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In the last 50 years, Brazil and

China’s agricultural and food sectors
have undergone profound reforms
and transformations. As two of the
top four largest global producers

and exporters, China and Brazil

are important actors in the future
landscape of global agriculture.
Rapidly intensifying trade and
investment relations mean that these
countries have become increasingly
interconnected within the field of
agribusiness: China is the principal
destination of Brazilian agricultural
exports, representing one third of the
almost US$ 100 billion exported by the
South American country in this sector.
Agri-food products account for half of
total Brazilian exports to China. Today,
Brazil is the main supplier of agri-food
products to the Asian giant - nearly
20% of China’s imports - and ranks

#1 in the trade of soybeans, beef,
poultry, cotton, sugar, and cellulose.
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A large share of the Brazilian supply
of agricultural and food products is
“married” to Chinese import demand,
and both parties are very aware of
their mutual dependence. Thus, China
has also become an increasingly
important investor within Brazilian
agribusiness.

This book presents a series of
perspectives from both countries,
which outline the promising potential
for constructive encounters on a
broad range of issues related to
trade, investments, infrastructure,
innovation, and sustainability that
will shape our current agriculture
and food security challenges in these
difficult times of a global pandemic.
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Foreword -

University of Sao Paulo (USP)

Over the last 50 years, agriculture has suffered a major increase in
productivity, granting some countries to become self-sufficient in food
production, and sometimes with surplus yield for exports. However, with
the continuous increase in the world population and personal income,
particularly in developing regions of Asia and Africa, demand for food
is expected to grow over the next decades. This poses a challenge for
agriculture and animal production and will require improvements in trade
and logistics of food distribution around the globe. On the other hand, the
concern today with environment preservation and pressure for sustainable
agricultural practices is increasing.

With these problems in mind, a group of top five-ranked (US News &
World Report, 2016) agricultural universities established the A5 Alliance in
2017. The major goal of this association is to integrate efforts on promoting
high level training for the next generation of world leaders in agriculture
and generate key knowledge for increasing productivity and sustainability
of agri-food systems, especially in developing regions of the world. The
A5 Alliance includes China Agricultural University (CAU), Cornell University
(Cornell), University of California-Davis (UC-Davis), University of Sao Paulo
(USP) and Wageningen University & Research (WUR).

Stimulated by the A5 Alliance, USP, CAU and Hainan University
established the China-Brazil Agricultural Innovation Center in 2018, for
cooperation in research, education and innovation, mainly on Tropical
Agriculture. China and Brazil are among the largest producers of agricultural
products in the world, with strong bilateral trading and mutual interests in
enhancing agricultural productivity, sustainability and trade.

Brazil-China relationships in agriculture, food and bioenergy are among
the main topics of debate and activities carried on by Dr. Marcos S. Jank,
the second holder of the Luiz de Queiroz Chair ("Catedra Luiz de Queiroz”).
The chair is an academic arrangement established at the Luiz de Queiroz




College of Agriculture (Esalg/USP), in order to promote interdisciplinary
discussions on regional and global development and sustainability of
integrated agricultural and animal production systems, alongside their
social and environmental repercussions. The Luiz de Queiroz Chair on
Integrated Agri-Food Systems has started in 2017 and first held by the
former Brazilian Minister of Agriculture, Dr. Roberto Rodrigues, who made
use of the opportunity to produce a book (Agro é Paz) on the key role of
agriculture for global food security and peace. Another former Minister of
Agriculture, Dr. Alysson Paolinelli, has been already appointed as the third
holder of the Luiz de Queiroz Chair, and he will start his activities on June 3,
2020, at the celebration of 119t Anniversary of Esalq.

The present publication, coordinated by professors Marcos S. Jank, Pei
Guo and Silvia Helena Galvdao de Miranda, consists of a series of articles
from a team of Brazilian and Chinese experts presenting in-depth analyses
about the agri-food sectors in both countries and the strategic importance
of cooperation in trade, investments, infrastructure innovation and
sustainability in order to secure bilateral and global food security. The book
represents the major output of Dr. Jank's leadership at the Luiz de Queiroz
Chair, and shall serve as a benchmark for further studies on China-Brazil
relationships, identification of opportunities and areas of complementary
expertise for technological advancements, as well as for the definition of
priorities for investments in infrastructure and sustainability.

Vahan Agopyan
President, University of Sao Paulo (USP)

Durval Dourado Neto
Dean, Esalq/USP

Joao Roberto Spotti Lopes
Vice-Dean, Esalq/USP




Foreword

China Agricultural University (CAU)

2019 marks the 45" anniversary of the establishment of diplomatic
relations between China and Brazil. In the past 45 years, with the active
efforts of the two governments and all sectors of society, bilateral relations
have developed smoothly, economic, trade and education cooperation
have flourished, and cooperation has expanded into a number of different
fields. As the largest emerging market countries in the Eastern and Western
hemispheres, China and Brazil share a wide range of common interests.

Important forcesin the BRICS cooperation mechanism, the two countries
are the representatives of the largest emerging market economies in Asia
and South America, respectively. Both sides have established a good
cooperative partnership in the field of agriculture, and this cooperation is
increasingly attracting the world’s attention.

The cooperation between China and Brazil in the field of agriculture
is highly complementary. Brazil is placed among the top agricultural and
animal husbandry producers and exporters, while China is the world’s largest
importer of agricultural products. With the continuous upgrading of China's
consumption structure, there is a strong demand for high-quality agricultural
products and a long-term gap between supply and demand. Brazil is one
of the major exporters of soybeans, corn, sugar, beef, poultry, cotton and
coffee. It ranks first or second in world exports of these products. As a major
importer of Brazil's soybeans, nearly half of the soybeans imported each
year by China come from Brazil. According to the figures released by the
Brazilian Ministry of Agriculture, China has become by far the largest export
destination of Brazil's agricultural products.

As the leading universities within agriculture and food related subjects
in the two countries, China Agricultural University and the University of Sao
Paulo have continuously promoted cooperative research and faculty-student
exchanges in recent years, and reached some productive results. China
Agricultural University and the University of Sao Paulo of Brazil are optimistic
about the development prospects of agricultural education and science and
technology cooperation between the two countries. They are confident in
the future of China-Brazil cooperation, and will continue to work together
to share development experiences with each other. The two universities
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will share the fruits of development and achieve common development and
prosperity.

Working together over the course of a year, professors from China
Agricultural University (CAU) and the University of Sao Paulo (USP) have
compiled research on the China-Brazil Partnership on Agriculture and Food
Security, which is a new achievement in the level of cooperation between
the two universities. It is also a fine gift presented by the faculty of these
two universities for the great celebration of Esalqg’s 119t anniversary. In
this book, they put forward new views and suggestions on agricultural
cooperation between China and Brazil. We look forward to more and greater
achievements in education and scientific research cooperation between our
two universities in the future.

Sun, Qixin
President, China Agricultural University (CAU)

Gong, Yuanshi
Vice President, CAU

Feng, Weizhe
Director, International Office/CAU
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Roberto Rodrigues

Chair Professor, Fundacdo Getulio Vargas, Agribusiness Center (GV-Agro)
First holder of the Luiz de Queiroz Chair (Esalqg/USP)

Former Minister of Agriculture, Livestock and Supply, Brazil

In the relations between nations and people, certain inevitabilities will
eventually become contemporary dogmas. As they assume the character of
rules, norms, or contracts, their efficiency comes to depend on one simple
factor: confidence. Confidence, in turn, is the result of coexistence. It is
never born spontaneously out of a new relation, but rather constructed
over time, and proven in countless instances until its existence is no longer
called into question. So, itis with marriage, commercial or financial societies,
trade, sports, politics, and everyday social interactions. No one will seek
out a doctor or a lawyer whom they do not trust, and no one will hire an
accountant or a financial intermediary in which they do not confide. No one
will vote for a candidate who does not inspire trust.

A loss of confidence equals betrayal or being betrayed. There is no
remedy for this. It is definitive. Amongst the contemporary inevitabilities
are those that concern the trade and investment relations between Brazil
and China. In fact, Brazilian agriculture and livestock production, and its
agribusiness sector, have been growing noticeably within recent years.
Data provides extensive proof for this.

From 1990 until today, the area planted with grains in Brazil grew 71%,
while agricultural production grew 5-fold, or 335%. If these numbers are
impressive, what lies behind them is even more astonishing. Today, 65
million hectares of grains are cultivated in the country. If we had the same
productivity asin 1990, an additional 100 million hectares would be needed
to collect the record harvest of 2020, of 252 million tons of grains. In other
words, that area has been spared from deforestation. This demonstrates
the high degree of sustainability of our agriculture.




This change did not only take place within grain production, but within
all agricultural and livestock activities. During the same period, chicken
production grew spectacularly, 491%, and pork, 296%.

Fine, then. This explosive growth was nurtured by the research activities
conducted in public and private institutions for technological innovation.
But it was also spurred on by a growing consumer market in developing
countries. Exports have been surging in a spectacular fashion, and here the
numbers are also impressive. In the year 2000, the Brazilian agribusiness
exports amounted to US$ 20 billion. Less than 20 years later, in 2019, this
number had reached almost US$ 100 billion. This growth was not least due
to the demand from developing nations, and amongst them, mainly China.
In 2000, this Asian giant was responsible for 2.7% (US$ 0,56 billion) of our
agricultural exports. Last year, this number was 32% (US$ 31,0 billion).

But this is logical! Here we have an inevitability, just as the one that was
cited in the first paragraph. China has a huge population, whose purchasing
power is growing year after year. It will have to import large amounts of
products from the entire world in order to sustainably and permanently
guarantee both its food security and food safety. Brazil, on the other hand,
is a large country which has managed to increase its agricultural output
every year. It has significant additional potential, due to its endogenously
developed tropical technology (no-till, two crops per season with noirrigation,
crop-livestock integration and others), and due to the area still available
for planting, as well as its highly skilled human resources in all links of the
production chain.

It is therefore logical that China and Brazil should be good trading
partners: they are both large countries, and one has something to sell which
the other wants to buy. On the other hand, China possesses resources to
invest abroad and Brazil need such resources in public/private partnerships
to improve its infrastructure and logistics, not least of all to ensure more
competitive transportation of our harvests. Everything indicates that for
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both parties, this will be a relationship with increasing mutual benefits. It is
essential that this eventually consolidates into an increasing level of mutual
confidence.

It is obvious that Brazil, as the great producer it is, should also supply
other large countries and regions, such as the European Union, the Middle
East, and large Asian countries (India, Indonesia, the Philippines), as well as
traditional partners such as the USA, Japan, and South Korea. There is no
problem with that. The need to add value to our raw materials is also part
of the broader picture. This does not mean that we should refrain from
exporting commodities, but it is also essential to process them, in order to
further exploit our natural potential.

This book, written by a highly qualified group of Chinese and Brazilian
technicians and thinkers, resulting from the excellent coordination by the
competent Brazilian, Marcos Jank, an individual with a deep knowledge of
international agri-food issues, is of crucial significance to those who dream
of a more competitive and globally integrated Brazil, and who need a more
thorough understanding of the highly relevant partnership with China.




Roberto Rodrigues and Shenggen Fan

Shenggen Fan
Chair Professor, China Agricultural University (CAU)
Former Director General, International Food Policy Research Institute (IFPRI).

I am honored to accept the invitation by the editors to write a preface
for the book China-Brazil Partnership on Agriculture and Food Security, the
crystallization of academic cooperation between the College of Economics and
Management at China Agricultural University, and the College of Agriculture
at the University of Sao Paulo, in Brazil. Agriculture and food security are
eternal topics for mankind. Global agricultural production is always volatile,
and potential threats of food crisis are still looming. Ensuring a stable and
sustainable food supply has become the primary objective of agricultural
policies in many countries. As two vital forces in the BRICS cooperative
mechanism, China and Brazil are the largest emerging economies in Asia
and Latin America, respectively. Even with the backdrop of anti-globalization
trends and increasing trade protectionism, the two countries have continued
to strengthen a productive cooperative partnership and carried out
substantive collaboration in agricultural production and marketing.
Therefore, this book bears witness to the ongoing development of agricultural
cooperation between the two countries.

Both Chinaand Brazil are undoubtedly two of the world’s main agricultural
producers, yet, their resource endowments differ substantially. These two
countries have their own comparative advantages, as well as strong mutual
agricultural complementarity. In recent years, China and Brazil have been
exploring diversifying agricultural cooperation in many areas.

First of all, agricultural trade plays an important role in the bilateral
relationship between these two countries. China has been Brazil's largest
export market for agricultural products since 2008. In 2019, agricultural
products accounted for half of total Brazilian exports to China. The country
has been the largest buyer of Brazil's soybeans for many years. Brazil
exported 74 million tons of soybeans in 2019, of which 58 million tons were
sold to China. Besides, China is also a major market for Brazil's sugar, cotton,
and animal protein exports, which supports a large number of Brazilian
producers and operators in the agricultural sector.
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Secondly, China’s increasing investment in the Brazilian agricultural
sector has generated jobs and income in Brazil, which promotes mutual
benefits. For example, COFCO International, Dakang Agriculture, and other
Chinese enterprises are now investing in the Brazilian agricultural sector,
and actively integrating into local agricultural industry chains.

Thirdly, China and Brazil's agricultural research institutions have
continuously enhanced mutual cooperation and technology exchange. For
example, the China Agricultural University and the College of Agriculture atthe
University of Sao Paulo established the "China-Brazil Agricultural Innovation
Center" in 2019, which laid a solid foundation for the two universities to
carry out cooperative research in the field of agronomy, animal sciences,
and agricultural trade policy.

Now, let me switch the gear to China. When | worked at IFPRI as the
Director General, | had the chance to visit many countries in the world.
Because of abundant natural endowments and limited population size,
many countries do not share the same intensive concern about agricultural
production and food security as that of China. Food security for Chinese
peopleisrelated to a deep sense of crisis in collective memory, an inexorable
pursuit under the constraint of natural endowments, and is the cornerstone
of political stability and economic prosperity. To review the history of
agriculture, China’s reform and opening-up began in 1978 in the Xiaogang
Village, where the local farmers worried much about their food security.
Now, after more than 40 years of development, China’s grain production has
been growing continuously, and farmers’income has been increasing year by
year. Nonetheless, it also raises a number of challenges, such as degradation
of cultivated land resources, shortage of water supply, and the overuse of
chemical fertilizers and pesticides. Since 2013, the Chinese government
has advocated agricultural supply-side structural reform, promulgating the
strategy of "storing grain in the land, storing grain in technology". The new
approach continues to safeguard food security by stressing that China'’s
agriculture should keep insisting on the pathway of "focusing on ourselves,
based on the domestic market, ensuring production capacity, moderate
utilization of imports, and support science and technology." At the same
time, China will continue to import certain amounts of food from global
markets, including Brazil, to meet the increased demand for meat and high
value food products.




Roberto Rodrigues and Shenggen Fan

Thanks for the hard work behind all the authors’ inputs to this book.
I am sure this book will bring inspiration and enlightenment to our readers.
A long-standing and prosperous partnership between the two countries
would genuinely benefit the agricultural producers and consumers on both
sides. Finally, I sincerely wish that the cooperation in agricultural sectors
between China and Brazil becomes even closer and stronger in the future.
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In recent decades, trade ties between China and Brazil have grown
at a remarkable pace, as a relation of deep economic interconnectedness
has developed between these two countries. While Chinese exports of
manufactured goods have become ever more common on the Brazilian
market, Brazil has established itself as a key supplier of primary commodities
to fuel Chinese growth. Brazilian agribusiness has become an important
component of this trade, accounting for an explosive surge in sales to this
rapidly emerging Asian economy, which has become the single biggest
destination for Brazilian agro-exports.

Despite wide-reaching reforms and productive restructuring within
Chinese agriculture, the country’s quickly growing food needs have
created a demand, which in large measure has been covered by Brazilian
exports. Internally, Brazilian agriculture has undergone a thorough process
of transformation, as agricultural reforms, territorial expansion, capital
intensive modes of production and technological innovations have generated
an exportable surplus which constitutes an essential precondition for Brazil's
international competitiveness, and for its ability to keep up with the Chinese
demand for agricultural produce. In the past decade, part of this growth has
been reinforced by Chinese investments, which particularly within the field of
processing, logistics and infrastructure exposes the complementarities and
the untapped potential for cooperation and mutually beneficial development
between these two countries.

Although the large volumes and rapid growth of commercial interactions
between China and Brazil often draws much attention, the list of potential
partnerships between these two nations exists well beyond the realm of
trade. In this book, we seek to highlight the multiple areas within agriculture,
in which fruitful avenues exist for intensified cooperation and interchange
of valuable experiences. We therefore initially seek to provide a comparative




perspective of the historical evolution of the agri-food sectors in China and
Brazil, in order to paint a broader picture of the successes and lessons learned
since the impressive agricultural reforms and transformations, which both
started in the 70’s. Each country provides stories of how sectorial efforts of
internationalization led to the establishment of a firm global foothold, as has
been the case with the Chinese fruit and vegetable sector, and the Brazilian
grains and animal protein complex. Other contributions within this volume
also emphasize how groundbreaking technological innovations within the
field of Agriculture 5.0 in China, and sugarcane bioenergy production in
Brazil, can provide an important platform for mutual learning and technical
improvement. The field of investments in infrastructure likewise offers
significant potential for constructive encounters between Chinese capital
and knowhow and Brazilian experience, in projects based on mutual strategic
interests aimed at strengthening the logistics underpinning the agricultural
sector in this South American country. In spite of surging commercial
interactions, this area still provides room for increased cooperation, not
least in terms of facilitation of market access and benefitting from Sino-
Brazilian complementarities within food production. Finally, this volume
also engages with the increasingly salient and important environmental
dimension of agricultural production, aiming to assess how interchanges
based on experiences of sustainable production in these two countries can
be enhanced.

As the increasing importance of the Sino-Brazilian interconnectedness
within the field of agriculture has drawn much attention from practitioners
and scholars, this volume seeks to address the wider implications of this
relation. A broad range of economic, political, and technical issues and
questions have thus arisen in parallel to the surge in trade and investments,
which are likely to define the future nature of this relationship. In this book,
we asked a group of Brazilian and Chinese academics to address a series
of overarching questions: How can policy interventions support rural
development and the expansion of food production? To what extent can
processing and supply chain integration help increase the value-added factor
of agricultural products? How can production expansion and intensification
be reconciled with increasingly important environmental considerations?
Which strategies can ensure that positive experiences in both China and
Brazil are shared for mutual benefit? And finally, how will structural economic
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complementarities between the Chinese and Brazilian agricultural sectors
shape the future modes of economic integration of these countries’ food
systems?

The deep economic transformations which have sweptacross Chinasince
the "Opening Up" and the adoption of certain market economic institutions
have had profound repercussions within all areas of the Chinese economy.
Agriculture is no exception to this. In Chapter 1 of this volume, Pei Guo
analyses the evolution of the Chinese agricultural sector through different
periods of reform, as governmental initiatives have led to the introduction
of private property rights, rural exodus, the implementation of private
management styles within agricultural enterprises, and the accession to the
multilateral trade system at the WTO. Through analysis of a wide array of
data, Guo provides an ample overview of this process of change, as Chinese
agriculture has been faced with the challenge of feeding a rapidly growing
urban population, demanding an increasingly diversified and protein-rich
diet. The author revisits a series of structural economic transformations,
spanning new modes of cultivation, productivity increases, intensified
use of inputs and R&D, as well as the role of public policies in shaping the
contemporary economic landscape of Chinese agriculture.

