion of its heterogeneity.
In summary, the agri-food chain includes numerous operators that can be listed as follows: trait
providers, seed companies, seed distributors, farmers, agricultural commodity buyers (cooperatives
or private firms), wholesale traders, exporters and importers, food processors, central purchasing
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agencies, wholesalers, food retailers, and consumers. In addition, because of the importance of food,
many other stakeholders intervene very actively in the debate, such as NGOs, journalists, scientists,
and concerned citizens.
The paper is structured in three parts: (1) the global seed market in the food chain, its stakeholders,
size, and heterogeneity; (2) corporate concentration trends and technological evolution in the seed
industry; and (3) impact of corporate consolidation on the seed industry. The first part deals with
the seed sector from an economic point of view on a global scale, discussing its importance in the
agri-food chain. The second part analyzes the concentration trend and the technological evolution
of the sector during the past few decades and the past few years in particular. Finally, the third part
aims to examine the effects of technological and structural changes in the seed industry, and the issues
raised by increased concentration.
This article draws on a long and complex process of search, retrieval, compilation, collecting,
comparison, and analysis of specific data, retrievable statistics, and detailed information on the seed
sector. It also draws on the various points of view expressed by the involved stakeholders (farmers,
NGOS, companies, people speaking in parliamentary hearings, scientists). These data come from a
great number of sources: papers by experts; seed sector economists or NGOs; company reports for
their investors or for market regulatory authorities; assessments, presentations and communications of
seed professionals at conferences; and the scientific literature and monitoring of this sector. Analysis
of the seed sector is a particularly difficult task given the extent of partial or biased analyses, as well
as a lack of data on certain aspects. Moreover, the economic data are heterogeneous and sometimes
non-concordant. This is notably the case for the global commercial seed market, for which evaluations
can vary by twice as much (see below). Regarding global sales of the main seed companies, several
factors can also lead to discrepancies in their assessments: mismatches between the exercise dates
adopted by each firm, which leads to differences in the exchange rate of currencies used; as well as
segment itemization, given that company results do not always provide a detailed breakdown of
their product sales or R&D expenditures. Thus, some rather debatable data or statements, sometimes
approximate yet frequently quoted or taken up, acquire a kind of validity.
2. The Global Seed Market: Stakeholders, Size, and Heterogeneity
In this section the seed industry will be described per its situation in 2015–2017, without
considering the consequences of the 2015–2016 mergers and acquisitions. Indeed, this last consolidation
wave was not yet completely achieved by the end of June 2017, since a certain number of authorizations
by antitrust agencies were still pending. In addition, this picture facilitates a better understanding of
the recent wave of consolidation, the outcome of which is analyzed further below.
2.1. The Sector’s Economic Weight in the Agri-Food Chain
Seed companies are often regarded as very large firms and powerful players in the agri-food chain.
In particular, the major firms are often viewed as giant companies with considerable power. However,
if one considers the size of the largest company (Figure 1) or of the ten largest ones (Figure 2) (based on
total sales) of the different sectors in the agri-food chain, the one of the seed sector is the smallest within
the food chain. Indeed, in the agri-food chain, the most important sectors and actors by far are food
processing and large-scale distribution. It is interesting to compare the total global value of purchased
seeds to the total value of food globally. Although it is difficult to estimate the latter, it appears that the
total value of purchased seeds (around 48.5 billion USD) roughly represents a little less than 1% of
the total value of purchased or self-produced food globally (approximately 5000 to 6000 billion USD).
At the farm level, a similar evaluation can be made if we compare the average value of purchased seeds
per farm to the value of the resulting agricultural production: 100 USD or euros of the latter required
an average of 4.9 USD in the USA (on average for all farms in 2012) and 3.5 euros of purchased seeds
in France in 2014 (for medium to large farms) [16,17].
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48.5 billion USD in 2015, according to some experts [19,20]. However, there are great discrepancies
between the various assessments made by different market study companies (Table 1). Several of these
companies publish reports on the global commercial seed market as a whole, as well as broken down
by company, region, kind of crops, and type of seeds (conventional, hybrid, and GM). These reports on
the global seed market show that, despite these differences, market study companies generally forecast

Sustainability 2017, 9, 1632

5 of 25

rapid growth of this market in the next few years, with a compound annual growth rate that varies
from 6.8% to 13.3% (Table 1).
Table 1. Several assessments of the global commercial seed market in 2015–2016 and forecasts for the
next few years from reports by some market study companies (ranked by year of forecast).
Market Study Company
(Headquarters Location) 1

Year of
Global Seed Market in Year
n (Billion USD)
Assessment
n
GM seeds:
Conventional seeds:
Total:

Year of
Forecast p

Global Seed
Market in Year
p (Billion USD)

CAGR (Compound
Annual Growth
Rate) (% and
Period)

2018

53.3

9.9 (6 years)

17.8
17.4
35.2

Phillips McDougall (UK) (for
2/3 of the main global crops,
not all)

2015

Transparency Market Research
(India)

2011

34.5

Orbis Research (USA, India)

2013

49.23

2019

82.49

9.1 (6 years)

Infinium (India)

2016

53.5

2021

96.8

12.6 (5 years)

Market Data Forecast (India)

2016

64.1

2021

99.53

9.2 (5 years)

Global Market Firm (USA)

2014

23.65

2022

55.3

11.2 (8 years)

Stratistics Market Research
Cons (USA)

2015

26.2

2022

55.3

11.2 (7 years)

Mordor intelligence (India)

2017

56.3 (50 in 2014)

2022

78.2

6.8 (5 years)

MarketsandMarkets (India)

2015

58.5

2022

113.3

9.9 (from 2017)

2022

130

IMARC Group (India)

2016

58

2022

86

6.8 (2017–2022)

Accuracy Research LLP (India)

2015

58.7

2025

204.5

13.3 (10 years)

Strategyr (USA)

1

The great majority of these companies have offices in several countries, thus location mentioned in the first column
corresponds to that company’s origin or headquarters.

