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he history of agricultural intervention in the extensive area currently called

Z the “Cerrado biome” reflects the confluence of several projects involving pub-

lic and private agencies, which brought together knowledge from agronomy,
economics, environmental sciences and other areas over decades. The biggest challenge
for this venture revolved around converting large areas of “naturally” infertile soils into
arable land for large-scale agriculture. A decisive point in the “conquest of the Cerrado™,
as advocates of large-scale agribusiness refer to this historic process, was the creation of
the Brazilian Agricultural Research Corporation (Empresa Brasileira de Pesquisa
Agropecuaria-Embrapa) and its specific unit for this area, the Cerrado Agricultural
Research Center (Centro de Pesquisa Agropecuaria dos Cerrados-CPAC). The in-
stitution has coordinated the research on cerrado soil fertility since the mid-1970s, pro-
moting important scientific advances in agricultural productiviry in Brazil. This arti-
cle observes from a historiographical perspective how the Embrapa reports from 1975
to 1995 produced an important range of knowledge about cerrado soils and ecology,
which ultimately led to the conceptualization and construction of the “Cerrado Biome™.
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historia da intervengdo agricola sobre a extensa area atualmente denominada

de “bioma Cerrado” fot possivel apenas a partir da confluéncia de diversos pro-

Jetos com agéncias publicas e privadas, aproximando diferentes areas do co-
nhecimento, como agronomia, economia, ciéncias ambientais, entre outras, ao longo de
décadas. O maior desafio para este empreendimento girou em torno de converter gran-
des areas de solos “naturalmente™ inférteis em solos aptos para a agricultura em larga
escala. Um dos pontos decisivos para a “conquista dos Cerrados™, como os defensores
do agronegocio em larga escala se referem a este processo historico, reside na criagdo da
Empresa Brasileira de Pesquisa Agropecuaria (Embrapa) e, mais especificamente, em
uma de suas umidades, o Centro de Pesquisa Agropecuaria dos Cerrados (CPAC). Nesta
perspectiva, a instituigdo coordenou a dindmica de pesquisas em fertilidade dos solos de
cerrados desde meados da década de 1970, promovendo um importante avango cien-
tifico sobre a produtividade agricola do Brasil. Para este artigo, sera observado, a par-
tir de um olhar historiografico, como os relatorios da Embrapa produziram, entre 1975
e 1995, uma importante gama de saberes sobre os solos e a ecologia dos cerrados e, em
ultima nstancia, sobre a propria construgdo da ideia de “bioma Cerrado™.
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1. INTRODUCTION

From a political and technical-scientific point of view, the history of agricultural land use
in Brazil can be divided into two major questions built over the course of the 20% cen-
tury: the exploration and recovery of soils with “natural” fertility, and in contrast, the
search for possibilities of fertilizing acidic soils. While the first issue occupied the politi-
cal agenda for practically the entire century —through the opening of new agricultural fron-
tiers or the recovery of fertility in soils that have been exploited for centuries— the second
dominated an important part of government and business attention after Second World
War. Before this text advances into this debate, however, it is necessary to note that the
notions of “natural (in)fertility” —a fundamental category of Western agronomic seman-
tics—, in most cases refer to the intensive and extensive use of soils for the production of
agricultural and livestock surplus to supply towns or urban centers. And in this sense, soils
are no longer perceived as only a “natural” element, but as resulting from the interaction
between society and nature (Worster, 1979, 1982, 2016). In summary, there is an ancient
historical relationship involving humans and non-humans, with their long-lived and di-
versified habits of dispersing fruits, seeds and other organic elements.