In recent decades, Brazilian agriculture has undergone a profound
transformation, comprised of territorial expansion, farmers migration, large
productivity increases, and intensification of production and the use of
technology. In Chapter 2, Geraldo Barros provides an account of this process.
Through analysis of Brazilian economic history, he illustrates the significance
of the rise of Brazil as an agricultural powerhouse. Barros explains the role
of technological innovations and the enhancement of production practices,
which has resulted in large increases in food production and lower food
consumer prices in recent decades. Beyond elevating domestic supply, this
profound agricultural restructuring led to the development of a globally
competitive agri-food sector, which also became an important source of
external revenues, helping to shield Brazil against the most dramatic effects
of international economic crises. Considering future scenarios, Barros
assesses a series of important challenges which the Brazilian agribusiness
sector faces, including environmental challenges, deficient infrastructure,
and the continued incorporation of cutting-edge technologies. He broadly
outlines some avenues for addressing these questions.
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With a sectoral focus on fruits and vegetables, in Chapter 3, Yueying
Mu and Juewen Jin analyze how the rapid Chinese economic development
in recent years has led to changing consumer habits, which in turn has been
reflected in growing horticultural consumption. Through examination of
recent data, the authors show that initially most of the production growth
to meet this demand came from expansion of the net sown area, but
productivity improvements have accounted for an increasingly important
contribution. As both China and Brazil have taken the stage amongst the
world’s largest agricultural producers and exporters, possibilities for new
partnerships and mutual commercial opportunities have become evident.
These complementarities in fruit and vegetable production are assessed by
the authors, who point towards future paths for strengthening Sino-Brazilian
bilateral trade relations within agriculture.

In spite of the wide variety of foodstuffs and other products which
make up modern Brazilian agricultural production, this sector’s economic
significance is strongly associated with the large production increases of
certain bulk commodities and meat products, of which Brazil has become
a sizeable exporter. In Chapter 4, André Pessb6a and Debora Simdes
scrutinize the essential conditions which explain the dramatic rise in Brazil
of an integrated grain and meat production complex in recent decades. The
authors explore a wide array of data in order to assess the role of structural
factors in positioning Brazil as a major global agricultural producer, such as
natural resource endowments, research and development, public policies,
entrepreneurship, and value chain organization. The increasing significance of
the commercial interconnectedness with Chinais highlighted by the authors,
who also point to a large potential for deepening cooperation within the fields
of regulation, infrastructure, digital technologies and telecommunications, in
order to support the future development of Brazilian agribusiness.

With the swift advance of Chinese innovations in biotechnology,
communications, data processing, and robotics, the agricultural sector is also
facing a profound process of modernization. In Chapter5, Jianjun Lyu presents
this as "Agriculture 5.0" and accounts for how these upheavals have become
felt within the stages of cultivation, harvesting, processing, distribution, and
consumption of foodstuffs. This implies a deep transformation of how we
think about agriculture, as new ways of integrating technologies within the
food sector offer anincreasing variety of sustainable and knowledge-intensive
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modes of production and product circulation. Jianjun Lyu presents a series
of telling examples of how innovations can help to connect producers
with consumers of food products, and how traceability, transparency and
ultimately, trust, is enhanced by the application of new technological solutions
within the Chinese food sector.

The intersection between energy production and agriculture is treated
in Chapter 6, in which Eduardo Ledo de Sousa and Luciano Rodrigues provide
a remarkable account of the development of the Brazilian sugarcane sector.
This story of the evolution of the modern sugarcane production takes us back
to the developmentalist period when scarcity of petroleum spurred a search
for alternative fuel sources. Strategic considerations of energy security thus
sparked a variety of innovations, meaning that beyond sugar production, the
cane sector would become the source of production of different vehicle fuels,
electricity, fertilizers and other chemicals materials. Sousa and Rodrigues also
address the different policy mechanisms that have supported this sector’s
development, and which in recent years have been aimed at harnessing
its full potential as a renewable energy source. Finally, the authors outline
the opportunities for future cooperation with China based on sustainable
pathways which Brazilian sugarcane biofuels can offer in order to meet the
rapidly rising energy needs of this emerging Asian economy.

The Chinese economic opening and the subsequent internationalization
of companies from this emerging country has also been strongly felt within
the field of agriculture. In , Yijun Han, Jian Luan, Chengming Ji, and
Yu Li analyze the Chinese agricultural "going global" strategy. The authors
scrutinize the recent historical developments that have given rise to this
international engagement, and provide a broad overview of the flows of
capital and investments which increasingly have connected the Chinese
agricultural sector with global food markets. The Chinese role in agricultural
foreign aid is also treated within this chapter, and the potential scope for
cooperation with Brazil as an emerging partner is assessed with the aim of
evaluating the prospects of mutually beneficial solutions for contemporary
dilemmas and challenges.

In Brazil, with its wide territorial extension, agricultural production and
export is largely dependent on efficient infrastructure. In , José
Caixeta-Filho and Thiago Péra focus on the role of infrastructure and logistics
in lowering the costs of Brazilian agricultural exports. The authors present
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a series of measures which they deem necessary as part of an overarching
logistical strategy, in order to strengthen connections of rural production
zones in the country’s interior regions with ports in the coastal areas.
lllustrating the Brazilian infrastructural landscape, Caixeta-Filho and Péra
also conduct a comparative analysis with reference to the Chinese capacities
and achievements within this field, and the potential room for cooperation
between these two countries. A detailed list of logistical needs is presented
for this purpose, which highlights opportunities for deepening the Sino-
Brazilian partnerships and cooperation projects.

The rapidly intensifying trade relations between China and Brazil
since the turn of the millennium have given rise to a deep commercial
interdependency and economic interconnectedness between these two
countries. In Chapter 9, Honghua Chen and Yixing Tian explore the general
trends within Sino-Brazilian agricultural trade. Through analyses of Chinese
and Brazilian agricultural exports to third party markets, and examinations
of the comparative advantages of these countries, Chen and Tian provide
an ample overview of the overlaps, competition, and complementarities
between these two nations’ exports. The authors also examine the potential
for cooperation between China and Brazil within this field, highlighting the
growth in Chinese investments in Brazilian agribusiness, but also underscore
how an underexplored potential - not least for private Chinese investors, -
still exists.

In Chapter 10, Silvia Miranda, Marcos Jank and Niels Soendergaard
explore the potential avenues for strengthening agri-food trade between
Brazil and China. For this purpose, an initial evaluation of the trade flows
between these two countries is conducted, and major trends with strategic
economic implications are emphasized. As the volumes of Brazilian agro-
exports to China have grown exponentially in recent years, obstacles to
market entry such as tariffs, tariff rate quotas, agricultural support policies
and sanitary, technical, and bureaucratic barriers have attracted a growing
amount of attention. The authors evaluate the general profile of these
challenges, as well as the complexities of confronting them. The chapter
concludes by outlining the wider prospects for integration of agricultural
production and consumption patterns between Brazil and China, as well as
the strategic opportunities which a broad series of complementarities of
agri-food production systems provide for future Sino-Brazilian cooperation.
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An increasingly salient and important dimension of agricultural
production, trade, and consumption relates to environmental issues and
the efforts to enhance the sustainability of food systems. The speed with
which the Chinese growing population and changing food consumption has
reshaped rural landscapes and taken up natural resources is examined in
Chapter 11 by Li Gao and Yuquan Chen. These authors analyze how scarcity
of land and water availability has become of centralimportance to the Chinese
agricultural development, and provide a range of illustrative examples
of how governance interventions have confronted such problems. The
interconnectedness between social, economic, and natural processes also
means that it has become relevant to discuss natural disruptions and disaster
management in the light of broader agricultural and natural resource use
policies. The Chinese experiences thus provide a basis for the presentation
of different policy proposals, which are meant to inform future efforts to
ensure sustainability of agricultural production and rural development.

In Chapter 12, the final contributors to this book, Rodrigo Lima and
Laura Antoniazzi reflect upon the challenges of reconciling the rapid
expansion and intensification of Brazilian agricultural production with
the evermore visible environmental and social concerns. Within the social
dimension, the authors outline the problems of rural poverty, inequality
and lacking productivity amongst smallholders, and in the environmental
field, they point to issues such as land use change, deforestation, and soil
depletion. Such challenges have given birth to a series of initiatives for social
and technical innovation through both public policies aimed at alleviating
rural poverty, as well as new productive and environmental practices within
the agribusiness sector. Lima and Antoniazzi engage with these initiatives,
emphasizing how pasture recovery, no-tillage plowing, biological nitrogen
fixation, integrated production systems with livestock and cropping, as well
as reforestation have yielded valuable experiences, which can provide an
important basis for constructive knowledge exchanges with China in future
agricultural cooperation projects between these two countries.

While we do not seek definitive answers or to propagate specific political
action plans with this volume, we have aimed to provide timely and empirically
grounded inputs for the debate on Sino-Brazilian agricultural relations. In
a similar vein, we hope that the processes and development trajectories
identified in the following chapters canyield important perspectives on future
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trends, and inform policy makers with sound and pragmatic analyses. Each
of the contributions have thus addressed a specific issue below the wider
thematic of the book, with an eye to presenting the economic trends, the
governance experiences, and the potential avenues for supporting mutually
beneficial and sustainable development within the realm of agriculture.
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Chapter 1 e

Pei Guo

The agricultural and rural
sector in China: an overview

Abstract

This chapter reviews the evolution of the development of the agricultural
and rural sector and related public policies in China. The agricultural sector
was the first step within the reform package, and the land rights reform,
market-oriented reform, rural industrialization and transformations of the
agricultural structure have all made a great contribution over the last 40
years. The grain per capita production, and the urban rural income ratio are
two of the highest concerns of policy makers, and a policy package focusing
on agriculture, rural areas and farmers has been implemented since 2004.
The chapter also discusses agricultural support and subsidies, agricultural
production capacity, and rural infrastructure and development, to provide a
preliminary descriptive evaluation of the impact of the policy package on food
security and farmers’income. Recent challenges faced by the agricultural and
rural sector are illustrated and the conclusion is outlined.

1. Introduction
The People’s Republic of China was founded in 1949. In 1952, the
Chinese government formulated and implemented the first five-year plan.

As a consequence, the total output value of agriculture and manufacture
increased significantly, accompanied by rising national income and average

44



consumption level. However, China was still one of the most underdeveloped
countries in the world, for example, the GDP per capita in 1978 was merely
USD 190. Fortunately, a new administration took office, and as a result,
in late 1978 the Reform and Opening-up policy was launched. From this
point onwards, China entered a new era. Along with the policy package, a
series of small and step-by-step changes with the trial-and-error approach
characterized the Chinese philosophy of “crossing the river by feeling for
stones at each step”. The learning-by-doing approach ensured that the policy
instruments were developed and implemented in a prudent manner.
Between 1979 and 2018, the period investigated in this chapter, the rate
of economic growth in China has averaged 9.4%, and more than 770 million
people have been lifted out of poverty. After 40 years reforming and opening-
up, China has now miraculously accomplished more in the past 40 years than
what any country or civilization has accomplished in history, which makes
the country vital, and permits a rich and affluent lifestyle for a large part of
its population. From 1979 until today, the economic development in China
can be divided into four stages. In the first stage of economic adjustment
(1979/1992), the right to private property was gradually recognized and
protected, the rural labor surplus was allowed to enter the urban areas or
townships and village enterprises (TVEs) to generate income and stimulate
the urban economy, and the state-owned sector undertook reforms aiming
at improving economic efficiency. In the second stage of market-oriented
transition (1992/2001), reform of the tax system was carried out to stimulate
the local governments to pursue the development and restructuring of
deficient state-owned enterprises, private enterprises, and joint ventures.
Foreign-owned enterprises became important parts of the whole economy,
and the market-based economy was initially established. At the third stage of
steady economic growth (2002/2012), with the accession to the World Trade
Organization (WTO), the labor, capital and technology stocks grew steadily,
and balanced development ensured with sound and rapid economic growth.
As a consequence, China became the world’s largest exporter and the second
largest global economy. Furthermore, the Internet-led economy entered a
quick and stable growth cycle characterized by a wave of Internet-related
entrepreneurship. The fourth stage of economic transformation started
in 2013, with a slight slowdown in the pace of economic growth, but the
Internet-led economy still grew rapidly with a rising share in E-commerce
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market. The "mass entrepreneurship and innovation" policy promoted the
optimization and upgrading of the economic structure. China’s basic social
and economic indicators in 2019 are shown in Table 1.

Table 1. Basic facts of China (2019)

Indicator Number
Population 14.0005 billion
GDP (total) US$ 14.36 trillion
GDP growth 6.10%

GDP per capita US$ 10.276

Exchange rate USD 1 =RMB 6.8985

Official foreign exchange reserves USD 3.1079 trillion

Urbanization rate 60.60%
Migrant workers 290.77 million

Inflation (CPI) 2.90%
Unemployment 5.20%
Poverty incidence 0.60%

Source: China Statistical Bureau, Statistical Communique of China on the National Economic and Social Development, Feb. 28, 2019.

Reform of the agricultural sector was the first step within the wider
reform process. The balance of the population has shifted towards urban
areas that now contain 60.6%, up from 19.99% in 1979. Rising income has
rapidly expanded the demand for higher valued food commodities such
as vegetables, fruit, and especially animal products. Consistent with the
development theory, the share of agriculture in the whole economy in China
went down from nearly 30% in 1979 to merely 7.2% in 2018. While at the
same time there has been a slight reduction in agricultural land and a steep
decline in agricultural labor, the agricultural sector has grown at an annual
rate of 5.33% over forty years. The agricultural GDP growth rate fluctuates
widely, but the tendency is to gradually slow down and converge with the
“new normal” of the Chinese economy. Agriculture reached the “new normal”
stage in 2012. Since that time it has been confronted with the high prices
of the domestic agricultural product market, the low quality of agricultural
products, dispersed and incoherent fiscal and financial supports to the
agricultural sector, etc. For example, the agricultural growth rate was 11.2%
in 2011, and sharply declined to -3.1% in 2018.
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Figure 1. GDP share of agriculture and agricultural GDP growth rate
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Over 40 years, the population growth rate displayed a declining trend,
although it peaked at 1.67% in 1987 and ebbed at 0.38% in 2018, thanks to
the One-child Policy introduced in 1979 as a tool of controlling the population
in order to alleviate the social, economic, and environmental problems
associated with the rapidly growing population. As aresult, the rapid decrease
in the birth rate, combined with stable orimproving life expectancy, led to an
increasing proportion of elderly people and an increase in the ratio between
elderly parents and adult children. Consequently, China allowed a second
child in 2015. In China, the urbanization rate is an important indicator for
assessing the percentage of the population which is residing in the urban
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areas for more than 6 months in a year. As shown in Figure 2, in 1979 this
rate was only 19.4%, but jumped to 59.6% in 2018, an increase of 40.2% in
40 years, which simply means that the urbanization rate increased by one
percent each year. Yet, close to 14 million people still migrate into urban areas
each year. It is expected that this rate will reach 70% by 2035, when China
completes the transformation into a high-income country.

Figure 2. The population growth rate and urbanization rate
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Source: Chinese Statistical Yearbook (2000, 2010, 2019).

Fortheagriculturalandruralsector,thereformprocesscanbe categorized
into the following four stages. During the first stage from 1979 to 1984, the
land use reform was being implemented across the country to empower the
farmers to lease land from village collectives, abolishing the former people’s
commune system. This new land system motivated farmers who invested
enthusiastically in diversified agricultural production. Consequently, grain
crop production was greatly enhanced, and the agricultural output grew at
7.7% annually over the whole period. The second stage from 1985 to 1991 saw
market-oriented reform as well as rural industrialization. The major changes
could be summarized as the following: allowing farmers to transfer their land
use rights; liberalizing agricultural input and output markets; encouraging
rural labor transfer to urban areas; encouraging agricultural diversification
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by reducing the crop production and increasing the production of animal
livestock raising; establishing rural financial institutions to provide the initial
investment for farming and farm support activities, and; promoting the
development of Township-and-village Enterprises (TVEs). The TVEs, a driving
force for rural industrialization, absorbed a large share of the rural surplus
labor, and helped them generate income. As a result, the labor productivity of
agriculture improved due to the smaller number of workers. The grain market
system was also developed by defining price protection and a strategic grain
reserve, thus gradually releasing control of the grain market in the third stage
from 1992/2003. At this stage, rural enterprises continued to grow at a fast
pace and its share of the total domestic production value reached 26% in
1998, at which point it employed 130 million people. The fourth stage, from
2004 to the present was dedicated to a process of agricultural structural
transformation and modernization. A noticeable feature of this period was
that various types of agribusiness, such as large and specialized family
businesses, family farms, farmers’ cooperatives and agricultural companies,
came into being for the production or operation in a larger scale and at a
lower cost in a bid to increase efficiency and profits.

Between 1979 and 2018, per capita food grain' production in China
fluctuated, reaching its lowest level in 2003. On the other hand, the urban
rural income ratio rose rapidly between 1984 and 2009, when it reached a
record high of 3.33 (Figure 3). Yet, in 2003 it was still higher than most of the
previous years. These trends - implying a fall in grain production per capita
and a wider income gap between rural and urban areas, - clearly alarmed
the policy makers who regarded grain self-sufficiency and farmers’ income
generation as their highest priorities.

In the early 2000s, Chinese leaders prioritized the coordination of the
urban and rural economic and social development, and the creation of
new solutions related to agriculture, rural areas and farmers, establishing
preferential policies and fiscal supports to increase grain production, and
made efforts to lift farmers’ income. In response, from 2004 the Chinese
Government devoted its annual Number 1 Policy Paper to issues of agriculture

"In China food grains are defined to include the cereals rice, wheat and maize, as well as potatoes
and edible beans.

49



Chapter 1 - The agricultural and rural sector in China: an overview

Figure 3. Food grain output trends and urban rural income ratios
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and rural development. By the end of 2018, there had been 15 papers
dedicated to agricultural productivity, farmer’s income, and hard and soft
infrastructure in rural areas, which also are the three pillars of the Number
1 Policy Paper.

The key phrases that capture the main emphasis of each of the policy
papers are listed in Table 2. With these measures, implemented between
2004 and 2006, policy makers sought to increase farmers’ income, improve
production capacity, and institute a push towards the “new countryside”
whichinvolved upgrading the rural infrastructure and living environment. The
other key phrases also repeatedly expressed these same concerns, focusing
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on balancing rural and urban development, and later on specific sources of
agricultural productivity, namely, irrigation and agricultural technology. The
policy paper of 2013 prioritized the diversification of production patterns in
Chinaand emphasized family-run holdings as the main agricultural production
modality, aiming to link farmers with professional organizations to achieve
mutual benefits and facilitate agricultural modernization. In the papers of
2014, 2015 and 2016, agricultural modernization was further stimulated to
encourage large-scale land holding production and environmentally friendly
technology adoption for agricultural practices. With rising income and a
higher demand for quality products, more efforts should be dedicated to
structural changes on the supply side to better meet market demands, while
the high production costs and overstock should be addressed in the 2017
paper. For promoting the mass campaign to advance the agricultural and
rural development, the central government released the Rural Revitalization
Strategy to help the all-round development in the agricultural and rural
sector, including hardware and software.

Table 2. The key phrases of Number 1 Policy Papers (2004/2019)

Key phrases Key phrases
2004 | Increasing the farmers' income 2005 | Improving the agricultural production capacity
2006 | Improvement of infrastructure 2007 | Developing modern agriculture
2008 | Consolidating the foundation of agriculture 2009 Improving the rural development

& farmers’ income
2010 | Balancing the urban and rural development 2011 | Enhancing the rural irrigation system
2012 | Encouraging agricultural technology innovation | 2013 | Innovating the agricultural production pattern

Promoting innovation to speed

2014 | Advancing agricultural modernization 2015 up agricultural modernization

Reaching the goal of better society
by agricultural modernization

Promoting the Structural Reform

2016 of the Agricultural Supply Side

2017
2018 | Implementing the Rural Revitalization Strategy 2019 | Prioritizing Agricultural and Rural Development

Source: Summarized by the author based on the Number 1 Policy Papers in previous years.

Inshort, in line with the key concerns of food security and farmers’income,
the Number 1 Policy Papers started with a strong emphasis on measures
encouraging crop production, in particular food grains, and boosting farmer
income. Over the years, the full range of agricultural productivity and rural
development issues, often present within several of the Number 1 Policy
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Papers, were gradually addressed. Enhancing agricultural competitiveness
and narrowing the income gap between rural and urban areas in China to
realize the integrated development will be the focal points in the Number 1
Policy Papers in the years ahead.