Discrepancies in global commercial seed sales are important to consider, because assessments
of the level of market concentration require an accurate evaluation of the global market, as well as
accurate data on each company’s sales. As mentioned above, these data can vary depending on the
source. Thus, when the level of consolidation is discussed, it is necessary to examine which data
are taken into account. In particular, the assessment of the global seed market by the consultancy
company Phillips McDougall is frequently cited, as this company is renowned. However, its reports
take into account only seeds of two-thirds of the main global crops (in terms of total cultivated area),
i.e., approximately only three quarters of global commercial seed sales, since crops have different seed
values [21] (p. 12). Therefore, its estimates are lower than the real total value, yet are often erroneously
considered to reflect the value of the total commercial seed market. Hence, the value of the global
commercial seed market is often underestimated. In addition, the value of each company’s sales
depends on the currency exchange rate used. Some sources use exchange rates of the civil year for all
companies, while others use exchange rates of the given exercise date of each company. Hence, there
may be differences in the amounts cited.
2.2. A Heterogeneous Sector
The seed sector is very heterogeneous in many respects, such as the kinds of seeds, and the
origin and size of seed suppliers. Analysis of the ongoing corporate consolidation of the seed industry
requires a good understanding of its structure, its different stakeholders, and its internal heterogeneity
to avoid a focus on the biggest companies that fails to account for other stakeholders and the diversity
of situations among countries and crops. In addition, this heterogeneity plays a great economic
role, and thus influences consolidation. Certain aspects of this heterogeneity that prove useful in
understanding the issues at stake in the seed sector are presented below: the diversity of seed types,
of companies, of companies’ main activities, of their involvement in agricultural inputs, and of seed
values depending on crops. The data come from various sources: scientific and professional literature
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on the seed sector, company reports, analyses by market study companies, presentations by the
International Seed Federation, reports by ISAAA (the International Service for the Acquisition of
Agri-biotech Applications), and a monitoring of the seed sector.
2.2.1. Different Kinds of Seeds
Globally, but also in many individual countries, different kinds of seeds can be distinguished
among those used by farmers:
—“Conventional” seeds are supplied by approximately 7500 companies of different sizes from
around the world.
—GM seeds are usually created by big companies. However, smaller companies can also sell GM
crops through license agreements on genetic traits.
—Farmers’ seed systems result from the breeding efforts of farmers in their fields to obtain seeds
that they expect to be better suited to their soil, practices, and needs. While these have become less
important in industrialized countries because of the development of hybrid seeds for some crops, they
can constitute a substantial part of the seeds sown in less-developed countries.
—Farm saved seeds are sown and harvested from conventional seeds purchased in the previous
year. Seeds from a small fraction of this harvest are sown the next season after sorting and cleaning.
It is essential to differentiate these seeds from the farmers’ seed systems mentioned above, since these
saved seeds are a kind of “copy” of purchased seeds rather than newly-bred ones.
—Seeds from public research are rarely sold as end-user seeds to farmers since public research
generally works upstream in plant breeding.
The relative importance of these different kinds of seeds varies greatly from country to country
and from one kind of crop to another. This fact results in a considerable variety of situations depending
on country and crop. These different kinds of seeds as regards their different methods of breeding
and creation are important to keep in mind, since many statements regarding the seed sector do not
sufficiently consider its internal diversity or the distinction between “farm saved seeds” and “farmers‘
seed systems.”
2.2.2. Different Kinds of Companies
The various seed companies are very diverse in size as well as in the extent of their other activities
when seeds are only a part of a multisector company. One can roughly distinguish among the 7500
seed companies in the world as follows:
—A handful of companies come from the chemical industry, and are by far among the largest
seed companies. These companies have an unequal involvement in plant breeding and seed activities
(Figure 3).
—Many SMEs (small and medium enterprises) have been able to remain in place despite numerous
acquisitions by some of the larger companies in the last few decades.
—Many very small enterprises have been able to remain in place, as they are more specialized
in rather local and specific crops, and thus less attractive for the big companies to acquire, who have
mainly invested in major crops such as corn, soybean, and some vegetables.
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Figure 8. The growing share of the GM seeds in the global commercial seed market. Source: author’s
Figure from
8. TheISAAA
growing(International
share of the GMService
seeds infor
thethe
global
commercial
market. Source:
author’s [30]
calculation
Acquisition
of seed
Agri-biotech
Applications)
calculation from ISAAA (International Service for the Acquisition of Agri-biotech Applications) [30]
data on the GM seed market and rough assessments of the global seed market.
data on the GM seed market and rough assessments of the global seed market.
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more agricultural inputs will be needed in the new few decades, notably enhanced seeds. This trend is
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of consumer demand. Thus, the agricultural sector’s future is considered bright. However, these
companies should beware of seed and other input prices, particularly when agricultural revenues are
low, as was the case in the past few years.
How does the ongoing wave of consolidation compare to the previous waves, particularly the
important wave of the 1990s, which led to the creation of “The Big Six”? Schenkelaars et al. [33], who
have studied the drivers of consolidation in the seed industry in the past few decades until 2010,
pointed out that concentration results from multiple factors, notably the dynamic interplay between
business strategies, scientific breakthroughs, and government policies. These drivers also played a
considerable role in the 2015–2016 concentration wave. R&D costs are, notably, a critical factor in
the seed industry strategy, as they can lead to strategic alliances, joint ventures, and mergers and
acquisitions to reduce their weight and to obtain adequate returns on invested capital. Therefore,
companies will be highly affected if their sales decrease as in 2015–2016; this can lead to concentration
trends. Could the rather depressed agricultural prices in the 1990s have also favored the consolidation
wave [34]? This factor certainly played a role, however, only in interplay with the other drivers
mentioned above. In addition, each period has its specificities. In the 2015–2016 concentration wave,
it is important to take into account recent facts that were barely present in the 1990s, but that now
influence the strategies employed by the seed industries, such as the prospects of decline of cultivated
area per capita, the impact of climate change, the tightening regulation of new ag-input authorizations,
and the rapid development of digital farming. These factors shape a new context and a new reality,
with opportunities and pressures that may favor new kinds of company relationships, alliances,
agreements, or buyouts.
All “The Big Six” except BASF were involved in this wave of mergers and buyouts:
(1)
(2)
(3)
(4)