Currently, the Cerrado (Central Brazil’s tropical savanna) is the country’s most im-
portant center of food production (Dutra e Silva, 2020). But that was not always the case.
Historically, statesmen, scientists, and farmers considered the region unsuitable for agri-
culture. The soils of Cerrado grasslands, with a higher degree of acidity, were historically
considered naturally infertile. In fact, these soils have always harbored high biodiversity:
in some cases they resulted from anthropic action and in others from the geological his-
tory of these environments (Oliveira & Marquis, 2002; Pennington & Ratter, 2006; Du-
tra e Silva, 2020). Until the mid-20™ century, soils with higher acidity content were re-
lated to a political conception of backwardness (Ferri, 1969, 1974; Goodland, 1971;
Goodland & Ferri, 1979; Rizzini, 1976).This backwardness, however, was responsible for
the maintenance of an important biodiversity, while the soils considered to be of greater
fertility were widely exploited by agricultural production, being especially deteriorated by
the widespread advance of commodities.

Brazilian environmental history has highlighted the relationship between the ex-
ploitation of natural resources in Brazilian fertile soils, especially in studies related to agri-
cultural expansion in the Atlantic Coast Forest (Mata Atlantica) (Dean, 1997; Drum-
mond, 1997; Padua, 2004; Cabral, 2014). These forested areas were used for centuries
for the purposes of sugar, coffee, or cotton monoculture. In the second half of the 20™
century, this region already presented a scenario of devastation, both in the destruction
of vegetation and the soil. Erosion, particularly due to the lack of any practices to replace
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lost micronutrients, advanced rapidly in areas occupied by plantations since the colonial
period. In regions such as the interior of the state of Sdo Paulo, farmers abandoned old
coffee-producing farms and their centuries-old coffee plantations, surrounded by sandy
soil, and migrated towards the fertile lands of Parana (Kohlhepp, 2014). In the first half
of the 20™ century the forested regions of Mato Grosso de Goias, as well as northern
Parana, came to represent the new Eldorado supported by policies to expand the agri-
cultural frontier into the zerra roxa (purple soil) forests (Kohlhepp, 2020; Dutra e Silva,
2017; Dutra e Silva & Bell, 2018; Silva, 2020). But from the second half of the 20™ cen-
tury onwards, the “infertile” lands of the Brazilian interior became the focus of the agro-
nomic development policy for the production of grains and commodities. And this
change in the perspective of arable soils in Brazil has a lot to explain us about the history
of the Brazilian Cerrado.

This article is an attempt to contribute to the environmental history of the Cerrado
by analyzing the processes that were fundamental to the change in the agricultural per-
spective of the region: from an infertile and unsuitable land for agriculture to one of the
most important areas in the production of grains and commodities in Brazil and in the
world. This text in particular, focuses its analysis on agronomic research of soil infertil-
ity, one of the main dilemmas in grain production and the expansion of the agricultural
frontier in the Cerrado. The primary research subject which will be further detailed, is the
agronomic research carried out by the Brazilian Agricultural Research Corporation
(Empresa Brasileira de Pesquisa Agropecuaria, Embrapa), at the Cerrado Agricultural Re-
search Center (Centro de Pesquisa Agropecuaria dos Cerrados, CPAC), headquartered
in Planaltina, in the Federal District. The documents analyzed were produced between
1975 and 1995, a period in which the domain and “conquest” of Cerrado soils took place.

2. A BRIEF HISTORICAL INTRODUCTION OF SOIL FERTILITY IN
BRAZIL

In the Western hemisphere, a basic science of fertilization was established by Justus von
Liebig in the mid-19" century (Rossiter, 1975). However, as Warren Dean (1997)
pointed out, even though the large-scale Brazilian farmers were aware of the renowned
fertilization formula (NPK: nitrogen, phosphorus and calcium) proposed by the German
chemist, they did not use it, due to the so-called natural fertility provided by felling forests
(slash and burn) in the advance of the agricultural frontier. The main point of criticism
by both national elites and educated foreign travelers was the “slash and burn” method
(Dean, 1997; Silva, 2015), which represented the backwardness of the agriculture prac-
ticed in Brazil (Silva, 2015). In contrast, the creation of research institutions and the dif-
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fusion of agricultural techniques came to be identified as necessary measures to modernize
Brazilian agriculture. On the part of the rural elites, between 1948 and 1949, the Brazil-
ian Rural Society (Sociedade Rural Brasileira) and the Rural Economy Institute (Insti-
tuto de Economia Rural) went to the interior of the country in order to promote soil re-
covery practices. The government of President Eurico Gaspar Dutra (1946-51) started
a crusade that called on agronomy professionals to act as missionaries and “evangelize”
producers for soil conservation (Medeiros, 1950). Thus, during the first half of the 20®™
century, the Brazilian state and rural elites promoted the advance of farming towards the
new frontiers of fertile soils (Dutra e Silva, 2017). Among other initiatives, they sought
to promote the recovery of deteriorated soils (Silva, 2015).