2. Agricultural and rural development in China

2.1. Agricultural support and subsidies

From 1979 to 2018, the share of agriculture in total public expenditures
fluctuated widely, with peaks in 1998, 2015 and 2016 and troughs in 1985 and
2007 (Figure 4). The total public expenditures in real terms grew at 8.58%
annually during the whole period. Fiscal expenditures on agricultural growth
averaged 7.63%, 0.95% less than the public expenditure. It is noted that the
Number 1 Policy Papers started with a temporary public expenditure spike
in 2004, but it was not sustained in 2005. Thereafter, it grew rapidly to a
plateau at about 10% of total public expenditures until 2016, and dropped
slightly afterwards.

With the aim of stabilizing and boosting production, fiscal subsidies for
the agricultural sector were introduced in China in 2004 after the first Number
1 Policy Paper was published. Since then, support measures which consisted
of direct subsidies for grain, improved seed subsidies, comprehensive input
subsidies and machinery purchase subsidies, have risen from USD 2.1 billion
to USD 24.3 billion, an increase of roughly 11.6 times in real terms. In 2016,
the agricultural subsidy program had been improved and three kinds of
subsidies, namely, direct grain subsidy, improved seed subsidies, and
comprehensive inputs subsidies were combined into a new modality called
agricultural support and protection subsidy. Of the four subsidies, the direct
grain subsidies remained basically stable in real terms throughout the period,
while subsidies for inputs grew (fertilizer, pesticides, seeds, and fuels).

Today in China, there are two kinds of agricultural production subsidies:
support and protection subsidies, and machinery purchase subsidies. The
former four types of agricultural subsidies had played an important role
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in mobilizing farmers’ enthusiasm for grain production, increasing farmers’
income, stabilizing the fluctuation of grain prices, and ensuring national food
security. With the transformation of the agricultural sector, the agricultural
subsidy programs in China will be more supportive for farmland conservation,
agricultural mechanization, vocational training of farmers, tree-industry

integration development, and green technical services.

Figure 4. Agricultural public expenditures and subsidies
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Chinese grain supply capacity has been increasing steadily. The total
grain output has further increased as is displayed in Figure 5A. From 1979
to 2018, China's grain production almost doubled from 332.12 million tons
to 657.89 million tons, with an annual growth rate of 1.72%. Regarding the
major grain crops over 40 years, rice outputincreased 1.48 times from 134.75
million tons to 212.68 million tons, wheat output increased 2.1 times from
62.73 million tons to 131.43 million tons, and corn output increased 4.3 times
from 60.04 million tons to 257.13 million tons. Grain yield has been increasing
significantly as well. In 2018, the average grain yield was 5,621 kg/ha, an
increase of 2836.3 kg/ha, or slightly more than 100%, compared with that of
1979, with a rice yield of 7,027 kg/ha. The wheat yield increased with 5,416
kg/ha and cornyield with 6,108 kg/ha in 2018. Besides, the grain planted area
was basically stable, and the positive impact of grain planting adjustment can
be observed with the so called “the structural reform of agricultural supply-
side”. In light of this, the Chinese agricultural structure would change from
the combination of grain and cash crops, to the combination of grain, cash,
and cropland feed, guiding the farmers to change from focusing on quantity
to focusing on both quality and quantity to better meet market demand,
improving the price formation mechanism, subsidy policy, and storage
pattern of the main agricultural products, and promoting land transfer from
small scale farmers to the new agribusiness enterprises, and enhancing the
competitiveness of agricultural products.

As shown in Figure 5B, the production of meat, egg and milk products
in China has greatly increased since 1979. Over the whole period, meat
production has risen more than 8 times from 10.6 million tons to 86.2 million
tons, egg production more than 10 times, from 2.8 million tons to 31.3 million
tons, and milk production from 883 thousand tons to 30.7 million tons,
especially since 2000. These data show that the Chinese dietary structure
has changed greatly, and the animal protein intake has increased significantly,
which is driven primarily by the improvement of income levels and the rapid
development of nutrition and health education. It can safely be concluded that
pork is still the main source of meat for Chinese residents, with a per capita
pork production of about 40 kg. Beef and mutton production is rising rapidly,
displaying a trend toward the diversification of meat consumption. The rapid
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Figure 5. Major agricultural products production in China (unit 10,000 tons)
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growth of meat, egg and milk products generates a need for more of feed
grain in China. The government should pay attention to the new cultivation
patterns and provide financial and technical supports for producers.

China has successfully left grain shortages in the past, obtained a
balanced grain supply, and even become an "over-supplier" in some good
harvest years by utilizing 9% of global arable land to feed 20% of the global
population. Much literature has highlighted that four factors have made a great
contribution to the grain miracle in China, namely; (1) land system reform to
give farmers more land rights and stimulate their incentive to produce more;
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(2) technological progress in the form improved seeds, fertilizer, pesticides
and machinery; (3) market-oriented reform to push forward structural
adjustment, price system establishment and WTO accession, and; (4) public
investment for rural irrigation, land quality, education, etc.

Agricultural production capacity has been improved considerably.
First, over the period as a whole, irrigation grew at the annual rate of 1.05%
(Figure 6A). After slowing down in the early years of the 1980s and 2000s,
it accelerated after 1990 and 2004, in spite of the fact that it had not yet
been singled out specifically in the policy papers before 2011, when the
Number 1 policy paper emphasized the improvement of the rural irrigation
system. Secondly, the comprehensive mechanization rate of cultivation and
harvest of major crops has increased significantly (Figure 6B). In 2016, the
comprehensive mechanization rate of crop cultivation and harvest was 65.2%,
while the mechanization rate of rice, wheat and corn was 79.2%, 94.2% and
83.1% respectively. The comprehensive mechanization rate reached 69% in
2018. The mechanization rates of rice, wheat and corn were 81.9%, 95.9%, and
88.3%, thus, pointing to significant changes in merely two years. Secondly,
the effective irrigation area of farmland has been further expanded, and the
increases in these areas were 1.27 million hectares, 67.5 million hectares,
and 45.6 million hectares respectively, from 2016 to 2018.

Since the agricultural reforms in 1979, considering the large population,
the huge food demand, and the low land productivity, the application of
chemical fertilizer and pesticides encouraged by the local governments
has become one of the important factors in the stimulation of agricultural
production growth, especially Chinese grain production. However, the overuse
of chemical fertilizer and pesticides not only increased production costs, but
also wielded negative impacts on the environment. Resource conservation
and environmentally friendly agriculture was further promoted by both
central and local governments, and the campaigns for reducing chemical
usage in agricultural production are intensifying across China.

Some positive results have been observed (Figure 7). First, the
agricultural nonpoint source pollution prevention and control has achieved
remarkable results. From 2011 to 2015, there was negative growth in the use
of pesticides and chemical fertilizers in China. In 2018, the use of agricultural
chemical fertilizer was 56.5 million tons, while the pesticide use was 1.5
million tons; 3.5% and 9.2% less than that of 2017, respectively. Secondly,
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Figure 6. Irrigated areas of farmland and agricultural
machinery power & rural electricity consumption

(A) IRRIGATED AREAS OF FARMLAND IN CHINA

70,000
y = 33277x01607
R?=0.74314

65,000
60,000

55,000
Power (Irrigated areas)\

Thousand hectares

50,000

Irrigated areas
45,000

40,000

£ P £ $ £ & & & 5 Rk W/QQ\ & '\90(,) %Qs“ @6” ’19\\ w\% »Q@ ’9\«
(B) MACHINERY POWER & RURAL ELECTRICITY CONSUMPTION
12,000 1020

Total power of agricultural machinery (billion watts)

920

10,000 820

8,000 720

620

Rural power consumption (100 million kwh)
6,000 520
420
4,000 320
2,000 220
120
0 20
o 5 o DD N P H DN DN DL O QO Ny B A
IR G G I IR SRR IR R IR DN LI S S S I SRR NI

Source: China Rural Statistical Yearbook (2000, 2010, 2019).

green production and cost reduction technologies such as water saving,
fertilizer saving, and pesticide saving technology was scaled up nationwide,
a pilot experiment on heavy metal pollution prevention and control was
carried out, efficient measures such as soil amendment restoration were
embraced, and comprehensive utilization of crop straws was extended.
Thirdly, the utilization of livestock and poultry excrement as a resource has
been comprehensively promoted in the major animal husbandry areas. It has
been shown that the comprehensive utilization rate nationwide has reached
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70%. Fourthly, the extension and application of green and efficient products,
such as slow-release fertilizer, water-soluble fertilizer, and other new types
of fertilizers has been accelerated in China. Moreover, the specialized service
organizations, such as the unified application of fertilizer, the unified control
of pests and diseases and so on, have developed rapidly, which effectively
improved the level of fertilization and application technology.

Figure 7. Utilization of chemicals in agricultural production in China
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Fertilizer use grew by 520% over the period as a whole, at an annual
rate of 1.4%. However, it is clear that a turning point was reached in 2015.
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It is expected that the use of fertilizer will decline further, due to strict
policy control in order to improve the agricultural ecology and environment.
Concerning pesticide usage, data is available for the period between 1990 to
2018, and during that time the pesticide utilization grew quickly at an annual
rate of 1.8%, increasing roughly 2.05 times from 733 thousand tons to 1504
tons from 1990 to 2018. It also displayed a break in growth after 1998, and
then a resumption after 2001 and subsequent acceleration, on account of
both higher profitability of agriculture and the specific input subsidies.

In order to feed a quickly growing population and realize the sustainable
and stable development of agriculture while ensuring the effective long-
term food supply, agricultural science and technology becomes essential
to ensure national food security. China is trying to promote leapfrog
development of agricultural science and technology, and create a strong
impetus for agricultural production, farmers’ income and rural prosperity.
Therefore, fiscal investment in agricultural science and technology should
be ensured. Figure 8A shows the Agricultural R&D support peaking in 2008
and decreasing in 2009, but quickly rising again starting from 2010. The
investment in agricultural R&D usually takes a long time and may imply losses
or lower returns. As a public good, the government needs to invest more in
this vital area to ensure food security and food safety for the population.

Agricultural total factor productivity (AGTFP) is the ratio of total
output to total input of all agricultural factors. The improvement of AGTFP
means the enhancement of production and resource allocation efficiency,
and to a certain extent, it can reflect intangible production factors such
as technological progress, system optimization, and organizational and
management improvements. It can be read from Figure 8, that in the early
stage of reform and opening-up, ATFP rose significantly and peaked in 1984,
indicating that agricultural technology played an important role in promoting
output improvement during this period. Hereafter, the AGTFP showed less
fluctuation. The main driving force of agricultural development resulted
from the increase in labor, land and other inputs. After entering the new
century, China's AGTFP has stabilized in a spectrum of slightly more than 1,
which shows that technological progress always has played an active role in
agricultural output.

The cost of agricultural production, including grains, keeps rising. First,
the price of land rent has increased. With the development of new types of
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Figure 8. The Agricultural R&D and total factor productivity in China
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agribusiness (such as family farms, co-ops, agricultural companies etc.), the
demand for leasing farmland has increased significantly, and as a result,
the rent has also risen and directly increased the total cost of agricultural
production. Secondly, the agricultural wages have also risen. According to
official statistical data, the annual wage of agricultural labor rose from USD
4870 to USD 5284 from 2016 to 2018, with an increase of 8.5%.

As can be seen from Figure 9A, since 1978 the cost of major grain crops
in China has shown a rapid upwards trend. According to the constant price
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Figure 9. The total production cost and the profit-cost ratio of major grain crops
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calculation in 1978, the cost of corn per hectare in 2018 was three times that
in the early stage of the reform and opening up, and the planting cost of
rice, wheat, and soybean increased by more than 180%. The main reason for
the rising costs is due to the increasing price of inputs, such as labor force
and agricultural materials, which gradually seizes the profit of farmers. The
Figure 9B shows that the profit-cost ratio has been in a downward trend in
fluctuation since 1978, and the profits of the grain crops cultivation has been
gradually reduced. In 2018, wheat, corn and soybeans operations were actually
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generating losses, resulting in a reduction of farmers’ enthusiasm for grain
production. Therefore, the central government presented direct and indirect
supports to grain productionin a bid to sustain a high degree of self-sufficiency.

Figure 10. The changing structure of agriculture (% in output values)
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With increasing income and awareness, Chinese people have realized
the transformation from "eating enough" to "eating well" and are now on
the way to reach "eating healthy", paying more attention to the nutrition
and health of their diets. The agricultural sector has begun to emphasize
the improvement of the quantity, quality and social benefit. The modern
diversified agricultural economic structure, which integrates grain crops,
cash crops, livestock and fishery, has already taken shape, and the quality
of agricultural products, the concentration of production, and the level
of processing have been significantly improved. From 1979 to 2018, the
crop industry took the lead, but the proportion of output value decreased
from 90% in 1979 to 57.1% in 2018. The proportion of forestry output value
increased from 3.4% to 4.6%. The proportion of livestock output values
initially increased, but later decreased, rising from 15% in 1978 to 36.8% in
2008, and then falling 26.6% in 2018. The proportion of fishery output value
increased rapidly in the early stage, then basically stabilized and fluctuated
slightly in the range of 10% to 11%.
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More importantly, it should be highlighted that the arable land per capita
in China is quite small. According to the data released from FAOQ, the indicator
of arable land per capita is 313 ha in Canada, 167 ha in US, 66 ha in Brazil, 14
ha in the EU (27) and a mere 0.59 ha in China.

In China, it is very clear that the construction of rural infrastructure
should be strengthened. That means improving the “hardware”, such as rural
water supply security, power supply, information infrastructure, rural paved
roads, rural living environment, as well as the “software”, such as the rural
education quality, rural medical and health services, rural social security,
and rural public cultural services.

Remarkable achievements have been made in rural road construction.
In the past decade, great changes have taken place in transportationin rural
China. By the end of 2018, the country’s rural roads had reached 4.04 million
kilometers. Across China, 99.64% of townships have access to paved roads
and bus access reaches 98.6%, at village level these numbers are 99.47% and
97.1%, respectively. In addition, China has invested about 710 billion yuan
from the vehicle purchase tax to support the transportation programs in
poverty-stricken areas. The rural dilapidated houses renovation has basically
been completed. In the past decades, the Chinese government focused on
ensuring safe housing. These programs effectively do in fact help ensure a
safe life for people of limited means.

China has a long history of continuously strengthening the construction
of water conservancy facilities, and implementing projects to guarantee safe
drinking water safety and disease prevention. In particular, in 2000 China
started toimplement a series of rural water supply projects in order to ensure
the safety of rural drinking water. By the end of 2018, more than 11 million
water supply projects had been completed and the rural water coverage rate
nationwide increased from 34% in 2004 to 81% in 2018, indicating that China
has completed the Millennium Development Goals in advance.

Significant progress has also been made in the construction of rural
information infrastructure. Firstis the promotion of the construction of a rural
information network. The related central government agencies jointly carried
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out some pilot projects of universal telecommunication services to support the
construction of optical fiber and 4G network coverage in remote rural areas.
More than USD 7.25 billion will be invested by the central government and major
telecommunication enterprises. By the end of 2018, 98% of the administrative
villages had access to broadband networks. Secondly, an information access
project aiming to cover villages and households was promoted. Ten provinces
were selected to carry out province-wide demonstration in 2017, and it
expanded to 18 provinces. This information access project focuses on providing
the public welfare services, convenience services, e-commerce services, and
training services for rural residents, which has been very helpful to the local
farmers. In addition, upgrading of the rural power grid was undertaken.

The internet penetration rate in rural areas of China has been rising
rapidly since 2007. In 2018, the number of Internet users reached 802 million,
and the number of mobile internet users reached 788 million, including 74.6%
in urban areas and 38.4% in rural areas (Figure 11A). In the past decade,
the internet coverage in rural areas more than tripled, but in urban areas
it is significantly higher than in rural areas. Due to the economic disparity
between the urban and rural areas, the urban netizens are characterized by a
more frequent utilization of online shopping, travel booking, online payment,
and internet financing than rural netizens.

The penetration of rural internet continues to improve, and rural
e-commerce develops rapidly. As can be read from the Figure 11B, by
2018 the number of rural broadband users in China reached 117.4 million,
accounting for nearly one third of the total number of rural broadband users
in the country, indicating the rapid development of rural communication
infrastructure. Again in 2018, the ratio of optical fiber in administrative
villages increased to 98%, and the ratio of broadband in poor villages reached
95%. The threshold for rural residents to access the internet keeps declining,
consequently, narrowing the digital gap between urban and rural areas and
promoting digital development in rural areas. In terms of express logistics,
"express to the countryside" was further promoted, and the coverage rate
of township express outlets reached 92.4%. The rapid development of rural
infrastructure provides support to develop rural e-commerce. From 2012 to
2018, the total online retail sales of agricultural products in China has been on
the rise year by year. From 2013 to 2015, retail sales increased by more than
70%. Since 2016, the growth rate of online retail sales of agricultural products
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has stabilized slightly. In 2018, the national online retail sales of agricultural

products reached 235 billion yuan, with an increase rate of 33.8%, -

points higher than the national online retail sales.

Figure 11. Internet infrastructure and broadband access in rural China
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In 2006, China launched the public fund guarantee mechanism for rural
compulsory education, which not only effectively reduced the economic burden
of rural households of having their children in compulsory education, but also
broke the funding bottleneck restricting the popularization of rural compulsory
education. All students in the suitable age for rural compulsory education are
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exempted from school fees, textbooks are provided free of charge to students
from the poor families, and the boarding expenses are subsidized. From Figure
12A, the publicinvestmentin rural primary schools and middle and high schools
kept increasing in real terms and grew at an annual rate of 17.8%.

The available data on the education level of rural workers in China
begins in 1983 (Figure 12B). The proportion of the illiterate population has
been declining from 23.5% in 1983 to 3.9% in 2018, as has the proportion
of people with only a primary school education, declining from 40.73% to
24.44% in 2009, and then rising to 32.8% in 2018. The data clearly indicates
that the share of rural workers with junior middle school education has
been constantly rising, climbing to a peak of 54.7% in 2017, and it is noted
that more than half of the rural workers have received junior middle school
education. Besides, the share of rural workers with education levels higher
than junior middle school, such as secondary specialized school, senior high
school, and even college shows an overall upwards trend. This achievement
relies on the relevant measures taken by the central and local governments,
such as increasing investment in rural education infrastructure, improving
the salary of rural teachers, subsidizing students in need, and implementing
compulsory rural education. It is believed that the Chinese government will
continue to allocate more investment for rural education, and thus promote
human capital growth in rural areas.

China has continuously improved the rural social security system since
1978, and established a social security system covering the largest population
and the largest scale of government expenditure in the world. The majority
of rural residents benefit from three social security schemes: new rural social
endowment insurance; new rural cooperative medical care; and the rural
social assistance system. By the end of 2018, 523.9 million people in China
had participated in the basic endowment insurance for urban and rural
residents, 1.34 billion people had participated in the basic medical insurance,
35.2 million people had enjoyed the minimum living security system for
rural residents, and 4.55 million people had enjoyed the assistance and
support for the extremely poor people in rural areas. With the strategic
background of Rural Revitalization and regional coordinated development,
China will continue to speed up the strategic, forward-looking, and systematic
development of social security in rural areas in the face of the accelerating
process of social aging, in order to meet farmers’ social security needs.

66



Pei Guo

Figure 12. Rural Education in China
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3. Challenges for the agricultural and rural sector in
China

Since the reform and opening up, China has formulated and implemented
a series of effective policies to strengthen agriculture. Domestic agricultural
production has continued to develop rapidly, the comprehensive agricultural
production capacity has been significantly improved, and the agricultural
economic structure has been continuously optimized, making important
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contributions to ensuring global food security and promoting global agricultural
development. However, China’s agricultural development is also facing many
unprecedented challenges. The structural excess of agricultural production
capacity, the weak international competitiveness of agriculture, and the serious
pollution of the agricultural environment have become important factors in
restricting the sustainable development of Chinese agriculture.