In May 2015, Monsanto sought to buy Syngenta, a Swiss company. However, the latter refused,
considering that the price offered was too low.
In December 2015, Dow and DuPont-Pioneer merged, and formed a new group, DowDupont.
In February 2016, ChemChina (China National Chemical Corporation), a chemical conglomerate
of the Chinese state, acquired Syngenta for 43 billion USD.
Bayer, the large German chemical group involved in pharmacy, over-the-counter health products,
animal health, seed, agrochemicals, and materials, had been considering the acquisition of
Monsanto since May 2016. The acquisition was agreed upon at 66 billion USD in September 2016.

Some of the above transactions are still underway, since the authorization processes are not yet
concluded. Indeed, mergers and acquisitions must be authorized by antitrust authorities, who seek to
prevent the substantial reduction of competition in a market, as well as counter-competitive situations
that lead to increased prices, lack of choice, or oligopolies. For example, regarding the acquisition of
Monsanto by Bayer, approval is needed by antitrust authorities in 30 countries [35].
By the end of June 2017, some important approvals had already been obtained.
ChemChina completed its takeover of Syngenta in late June. Regulators required that ChemChina
divest several pesticides so that the new entity would not hold too high a market share for a number
of pesticides with too few other competitors.
Dow and DuPont-Pioneer won EU approval for their $130 billion merger at the end of March
2017. The approval is contingent on major divestitures from the DuPont pesticide business to preserve
competition in the market: it must sell some of its pesticide assets, as well as cease some of its related
R&D activities. In addition, within two years of the completion of the mergers, the combined entity,
dubbed DowDuPont, must split into three independent companies, focused on agriculture, material
science, and specialty products.
However, at the end of June 2017, Monsanto’s acquisition by Bayer had yet to receive approval
from several regulators. In May 2017, Bayer agreed to sell its glufosinate herbicide and LibertyLink
branded seeds, which are glufosinate-tolerant and compete with Monsanto’s glyphosate-tolerant seeds.
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Figure 9. A preliminary view of the outcome of the 2015–2016 wave of concentrations in the
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increased. However, public research has also played a considerable role in this upstream research [25].
Thus, until the 1970s, the level of concentration in the seed sector remained rather low.
The progressive implementation of these plant breeding techniques has enabled more targeted and
efficient breeding, and the broadening of genetic resources, which allow plant breeders to overcome the
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limitations of conventional breeding, such as the fact that some desired traits that are missing in a given
species cannot be introduced in new varieties, and the length of time that it takes to develop a new
variety. Throughout the 20th century, plant breeding techniques involved many novel aspects: cross
breeding, hybrid breeding, mutation breeding, cell culture, and, more recently, gene transfer, marker
assisted breeding, genomic selection, etc. All these applications of scientific advances, combined with
other changes in crop practices, have allowed huge improvements in yields. For example, for centuries,
a wheat grain gave only, on average, three grains at harvest, of which one should be saved for the next
campaign; for the period 1998–2017 it gave approximately 50 grains in France. Wheat yields in France
rose at a very low pace from 1900 to 1950 and were 1.4 t/hectare on average in that period. After
1950, they increased dramatically, by more than five times to 7.2 t/ha for the period 1998–2017. In the
USA, the average corn yield was multiplied by 5.7, growing from 1.6 t/ha in 1866–1935 to 9.2 t/ha
in 1996–2016. However, these improvements in yield are not applicable to all countries and crops. In
addition to improvements in yield, numerous other traits have been introduced in varieties, such as
resistance to some diseases, quality traits, and better adaptation to some food processing.
3.4. Impact of the Technological Evolution of the Seed Industry in the Last 25 Years
The technological evolution of the seed sector, particularly genetic engineering, has frequently
led to public distrust of the seed industry. Thus, this section points out some aspects of the GMO
controversy that have led to a negative view of the seed industry in the media and in a large part of the
population. This negative view plays a major role in opinions of consolidation and in the regulation of
ongoing innovations in the seed sector.
In the last few decades, in addition to conventional breeding, many various tools from modern
biotechnology have been used: hybridization, micro-propagation, mutagenesis, protoplast fusion,
and doubled-haploid production—which produces a plant resulting from chromosome doubling in a
haploid cell, so that all chromosomes are present as two identical copies—as well as transgenesis and
genomic selection. The first field trials of GM plants date back to 1986–1987, and their first large-scale
cultivation to 1995–1996. GMOs have had a huge impact, particularly because of the intense polemics
linked to genetic engineering. However, other techniques derived from biotechnology have also been
used without causing the same intense controversy. Transgenic crops have caused and continue to
cause acute polemic. This is due to many factors, including:
(1)