Environmental history, therefore, shows that the expansion of the Brazilian agricultural
frontier was related to the history of territorial expansion into tropical forest regions for
centuries (Dean, 1997; Dutra e Silva, 2017). However, another important issue for this
current, and still underexplored by Brazilian historiography, refers to the expansion of agri-
culture into large portions of “naturally infertile land”. Generally, soil infertility is asso-
ciated with areas of grassland formation, especially in the neotropical savannah areas of
the Cerrado, in the regions of central Brazil, but it can also refer to areas of Cerrado en-
claves in the Amazon, in addition to the northeastern Caatinga and southern grasslands
(Sampaio, 1938; Lofgren, 1896; Ferri & Warming, 1973).

Savannas and grasslands were often interpreted throughout the Iberian conquest as
cattle frontier areas (Mccreery, 2006). From the second half of the 20™ century and on-
wards, the Brazilian state adopted an economic modernization policy based on the in-
dustrial model, which outlined increases of food production for urban centers and of com-
modities for export as fundamental to national development. Faced with this new
situation, the geographer of the National Geography Council (Conselho Nacional de Ge-
ografia), Speridido Faissol (1923-97), stated that Brazil was at a crossroads in its quest
for development: either the soils devastated by agricultural practices of “slash and burn”
would be recovered or farming would advance into the infertile soils of the Cerrado (Fais-
sol, 1957).This dilemma is representative of an important portion of Brazilian social and
political thought, interested in creating conditions for the advancement of agriculture and
livestock (Faissol, 1957: 5). In this sense, more than just expanding the agricultural fron-
tier territorially, it would be necessary —by the government and rural elites— to develop a
new technology to literally build the fertility of soils in the central region of Brazil.

Some researches and some experiments were pioneers in this sense, such as the

North American Reeshon Feuer (1956), and the Brazilian Mario Guimaraes Ferri (Raw-
itscher, Ferri & Rachid, 1943), Alvaro Barcellos Fagundes, Paulo de Tarso Alvin, and Wil-
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son Alves de Araujo (Malavolta, Pimentel-Gomes & Alcarde, 2002). However, such sur-
veys did not hint at large-scale agriculture in the Cerrado grasslands —except in the case
of Feuer. Contemporarily with the green revolution, a series of projects and experiments
related to the restoration and construction of soil fertility were put into practice with gov-
ernments and international organizations. Noteworthy for example, is the work of the
North American Innovation Research Institute (IRI). Created in 1950 by billionaire Nel-
son Rockefeller, IRI formed a partnership with the Campinas Agronomic Institute (In-
stituto Agronomico de Campinas) and private farms in the interior of the state of Sao
Paulo, where it built greenhouses and carried out experiments to recover soil fertility (Silva,
2012).These experiments, including Cerrado soils, gave rise to other partnerships between
public and private groups, which at least in theoretical terms, served as the basis for the
subsequent foundation of Embrapa (Nehring, 2016).