China’s economy has shifted from high-speed growth to medium high-
speed growth. The effective consumption demand is far from sufficient, while
the supply of high-quality products cannot meet the strong market demand.
The traditional export-oriented industries are hard to transform, and the
emerging industrial growth is slowing down. The downward pressure on the
economy is rising, and as a result, the hidden risks are gradually emerging.
When considering agricultural and rural development, the slowdown in GDP
growth cannot be ignored. Agricultural production costs, including labor
wages, land rents, agricultural material prices, financing interest, and the
like, are continuously rising, which has brought great challenges to the supply
of important agricultural products and income generation of farmers in the
short and medium term.

Inrecentyears, therise of protectionismand unilateralismininternational
trade has seriously impacted the normal operation of the global market
for agricultural trade. Soybean undoubtedly became one of the key points
of Sino-US trade friction, leading to the change of China's soybean supply
structure. In addition, there is uncertainty about the external supplies of
grain, and the possibility of grain price fluctuation. In order to ensure food
security and price stability of agricultural products, China has to optimize the
structure of grain planting, and improve its capacity to control grain sources
on the international market.
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3.3. The epidemic prevention and control in animal husbandry
becomes more severe

The animal husbandry industry in China is moving towards a larger-
scale and more intensive operation. As it does so disease prevention and
control are becoming more and more important. With the expansion of
the scale and density of animal husbandry, added to inadequate operation
management and biosafety measures, disease prevention and control
becomes more demanding, and to a certain extent threatens food safety
and public health.

3.4. Extreme weather becomes more frequent and engenders
a heavy impact

Climate change becomes a key factor affecting the fluctuation of food
production. Agriculture is the most sensitive and vulnerable industry to
climate change. Extreme weather, such as drought, flood, severe convective
weather, low temperatures and cold damage, high temperature and heat
waves, snow disaster, freezing rain, forest fire, acid rain and so on, can easily
cause large-scale crop reductions or even crop failure. This will definitely
affect farmers’ income generation and domestic food security.

3.5. The rural labor force faces structural contradictions

There are challenges related to ensuring the "successors" of agricultural
development. In recent years, the rural labor force has migrated into
urban areas on a large scale, and as a result, the number of rural workers
engaged in farming activities is decreasing, the quality of rural workers is
declining, and those who stay in rural areas are mainly women and middle-
aged people in general. Measures must be taken to train the agricultural
producers and operators by releasing preferential policy to attract people
from urban areas.
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With the rapid expansion of industrialization and urbanization in China,
maintaining specific amounts of cultivated land for agriculture is difficult,
and serious soil pollution often happens. During water shortages, there is a
deficit of more than 30 billion cubic meters of farmland irrigation water. The
impact of agricultural production waste on the environment is getting more
severe. The excessive and inefficient use of chemical fertilizers, pesticides,
and agricultural film causes nonpoint source pollution and soil degradation.
The negative impact of the pollution from livestock and poultry is increasingly
significantly. Excessive usages of offshore fishery resources lead to the
ecological deterioration of fishery waters. The trend of grassland ecological
deterioration has not been fundamentally reversed. The current development
mode of resource consumption has to make agriculture sustainable.

4. Conclusions

In this chapter, the following indictors have been discussed: farm
household income, absolute urban rural income differences, the urban-
rural income ratio, the agricultural growth rate, grain production, subsidies,
agricultural mechanization, fertilizer input, irrigation, and TFP growth.
Agricultural growth, grain production and farmers’ income in China have
experienced an astonishing turnaround from a deteriorating situation before
2003 to positive trends thereafter. The simultaneous turnaround of a large
number of indicators in that year is striking. One of the clearest impacts
of the Number 1 Policy Paper packages was China’s ability to maintain its
self-sufficiency in cereals. Despite the clear emphasis on this policy goal in
the subsidies, China’s trade has moved in the direction of its comparative
advantage. Labor intensive exports of processed foods have grown quickly,
while the import of land intensive soybeans has increased at a rapid pace.

Moreover, as the policy measures in favor of farmers’income and grain
production took some time to become implemented and scale up, they could
not have exerted a strong impact already in 2004, or even in 2005. It therefore
stands clear that in terms of farmers’ income and food security, the policies
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were not the factor that initiated the turnaround, although the subsequent
acceleration of a number of trends suggests that they may have contributed
significantly in the following years. The rapid growth throughout the period,
and the acceleration of rural-urban migration from 2003 also had a major
influence on the observed trends, such as the accelerating overall agricultural
growth rate (as fueled by rising domestic demand), and the extremely rapid
agricultural mechanization.

The recent trends in some of the above-mentioned indicators are
encouraging for the prospects of both food security and farmers’ income.
The latter's growth rate has further accelerated in 2010. The agricultural
growth rate and grain production, areas and yields have continued to rise.
Fertilizers and especially mechanization continue their growth unabated, and
farm sizes are growing due to the new types of agribusiness. Subsidies also
continue torise, as does total factor productivity. The favorable food security
and farmers’' income trends will continue in the near future.
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Chapter 2 ™

Geraldo Sant’Ana de Camargo Barros

The Brazilian agri-food
sector: an overview

1. Introduction - Brazilian agribusiness today

The Brazilian agricultural system is today a set of production chains,
each one linking rural producers with consumers and foreign importers,
being mostly well structured, modern and competitive. These characteristics
range from grain and oilseed chains, meats, sugar, biofuels and fiber to fruits
and vegetables.

In 2018 the agricultural activity in Brazil - farming, which produces raw
materials, accounted for just over 5% of Brazil's $ 1.8 trillion GDP. It should
also be borne in mind that agribusiness' - understood as the set of economic
sectors that partially or totally interact with agricultural activity, upstream
(input industry) and downstream (processing industry), plus the agro-services
segment - is responsible for 21% of Brazil's GDP. Agribusiness employs 20%
of the Brazilian workforce; 46% of them work on farms. In recent decades,
Agribusiness role in containing inflation, and reducing inequality and poverty
in the Brazilian society results from the combination of increasing production
levels at falling real prices, the result, of course, of continued advancement of

" The concept of agribusiness, in this text, involves all activities of production of goods and services related
to agriculture, incorporating the input segment plus the processing and the distribution of products of
origin in the primary segment. It does not exclude any categories of farmers and processors whatever
their size (in terms of area or volume) and type of production. In other words, agribusiness includes
what has been referred to as commercial farming, small farming, family farming, etc.
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productivity and efficiency. High rates of productivity have yet to reach all of
Brazilian agriculture, however, which results in, a significant contingent of low
income and low productivity laborers who depend on income transfers from the
public sector, but which account for a small share of overall farm production.

Since the beginning of the present century, agribusiness has generated
trade balance surpluses of more than $ 1 trillion, sufficient to cover the
deficits of other economic sectors and of the service and capital accounts of
the balance of payments, contributing 91% of the US$ 380 billion of foreign
exchange reserves currently held by the country. In foreign trade, China
represents (in 2018) 1/3 of the Brazilian agribusiness export revenue, which
includes 70% of soy exported by Brazil, in addition to 30% of beef, 32% of
pork, 18% of poultry meat. The Eurozone represents 16.2% of Brazilian
agribusiness exports, being a major buyer of soybeans, forest products,
coffee and fruits. The United States comes next with 7.4% of revenues, mainly
from forest products, coffee, sugar and fruits.

As for land use in Brazil, 30% is used in production (crops and planted
forests, 9%; planted pastures, 13% and native pastures, 8%); preservation
areas represent 33.6%; indigenous areas, 13.8%; unregistered native
vegetation, 19%. World demand for agricultural products is projected to
increase significantly in the coming decades as the population increases,
incomes rise and urbanization expands. Brazil can and will help fulfill this
demand - maintaining its support for agricultural science and innovation and
infrastructure, and strengthening institutions linked to the agricultural sector.
Aside quantity and food security, there will be increasing demands for quality
(including sanitary issues), environmental sustainability and human rights.

2. How it all started - the coffee boost

According to Prado Jr. (1945), Brazil's economic history up until the
1930s is usually explained in cycles (all with a high export bias): (a) Pau-
Brasil or redwood (16" century), (b) sugar (16" and 17t centuries), (c) gold
(18t century), (d) cotton (18" and early 19t century), (e) rubber (late 19t and
early 20" century), and (f) coffee (from 1870 to early twentieth century).
Looking at the 19t century, in 1820, 30% of the value of exports came from
sugar, with cotton and coffee accounting for about 20% each. By the end of
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the century, coffee accounted for 60% of exports; sugar, 10%; and rubber,
8% (Abreu, s.d.). Brazil relied almost exclusively on imports for the supply of
industrial goods (mainly cotton and wool products, beverages, fish, wheat
and wheat flour and coal). Average import tariffs increased from 25% -30%
to 40% by the end of the century. These tariffs were fundamental as a source
of tax revenue, representing 40% to 70% of the total collected by the public
sector (Abreu, s.d.). The export tax was much lower - from 5% to 7% - but it
represented up to 25% of the total tax collection. Poverty of the vast majority
of the population and inadequate food supply were a constant throughout all
these cycles, a characteristic of the Brazilian economy, which exists still today,
although significantly attenuated by overcoming the antagonism between
agricultural production for export and domestic consumption.

As Girardi (2014) recalls, in Brazil, the process of occupation of new
territorial areas was mainly due to the amplification of agricultural activities.
In the 16" and 17t centuries, the Northeast and Southeast coasts were
occupied where Pau-Brasil was abundant in the Atlantic Forest. Farming
began in the Northeast (where colonial occupation began) - with sugar (in
part due to aggressive measures undertaken by Dutch traders to meet high
demand in Europe) - and then also in the Southeast - with sugar and cattle
and some mining. In the 18t century, sugar began to decline (with the Dutch
moving away from the Northeast of Brazil to produce in the Antilles) and lost
importance to mining, which expanded in Bahia, Minas Gerais, Goias and Mato
Grosso, taking with it the agricultural production to supply the surrounding
population. In 1870, the northeastern sugarcane sector received support
from the imperial government for the structuring and modernization of the
central mills in place of the colonial mills, with funding for upgraded industrial
machinery. Suppliers offered raw sugarcane to the mill on a contract basis.
The scope of this production was limited (Durham, Bomtempo, Fleck, 2010).

Cotton stood out in the second half of the 18" century (with the impetus of
the English Industrial Revolution) and early 19%, when it declined, especially in
the face of excessive taxation (up to 22%, Insper, sd), losing market-share to the
North Americans. Itis a fact that, beginning in the 19 century, the Northeast
began to cede population, as well as economic activities, to other regions of the
country. During this period, livestock retreated in the Northeast - dividing the
land with cotton - and developed in the South, focused primarily on leather.
At the other extreme of the country, rubber extraction was expanding in
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the Amazon region, fueled by the industrial revolution, especially with the
emergence of tires (1890/1900), accounting for up to 60% of world supply
and up to a quarter of Brazilian exports. Rubber exports continued into the
beginning of the 20" century, when the product lost competitiveness to
rubber plantations cultivated in Asian and African countries (Bueno, 2012).

In 1880, agriculture represented 80% of Brazilian GDP, and 60% of its
production was destined for the foreign market (Villela & Suzigan, 2001).
The production of staple foods - not commodities - was directed for self-
consumption within rural establishments without focusing on the small
urban population, which was essentially supplied with surplus from the
farming regions.

Coffee was planted in the state of Maranhao in the 18t century and
taken to several states in the Northeast, before it was established in
southeastern Brazil in the mid-nineteenth century. In the 1880s, when
Sao Paulo began to lead the country in coffee production (Stein, 1990), it
became responsible, in large part, for the creation and expansion of the
Brazilian domestic market. In addition, coffee reinforced the capitalist form
of production in the countryside - replacing African slave labor with wage
laborers, many of whom were immigrants from Europe, and latter from Asia
(Delgado, 2009). Immigration to Brazil - largely promoted and subsidized by
the government, reached nearly 2 million people between 1885 and 1906.
Over 60% of immigrants were Italians (Taunay, 1939). These immigrants made
important contributions of human capital to industrialization, especially in
Sao Paulo, where most of them located (IGBE, 2006). Coffee in Sao Paulo
began to benefit from research activities with the creation in 1887 of the
Agronomic Institute of Campinas (IAC)?, which permitted soil fertilization and
the adoption of new production and post-production practices.

Coffee was a great source of foreign exchange and savings for the
country. In the second half of the 19*" century, Brazil had a surge of railroad

2 Following the creation of the IAC, several other research and higher education institutions were
created: Luiz de Queiroz College of Agriculture (Esalg) - 1901, School of Agriculture of Lavras (ESAL)
- 1908, Federal University of Vicosa (UFV) - 1927, the first seed company in Brazil (Agroceres) -
1938, National Council for Scientific and Technological Development (CNPg) - 1951, The Sao Paulo
Research Foundation (FAPESP) — 1962, the beginning of Graduate Studies at Esalg - 1963, Brazilian
Seed and Bud Association (Abrasem) - 1971, and the Brazilian Agricultural Research Corporation
(Embrapa) - 1973. See Vieira Filho and Vieira (2013).
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development: as of 1877, 1,120 kilometers (km) had been built; in 1889 there
were 9,500 km (Ministério da Infraestrutura, 20193);in 1920, 28,500 km (Lanna,
2005); in 1930, 34,000 km, the peak railway extension achieved in Brazil.
Today there are 30,000 km of railways (Campos Neto, 2010). Infrastructure
development - railways, ports, communications, energy - was largely due to
the synergies brought about by coffee (Bresser Pereira, 2003). The potential
of coffee to generate income and foreign exchange attracted foreign capital
(from England and United States) to these infrastructure works. From 1880
to 1930 the value of the annual flow of this capital multiplied by seven
(Dean, 2002). In both years, the annual values of these foreign investments
amounted to five years of coffee exports.

The coffee businesses experienced ups and downs in the late 19* and
early 20t centuries, even after its migration from Rio de Janeiro - where
it declined due to soil depletion and scarcity of labor (Stein, 1990) - to Sao
Paulo. In 1890, Sao Paulo accounted for just over 60% of production; Minas
Gerais produced around 20% and Rio de Janeiro about 10% (Pires, 2007). By
1930 Rio de Janeiro’s production was negligible.

In the final decades of the nineteenth century, world demand for
coffee grew significantly with the expansion of income and the increasing
popularization of coffee consumption among industrial workers (Topyc &
Clarence-Smith, 2003), especially in the United States. Prices fluctuated
widely, with big highs followed by corresponding lows. Even so, given the
steady increases in production in the last decade of the 19t century, national
production doubled; from 1882 to 1905 Brazilian coffee exports grew by 93%
even in the face of modest consumption growth (Saes, 1995). This led to an
overproduction of coffee. The fall in revenues in foreign currency resulted
in a currency devaluation - also due to a highly expansive monetary policy
- which eventually mitigated the crop’s loss of profitability and maintained
excess production.

From 1906, a coffee valorization policy was implemented (Ribeiro, 2011)
with purchase and storage of surpluses by the government. Financing was
provided by foreign capital and paid for with taxes collected on exports.
A mechanism for exchange rate control was also established. This policy,

2 In: https://infraestrutura.gov.br/conteudo/136-transportes-no-brasil-sintese-historica.html (13/09/2019).

76



Geraldo Sant’Ana de Camargo Barros

which became known as the "Taubaté Agreement", lasted until 1913. More
significant interventions occurred again from 1919 to 1926. Following a rise
in international prices of around 170% from 1917 to 1929, there was a strong
expansion in production, notaccompanied by an increase in exports (Bacha,
1992), resulting in a substantial increase in inventories. Coffee - as well as
corn and beans - had spread from Sao Paulo to Parana in the late 19t and
20t centuries, where occupation was controlled by a British development
company, involving railroad construction and based on the predominance
of small producers.

In parallel with coffee developments in the Southeast, other initiatives
were taking place in Brazilian agriculture. As reported by Chaddad (2017),
in the 19" century, there was a significant flow of immigrants - Italians,
Germans and Slavs - to the south of the country. The cooperative system
brought from their regions of origin was reproduced, enabling the production
of grains, livestock and their derivatives. In Parana and Santa Catarina, the
production of milk, poultry and pigs also flourished.

The growth of coffee production continued up until the world economic
crisis of 1929. During this period the Brazilian product was considered inferior
to Colombian coffee and losing market to the superior product. In 1930,
50% of the farmers’ debt was canceled by the government. Between 1931
and 1944, it is estimated that 100 million bags of coffee were purchased by
the government - equivalent to 38% of national production in the period
(Bacha & Greenbill, 1992; Ipeadata) - and 80% (Saes, 1995) was destroyed
(burned), a strategy financed by currency issuance. In spite of this there was
no significant price improvement (FGV*).

3. The food crises and the industrialization project
The history of Brazilian agriculture was linked to the history of industry, in

a relationship of interdependence involving the use of productive resources,
voluntary or forced flows of income and competition for public sector

4 Fundacdo Getulio Vargas. Café. Centro de Pesquisa e Documenta¢do de Histéria Contemporanea
(CPDOQ). In: http://www.fgv.br/Cpdoc/Acervo/dicionarios/verbete-tematico/cafe-1.
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resources. TheleapinBrazilian agricultureinthe second half of the 20t century
was due, in large part, to the need to make the process of industrialization
and consequent urbanization viable while maintaining acceptable living
conditions for Brazilian society and the economic performance of the
country healthy.

In Brazil, as in many other countries, development has been synonymous
with industrialization. Following this strategy, since the 1930s, a vigorous
process of industrialization, led and coordinated by the public sector, was
initiated, with the allocation of internal savings - from agriculture - and
external savings - from direct investments and loans - to industry.

It should by recalled that, in 1900, the Brazilian state was relatively small,
with a tax burden of 10% of GDP, and imports as a primary source of revenue.
About 45% of Brazil's GDP came from the agriculture, a figure which did
not include agricultural-based industry (coffee, rubber, cotton and food and
beverages, - Bonelli, 2006). The industrial sector as a whole approached
12% of GDP. About 52% of Brazil's working population was employed in
agriculture. It can be assumed that labor productivity in the countryside
and in the city were similar.

As industrialization progressed, the traces of the agro-exporting
economy that had characterized Brazil since colonization by the Portuguese
began to decline. In 1920, about 75% of the manufacturing industry was
agricultural based; in 1940 it was 63% (according to data in Baer, 2009). In
1930, 75% of the value of exports came from coffee, an eminently export-
oriented crop - 65% of its production was exported (IBGE, Ipeadata). Brazil
accounted for three-quarters of the world’s coffee supply (Fristch, 1990). In
the early decades of the 20t century, its major consumers were the United
States, followed by a handful of European countries.

The sugar and alcohol sector suffered from an attack of the mosaic
disease, which in the 1920s reduced production to less than a quarter of its
previous levels. This very nearly impeded the creation of the fuel ethanol
market in that decade. The creation of the Piracicaba Sugarcane Experimental
Station (EECP), in the state of Sao Paulo, working in a network with several
sugarcane mills, was successful in the variety selection process. The
Campinas IAC succeeded EECP’s attributions in 1953, creating new varieties.
The compulsory addition of alcohol to gasoline began in 1931, with incentives
to import equipment. In 1937 cooperation between sugarcane mills with
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national equipment industries was organized, which would prove to be a
fruitful and lasting relationship, with a subsequent and importantimpact on
the industrialization of Sao Paulo. Anhydrous alcohol production from 1930
multiplied by a factor of eighteen as of 1936 and by fifty by 1940 (Durham,
Bomtempo, Fleck, 2010).

With the global economic crisis, the fall in coffee income and the
currency devaluation negatively impacted the Brazilian ability to import,
which has been interpreted as the opportunity that arose to produce
internally what until then was imported (Furtado, 1968). A program of
industrialization based on import substitution was established. By the
same token, coffee-related expansionary fiscal and monetary policies had
a Keynesian effect on Brazil's recovery from the effects of the global crisis.
In the two years of crisis 1930/31 Brazilian GDP fell 5.4%; over the next
3 years (1932/34) it grew by 24% (Ipeadata). The reasons for this rapid
recovery have been widely debated. Among them monetary expansion
(with currency devaluation) brought about recovery of the coffee sector,
the diversion of demand for imports contributed to the establishment
of a domestic market (where there was strong idleness fueled by unmet
demand), the ease of cheap importation of already used capital goods
from developed countries, etc.