(2)

(3)

(4)

Opposing assessments and analyses of the risks linked to gene transfer, as well as of the real
effects of the development of GM crops in certain countries. Most scientific studies and reports
assess GM crops as either positive or neutral, but with varied consequences depending on their
context. However, it is essential to distinguish between the impact of GMOs and the impact
of other concomitant agro-economic and technical changes, a task that is not realized in some
papers. At the same time, most environmental or consumer NGOs and the media, followed by a
large part of the public in a number of countries, see primarily negative consequences. These
negative perceptions are predominant in some European countries, while they are much lower in
North America and in some other countries [38]. The Manichean views of the involved actors
have led to a war of positions between the two sides, particularly in some countries such as those
in the EU. Hence, regulatory processes are blocked because of opposition between those who see
mainly benefits and advantages in biotech and GMOs, and others who see mainly drawbacks
and failures.
Distrust among many people, with a mistrust of gene transfer from one species to another, from
one kingdom to another, and a fear of unintended effects of this transfer, whether it be at the level
of the genome, the plant, its composition, or in-field cultivation and its impact.
The nature of the first GMOs marketed on a large scale—tolerance to a herbicide—has been
deemed unattractive by the majority of non-farmers and non-breeders, and contrary to the first
promises put forward.
Many elements of an agro-economic, sociological, and ethical nature also come into play.
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Finally, the debate has been transformed into an immense controversy between those in favor
of the use of transgenesis in agriculture, and those who do not see any interest in it, but only
risks. The controversy goes far beyond the technical aspects involved, and has turned into a
war of opposition between two visions of agriculture, and two opposite worldviews, namely,
the advocates of a high-tech agriculture and those advocating a more natural and more peasant
agriculture. In addition, the controversy has been fueled by the fact that a number of organizations
opposed to GMOs may have used the fight against GMOs as an effective means of recognition,
legitimation, self-promotion, and gaining audience for their groups and activities. For their part,
companies and people involved in GM crops are sure of the validity and interest of biotech
applications in plant breeding, but are suspected by those opposed to hold biased views and
vested interests. Hence, the divorce between these opposed views is total, and no consensus or
compromise seems reachable.

Thus, this technological evolution in plant breeding, particularly GM crops, has led and is still
leading to important fallouts such as:

•
•
•

•

much controversy on the impact on food safety, food security, and the environment;
strong debates regarding the authorization of GMOs for their cultivation and importation;
poor image of the seed industry in the minds of the general public: indeed, this sector has often
been strongly criticized and pictured by many activists or media as predatory, as well as imposing
techniques and GM food against the will of numerous consumers; and
effects on farmers, which depend on the type of GM trait, crop, and economic aspects, as explained
in a previous paper [31]. “For farmers, the profitability of transgenic crops depends on the type of GM
crop, the relative prices between GM seeds and other inputs and outputs, and on certain non-pecuniary
effects (saving of time, association with other practices, etc.). GM seeds may be profitable despite their
additional costs if the latter are compensated by a decrease in other input costs (such as pesticides) or by
a slightly higher gross profit. Herbicide-tolerant or insect-resistant crops may allow some reduction in
production costs, fewer losses, and higher yields, at least in the first few years. If certain components
(fatty acids, beta-carotene, etc.) can be added to the product and lead to slightly higher production prices
according to final demand, GM crops with output traits may provide a slightly greater gross value. Yet
the durability of these added characteristics” must be particularly considered. “The profitability of GM
crops for farmers must not be assessed only by their direct effects within a short time-period. Follow-up
study is essential” [31].