If the advance of the agricultural frontier in the territory that is currently considered
as the Cerrado biome! is observed, the occupation of the tropical forested areas in Goias
(the Mato Grosso de Goias) should be taken as a pioneering process (Dutra e Silva,
2017). However, if the agronomic research related to the improvement of the soil in the
Cerrado is considered, the pioneering research presented earlier in this text and other
government projects, which in the 1970s were guided by the National Development Pol-
icy (Plano Nacional de Desenvolvimento, PND I and II), should be examined. The PNDs
sought to strengthen agricultural expansion in the Cerrado through the Cerrado De-
velopment Program (Polocentro) and the Japanese-Brazilian Cooperation Program for
the Development of the Cerrado (Prodecer). The agricultural frontier expansion project
also conceived the demographic expansion, not only for the Cerrado region but also for
the Amazon (Mello, 2017).

From the 1980s and 1990s onwards, large-scale agricultural production in the Cer-
rado was strengthened through public and private investments. New frontiers were in-
corporated into this expansion process, with an emphasis on products such as soy. At the
same time, the phenomenon of agricultural production in central Brazil demonstrated the

1. The division of biogeographic territories or provinces in Brazil follows a tradition of establish-
ing large ecological regions to represent Brazilian floristic formations. The division into biomes is the
most recent and the most used in the country. The six major Brazilian biomes are: Amazon, Caatinga,
Cerrado, Pantanal, Atlantic Forest, and Pampa. The “Map of Brazilian Biomes” was published in
2004, based on an institutional cooperation agreement signed in 2003 between the Brazilian Institute
of Geography and Statistics (Instituto Brasileiro de Geografia e Estatistica) and the Ministry of the
Environment (Ministério do Meio Ambiente). The territorial and biogeographic division into biomes
became a reference for the formulation of public environmental policies in Brazil. The report related
to the formulation of maps of Brazilian biomes was only published in 2019, which reinforces the re-
cent use of this category in Brazilian environmental studies IBGE, 2019a).
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leading role played by Embrapa and its Agricultural Research Center of the Cerrado
(CPAC). Created in 1975, CPAC established an agronomic research agenda aimed at in-
creasing agricultural production in central Brazil. It should be noted that there are nu-
merous study fronts that make Embrapa an important agronomic research agency. How-
ever, this article focuses on studies related to the soil, having as a privileged archival
document from Embrapa, produced between 1975 and 1995, relating to the Annual Tech-

nical Reports of the Cerrado Agricultural Research Center?.

The choice of the soil as a theme was based on the classification of research carried
out by areas of activity; in general, the reports aimed at the development of the Cerrado
for agricultural practice. Thus, the themes ranged from soil improvement, adaptation and
genetic improvement of cultivars to the conditions of the Cerrado, development of agri-
cultural techniques and tools that meet the specific needs of the production of different
cultures in this biome, among others. Thus, the focus in relation to edaphic studies is jus-
tified because, as it has been verified, this theme was present in all reports, and the way
to approach these studies was varied, including research on erodibility, acidity, low fer-
tility, and the relationship of soils with water resources.

The research also considered the dialogue between the reports and the bibliography
produced on the Cerrado soil from 1975 to 1995. The main archival documents used in
this research were the technical reports produced by Embrapa’s team of agronomists and
specialists. However, we would like to highlight we used other documents as a comple-
ment to the technical reports, such as the papers published by the Embrapa team —and