From 1930 onwards, but even more so since the 1950s, Brazil would
make the strategic option for road transportation. The railroads were
overlooked in an attempt to attract foreign capital for local car, bus and
truck production. The assumption was that this strategy would generate
multiplier effects leading to the installation of related industries of parts
and components. This decision would have highly significantimpacts on the
Brazilian economy and society in general, from the point of view of logistics
costs and competitiveness, social investments and environmental issues.

Since the 1940s there has been a genuine concern established with
the issue of food, nutrition and cost of living in Brazil. Castro (1946)
published his book “Geography of Hunger”, which generated international
repercussions. He built a Hunger Map that ranked the country in five regions
in relation to hunger and malnutrition related to the usual diet based on
regional foods and habits: (a) Amazon and Sugar producing-Northeast
(northeastern coast): endemic hunger (at least half of the population
with permanent nutritional deficiency - with low calorie consumption),
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(b) Northeastern “Sertdo” (Northeastinterior): epidemic hunger (at least half
of the population with nutritional deficiency), (c) Center West, Southeast
and South: Malnutrition (lack of protein and vitamins for certain classes or
social groups).

In the 1930s, the Brazilian population was still growing at 1.5% per year.
By the following decade (1940), total population growth had accelerated
to 2.3% per year, while urban population growth had accelerated to 3.9%
per year. Accelerated rural-urban migration was made up of a subsistence-
based rural labor force. More and more people who once produced for self-
consumption in the countryside now had to find jobs in the city to pay for
their food at a price that now included the rural-urban cost of transportation
and commercialization. From 1939 to 1950, Sao Paulo families spent 58% of
their income on food (Yuba, Sarti, Campino & Carmo, 2013).

From 1950 to 1960, Brazil's total GDP grew by 7.1% per year; agricultural
GDP increased by 4.4%; since the relative price of agriculture fell by 0.6%,
the share of agricultural GDP in total GDP went from 22.8% to 16.1%. In
the following decade (1960 to 1970), the economy grew by 5.6% per year,
agriculture expanded by 3.9% and its relative price fell by 2.2%; the share of
agricultural GDP fell to 10.4% of the total. Hitherto agricultural growth had
taken place and, although lower than that of the economy, had not raised
real producer prices. As shown in Figure 1, the GDP of the Brazilian economy
doubled (approximately) from 1950 to 1961, from 1961 to 1971 and from 1971
to 1980, that s, it doubled every decade®. Agricultural production doubled in
1969 and 1985; i.e. after 19 years and then again 16 years later. Population
doubledin 27 years. The three variables would double once more before the
end of the period considered. The urban population, in turn, grew faster than
the total population and also than the agricultural production: it doubled
between 1950 in 1966 and again in 1982. Roughly speaking, although the
GDP of agriculture grew in relation to the total population, it basically kept
up with the urbanization process.

° Figure 1 has the vertical axis in units of In (2), so each time the curve crosses a horizontal line
(indicated by a marker), the variable it represents will have doubled in magnitude.
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Figure 1. Indexes of total Brazil GDP, agricultural GDP,
total Brazilian population and urban population, 1950/2018
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Data in neperian logarithmic scale. Sources: IBGE and World Bank. Author’s calculations.

In urban centers undergoing rapid industrialization, such as Sao Paulo,
the rising cost of living, had a severe impact on labor costs, threatening
the viability of industry. The production of staples - with the exception of
milk and pork - was growing sufficiently to increase per capita availability;
nonetheless, from 1940 to 1948, the cost of living in Sao Paulo grew 48% in
real terms (that is, compared to the GDP deflator - a measure of producer
prices®). This meant that it was more difficult for the urban productive sector
to remunerate labor in proportion to the rising consumer prices. From 1940
to 1970, prices rose 83% (FIPE, IBGE, Ipeadata).

The cost of living for laborers and the scarcity of foreign exchange for
imports constrained the industrialization plans. The productivity per hectare
of the staple foods of Brazilian families had had a very weak performance
as of 1930. From 1930 to 1950, the productivity of rice grew by 10%; bean
productivity decreased by 50%, and for orange and cotton it fell by 15% to
20%. Even so, per capita availability increased, with the exception of milk, but

¢ The evolution of the cost of living compares the growth of the consumer price (CPI) for the city of
Sao Paulo (from the Institute of Economic Research Foundation - FIPE) and that of the implicit GDP
deflator. (IBGE, Ipeadata).
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atincreasing cost, due to a substantial increase in planted area (IBGE). More
importantly, this availability, although increasing, was clearly insufficient to
meet the food needs of the majority of the population.

In Figure 2, we can see how the cost of food impacted the growing urban
populations. In Sao Paulo, from 1940 to the mid-1970s, real food costs (CPI
discounted by a GDP deflator) increased by 89%. In the 1940s, the official
minimum wage fell by 60% in real terms (compared to the food price index
in Sao Paulo). To mitigate this impact, the government began to grant larger
nominal increases in the minimum wage and was able to recover its value
from the mid-1950s. However, these wage increases created greater costs for
the employer: to restore the 1940 real value of the wage, it had to be raised
to the point of increasing the wage cost by 55% (relative to product prices,
reflected in the GDP deflator). In the 1960s, wage policy was restrained, and
real wages fell as food costs continued to rise. Thus, the cost of labor was
also contained, stabilizing in the second half of the 1970s.

Figure 2. Real food consumer price index, real food minimum
wage and real minimum wage. Sao Paulo/Brazil, 1940/2018
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Sources: Fundacdo Instituto de Pesquisas Econémicas (Fipe), Instituto Brasileiro de Geografia e Estatistica (IBGE). Author’s calculations.

Alongside the barely sufficient (albeit significant, due to expansion of the
area) growth in food production, the commercialization cost was substantially
increased due to market concentration and logistical deficiencies. The
government decided to act on the problem in the urban environment by
setting up a complex price control apparatus, which escalated with increasing
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and prolonged intervention in the market economy. Minimum producer
prices and maximum consumer prices were stipulated, but both proved
ineffective. Milk, for example, had its price controlled since 1945 to around
1990. As is often the case, such interventions disturbed the market, but did
not improve supply or reduce the cost of living.

The strategic occupation of the Center West region of the country was
pursued in the 1940s. On the one hand, it was a matter of occupying a
“huge empty space” - actually, indigenous lands (Batista, Martins Jr. & Ziliani,
2007)-, whose productive resources could be put into production, helping
to increase the food supply, although requiring heavy investments. On the
other hand, it represented the alternative of settling on small farms for a
large population of landless and extremely poor farmers, especially in the
Northeast, which would otherwise perpetuate the intense and excessive
rural-urban migratory flow. The assessment of this first experience in
the Center West, however, is that it was a failure. The government failed
to provide infrastructure and education and health services. Technical
assistance and funding were also lacking.

The agricultural sector in Brazil has been for decades penalized in pricing
policies used to artificially control the inflationary process. Since the 1950s,
price control has expanded even further over food (Mata, 1980). Even after
the creation of the agriculture price support program in the 1960s, consumer
food price controls continued. When inflation became high and chronic in
the Brazilian economy - from the 1970s to the 1980s - price control became
widespread, and came to include wages. Soon the degree of indexation - both
informal and formal - was intensifying, which aimed to discipline inflation,
but reduced the power of any policy aimed at reducing it. In fact, with prices
and wages driven by past inflation, the trend was for continued acceleration
of inflation.

Of course, such interventions did not solve the problem of real food
costs that resulted from both the low income of the urban population and
the low productivity and efficiency in agricultural production, coupled with
deficiencies in logistics infrastructure. They resulted, moreover, in price and
margin distortions that greatly impaired the functioning of markets and the
allocation of resources in the economy.

Another factor that, as a rule, has impaired the overall efficiency of the
Brazilian economy, has been the exchange rate policy, aimed at controlling the
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real exchange rate. Important currency devaluations tended to occur at times
of financial crisis, often based on political crises, institutional insecurity or
eventsthatdisruptedthe normality oftrade or capitalflows between countries.
Aside from such abnormal conditions, what was observed was a tendency
to keep the exchange rate overvalued, either to help the industrialization
process or as an instrument to contain the chronic inflationary process. This
meant that to be successful in exports, the productive sector had to maintain
increasing levels of productivity and efficiency.

4. Productivity as a lever for agricultural growth

A more focused look on the needs of the agricultural sector and its
transformative potential of the Brazilian economy can be seen as of the 1960s.
Hitherto treated as conservative and traditionalist, a source of savings to fund
other sectors, now the bet was that investments in agriculture could result in
positive net benefits for society as a whole. Two mechanisms of public support
for agriculture were created. One of these was the program of minimum
prices and regulatory stocks to contain the effects of output fluctuations and
market risks. Its relevance though was very small in the 1960s (like previous
experiencesin the 1940s); from the 1970s onwards it gradually expanded and
became veryimportant, reaching its peak in the late 1980s. This program was
generally implemented with limited efficiency because of the lack of timely
government action in setting minimum prices, making resources available,
and performing purchasing and logistics operations (Barros, 2000).

The subsidized rural credit program was also created. Intended to
encourage the use of modern inputs and mechanization, it had a marked
evolution from the 1960s to the 1970s: from less than 40% of agricultural
GDP to over 70%, peaking in 1979 when it reached 77% (Brazil's Central
Bank, IBGE, Ipeadata). The amount of subsidies granted has also reached
impressive figures: small interest rates in the 1960s turned into negative real
rates - between 30% and 40% per year in the late 1970s, when the amount
of rural credit subsidies reached 20% of agricultural GDP (Shirota, 1988). It is
clear that under these conditions, the demand for rural credit was immense,
and rationing systems were adopted that favored the largest producers,
contributing to the concentration of income in the sector.
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The minimum price and rural credit programs, together with the work
of research and extension institutions, allowed important steps towards
modernization, with excellent medium-term results for Brazilian society.
Alves and Contini (1988) indicate that agricultural research institutions
in the state of Sao Paulo created technologies and knowledge that were
incorporated in the Southeast, South and Northeast. The transfer of genetic
resources from other countries and the diffusion of the use of fertilizers
and pesticides represented the beginning of the modernization of Brazilian
agriculture. Up until the 1970s, therefore, Brazilian agriculture had been
able to use technologies generated in other countries. The development of
national technology was still incipient.

In the 1960s, there were also two initiatives focused on the problems
within the agriculture (or rural environment): one was the Land Statute
- aimed at land reform and property regularization - and the other, the
Rural Labor Statute, an effort to extend to the rural worker the rights
already granted to the urban worker. On the one hand, a process of land
distribution began, predominantly in terms of colonization of new areas,
quite tumultuous and ineffective (Martins, 2000). On the other hand, along
with the improvement of the working conditions for the rural worker,
there has been an increase in the labor costs and a strong incentive for its
replacementin a context of cheap credit for mechanization, biased towards
the largest farms (Rezende, 2006).

As with energy (coal, oil and gas), the dollar prices of agricultural
commodities rose rapidly in the 1970s; but much less than the oil price: while
real energy prices increased by 230% from 1960 to 1974, the agricultural
products price rose by 30% (for food, 67% and grain, 79%). However, from
1974 to 1980, energy prices grew by 92%, those of agriculture fell by 30%,
food prices fell by 40% and grain by 50% (World Bank). Figure 3 shows the
evolution of agricultural and food international prices (in dollars), the Brazil-
United States real exchange rate (taking the respective GDP deflators as price
parameters) and the relative agricultural price (ratio between deflators of
agricultural and of total GDP). Increases in international food prices preceded
those of agricultural products in general by a couple of years, but both had
retreated by the end of the 1970s. The Brazilian exchange rate appreciated
during the same period, which contained the transmission of the external
increase to the domestic market.
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The first phase of higher prices, despite its effects on the cost of living,
may have been strategic for agricultural growth considering the scenario
at the time. First, it sharpened the sense of urgency to address hunger,
malnutrition and poverty. Secondly, it signaled that the foreign market could
be exploited if the problems of agricultural productivity were solved - from
1960 to 1980, world GDP grew at 4.5% per year (IMF). Thirdly, it induced
the country to look for sugarcane ethanol as an alternative to reduce
dependence on fossil fuel. These last two possibilities were viewed with
pessimism at the time, as they would represent two resource deviations
from scarce food production. Even so, both began to be explored in light
of Brazil's dependence on oil imports, albeit attenuated by the substitution
by ethanol.

Figure 3. World prices of agricultural products and food, relative
agricultural price in Brazil, real exchange rate against the US dollar
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Soybean showed signs of significant surplus production capacity and
sugarcane had an important alternative in ethanol to limit its exposure
to volatility in international commodities. The composition of Brazilian
agricultural production was skewed towards soybean, oranges, sugarcane,
tobacco and cocog, all products with prices formed in foreign markets, where
prices rose faster than the prices of local agricultural products in Brazil (Melo,
1982). While soybean was growing in the South and Center West, sugarcane
and oranges stood out in Sao Paulo.
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Soybean had its first expansion in the South as a wheat-associated crop
for technical and economic reasons. Since wheat was favored by public policy
in the mid-1950s, soybean also benefited (Embrapa-Soja’). In the 1950s, the
Agronomic Institute of Campinas (IAC) began its research on soybeans,
which until then had focuses on varieties brought from the United States
(IAC, 2000). The process continued in the 1960s, when soybean production
multiplied by a factor of seven (the soybean area expanded fivefold) and
consolidated in the 1970s, when it multiplied by ten, and the area grew
sevenfold (IBGE, Ipeadata). In those years, Embrapa (established in 1973),
universities and regional institutes also turned to soy work. In 1980, 20% of
soybean production was in the Center West.

The increased production of crops, especially grains - mainly due to
the expansion of cultivated areas, not productivity - helped in the evolution
of the production of animal products. Along with the increased availability
of feed, cattle slaughter age reduction, genetic improvement, pasture and
managementpractices, includingdifferentformsoffinishingand confinement,
were observed. Poultry and pigs have gained from genetic advances and new
models of farm-industry integration. The food and beverage industry has
been able - at least until the 2000s - to maintain its share of Brazilian GDP
(3% on average) practically stable since the 1970s, while the manufacturing
industry share as a whole has fallen since the mid-1970s.

Growth, however, was not homogeneous among producers: only those
with physical capital (in machines, equipment), land (large enough to exploit
economies of scale and size) and human capital (schooling and experience)
could use productive resources efficiently. Concerns about poverty persisted:
essentially amongthose without land and also among rural employees, whose
living conditions were socially unacceptable. From 1960 to the mid-1970s,
Value Added per household was 5 to 7 times higher in non-agricultural than
in agricultural activities. A nonagricultural manual worker earned a salary
that was twice that of the agricultural worker (Pfeffermann & Webb, 1983).
As a result, rural-urban migration accelerated (quadrupled approximately
from 1950 to 1980), with the share of rural population falling from 55% to
32% between 1960 and 1980 (IBGE).

7 In: Embrapa-Soja https://www.embrapa.br/soja/cultivos/sojal/historia. (25/09/2019).
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In the face of poverty and food scarcity - to which were added the
ambitions related to exports and the ethanol program - the perception of
the need to tackle the problem at its roots prevailed - seeking productivity
and efficiency throughout the entire Brazilian territory, beyond the South and
Southeast. On the basis of agricultural price and credit policies of the 1960s,
inthe early 1970s, the National Agricultural Research System was established,
headed by the newly created Brazilian Agricultural Research Corporation
(EMBRAPA) and composed of all sub regional research institutions in this
area. Embrapa’s budget increased 270% over its first seven years. Average
increases were highest in the 1990s: more than four times the first year
budget (Alves & Oliveira, 2005). In 2010, it had grown 25% compared to
the 1990s (Embrapa, 2014). Although it oscillates, Embrapa’s budget has
maintained a fairly robust level over time.

According to Alves (2007), EMBRAPA was organized in regional centers
focused on specific products (soybean, corn, beef cattle, etc.) and types of natural
resources (Brazilian savannahs - the so-called “cerrado”, semi-arid tropics,
humid tropics and lowlands) in order to integrate researchers and farmers.
Partnerships with universities and the private sector also made up part of the
system. This research system was coupled with the Brazilian National Rural
Extension and Technical Assistance Corporation (Embrater), aggregating the
regional public institutions (institutes, universities) involved in these activities.

After the failure of the first attempt to integrate the Center West into
the national agricultural system, a more robust attempt was made from
the 1970s, which now received more attention due to the transfer of the
federal capital from Rio de Janeiro to Brasilia, located in the Center West, in
1960. At the interface with the new advance in the Center West, the research
and extension system played a significant role in enabling the use of its
acidic soil, by way of correction, plus the use of seeds of varieties adapted
to the conditions of the region. Only 462 thousand hectares - about 2% of
croplands (Ferreira, 2015) - were irrigated in Brazil (63% in the Southeast and
26% in the Northeast) in 1960. In the mid-1970s, the so-called second crop
(known as “safrinha”, meaning “small crop”) was adopted in the same year,
with corn planted after the soybean harvest. During this period, Embrapa
began research on the selection of bacteria for use in the biological nitrogen
fixation process in soybeans, which increased productivity and reduced the
amount of fertilizer used, predominantly imported). Modern and efficient
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crops were implanted where the traditional extensive beef cattle production
had predominated (Alves, Contini, & Gasques, 2009).

Government programs focused on logistics, electricity, mechanization
and soil repair catalyzed regional growth. There are 204 million hectares
in the region, of which 125 million are potentially suitable for agriculture
(Resk, 2002). The population in the Center West grew by 46%, while in Brazil
as a whole this growth was 26% from 1970 to 1980. In addition to the large
number of migrants from the Northeast, who were seeking government
land grants, farmers from the South and Southeast, holders of financial and
human capital and technical and administrative skills, were also attracted to
the region. Migrants from the South and Southeast were able to make use of
new technologies and to acquire greater quantities of the cheaper land in the
Center West with the funds obtained from the sale of their more expensive
farms in the South and Southeast.

From 1970 to 1980, the cultivated area (crops and pastures) grew by 20%
relative to the total area of Brazilian farms; in the Center West land occupation
doubled during this period (Shiki, Graziano & Ortega,1997). In Brazil as a whole,
the tractor stock more than tripled during this period. Rural credit volume
quadrupled in Brazil and grew 6.5 times in the Center West (Brazil's Central
Bank). Total consumption of chemical fertilizers more than doubled between
1975 to 1980, exceeding 4 million tons per year (Alves, Contini, & Gasques, 2008).
Inthe 1970s, the 50% growth in crop production was still determined essentially
by increasing farming area, with productivity per hectare remaining practically
constant. Soybeans were an exception with a 50% productivity growth per
hectare. There was also a substantial increase in the number of people employed
in agriculture, of 21%, reaching 21.2 million people in 1980 (IBGE).

Two important technological changes that would mark Brazilian
agriculture had their first experiences and initiatives in the 1960s. One of
them was the no-tillage system (NTS) for crops; the other was the formation
of pastures with Brachiaria decumbens from Africa for cattle raising.

The NTS - a conservationist system, reducing soil erosion, increasing
farm productivity and efficiency - was first used at the Agronomic Institute
of Campinas (IAC) in Sao Paulo as early as 1943. But in the 1960s, a dynamic
and progressive process began in Rio Grande do Sul, Parana, and Sao Paulo,
through the work of research institutions and universities. Since the 1970s,
with the assistance of Embrapa, the necessary herbicides, machinery and
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management techniques such as crop rotation, etc., have been developed for
this technique. In the Center West, in the 1980s, the no-till system reached
the “cerrado”. Where the introduction of the so-called “safrinha” (second
corn crop) is feasible there is a strong complementarity with the NTS. The
Integrated crop-livestock systems involving corn and Brachiaria would come
in the 1990s (Cruz et al., Rede Agronomia).

From the 1960s, various species of Brachiaria were being implanted in
the Center West - due to their resistance to acid and low fertility soils and
adaptability and low susceptibility to various pests and diseases - in a system
including non-irrigated rice crop. The studies and dissemination of this grass
in the 1970s took place within the framework of regional development
programs such as Polocentro and Prodecer?. In the 1980s, crop-livestock
integration (CLI) began to be used, enabling the recovery of degraded
pastures and a reduction in greenhouse gas generation (Kluthcouski et al.,
2013). The reduction in slaughter age of the animals was a result.