The combination of the use of new techniques in plant breeding and of corporate consolidation
trends has had a considerable impact in the past three decades. If the concentration level in the seed
industry has increased during that period, this is linked to business strategies, to greater investments
in R&D required by the new techniques, and to the increasing costs to put a new variety on the market,
but mainly to the general economic and financial evolution. Indeed, the governance of the seed sector
depends not only on this sector alone, but also and above all on the general governance of economic,
social, and environmental issues. For example, a study by the McKinsey Global Institute [39] showed
that, in the past few years, “pressure to deliver strong short-term results has increased” and “companies are
using excessively short time horizons in their strategic planning”. However, “companies we classify as “long
term” outperform their shorter-term peers on a range of key economic and financial metrics” [39]. Today a new
trend of consolidation, as well as a wave of novel plant breeding techniques such as gene editing, are
underway. What will be their impact?
4. Potential Impact of Ongoing Corporate Consolidation in the Seed Industry
Analyzing the potential impact of corporate consolidation is rather difficult, because numerous
other factors can interfere. Thus, some aspects considered as the result of consolidation may be
influenced by several other interacting factors. Indeed, beside concentration trends, other major
changes are underway, and play a role in the agri-food chain in the second half of the 2010s.
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4.1. Important Changes Are Underway in the Agri-Food Chain in the Second Half of the 2010s
In addition to advances in life sciences and biotechnology, and in applications thereof, the
agri-food chain is also affected by significant economic trends, notably growing financialization.
Besides major technological, agroeconomic, socioeconomic, and regulatory changes influence its
stakeholders. Several new trends are indeed underway in all sectors of the agri-food chain, such as:
—A frequent advocacy for a transition towards more sustainable ways of farming, feeding,
producing, and living. However, there is considerable divergence among the various actors regarding
concrete directions to take in this search for better sustainability. For example, ag-input industries
put forward and underline the necessity to produce more due to population growth and nutrition
transition in less developed and emergent countries. In addition, they highlight the benefits of new
plant breeding techniques (NPBT), which can favor environmentally-friendly production and increase
yields, and thus reduce the need for additional cropland, hence preserving biodiversity and the
environment. At the same time, many put forth the benefits of more grassroots and small-scale farming
practices and approaches, which include the use of heirloom varieties, landraces, and farmers’ seed
systems, and the rejection of GMOs and NPBT. In a broad manner, the interests of the transition to
agroecology are put forward by numerous organizations.
—An increase in the distrust of pesticide use, notably in Western countries, and many debates
about the consequences of pesticides on the environment, biodiversity, ecosystem services, and human
health. Therefore, regulatory processes for pesticides and GMOs are tightening [40], and are subject to
polemics in a number of countries. For example, in the past few years, glyphosate, which is the most
widely used pesticide and furthermore is associated with more than 80% of GM crops, has been at the
heart of a controversy about its carcinogenic risks [41,42].
—Hence, new trends are appearing and spreading in the agricultural input sector and the
agri-food chain: for example, the development of organic farming, biocontrol, and biologicals
(biopesticides, biostimulants, etc.), as well as many other inputs, methods, and final products that
are considered and marketed as “natural”. Many crop protection companies are now investing in
biologicals, which have been credited with high growth rates [43,44].
—The development of digital agriculture, new information technologies with recording of crop
practices and parameters, the taking into account of soil heterogeneities, the precision use of pesticides,
localized treatments, modeling, and monitoring of the spreading of disease, as well as harvest forecasts.
Some seed companies, especially Monsanto, have been and are investing in this domain.
4.2. Potential Impact of the Current Concentration Wave 2015–2016 of the Seed Industry
The consolidation of the seed industry can have numerous spillovers and fallouts in various
domains. This paper cannot analyze all of them due to length constraints, and also because a few
scientific articles have already tackled certain issues, notably in the North American case [5,6,8,10,11,45].
This study mainly focuses on the major issues of concern, that is, the interactions between consolidation
and concomitant new techniques, as well as on some risks of the biggest seed companies growing
too powerful. One major impact of consolidation and the GMO controversy is an increasing distrust
of the seed industry, particularly its biggest companies, which has many consequences: suspicion
towards new plant breeding techniques, disagreements and disputes regarding their regulation, high
divide, and conflicts between the different stakeholders and countries. Thus, this section deals with
opinions and views about seed industry consolidation, considering its important consequences. Indeed,
public confidence plays a great role in the economy, particularly for agricultural and food companies
and products.
4.2.1. Analyses of the Level of Concentration in the Seed Industry
The level of concentration has strongly increased in the seed industry over the last few decades,
and is increasing even more rapidly with ongoing mergers and acquisitions (Figure 7). Approximately
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“merger” [46]. In addition, 69% of Americans expressed “very serious concerns” and 21% “somewhat
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the greatest concerns were (in decreasing order): (i) “increased chemical contamination of farmland”;
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(ii) “increased chemical contamination of food”; (iii) “more expensive food products”; (iv) “lower quality food
products”; and (v) “harm to independent farmers and farming communities”.
However, some other actors put forth a completely different analysis of the impact of consolidation.
Views on this issue vary throughout the entire industry [47]. According to one perspective, corporate
consolidation increases the capacity of these large groups to develop seeds and other indispensable
tools to face the agricultural and food challenges of the 21st century. Indeed, mergers and acquisitions
bring together companies with complementary assets or investments, a fact that allows for more
efficient organization and synergy, particularly as regards R&D and innovation. The latter are beneficial
to society, most notably to consumers [12]. In addition, given that new waves of innovation are
emerging, particularly regarding gene editing, digital farming, and biologicals, consolidation appears
useful to better take advantage of these innovations and to implement them. For example, Monsanto’s
Chief Technology Officer testified before the US Congress, “We are witnessing a new era in agriculture as
a result of advances in biology and data science. Silicon Valley is digitizing farming around the world. And
breakthroughs like gene editing are opening up a whole new world of possibilities in plant biology. These advances
are urgently needed to address major challenges facing society, as we must (i) feed 10 billion people by 2050, (ii)
mitigate the impact of climate change, (iii) improve sustainability to produce more with less, and (iv) help increase
the efficiency and productivity of farmers. Fortunately, the pace of innovation is accelerating, and new tools and
applications are creating a healthy disruption in agriculture” [48]. In the presentation of their 2015–2016
mergers and acquisitions, all involved companies underlined how their assets and activities were
complementary, and how consolidation would lead to better efficiency and to an enhanced capacity for
innovation, which in turn would benefit all stakeholders. For example, in January 2017, after having
met with the new US president, Bayer and Monsanto released a joint statement saying, “The driving
force behind the Bayer-Monsanto combination is increasing and accelerating innovation to help growers around
the world address challenges like climate change and food security. This becomes increasingly important as we
all work together to feed a growing population in a sustainable way. The United States is a global leader in
agriculture, and the combination of Bayer-Monsanto will underscore that role and ensure the United States
retains a pre-eminent position as the anchor of the industry” [49].
4.2.2. Impact on Seed Prices
Many have expressed concerns about seed prices, since consolidation reduces competition, which
can induce an increase in seed and agrochemical prices. This aspect is often emphasized since
agricultural prices have remained low in the past few years, a fact that has brought about a decrease in
input sales. In addition, many actors and organizations fear that concentration of the seed industry
will have other negative consequences that could aggravate price issues [50,51]. Such issues can, for
example, be aggravated by focusing plant breeding activities on seeds whose markets are the most
important in value, and by directing plant breeding towards traits with quick profitability rather than
towards greater long-term sustainability in agriculture, which would result in a decrease in valuable
innovations. In addition, there is the risk of an increase in the dependence of SMEs on the three most
important seed companies because of the numerous patents held by the latter, and because of licensing
agreements [6,8,29,52]. Indeed, large seed companies highly dependent on financial markets and short
term profits may focus mainly on major crops and some niche-markets that allow for high profits. This
focus raises questions on these companies’ capacity to create and put on the market new varieties for
various crops suited to the vast diversity of soil, climate, agroeconomic and socioeconomic conditions,
and affordability by all farmers. However, this focus on major seed markets might be an opportunity
for SMEs to maintain their production of more specific seeds and landraces, and for a number of
farmers to increase in part their self-sufficiency in seeds, through the development of farmers’ seed
systems or through participatory research, particularly in local food systems.
Certainly, the use of gene editing techniques is often presented as reducing the cost of certain
genetic modifications, at least in its initial stages [53–58]. However, is this sufficient to permit some
SMEs to access the implementation of new plant breeding techniques for some traits in some plants?
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This is not at all warranted. Indeed, placing a new variety on the market involves many other costs
over and above the preliminary ones of obtaining a desirable genetic modification in vitro. The analysis
of the overall cost to bring a new biotech trait to the market between 2008 and 2012 showed that
“late discovery” represented only 10% in the total costs of a new plant biotech trait [22]. In addition,
the total final cost of the variety will also depend on the regulations that will be adopted for gene
editing [55,59–64]. If gene-edited (GE) plants are considered as GMOs, the cost corresponding to the
regulatory aspects will be higher [65], which will favor the largest companies to the detriment of SMEs.
Moreover, in certain countries such as those in the EU, new GE varieties might not be approved. In
addition, food products from authorized GE crops could be rejected by consumers if there are many
articles presenting them as hazardous, as the case has been for GM food products [65,66]. Indeed,
even when some have been authorized in the EU, very few GM food products have been sold because
of consumer reluctance to purchase products labeled as GMO, which is mandatory when products
contain more than 0.9% of GM ingredients. Only GM feed has been commonly sold. Meanwhile, in
the USA and numerous other countries, the regulation of gene editing is likely to be a case-by-case
regulation based on final products rather than on the processes of production [58,67]. Hence, there
is the risk of distortion of competition between countries, which in the past few decades has led to
disparities between various regulations and to trade conflicts. Some suggest that high regulatory costs
may favor the consolidation of companies, because these costs are easier to bear by large firms than
by SMEs. In other words, if the varieties resulting from gene editing are regulated as GMOs, sector
concentration may increase. This goes against the objectives of those who advocate such regulation:
indeed, organizations claiming that gene-edited plants should be regulated as GMOs are usually
environmentalist, peasant, or organic organizations who are also against increasing consolidation in
the seed industry.
4.2.3. Fear of Too Much Power of the Biggest Companies
Another major concern expressed by numerous organizations and citizens is the control of the
food chain by a handful of big seed companies, since seeds are at the beginning of the food chain
Vandana Shiva famously declared, “We will depend on the company for every seed we plant and every field
we cultivate. If it controls seeds, it controls food; it knows that, and that’s its strategy. It’s more powerful
than bombs or weapons; it is the best way to control the people of the world” [68]. However, this concern
must be tempered if one takes into account the relative economic importance, size, and power of the
different stakeholders in the agri-food chain. Indeed, contrary to common belief, the main economic
stakeholders are big food retailers, not seed companies. In addition to their economic size, big food
retailers play a great role, since they highly influence prices along the agri-food chain. Because of
strong competition amongst themselves, big food retailers exert high pressure on their suppliers to
tighten prices. This considerably impacts the distribution of the added value along the agri-food
chain, notably for farmers. The big retailing groups have also a major impact on the whole food
chain through the globalization of the agricultural and food markets, which puts into competition
all products throughout the world regardless of their conditions of production. In addition, the
food retailing and food processing industries play an important role in food content, particularly for
processed products that frequently contain too much added fat, salt, and sugar, which have an adverse
impact on health.
Nevertheless, in addition to the downstream sector, the ag-input industry plays an important
role in the agri-food chain, not only because of input prices, but also through the influence of the
inputs themselves. Indeed, this industry can influence crop practices and the environmental impact of
crops, as well as it can impact food quality in terms of composition, nutritional aspects, and diversity.
In addition, since the largest groups involved in the seed sector also sell pesticides, many people worry
about a tightening of the link between agrochemicals and seeds that runs counter to the general desire
for a decreased use of pesticides. Furthermore, dependence of farmers on the upstream sector could
rise with the development of digital farming. This form of agriculture entails collecting big data on crop