5. Industrialization results disappoint and
agribusiness takes the lead in the economy

The contribution of the industry to the improvement of the population’s
living conditions was disappointing. From 1930 to 1980, when it reached its
peak, industry grew at 8.2% per year, increasing its share from 15% to 34%
of Brazil's GDP, which expanded at an average rate of 6.5% per year in this
period (see Figure 1). Agriculture’s share of the economy shrunk from 36% to
9.8% of GDP, despite its growth of 3.7% per year (Bonelli, 2006). From 1970
to 1980, total GDP grew at 9.4% per year; the agricultural segment, 4.7%; the
agriculture relative price increased by 3.2% per year. Between 1950 to 1980,
the total economy grew in volume more than agriculture did, although the
agricultural GDP grew steadily over that period. Agricultural prices fell in the
1950s and 1960s and increased in the 1970s, but not enough to prevent its
relative share of GDP from falling.

8 Development of the Cerrados Program (Polocentro) and Japanese-Brazilian Cooperation Program for
Cerrados Development (Prodecer).
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The urban population, which in 1940 represented 31% of the total,
increased to 68% in 1980. It was a population with a very low level of
education: 56% were illiterate in 1940 (IBGE, Ipeadata). In 1980, 26% were
still in this situation, and the workforce’s average number of years in school
was three (De Nigri & Cavalcanti, 2014). Thus, despite the large investment
effort made in physical capital - from 14% to 24% of GDP between 1940 and
1980 (Bacha & Bonelli, 2004) - human capital did not evolve correspondingly,
a mistaken public policy for which Brazil still pays very dearly.

Although real per capita GDP in Brazil grew by 3.9% per year between
1930 and 1980 - from US$ 1,210 to US$ 8,320 (measured in 2013 prices,
Ipeadata), income concentration has increased so substantially that only a
minority saw an increase in purchasing power during this period. In 1980,
due to labor-saving technology imported from developed countries and the
low average qualification of the Brazilian workforce, the industrial sector
employed 25% of the economically active population (Aggio, Barbosa &
Lambert, p.89). This meant that most of the urban population was poorly
remunerated, that is, only 25% had access to industrial employment, where
labor productivity was 13 times higher than in agriculture (Menezes Filho,
Campos & Komatsu, 2014). From 1970 to 1980, labor productivity grew 50%
inindustry (Menezes Filho, Campos & Komatsu, 2014) and 32% in agriculture
(IBGE). It was an important step from the point of view of increasing overall
worker income, but it reinforced the sectoral productivity gap. The number
of people employed in agriculture, after reaching the historical peak of 23.4
million in 1985, fell 23.5% to 17.9 million in 1990. This is partly explained by
the fact that the stock of tractors in use in agriculture grew until 1996, while
the planted area peaked in 1988, only increasing again from 2003 on. From
1960 to 1980, the Gini Index of income concentration in Brazil grew from
0.535 to 0.589 (Neri, 2011). The proportion of poor (insufficient income for
basic needs) in 1980 was 43.1% (Barros, Henriques e Mendonca, 2011).

Another negative legacy of the industrialization effort was financial: the
foreign debt (net of reserves), which grew 53% in the 1960s and increased
tenfold in the 1970s (World Bank?®). The external current account deficit was

2 World Bank, International Monetary Fund (2019): https://data.worldbank.org/indicator.
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multiplied by 13 in the 1970s, foreshadowing the need for debt renegotiation
within a few years. Average annual inflation was over 40% in these two
decades (from 1960 to 1980). Inflation and the external debt problems
had to do with the continued intensification of industrialization and the
maintenance of growth even in the face of the oil crisis, during which the
price of this commodity went from US$ 1.20 per barrel to US$ 37.00 between
1970 to 1980 (World Bank).

From 1980 onwards in agriculture output and cultivated area followed
different trends: from 1980 to 1990 the constant prices value of crop
production increased by about 30% while the harvested area remained
essentially unchanged (Bragagnolo & Barros, 2015). The production of cereals
and oilseeds grew 65% in the decade, the production of beef advanced
126% and poultry 58%. Milk production expanded 29.5% (Alves, Contini &
Gasques, 2008).

Figure 4 shows that from the 1970s to 2010 soybean yield doubled,
rice yield quadrupled, cotton yield increased eightfold (especially after its
expansion with climate adaptation in the Center West), while the yield of
maize more than tripled, that of wheat doubled and that of bean production
doubled. Only corn and soybeans saw an expansion of planted area -
soybeans almost quadrupled and corn had a 40% increase. These were the
two crops whose output increased the most: maize production was multiplied
by almost five (in the 2000s, corn’s second crop (“safrinha”) reached 40% of
the total and, in the following decade, more than 70%, Conab) and soybeans
by a factor of eight. In the other crops increased outputs were the result of
improvements in productivity.

Evolution between 1930 and 2017 of two important perennial crops,
sugarcane and coffee, is shown in Figure 5. Over these 87 years, sugarcane
production has increased by a factor of 43, having grown on average 61%
per decade. The harvested area has expanded by a factor of 23, 48% per
decade. Productivity expanded by 90% over the period or 8% per decade on
average. The expansion of harvested area was three times more important
than that of productivity for sugarcane. In the case of coffee, production
doubled over the entire period, but while the area harvested fell by 42%,
productivity increased 3.5 times.
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Figure 4. Yields, area and production of some temporary crops, Brazil, 1970/2019
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Figure 5. Productivity, area and production of sugarcane and coffee, Brazil, 1930/2017
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6. Due to the fiscal crisis, the government reduces its
role in the economy and agriculture advances in the
foreign market

Throughout the 1980s, the public sector no longer had the resources to
maintain support for industry and agriculture. Brazilian foreign debt in the
1970s went from 12.5% of GDP to 23% of GDP (Cruz & Chagas, 1982). Domestic
debt fell from 6.8% to 4.6% (Goldsmith 1986). In the mid-1980s, there was a
jump in both: external debt was above 30% and domestic debt was at 20%
of GDP (Giambiagi & Beyond, 1999). Both needed to be and were contained
with a downward trend.

The focus of the government was no longer on growth based on the
protection of industry and subsidizing agriculture, but on stabilization
(control of inflation, public deficit and external debt). Stabilization efforts
failed, however (Suzigan & Furtado, 2006). Inflation escaped attempts to
control it, as a sequence of unorthodox plans - including price freezes - were
unsuccessfully implemented. There was practically no room for industrial
or agricultural policy in Brazil. Strong fiscal controls were implemented by
drawing support from both industry and agriculture. The Alcohol program
ended in 1985. Between 1987 and 1989, the policy of minimum prices and
regulatory stocks was cut by 78%; the total volume of agricultural support
policies fell 46%; and the rural credit volume, by 36% (Barros, 2000).

Brazil could no longer rely on debt (domestic or foreign) to grow.
Moreover, domestic production of general industrial goods was in most cases
not competitive internationally. In the case of capital goods, this meant that
a given savings level corresponded over time to lower levels of investment
because of the high and rising prices of domestically produced capital
goods (Bacha & Bonelli, 2004). When the low and almost stagnant industrial
productivity is added to the equation the low growth of Brazilian industry
since 1980 is explained. In the 1980s, the share of industry in Brazilian GDP
fell from 34% to 30%. The agricultural GDP grew by 2.4% per year, industry
by only 0.2% and the service sector by 2.7%. The share of agriculture's GDP
in the 1980s changed little: from 9.8% to 10.5% (Figure 1).

During the 1980s, Brazilian agriculture increased its integration with the
external market. In fact, in 1990, agriculture - or agribusiness, since many raw
materials are exported after some processing, storage, transportation, etc.
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- accounted for 41% of the value of Brazilian exports (US$ 13 billion); of the
US$ 10.750 billion total trade balance surplus, 91% was due to agribusiness.

The prices of the commodities produced in Brazil were influenced by
foreign markets: soy and derivatives, meat (beef, poultry, pork), sugar, coffee
and orange juice. The prices of these commodities directly affected their
production and indirectly (substitution effect) impacted the production of
several others traded exclusively in the domestic market. Between 1975
and 1990, the GDP of agriculture doubled in volume. At the same time, real
international food prices fell by 60% (IMF); real producer prices in Brazil fell
by 36% (ratio between deflators of agricultural and total GDPs (IBGE)); real
consumer prices in Sao Paulo fell 60% as well (FIPE). This positive production
response to the fall in prices is explained by the evolution of productivity:
agricultural TFP expanded 56% between 1975 and 1990 (Gasques, Bacchi,
Bastos, 2018). Fertilizer consumption grew by 59% (IBGE). The fleet of
agricultural tractors increased 90% (Anfavea). Irrigated area in 1980 reached
around 2 million hectares or 4% of total croplands (Ferreira, 2015).

From the 1970s to the 1980s, the growth of the Brazilian economy
changed completely from an annual rate of 8.6% to one of 1.6% (IBGE),
characterizing what became known as the lost decade. Brazil was caught in
the so-called middle income trap. Oliveira, Matni & Caetano (2014) estimate
that from 1950 to 1980 the TFP of the Brazilian economy accumulated growth
of 130% - or 2.8% per year. In the 1980s, it fell by 3% per year. For comparison
purposes, from 1975 to 1990, while the TFP of the total Brazilian economy fell
by 33%, the TFP of agriculture rose by 56% (Gasques, Bacchi, Bastos, 2018).
It should be remembered that Brazil's TFP showed a common behavior
worldwide: growth over 3% per year from 1950 to 1970; continuous
deceleration from 1970 to 1990 until the annual rate was reduced to zero;
acceleration until around 2005, reaching the annual rate of 3%, which quickly
fell back to close to 2% (Cusolito & Maloney, 2018).

Agricultural GDP, which in the 1970s grew at 4.7% per year, in 1980 grew
at 2.4%, compared to the 1.6% already mentioned for the entire economy.
In 1990, agribusiness exports totalled US$ 13 billion - with a trade balance
surplus of US$ 9.8 billion (Mapa) -, contributing significantly to a $ 10.7 billion
trade balance surplus for the economy.

Poverty reached 32% of the population and illiteracy 19.7% in 1990.
There was, therefore, a significant fall in poverty compared to 1970, when
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it characterized 70% of the population (Rocha, 2103), improving to 43% in
1981 (Barros, Henriques & Mendonca, 2001). In 1980, 32% of the Brazilian
population lived in the countryside, and in 1990, 25%. Of the rural population,
63% were poor (Neri, 2011). In 1990, agriculture and industry each employed
just over 20% of the workforce. In industry, labor productivity was 5 times
that of agriculture.

In the passage from the 1980s to the 1990s, Brazil was still battling
its mega-inflation through a sequence of unorthodox shocks - strong
interventioninthe goods and services and financial markets - all unsuccessful.
After this phase, in the early 1990s, economic policy trended liberal. This was
as much a result of tendencies in the economic thought (among academics,
opinion makers and international organizations) as well as a response to the
lack of public resources. The opening up of the economy led to a reduction
in protectionism: the average import tariff decreased from 32.1% in 1990
to 13.1% in 1995 (Averbug, 1999). The 13% tax on agricultural exports was
extinguished in 1996, as already was the case with products from other
sectors. The Mercosur agreement (Brazil, Argentina, Uruguay and Paraguay)
was signed in 1995.

Twenty-four - a significant number - state-owned companies were
privatized. A considerable segment of the public sector apparatus aimed
at market intervention for both specific products (coffee, sugar, cocoa,
wheat) and broader economic sectors - monopolies and oligopolies - was
dismantled. Federal public spending on agriculture decreased from 5.6%
of the total budget to 2.4% from 1985/89 to 1990/94 (Gasques, Villa Verde,
Bastos, 2006). Government spending cuts, which in the late 1980s fell on
pricing, inventory and credit policies, this time weighed on rural extension
programs (with the closure of EMBRATER) and on those targeted at selected
products mentioned, including health defense, seed production, etc.

As minimum prices ceased to be indexed to inflation and the
government moved away from purchasing and logistics functions, spending
was limited to the difference between minimum prices and market price.
Also with regard to credit, the government began to limit its activity to the
difference between the interest rate on fundraising and the rural credit
rate. Overall, public spending on agriculture fell by 52% between 1995 and
2000 (Gasques and Bastos, 2009). In 1996, a preferential interest credit
program targeting family farms (small producers who rely predominantly on
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family labor, making up almost 70% of farmers), known as PRONAF (National
Program of Fortification for Family Farming) was created. In the early years,
PRONAF absorbed about 25% of total rural credit. A process of consolidation
of the cooperative agribusiness system with government support was
also implemented during this period. Thus, medium and small producers
could improve their performance in obtaining credit, buying inputs, selling
products and using technology (Chaddad, 2017). The cooperatives would
come to prominence in the production of pork and poultry, wheat, corn,
cotton, rice and milk.

In 1994, the so-called Real Plan was finally successful in containing
inflation without resorting to price controls, but rather by substantially
reducing the degree of indexation that had become widespread in the
Brazilian economy. With deindexation, a tax reform (public spending and
revenue) was necessary to replace the so-called inflationary tax. Since this
reform was not done with the necessary intensity, it was necessary to resort
to (a) increases in the tax burden, (b) monetary policy focused on extremely
high interest rates (46% in 1996) to contain aggregate demand, which (c)
kept the exchange rate highly overvalued. These have been the three main
macroeconomic traits in Brazil since 1995: high taxation, high interest rates
and overvalued exchange rates.

The 1990s saw some recovery for both the economy (whose growth rate
increased from 1.6% per year in the 1980s to 2.6% per year in the 1990s) and
for agriculture (whose growth rate went from 2.4% to 3.2% per year). In the
first half of the 1990s, prior to the Real Plan, the average annual inflation
rate (measured by the IPCA) was 1320%; in the second half, after the Plan,
it was 9%.

During the 1990s, the Gross Farm Income (GFl) of soybean had grown
by 60%; corn, 51%; and rice, 46%. Physical production of cereals and
pulses grew by 38%. Beef, pork and poultry advanced 55%, 10% and 105%,
respectively. In 2000, the Brazilian agriculture was diversified, being led by
beef cattle (with 14.3% of the GFl), soybean (14.1%), corn (9.8%), sugarcane
(9.2%), poultry (7.9%), coffee (7.8%), milk (5.7%). Figure 6 shows the changes
in the composition of the agricultural GFI from 2000 to 2018, which will be
discussed below.
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Figure 6. Composition (%) of gross farm income, Brazil, 2000/2018
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The no-tillage system had developed throughout the 1990s and
multiplied by 10 to about 18 million hectares. This system favored the crop-
livestock integration and the crop-livestock-forest integration and the so-
called "safrinha" (second corn crop) (Denardim, s.d.). The use of biotechnology
started to be implemented in Brazil, having grown after the adaptation of
legislation in 2003.

Agribusiness GDP has been calculated since 1995 by Cepea/USP'.
As shown in Figure 7, in 1995, its value of US$ 108 billion (in 2018 dollars)
corresponded to 37% of Brazilian GDP. In agribusiness GDP, agriculture (or
farming) represented 14% - or 5% of Brazil's total GDP, with 20% of Brazil's
workforce. Within agribusiness other segments shares were: agroindustry,
38%, agri-services, 47%; and the inputs segment, 2%. In other words, the
agroindustry and the agri-services predominated in agribusiness with 85%
of its GDP. By 2000, agribusiness GDP (of US$ 137 billion) had fallen to 30%
of the economy’s total GDP, and its composition had changed little (farming
15%; agroindustry, 36%; agri-services, 46%; and inputs, 3%). The relative fall
in agribusiness GDP was due to the fact that from 1995 to 2000, while the

10 For information regarding the methodology and data series, access: https://www.cepea.esalg.usp.
br/br/pib-do-agronegocio-brasileiro.aspx.
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total GDP of the economy grew by 11.2%, agribusiness grew by 3.9% (both
in volume); the relative price of agribusiness fell 17.1%. It is important to
note that the farming segment grew by 21.3% in volume (for which it was
important a 29% increase in the volume of inputs), but its relative price fell
by 22.1%. This fall in agricultural prices was softened by the 22.3% increase in
the segment’s TFP (in order to maintain its share of around 5%). The economy
as a whole had its TFP reduced by about 18% (Veloso, 2013).

Figure 7. GDP of Brazilian agribusiness and its segments (1000 US$ 2018)
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From 1990 to 2000, the harvested area hardly changed, the stock of
tractors fell 15%, but the consumption of fertilizer (land-saver) by Brazilian
agriculture doubled (Ferreira & Gongalves, 2007), even with the supply of
rural creditvarying little in the decade (Gasques, Bacchi, Bastos, 2018). These
results in terms of TFP are matched in terms of labor productivity: from
1995 to 2003, this productivity grew 6.2% per year in agriculture (farming
segment), while in industry the rate was -1.6% and, in the whole economy,
0.2% (Veloso, Matos, Coelho, 2015). Even so, agricultural labor productivity
was a quarter of that in industry.

The rapid growth of farming segment relative to the whole agribusiness
showed that the sector was not advancing in value added terms (agroindustry
fell 1.1% in volume and agri-services increased 1.1%). On the other hand, as
the use of inputs increased, its price grew rapidly: 13% in real terms between
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1995 and 2000, while the real price of the agriculture/farming segment fell
by 22.1%, as already mentioned.

In any case, both agriculture specifically and agribusiness as a whole
had a fall in real income, but even so their production volumes increased.
Agribusiness has made an important contribution to curbing inflation and
improving the population’s food consumption conditions - in Sao Paulo,
the real cost of food fell by 22.3% between 1995 and 2000 (FIPE, Ipeadata).
In 2001, 27.4% of the population was poor, compared to 35% in 1992. In
the countryside, where 19% of the population lived (15% of the national
workforce), 53.5% were poor (Neri, 2011).

The falling price with rising food production provided a unique
opportunity to launch two policies aimed at reducing inequality and poverty.
One was the strategy of raising the real minimum wage, which at the time
was around $ 100 a month (Figure 2). The other was to implement income
transfer programs, which evolved into the well-known Bolsa Familia (Family
Grant), which imposed on the recipients conditions related to income and
care for the education and health of children.

The increase in agricultural production with a relative price drop
generated competitiveness in foreign markets. Exports grew in relation to the
sector’'s GDP. From 1996 to 2000, they went from 54% to 71% of agricultural
GDP. This method of measurement, however, overestimates the relative
importance of the exports of agriculture; the correct procedure is to compare
agricultural-based exports with agribusiness GDP, which includes grain and
animal products processing and logistics activities. With this correction made,
the importance of exports - in relation to agribusiness GDP - becomes 8%
and 11% in 1996 and 2000, respectively. For comparison purposes, for the
Brazilian economy as a whole the exports/GDP ratio went from 6% to 8.5%
from 1996 to 2000. This year agribusiness provided a trade balance surplus
of US$ 14.8 billion; the remaining sectors had a negative balance of US$ 15.6
billion, so Brazil had a negative total trade balance (-US$ 0.8 billion).

Currency generation became urgent in the early 215t century. In just
five years, from 1995 to 2000, foreign debt (net of reserves) had risen from
US$ 113 billion to US$ 203 billion (from 26.7% to 36% of GDP). This increase
was basically due to the use of foreign savings in the context of the Real Plan:
from 1995 to 2000, current account deficits totaled US$ 155 billion, which
resulted from growth in imports (which grew at rates above 20% per year)
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and the inflow of direct and portfolio (public and private bond applications)
investments in a scenario of overvalued exchange rates and exceptionally
high interest rates (Giambiagi, 2011). This situation would culminate in a
currency crisis and a major devaluation of the national currency in 1999,
which risked a return of previous inflation rates.