Sustainability 2017, 9, 1632

19 of 25

practices, and the dissemination of advice and recommendations for crop practices through precision
farming, decision-support tools, and digital tools based on modeling of disease, weather conditions,
and soil heterogeneity. In the September 2016 presentation of its acquisition of Monsanto, Bayer put a
great emphasis on “the successful integrated solutions” of “seeds & traits, crop protection including biologics
and digital farming”, and the “combined offering to fully address farmers’ needs” [69].
However, for some farmer organizations, particularly in the USA, the need for input innovations,
as well as their accessibility and affordability, require reducing regulations on pesticides and biotech
traits, which could give greater power to the agricultural input industry. For example, the US National
Corn Growers Association wrote in a letter to US Department of Justice on the acquisition of Monsanto:
“Domestic regulatory hurdles for crop protection chemicals and delays in international approvals for new
seed traits ( . . . ) have erected barriers to market entry, slowed down or stopped new innovations coming
to market, and driven up the cost of seed and chemistry products. ( . . . ) The resulting affects are: 1) less
innovation—meaning that farmers have fewer tools to combat weed and insect pressure; and 2) higher costs—as
companies have higher development costs and shorter cost recovery periods” [70].
4.2.4. Biggest Companies Are Considered Carriers of High-Tech Agriculture and a Certain
Farming Model
There are opposing views about the impact of the consolidation, as summarized in Table 2.
A strong opposition appears between two visions:
(1)

(2)

Some people highlight the need for high-tech agriculture and biotechnology to increase food
production in the coming decades, and see the biggest companies well-placed to contribute to this
goal. However, the risk of overestimating the possibilities of biotechnology or other techniques
should be kept in mind.
In contrast, others believe that the type of farming, developed with the use of biotechnology, is
not adequate to improve agricultural production and nutritional status. Indeed, malnutrition and
nutritional deficiencies are primarily due to poverty. Many malnourished people are peasants
or poor farm workers, and improving their situation does not depend on the total global food
production, but mainly on each peasant’s or community’s own production and income. Hence,
other agri-food directions should be chosen.
Table 2. Opposing views about the impact of the corporate consolidation in the seed industry.

Some Have Great Expectations

Others Have Strong Concerns

Large seed companies develop seeds and useful or
even indispensable tools to face the challenges of the
21st century, notably thanks to their high R&D
capacities. Biotech contribution will be needed for
crops, e.g., to give them:

Big seed companies are seen as a danger because of
risk of:

•
•
•
•

enhanced ability to adapt to and cope with
climate change;
better tolerance to drought or salinity;
improved efficiency of nitrogen absorption;
fortification of food in some healthy
components; etc.

On the contrary, countries where biotech is refused
will lose their skills and competitiveness, and
increase their economic and technological
dependence and their imports.
Hence, biotech refusal in some countries could
increase the concentration of firms, production, and
exports, and thus food power in other countries and
by them.

•
•
•
•
•
•
•

higher seed prices;
decrease in the diversity of seed supply;
loss of cultivated biodiversity;
increased intellectual property rights;
increased power of the largest companies on
others through licensing agreements;
control over the seed industry and concentration
of resources;
promotion of corporate interests with public
authorities and elected officials, which gives
large companies a strong influence.