Concrete steps were taken to advance the education system of the
population in the 1990s. The 1996 National Education Plan (Durhan, 1999),
effective until 2010, guaranteed the provision of compulsory elementary
education in eight grades, ensuring entry and the permanence of all children
from 7 to 14 years old in school. The Plan also included the eradication of
illiteracy, reaching also those Brazilians who had not had access in the past
or who had not completed elementary education. Strategies and goals were
also established for the other educational levels, including also teacher
training, use of new technologies and improved school management. Special
attention was given to school meals and the timely distribution of textbooks.
The Plan was funded by the Fund for Maintenance and Development of
the Fundamental Education and Valorization of Teaching (FUNDEF), which
guaranteed minimum resources to operate the system through state and
municipal taxes supplemented by federal ones. For the Northeast, there
were significant loans from the World Bank. From 1991 to 2000, illiteracy in
Brazil fell from 20.1% to 13.6% (IBGE). Helene (2012) calculated conclusion
rates for each level of education, that is, the relation between the number
of graduates of a certain school level and the number of people of minimum
age to complete this level. From 1990 to 2000, in approximate numbers, the
conclusion rate of elementary school rose from 39% to 75%; high school from
20% to 50% and higher education from 8 to 10%.

7. The trade boom and the financial crisis

From an economic perspective, the 2000s began with concerns about (a)
maintaining inflation at socially acceptable levels, (b) returning to economic
growth, halted since 1980, (c) contention of foreign debt, (d) reducing income
inequality and poverty. With respect to inflation and its natural relation to
fiscal balance, the following were established: (a) a monetary regime based
on inflation targets, (b) a fiscal responsibility regime applied to the various
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spheres of the public sector, (c) a flexible exchange rate regime and (d) a
strengthening of minimum wage and income transfer policies. The inflation
targeting regime demanded high interest rates (up to 13% in real terms to
keep inflation within the desired limits) which added to the uncontrolled
public spending that led to subsequent tax increases - tax burden evolved
from around 24% of GDP in the early 1990s to 31% in 2000 and 33% in
2010 - so that the primary surplus fiscal targets - around 3% of GDP, but
decreasing since 2005 - could be met. The growing burden of taxes had not
as yet prevented substantial successes from being achieved on these varied
issues and agribusiness has played a key role in this process.

Agriculture also performed well: it grew 5.4% per year from 2000 to 2011.
This time the cultivated area increased 30% (IBGE), the tractor stock 19%
(ANFAVEA, author’s calculations) and fertilizer consumption 68% (ANDA). As
agroindustry grew by only 1.7%, agribusiness as a whole grew by 2.6% yearly.
Farming TFP grew 55% from 2000 to 2011, together with a 176% increase in
rural credit (Gasques, Bacchi & Bastos, 2017). Total economy TFP has grown
by only 3.2% over these 11 years (Veloso, 2013). As for labor productivity
(from 2000 to 2010), in agriculture it grew by 6.4% per year, in industry,
0.6%, and in the whole economy, 2.2%. But in absolute value, industrial labor
productivity was still three times higher (Veloso, Matos, Coelho, 2015).

From 2000 to 2010, soybean production doubled, corn production
increased 71% and cotton production 46%. The cattle herd grew 23%. Gross
Farm Income (GFI) shares in 2010 changed to: soybean (16.9%), beef cattle
(14.1%), sugarcane (11.7%), poultry (10.7%), corn (6.4%), milk (6.1%), oranges
(5.8%) and coffee (4.2%). Regionally, the Southeast (with sugarcane, coffee,
orange, beef cattle and milk) and the South (with soybean, corn, beef cattle,
rice, milk, wheat) each accounted for 30% of GFI of Brazilian agriculture. The
Center West was ranked third (soybean, beef cattle, cotton, corn, poultry) with
23% of the national total. The Northeast (beef cattle, sugarcane, soybeans,
corn, cassava) appears in fourth place with 10%. Finally, the North (cassava,
banana, soy, coffee, rice, milk) held 6%.

In the 2000s, the use of GMOs has grown exponentially in Brazil, with
multinational companies dominating seed production and Embrapa being the
source of primary genetic material. Modified seeds were used and extended
in 2015 to 93% of soybean, 83% of corn and 67% of cotton produced in Brazil
(Vieira Filho, 2019). No-till area increased from 17.4 million hectares in 2000 to
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25.5 millionin 2005 (FBPD'") and 33 million in 2017 (IBGE). In 2001, 2.95 million
hectares wereirrigated - 7.7% of the total planted area in Brazil (Ferreira, 2015).

The acceleration in the world economy, from 1.4% a year in 1991 to 5.3%
in 2007 - with middle-income countries going from 1% to 8.5%, and China
boasting rates between 8% and 14% (World Bank) - provided opportunity for
increases in Brazilian exports: 15% per year for both agribusiness and non-
agricultural industry between 2000 and 2011 (MDIC/Mapa). As a result, the
share of total exports in total GDP went from 8.5% in 2000 to 12% in 2008;
the share of agribusiness exports went from 11% to 19% of the sector’s GDP.

From 2000 to 2011, the Brazilian economy grew at an annual rate of
3.7%, but growth was faster in the subperiod from 2004 to 2011, when it
averaged 4.2%, even considering the 2009 recession, with -0.13%. This period
was known as the “Commodity Boom”, when international commodity prices
increased at a rate of 10.3% per year for agricultural products, 15.9% for
energy-related products and 14.7% for metals and ores (World Bank). This
period has also been called the “External Bonanza” for Brazil because the
improved terms of trade (39% between 2002 and 2011) were seen as a gift
for Brazil, which had its import capacity significantly increased.

From 2000 to 2011, agribusiness - farming and agroindustry - exported

US$ 578 billion; the non-agricultural industry, US$ 936 billion. On the other
hand, agribusiness imported US$ 92 billion, while the non-agricultural
industry, US$ 1.1 trillion. In other words, agribusiness generated a surplus
of US$ 486 billion and non-agricultural industry a deficit of US$ 180 billion
(Mapa). Also from 2000 to 2011, terms of trade (export prices/import prices)
increased by 34% (IBGE). At the same time, the national currency appreciated
by 63% (Ipeadata). Considering this set of facts, it can be inferred that'?:

1. transfersthrough terms oftrade: (a)the non-agriculturalindustryasanet
importer benefited from the increased terms of trade (the same volume
that the country exports allowed for a growing volume of imports),
(b) part of this benefit came from agribusiness, which generated part
of the resources used in the importation of non-agricultural industry.

T No-till Brazilian Federation (Federacdo Brasileira de Plantio Direto, in portuguese) (FBPD). In: https://
febrapdp.org.br/area-de-pd, (21/10/2019).

12 See Barros (2016) for a detailed description of the method used for the calculation of the transfers
mentioned in the text.
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2. transfers through exchange rate appreciation: the currency
appreciation led to a loss of income for exporters (because the real
value in national currency they received per export dollar fell) that
was transferred to importers who bought dollars at a lower real value
in national currency. In the latter case, (a) part of the transfer due
to exchange rate appreciation takes place within non-agricultural
industry and may be disregarded from the distributive point of view;
(b) another part of the transfer is from agribusiness that loses income
by transferring it to the non-agricultural industry.

From 2000 to 2011, due to the generation of currencies with higher
purchasing power abroad (in dollars) and cheaper (in national currency)
for domestic importers, agribusiness increased import capacity of non-
agricultural industry, transferring to it US$ 149 billion (from 2000 to 2011 in
2000 values), corresponding to 28% of total agribusiness export, or 15% of
total non-agricultural industry imports.

Brazilian imports grew significantly from 2000 to 2011, a growth
comparable to that of exports. Imports totaled US$ 1.2 trillion and exports
totaled US$ 1.5 trillion. In 2011, 70% of the industrial sectors had trade deficits;
only those with low technology (agribusiness and ores and metals) presented
a surplus. These imports were strategic for the accelerated growth of the
period. From 2003 to 2011, while retail trade doubled sales, the manufacturing
industry grew by only 27%, indicating that imports covered this gap (IBGE,
Morceiro, Gomes, Magacho, 2012).

Individually, from 2001 to 2010, through foreign trade, agribusiness, as was
pointed out, provided a surplus of US$ 486 billion; the other sectors presented
a deficit of US$ 180 billion; services and capital accounts, presented a US$ 13.5
billion surplus. As aresult, international reserves increased by US$ 319.5 billion
as of 2011 (96% due to agribusiness), reaching a total of US$ 352 billion.

Brazil, like most countries, suffered in 2009 a halt - a drop of 0.13% - in
its accelerated growth - an average of 3.8% per year - which it had been
experiencing in the 2000s. This impact was already overcome the following
year: the world grew by 5.8% in 2010; Brazil, 7.5%. From then on, to try to
maintain a desired level of 3% growth, very expansive credit and fiscal policies
and market interventions (such as in energy) were carried out. There was a
70% increase in National Financial System (Central Bank) balances from 2008
to 2011 and a 42% reduction in the primary fiscal surplus in 2009 (Brazil's
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Central Bank). However, the positive effects of these stimuli - which provided
a strong recovery in 2010 - soon ceased: excessively indebted consumers,
dangerously deranged public accounts (with primary deficits from 2014 on
and consequent increase in the relation between Gross Public Debt and GDP
from 51.5% to 76.5% from 2013 to 2018) and the need for corrective action in
previously distorted markets forced the adoption of restrictive macroeconomic
measures to create greater confidence in domestic and foreign investors in
the sustainability of public debt. However, positive responses have not yet
occurred after four years of recession or very low growth.

In 2010, 12.7 million families (about 50 million people) benefited from
Bolsa Familia. Ferraz (2008) estimates that, despite a small share of national
income (1% from 1995 to 2005), Bolsa Familia promoted a 21% reduction in
the Gini Index, which measures the income inequality of the population.
The national social security program, in turn, highly skewed in favor of
higher-income people and public workers, would have acted in the opposite
direction, increasing inequality by 25%, a challenge that Brazil will have to deal
with sooner or later due to its undesirable impacts from both redistributive
as well as fiscal perspectives™.

For 2009, Neri (2011) estimated poverty at 32% in rural areas and 15%
in urban areas; in 2000 these figures were 53.5% and 27.5%. This degree
of rural poverty largely results from very low productivity in most of the
farms. The income generated in those farms is too low and not sufficient
to guarantee a minimally adequate standard of living for the population
involved in farming them. In 2010, the Bolsa Familia program played an
important role. AlImost a quarter of the Brazilian population benefited from
the program. Data from Layton (2010) show that in rural Brazil, 49.3% of
the families were beneficiaries of the program; in the urban area, 21.7%. In
the Northeast, 47% of residents were beneficiaries; in the North 35%; in the
other regions, around 15%.

For the year 2006, Alves and Rocha (2010) calculated, in round numbers,
that 9.2% of the 4.6 million (productive) rural establishments generated 85%

13 Brazil approved a Social Security Reform in 2019. A Fiscal Reform and an Administrative Reform are
expected for 2020/2021. New projections from the government indicate a stabilization of Gross Public
Debt/GDP relation at 67% by 2028. See Almeida, M. 2019. “Contas publicas: uma comemoragdo e um
alerta”. https://braziljournal.com/contas-publicas-uma-comemoracao-e-um-alerta.
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of the gross farm income of Brazilian agricultural production. See Figure
8. This group produced the equivalent of US$ 15,000 per farm per year. In
the other groups, 21.2% (976 thousand farms) produced 11% of the total or
between US$ 2,500 and US$ 15,000 per unit; finally, 69.5% produced 4% of
the value, with less than US$ 2,500 per unit - 88% of the Northeast farms
were in this situation. In addition, 579 thousand establishments (12.6%) did
not declare production™. In terms of distribution, the numbers indicate a
high concentration of the gross farm income in the Brazilian agriculture.
However, high concentrations are also found in, for instance, US agriculture:
in 2017, 5% of establishments account for 75% of the gross farm income.
The average annual gross farm income per establishments was, however,
$ 190,000 per farm (USDA, 2018). In Brazil, as mentioned, the average gross
farm income per farm was US$ 15,000 in 2006. Moreover, a possible effect
of an improvement in income distribution through the distribution of the
basic factor of production - land - has been a historic failure. For example,
the Gini Index of land tenure inequality remained at 0,86 from 1975 to the
last census of 2006, as can be seen from the work of Hoffmann & Neri (2010).

Figure 8. Distributions of number of farms and of gross farm income, Brazil, 2006

NUMBER OF FARMS GROSS FARM INCOME

Sources: IBGE, Alves & Rocha (2010).

4 Hoffmann (2014) estimated, for 2006, the contribution of Family Farming in terms of national
production to be 69.6% for beans; 83.2% for cassava; 57.6% for milk; 45.6% for corn; 38% for coffee;
33.1% for rice.
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Of course, poverty reduction is not just about handing out a certain
amount of money; this money must be turned into income with the necessary
purchasing power. In this respect, the role of agriculture and agribusiness -
although with major social problems in rural areas, where it operates - has
been of great relevance for the improvement of the living conditions of the
majority of the Brazilian population thanks to increased production at stable
or decreasing prices. Thus, the resources of social programs maintained or
increased the purchasing power, of the poor, different from what would have
happened if production had not accompanied the distribution of resources.
In the city of Sao Paulo, for example, the real cost of food (IPCA food to
GDP deflator) fell by 12.5% between 2000 and 2010. For Brazil, there was
an increase of 32% in the output of agribusiness (and 77% for agriculture),
while its relative price decreased by 18.5% and of farming, 10%. This occurred
concurrently with the commodity boom period, when the international
dollar price of agricultural commodities grew by 104% and the price of food
specifically by 113% (WORLD BANK). These prices, once internalized to the
Brazilian producer, were reduced due to the 58% exchange rate appreciation
in Brazil: a real drop of about 10% for agricultural products and about 14%
for food to the Brazilian exporter.

8. The post-international crisis and the Brazilian
crisis: the highlight of agribusiness

From 2010 to 2018, the Brazilian economy had two years of recession
(with GDP falling by around 3.5% in 2015 and 2016) - see Figure 1 - and grew
on average only at 0.6% per year, with a cumulative fall in per capita income of
7.2% in eight years. From the 2019 socioeconomic and financial parameters,
there is no expectation of a likely resumption of steady growth - 3% to 4%
per year, an implicit target in society - in the coming years and, less likely
still, a return to standards prior to 1980.

The government lacks resources for fiscal incentives and since 2014
has been generating primary deficits and public debt has been growing
worryingly. Monetary policy - in view of the substantial fall in the inflation
rate associated with high and prolonged unemployment - has been producing
historically low interest rates, but it has not been sufficient to induce faster
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economic growth, a phenomenon also observed worldwide. Regarding
employment, the number of employed persons increased by 45% from 2001
to 2011, reaching 88.7 million. From 2011 to 2018, that number increased
to 93.1 million; but even so, 12.8 million people (12.2% of the workforce)
were unemployed in 2018. That is, as per capita income fell, more people
sought employment. In the last five years (2013 to 2018), faced with falling
per capita income, the labor force grew by 7.3%, employment by 2.1% and
unemployment by 83% (from 7 million to 12.8 million or from 7.3% to 12.3%).
In other words, out of ten job seekers, only 3 found employment.

In the 2018 rural-urban breakdown of the Brazilian population (208
million people), 86% lived in cities. From the employment perspective, this
division is losing its importance: in 2018, 2/3 of the agricultural workers
lived in rural areas and 1/3 in the urban areas, and the number of people
employed in agriculture has been falling: 17% between 2012 and 2018,
reaching 8.5 million people (9.1% of the total of 93.1 million employed in
Brazil). Of these, 32.5% lived in cities (Barros, Almeida & Castro, 2019). In
addition, 47.5% of the inhabitants of rural areas work in activities outside
agriculture. In 2018, 18.2 million people (20% of the Brazilian employed
population) worked in agribusiness activities, of which 8.5 million (46%)
worked in primary activities (farming); 3.8 million (31%) in agroindustry
and 5.8 million (32%) in agri-services (Barros, Castro, Gilio, Morais, Almeida,
Souza Junior, Silva, Fachinello, 2019).

Agribusiness grew in the same period (2010/2018) at an annual rate of
1.1% and its relative price fell 0.85%, so that its share of total GDP remained
virtuallyunchanged from2010(21.1%). Farming (agriculture and livestock) grew
at 2.6% yearly. The TFP of the economy in the period 2010/2017 accumulated
a fall of 4% (Orair & Bacciotti, 2018). For agriculture, TFP accumulated growth
of 24%, with the offer of rural credit expanding 100%. In 2018, only a third of
the credit generated a tax cost related to interest rate equalization, which is
now at historically low levels due to the fall in the Central Bank's basic interest
rate to half of the 2015 rate.

The following is what the evolution of the agribusiness component
segments looks like in 2018. Total agribusiness GDP in 2018 reached US$
393 billion, growing by 1.76% per year in real terms since 1995 (Figure 6). The
farming segment whose GDP is 24% of the total agribusiness, had annual
growth of 4.62% per year; with a balanced growth between crops (4.5%) and
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livestock (4.9%), with crops accounting for 70% of the GDP of agriculture.
The input segment (5% of agribusiness GDP), grew by 3.3% per year. The
slowest growth was in the agroindustry segment (30% of agribusiness GDP),
with only 0.6% per year. The agri-service segment (41% of agribusiness GDP)
grew at 1.2% per year. The interconnection between the segments is clear.
On the one hand, the input segment advanced with the strength of modern
and efficient agriculture. This is despite the sharp increase in their prices:
from 1995 to 2018 the terms of trade of agricultural inputs (agriculture
deflator in relation to the input deflator) fell by half. On the positive side,
more than offsetting this increase in input prices, it was observed that the
TFP of agriculture multiplied by a factor of four between 1975 and 2017
(Gasques, Bacchi, Bastos, Valdes, 2019). On the other hand, the slow growth
of agroindustry denotes the difficulty agribusiness faces in terms of value
added, a challenge faced by the manufacturing industry in general in Brazil.

Poverty in Brazil as a whole fell from 13.6% in 2010 to 8.4% in 2014; but
by 2018 it had increased to 11% (Neri, 2018). Given that the relative price of
agribusiness has fallen by 6.9% from 2010 to 2018, the increase in poverty
has been attributed to the high level of unemployment - which increased
from 7.3% in 2012 to 12.3% in 2018 (IBGE) - with per capita income falling 8%
in the four years to 2018. Real consumer food prices barely changed in the
case of Sao Paulo (FIPE, IBGE). These results show that agribusiness growth
tends to produce better social outcomes if accompanied by growth in the
economy as a whole or at least a sustainable cash transfer program even in
times of crisis. The Bolsa Familia program reached 21% of Brazilians in 2017,
and in the Northeast the figure was around 40% (MDS'™). Its resources were
reduced from 2014 to 2018 by 13% and the number of families benefited fell
from 14 million to 13.8 million (MDS). In an economy with low growth and
reduction in cash transfers, there may be cheap food, which nonetheless
cannot be bought by people with no income or very low income because of
high unemployment.

In the composition of agricultural gross farm income (GFl), as shown
in Figure 6, in 2018 compared to 2010, the relative importance of soybeans

> Ministério do Desenvolvimento Social (MDS). In: http://mds.gov.br/area-de-imprensa/noticias /2018/
junho/bolsa-familia-beneficia-mais-de-13-7-milhoes-de-familias-em-junho.
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grew - from 16.9% to 25% -, cattle maintained its participation (13.5%),
oranges almost doubled its importance, and cotton went from 2% to 6%.
Rice, beans and cassava had their participation greatly diminished (Mapa).
Cotton stood out in 2018 in the Center West and Northeast. Sugarcane is of
striking importance in the Southeast and South. Coffee is grown mainly in the
Southeast (88% of its GFI); 70% of the orange production is in the Southeast;
corn stands out in the Center West, Southeast and Northeast; soybean has
70% of its GFl in the Center West and South, but has evolved significantly in
the North and Northeast; beef cattle are relevant in all regions, but stand
outinthe Center West and North; pigs are concentrated in the South, Center
West and Southeast; poultry appears mainly in the South, with 60% of its
GFI; milk comes mostly from the South and Southeast. Interestingly, between
2010 and 2018, soybean GFI grew 140% in the Northeast and multiplied by
four in the North. Cotton had its GFI multiplied by 4.4 in the Northeast. Beef
cattle grew 50% in the North.