Thus, control of seeds may lead to control of food,
which gives these companies food power.
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In this controversy, one of the issues at stake is the type of agriculture and the farming model to
adopt to best face the challenges of the coming decades, especially to sustainably increase and enhance
food production. Even if these models are customized according to different situations, there remains
a strong controversy between those advocating agroecology, participatory research methods, and
changes in consumption patterns [71] and those advocating the use of new techniques, biotechnology,
and high-tech tools or methods. In principle, agroecology and high-tech agriculture are not opposed,
but complementary [72]. However, in practice these directions are often opposed, since their promoters
or advocates are often in conflict. This is reinforced by the fact that big private companies upstream in
the agricultural sector lack legitimacy for many citizens, particularly in some countries. This leads
to fear of their products, their impact, and their role. Specifically, there are fears of: (i) the placing on
the market of inputs which may be perceived as dangerous, and “poisoning” both people and land;
(ii) increased dependence on technologies provided by these companies; (iii) “merchandization” of
some world resources, such as genetic resources; and (iv) monopolization of certain resources by a
handful of big groups or countries. These negative views play a noticeable role in some European
countries, while they are less strong in North America and in some other countries. Thus, there is a
clear divide regarding the direction to be taken by agriculture.
5. Conclusions
The recent consolidation wave in the seed industry has provoked strong reactions and concerns.
It is once again drawing the public’s attention to the seed sector, particularly to its major players.
However, in the agri-food chain, the seed sector has a modest economic weight. The major player
is the downstream food retail sector, which has a strong influence on the entire agri-food chain [73],
but this is often little-known and is rarely taken into account by the general public. Another important
aspect to consider in the seed sector is its heterogeneity: it is composed of a few large companies and
many SMEs, and crops have very different seed values. The total value of the global commercial seed
market is rather difficult to assess, and since certain amounts representing only part of the global seed
market are sometimes considered as its total value, the consolidation level in the seed industry may
be often overestimated due to this undervaluation. However, this level of concentration has strongly
increased in the past few decades, and is increasing with ongoing mergers and acquisitions.
In the 1990s wave of consolidation, some chemical companies invested in the seed sector and in
plant breeding. Indeed, it was considered as a market with a bright future because of the possibilities
to develop life sciences applications that could progressively replace chemical applications. However,
on the one hand, these prospects faced the rather low prices (in general) of agricultural products,
a fact which compromised the possibilities of high returns, since farmers could not afford overly
expensive seeds and inputs. The decrease of farmers’ purchases in 2015 was an important driver of
the ongoing consolidation wave. In contrast, the returns of biotechnology applications were higher in
health products, where biotechnology is much more developed than in agriculture. On the other hand,
activities in ag-biotech in the 1990s were faced with high opposition by numerous organizations, who
feared the effects of biotechnology and found a way toward recognition, legitimation, and gaining
audience in their opposition. Since they were often presented as dangerous, GM food products were
poorly accepted in the EU and in some other countries. In the next few years, how will one accept the
new gene-edited crops?
Many concerns have been expressed regarding the repercussions of corporate consolidation in
the agri-seed sector, first and foremost regarding seed prices, hence the issue of seed affordability
to many farmers. In addition, some concerns deal with: (i) the possibility and affordability of the
creation of new varieties by other smaller seed companies; (ii) the diversity of seeds and the number of
species worked on; and (iii) the direction of plant breeding and seed supply. However, it is important
to better distinguish that which results from seed companies themselves from that which results
from the financial and economic contexts in which they are embedded. Conversely, an analysis
of the effects of structural change in agri-food chains needs to encompass the technological and
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sustainability dimensions, not only the economic one, as is often the case in analysis by antitrust
authorities. As regards the price of a given input, it should not be considered in isolation, but rather
by considering its possible contribution to better efficiency and its interactions with other inputs.
For example, farmers are generally willing to purchase a more expensive input if it allows for savings
(which can compensate for the higher price) or better returns down the road. This is one factor
explaining the rapid adoption of GM crops in some countries, such as the USA, Brazil and Argentina.
However, these possible advantages need to be analyzed over a rather long period by considering the
durability of such savings or returns, as well as some unexpected consequences [74].
Concerns are also often expressed regarding the risk of too much power held by the largest seed
companies due to their concentration [75]. Firstly, as seeds are at the very beginning of the agri-food
chain, there are fears regarding the influence of the biggest companies on the whole chain. In addition,
there are numerous concerns regarding prices, genetic resources ownership, intellectual property
rights, technical recommendations to farmers, and food security. Hence, there are many concerns
regarding the risk of grip on genetic resources, agricultural practices, and farming, and consequently
the risk of control on food and food power. Secondly, numerous heated debates deal with certain
aspects or impacts of genetic engineering and now gene-editing, as well as techno-economic trends in
food and farming. However, opposed NGOs are a fierce counter-power to the feared power of the seed
industry. This counter-power, however, is unevenly distributed between countries, and has resulted in
very Manichean views and stubborn positions.
Another important result of concentration in the seed industry, along with its technological
evolution, is the rather poor image of the whole sector, at least in some countries. This could prove to
be an issue, given the importance of seeds. The seed sector deserves to be better understood in order
to overcome views that are too simplistic, either positively or negatively, especially given that the
commercial seed sector is very heterogeneous, and is composed not only of a few big groups, but also
of many SMEs. This paper has given a general analysis of the ongoing consolidation wave. Several
of its aspects and consequences need further research: not only the few big seed groups, but also the
whole seed sector, notably SMEs, farmers’ seed systems, farm saved seeds, and public research.
Stakeholders disagree about the impact of corporate concentration in the seed industry. For many
people, it raises considerable concern, and fear of its negative consequences for food security and of
the possibility of too much power held by the biggest companies. For a few others, these large seed
companies are seen as very creative, and having the capacity to bring innovations critical for future
agriculture, food, and the bioeconomy due to their high capacity for R&D. These two contrasting
views seem to be linked to the controversy over the direction that agriculture should take to face
the challenges of the 21st century, particularly between the two options of high-tech agriculture
and agroecology.
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