Planted area in Brazil grew 51% from 2000 to 2018: from 52 million
hectares to 78.5 million hectares (IBGE). The expansions occurred in the
following order: Center West (172%), North (55%), Southeast (36%), South
(25%); in the Northeast there was a slight decrease (-2%). Thus, the Center
West leads agriculture in terms of planted area with 35% of the total, followed
by South with 27%, Southeast with 19%, Northeast with 14% and North with
5%. The cattle herd (215 million heads in 2017) is also higher in the Center
West (34.5% of the total), followed by the North (22.6%), Southeast (17.5%),
Northeast (12.9%) and South (12.6%). This general expansion to the Center
West and North - farther from major urban centers and traditional ports
- has created major challenges in logistics for agricultural production in
general. Irrigation reached 6.9 million hectares during the 2010 decade; the
Southeast with 39% of the total irrigated area, South with 24% and Center
West and Northeast each with 17%, and North with 3% (Embrapa, 2018).

From a macroeconomic perspective, despite the failure in terms of
growth in Brazil, two very positive points have been achieved in the last
eight years, both achieved with an important support from agribusiness. On
the one hand, inflation fell to rates rarely seen in Brazil, below 4% per year.
Contributing to this were the prolonged stagnation - with falling employment
and per capitaincome - due to factors such as high interest rates, fiscal crisis
and falling national TFP. The slight devaluation of the exchange rate during
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the period - in part due to the reserves generated by agribusiness - despite
the poor economic performance of Brazil, likewise helped to curb inflation.
At the same time, the economy was spared from agricultural supply shocks
(two production declines that occurred were reversed in the same proportion
shortly thereafter), so that from 1995 to 2018 real farm prices fell 34% even
with international prices growing 113% between 2001 and 2008 and 77%
between 2001 and 2018 (FMI). Agribusiness competitiveness also increased
during this period. In 1995, according to Cepea’s data, exports of this sector
corresponded to 7.5% of its GDP; by 2018 the figure was 25%. For the total
economy, exports went from 6% to 13%. Just over US$ 1.04 trillion dollars
in reserves were generated by agribusiness; the other sectors consumed
US$ 527 billion. This positive result in foreign trade contributed to prevent
the increase of the country-risk factor, thus enabling significant reductions
in interest rates, and preventing economic growth from being even lower.

9. Challenges to be overcome

The United Nations (2015) estimates that meeting the food requirements
of the 9 billion inhabitants of the world expected by 2050 will require 60%
more food, implying 50% more energy and 40% more water. These figures,
of course, vary from institution to institution. The United Nations of Brazil
(2016) recalculated the necessary increase in food production by 2050: it will
have to double. The point to emphasize is that the demand for agricultural
products will increase greatly as the population increases, as incomes
increase, urbanization grows, and so on. A study conducted by Embrapa
(2018) for 2017 showed that Brazilian lands were distributed as follows: 30% in
farm production use (crops and planted forests, 9%; planted pastures, 13% in
native pastures, 8%); areas under preservation had 33.6%; indigenous areas,
13.8%; and unregistered native vegetation held 19% (the rest were urban and
infrastructure areas). Brazil can and will participate actively and will be one
of the protagonists in this effort - maintaining its support for agricultural
science and innovation and infrastructure, strengthening institutions linked
to the sector -, when beyond quantity (food security), there will be increasing
demands for quality (food safety), environmental sustainability and human
rights. Globalization raises problems and challenges to the world level, but
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also makes solutions - especially in the fields of shared governance across
nations with regard to institutions, science, technology, innovations - linked
to the perception of interdependence between countries and, of course, to
world cooperation.

There is a diagnosis made by most of those studying the Brazilian
economy that the major obstacle to the country’s most robust growth lies
in the slowness of total factor productivity (TFP) and, by extension, labor
productivity. Greater investment and better management in institutions
related to (a) science, technology and innovations and their diffusion to the
neediest economic agents, (b) quality of education, (c) infrastructure, (d)
business environment and (e) trade openness, would help to overcome the
bottlenecks for faster economic growth (Abrao, Lisboa, Carrasco, 2018). To
overcome such obstacles, the public sector in Brazil would need to regain
investment capacity accompanied by a review of its role in the economy,
reaping the gains of closer association with the national private sector and
international public and private organizations. There is, on the one hand, an
urgency forinvestmentsand, onthe other, averysevere shortage of resources.
This conundrum must be solved in order to restart the development pathway
from which the country has strayed after four decades.

As already mentioned, the strategy for the growth of Brazilian agriculture
has been to increase production based onincreased productivity, making use
of technology, economies of scale and with the foreign market for the flow
of growing production, thus avoiding a drop in prices that would make this
model unfeasible. Although agriculture has proved to be very competitive,
it is common to raise a number of points that prevent or may prevent this
competitiveness from being maintained or increased in the future.

One of these points refers to the controversial issue of agriculture in the
context of environmental sustainability, including themes such as water use,
deforestation and fires (with effects on agriculture itself and the global climate
crisis) in the Amazon and in the Centre West mainly; soil erosion and excessive
use of agrochemicals (with harmful effects to consumers and environmental
contamination). Regardless of the severity of the environmental and human
damage that actually results from aspects related to the sustainability of
agriculture, there is no doubt that the country must take care to minimize -
when not eliminate - these damages. Agents and leaders of the sector, as well
as a growing part of the political class, have shown themselves to be aware
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of the economic losses that a poor performance in environmental issues can
cause them, either due to the damage to the natural resources that they use in
the production process, or to the impacts that they can cause in the perception
and preferences of the consumer, or even in the opportunity or pretexts that
they provide for protectionist practices on the part of their competitors.
There is a debate among scientists and in society as a whole about
strategies and methods for treating causes and mitigating damage associated
with the environment. This is a positive sign that such issues will no longer
be ignored and appropriate solutions will be found - already with effects in
the short term. Society broadly and seriously discusses ways to effectively
combat deforestation; the most effective way to do so is the question. Within
agriculture itself, important programs have been implemented within the
concept of the low carbon economy based on the intensification of land use (two
or more crops per year in the same location), recovery of degraded pastures,
crop-pasture-forest integration, no-tillage, biological nitrogen fixation, forest
planting, animal waste treatment. The National Biosafety Policy, the Forest
Code, the Rural Environment Register - known as CAR - are instruments aimed
at sustainability. The urgency of the development of biological insecticides,
fertilizers and herbicides is widely recognized in scientific circles. Agriculture
and agribusiness have also contributed significantly to a cleaner energy
matrix in Brazil through the ethanol and biodiesel programs, using part of
the production of sugarcane, corn, soybeans and other raw materials. As a
result, biofuels represent 23% of the energy matrix of the transport sector (EPE,
2019). Navarro (2016) rightly argues that, along the lines of current capitalism,
agriculture necessarily preserves increasing proportions of natural resources,
adopting technological models that are becoming “environmentally desirable”.
Another point that severely weakens the competitiveness of the Brazilian
agriculture is the Brazilian logistics infrastructure, which results from the
option made decades ago for highways as the main means of transport and
the lack of public resources for the necessary investments in maintenance
and expansion of highways and other modes of transport, as well as storage
and ports. The logistical cost for Brazilian agriculture can be calculated using
the case of soy as an example. According to data from Cepea/Esalq/USP,
the price differential, for example, between the Port of Paranagua and the
producing region of Sorriso in Mato Grosso (distance of 2,200 km) was 25%
in the 2000s, having decreased to 20% in the following decade, largely due to
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the implementation of alternative ports in the North and Northeast regions.
To this cost to producers, the cost to society in the form of losses due to poor
transport and storage conditions must be added.

According to Garcia and Vieira Filho (2019), it is estimated, based on
data from 2017, that Brazil has 1.5 million kilometers (km) of highways, with
only 12.3% being paved. In total, Brazil has 25 km of highways per thousand
square km, 17 times less than the United States and 15 times less than China.
The average speed on Brazilian highways is 22 km per hour; in the United
States it is 80 km per hour. Even so, 61% of cargo handling in Brazil takes
place on highways.

As Garcia and Vieira Filho (2019) also report, the total availability of
railways - moving 21% of the total load - reaches 30 thousand km, one tenth
of that in the United States and a quarter of that in China. The waterway
network in Brazil totals 20 thousand usable km, transporting 14% of the cargo
in Brazil. Transport through pipelines reaches 4% of cargo. There are also
8,500 km of maritime coasts. Brazilian seaports exported 135 million tons
of agricultural bulk in 2017. The useful storage capacity of various types of
agricultural products in Brazil was 145 million tons in 2017 - the year in which
grain production was 230 million tons, 95% in the private sector. There is a
shortage of warehouses - mainly in the Centre West - which, in Brazil, has
been growing over time: grain production grew at 5.2% per year and storage
capacity at 3.8% in the 10 years to 2018.

Garcia and Vieira Filho (2019) conclude that the logistics infrastructure,
in addition to being quantitatively and qualitatively deficient, are poorly
distributed. The South and Southeast are relatively well served; in the Center
West and the Northeast, despite recent advances in the ports in the North
and Northeast, there is still a great dependence on infrastructure located in
the Southeast and South.

A significant challenge for Brazilian agribusiness is to maintain in the
future the balance regarding two vectors that have been supporting its
growth: productivity and an intense link to the foreign market. As for the
first, it is about sustaining itself on the frontier of technological innovation
and proceeding with the diffusion of this technology, thus reducing the gap
between a minority of highly productive and efficient producers - responsible
for more than 80% of production - and a numerical majority (backward and
poor) producing less than 5% of the total.
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Navarro (2016) talks about a modernization in the form of agronomic
technical improvements that immediately produced economic results that
took place in the 1980s and extended through the 1990s. Market integration
implies acquiring new technology and diffusion of innovations. Navarro
speaks of a strategic disorientation in state and federal public institutions
(including universities), which still focus on agronomic modernization ignoring
or disregarding the economic and financial foundations of the current
productive system. An aggravating factor was the mass of researchers and
professors that were replaced in the 2000s without the transition between
generations being adequately addressed.

There is a discussion that emerges in the mainstream press about
Embrapa’s role and directions in the present and in the future. The production
of agricultural technology has undergone important changes with the
increasing participation of the private sector. The Cultivar Protection Law of
1997 has been identified as a fundamental turning point, with the result that
the production of genetic material, previously a stronghold of public research
institutions, becoming attractive to private companies, which with time has
been concentrated in the hands of a few multinationals. It has been argued
that this has resulted in an increase in the cost of inputs and less concern
with health issues, such as the use of pesticides and other environmental
impacts, with the basic research work carried out abroad.

Regarding the frontier technology today, consider the case of Precision
Agriculture (PA). Rezende and other Embrapa researchers (2010) indicate that
its adoption began in the 1990s in the production of grains and perennial
crops, achieving momentum in the years after 2000, with significant areas of
annual crops and sugarcane working with georeferenced mapping, optimizing
variable rates of application of inputs. Next, there was a certain retraction
in investments in PA, which can be attributed to deficiencies in the greater
use of technology, including the data it generates. Currently, the use of PA
in the United States and even in Argentina is much more expressive. In any
case, more recently, a resumption of PAis taking place in areas of the Cerrado
that favor the mechanization. The authors even point to a delay in research
activities in Brazil in relation to the use of PA on a large scale in agricultural
production, which is taking place without scientific validation.

With regards to cutting-edge technology, precision biology - with the
production, in addition to plant-based meat, of “artificial meat” or “cell-based
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meat” (when the meat is produced by the “in vitro” culture of animal cells)
- for example, can represent a disruption in the agricultural system as
it is organized worldwide today (Steffens et al., 2018). The production of
tissues by cell culture is well developed in the field of bioengineering and
pharmaceutical production, but has been growing more recently in food
production. Animal product prices could potentially fall substantially with an
equally substantial drop in demand for agricultural raw materials (grains and
others). When such technologies become economically viable - benefits to
the consumer in the form of cheaper and better quality food could be very
substantial and environmental costs - like greenhouse gas emissions - could
also be significantly reduced. It is not yet well known how Brazil is positioned
in terms of precision biology and all its developments (Santos, 2019). In the
United States, the Department of Agriculture (USDA) and the Food and Drug
Administration (USFDA) have already defined the sharing of supervision of
the “cellular meat” industry.

The question of the second lever of agricultural progress - in addition to
productivity - related to the strong link to the foreign market needs to be seen
in perspective. In this regard, Brazilian agriculture is not in an unprecedented
position. On the contrary. Historically the propulsion of agriculture has been
originated by important events of origin abroad. The sugar cycle in the 16"
and 17t centuries was associated with the growing demand in Europe, which
was becoming richer with the gold and silver brought from the Americas. One
can remember the case of cotton, whose strength in the 18" century was due
to the English industrial revolution. The widespread consumption of coffee
during the American industrial boom in the 19t century stimulated exports of
this product.

The current advances in agriculture and livestock resulted of a
combination of two factors: (a) the urge to contain hunger and malnutrition
in Brazil and make industrialization possible by lowering the cost of living,
and (b) the jump in commodity prices that stimulated the move towards
the foreign market. This set of factors led to investment in agricultural
education and research. From the point of view of the external exogenous
factors, it is well known that they encourage and discourage agricultural
exports as markets go through high and low cycles. The great acceleration
of Brazilian agriculture from 1990 onwards is associated with the growth
of emerging countries, mainly China, especially with its admission to the
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World Trade Organization (WTO) in 2001, following the trade agreement
between China and the United States, two years before. This time, however,
Brazilian agriculture is among the leaders of production, not only because
of the possession of natural resources, but mainly due to high productivity
backed by technology. The challenge, as already mentioned, is to remainin
the leading position of technology, in the face of the disruptive revolution
that may be ahead. The search and cultivation of new partners is always
an essential strategy.

Accommodation in a comfortable situation sooner or later takes its toll.
The tradein agricultural products with China that from 2000 to 2019 evolved
from about US$ 1 billion to more than US$ 30 billion, or from less than 3%
of the value of Brazilian agricultural exports to around 32% (MIDC). In the
meantime absolute losses occurred in trade with the European Union and
in relative terms with the United States. Agribusiness (adding agro industry
and agro-services to farming) had its relationship between exports and GDP
evolving from 11% to 26%. For the whole of Brazil, the ratio changed from
8.5% to 13%. This occurred despite the fact that the real value of exports in
national currency was eroded by a real appreciation of the average national
currency of 45% from 2000 to 2019, which meant that the income from
agricultural exports was subjected to an average exchange rate taxation of
around 45%, embodied in a transfer that defrayed part of industrial imports
and also part of the stock of international reserves accumulated in the period
(Barros and Castro, 2020).

Still hampering Brazilian agricultural exports are the challenges of
access to markets. For example, in the case of soybeans, tariff escalations
occur, as in the case of China, which purchases soybeans in grain, with strict
restrictions on meal and oil. This is a contradiction to the economic principle
that dictates that the processing must take place in the region of origin of
the raw material, since the logistical efficiency is much greater in the trade of
derivatives, with greater economic value in relation to the weight or volume.
Restrictions on biological events (such as GM soy) also illustrate challenges.
Meat faces problems when it comes to qualifying plants, tariffs and quotas,
sanitary and even religious restrictions. Of course much effort must be
invested in negotiations, especially considering the political downgrading
that the World Trade Organization (WTO) is currently undergoing.
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Adding value to agricultural
exports in China: the fruits
and vegetables sector

Abstract

This chapter reviews the evolution of the Chinese fruit and vegetables
sector throughout recent decades. As the Chinese income levels have risen,
diets have changed, and consumers have demanded a greater variety of
foodstuffs, leading to a drastic growth in different horticultures. It presents
an analysis of the economic drivers behind the surge in Chinese fruit and
vegetables production, focusing on productivity increases and expansion of
the net sown area, as well as the challenges of adding value to this production.
Recent trends within the export and imports of fruit and vegetables are
illustrated, and the chapter concludes with an assessment of the evolution
of the relative competitiveness of Chinese producers.

1. Introduction

As two major agricultural traders, China and Brazil play very important
roles within global food markets. With its large population, China both
produces and consumes a large volume of agricultural products. As the
largest country in South America, with abundant natural resources and
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beneficial climatic conditions, Brazil is also an important agricultural player.
The Chinese trade surplus of fruits and vegetables continues to increase,
especiallyinthevegetables sector. The Chinese fruitand vegetables trade with
Brazil has been growing steadily, and is the fastest among BRICS countries,
with vegetable exports as the main driver. The differences in resource
endowments between China and Brazil not only provide the two countries
with comparative advantages in fruit and vegetable trade, but also increase
the complementarity of bilateral trade, which provides a broader space for
the growth of fruit and vegetable sector. In this study, the contribution rate
decomposition method, cost-benefit analysis, and trade competitiveness and
complementarity indexes are used to analyze the development of China’s fruit
and vegetable production, and the competitiveness and complementarity
between China’s and Brazil's fruit and vegetable trade, so as to further
explore the development potential of the two countries’ trade.

2. Data description

The datasets used by the studies of vegetable and fruit production in China
cover the period from the start of China'’s reform and opening in 1978 to 2017.
The analyses of the development of vegetable and fruit production in China
are based on the data published by the Chinese Bureau of Statistics, while the
studies for the cost-benefit of China’s vegetable and fruit production use data
published by the National Development and Reform Commission in 2018. The
three studies for the vegetable and fruit trade between China and Brazil were
based on samples from United Nations Comtrade Database, from 2000 to 2017.

3. Development of vegetable and fruit
production in China

Since the reform and opening up, China’s vegetable and fruit production
has grown strongly. Different factors, such as scientific and technological
progress, consumer market expansion, government policy, factors of
production, and natural conditions, have led to increases in volumes of
vegetable and fruit production. Based on the analysis of the changes of
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China’s vegetable and fruit production, the following chapter will focus on
the significance of the net sown area and unit area yields to the growth of
China’s vegetable and fruit production.

3.1. Production changes in China’s vegetable and fruit sectors

The production of vegetables and fruit is an important part of Chinese
agriculture and has seen a notable growth in scale since the reform and
opening up, driven by rising consumption demands. Thanks to changes in
the Chinese diet, and more exigent consumers, the demand for vegetable
and fruit is increasing. Furthermore, the added value of vegetable and fruit
is relatively higher than that of other crops.

The growth in vegetable and fruit production since 1978 is shown in
Figure 1. China’s vegetable sown area and orchard area both display a rapid
growth trend. The sown area of vegetable increased from 3.3 million hectares
in 1978, to 20.0 million hectares in 2017, a growth of 499.9%. The area of
orchardsincreased from 1.7 million hectaresin 1978 to 11.1 million hectaresin
2017, a growth of 572.1%. The production of vegetable and fruit also displays
a similar picture. From 257 million tons in 1995, vegetable production rose to
703 million tons in 2018, an increase of 173.4%. Fruit production increased
from 47 million tons in 1996, to 257 million tonsin 2018, an increase of 452.1%.

Figure 1. China’'s vegetable and fruit production
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Data Sources: Nation Bureau of Statistics of China (http://data.stats.gov.cn/).
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3.2. The contribution degree to the growth of China’s
vegetable and fruit production quantity

The production quantity (Q) can be divided into two parts: the net sown
area (R) and the unit area yield (Y):

Q=RxY @
Calculate Q by taking logarithm and difference of Rand Y:

8s=8rt 82

The growth rate of Q is the sum of the growth rate of R and Y. The
contribution degree of R and Y is shown as the following:
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According to production fluctuation and the availability of data, there
are three periods to analyze the changes and degree of contribution of
vegetables, 1995/2005, 2006/2011 and 2012/2017, and two periods for fruit,
1996/2002 and 2003/2017.

The results of the production increase of vegetable and fruit are shown in
Table 1. Between 1995 and 2017, total vegetable production grew by 169.0%,
the net sown area increased by 110.0%, and unit areayield increased by 28.1%,
which respectively contributed 65.1% and 16.6% to the vegetable production
quantity. Two thirds of the growth of vegetable production quantity is
derived from the expansion of net sown area, which plays an essential role in
vegetable production quantity. The average annual growth rate of vegetable
production quantity was 4.6%, with 3.4% deriving from expansion in the net
sown area, and 1.1% from unit area yields, which respectively contributed
74.6% and 24.6% to the vegetable production quantity.

Compared with the three aforementioned per