2. This research is based on documentary data produced by Embrapa Cerrados between the years
1975 and 1995. For this purpose, it takes the Annual Technical Reports of the Agricultural Research
Center of the Cerrados as its main document, which were produced in the aforementioned period.
Document collection was carried out in Embrapa’s digital library, with the analysis and recording of
data, creating categories for the objects of study. In this case, this article focuses on the edaphic stud-
ies of the Cerrado. The reports comprise a set of ten volumes, totaling 2,802 pages. Each volume
corresponds to a technical report with the following dates: 1975-77; 1977-78; 1978-79; 1979-80;
1980-81; 1981-82; 1982-85; 1985-87; 1987-90; 1991-95. The reports were produced by Embrapa re-
searchers, and the manuscripts were digitized because the originals are typed. The language of the re-
ports follows the technical characteristics of the descriptions of agronomic practices and results. The
data is descriptive, with a thematic emphasis that follows a standardized script. There are variations,
especially in the products, according to the evolution of research in consecutive reports. The reports
present a list of the names that made up the administration of Embrapa and of the entire national and
international multidisciplinary technical team participating in the research. These documents follow
a certain descriptive pattern in their presentation. There is a division into chapters that describe the
research, and then the technical activities developed in each period. The reports also bring results and
products achieved in each period, containing, for example, the methods used to disseminate research,
the technologies developed, the agreements made both within Brazil and abroad, and a list of works
published by Embrapa (z.e. articles published in external outlets and theses defended).
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some with the other collaborators outside Embrapa— in journals specialized in agronomic
research. Scientific articles produced by researchers from Embrapa and other universities
highlight results, methodologies, strategies, and other methodological choices that help us
to understand the historical context of agronomic development in the Cerrado, especially
between the 1970s and 1990s. Our central argument is that, in the period of consolida-
tion of agronomic research on the Cerrado, developed at CPAC Embrapa, the dominant
topics were associated with edaphic research. The technical and scientific research aimed
to conquer the soil with science in order to transform the natural edaphic fragilities.

3. THE CREATION OF EMBRAPA AND AGRONOMIC STUDIES OF THE
CERRADO

The report entitled the “Black Book” was the result of a working group of the Ministry
of Agriculture (Ministério da Agricultura), formed by Ministerial Ordinance No. 143, of
April 18, 1972, whose purpose was to create a national system for agricultural research
in Brazil. Led by Minister Luis Fernando Cirne Lima, the group sought to establish a
strategic instrument to guide government decisions in the process of reformulating the
country’s agricultural system (Embrapa & MAPA, 2006). The institutional reform re-
sulting from the Ministry of Agriculture group made possible, among other reformula-
tions, the creation of Embrapa.

Regarding the institutional model, the proposal of the Ministry of Agriculture was to
establish a central body of the National Agricultural Research System (Sistema Nacional
de Pesquisa Agropecuaria), which created councils at the national, regional, and state lev-
els. Embrapa was established as an institution commissioned with the production of sci-
entific knowledge to support agricultural development. Among the different founding ob-
jectives of Embrapa we want to highlight: a) to promote, stimulate, coordinate, and carry
out agricultural research activities, in order to produce knowledge and technology ap-
plicable to agronomic practices in Brazil; b) to provide technical and agronomic services
to the government and the agricultural sector; and ¢) to serve as an institution of tech-
nical and administrative support for the national and regional councils for agricultural re-
search (Embrapa & MAPA, 2006).

Embrapa was based on a model of regional units, according to which experimental
stations and research centers would function>. In addition, the company would have the

3. Embrapa’s regional research centers were created in order to identify the natural resources avail-
able in the country, analyze the productive potential of soils, and develop technologies that could in-
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task of stimulating public-private partnerships and promoting and strengthening ex-
perimental activities on private properties. Regionalization followed the guidelines of the
national agricultural research plans, based on the potential of each region (Embrapa &
MAPA, 2006).

The managers of the national agricultural research system also recommended that the
investigative development project should not be an institutional exclusivity. In fact, they
encouraged academic collaborations, in which the universities were responsible for basic
research, with financial support of the Brazilian government. In addition, the universities
were responsible for monitoring this research through graduate programs, in line with on-
going institutional research?. The geographical areas identified by the government as pri-
orities for agronomic research were the Amazon, the Cerrado and the northeast region.
It is important to highlight that the territorial division by biomes did not yet exist and that
the term adopted for what is currently called the Cerrado biome was Cerrados brasileiros
(Brazilian Cerrados) as represented on the map published by Embrapa in the mid-1970s
(Fig. 1)5.These territorial units for agronomic research received special attention at that
time based on regional needs and specificities (Embrapa & MAPA, 2006).

The CPAC was established in 1975, as mentioned earlier, in the city of Planaltina (Fed-
eral District), absorbing the extinct Experimental Station in Brasilia. In 1977, CPAC pub-
lished its first technical report for the period related to 1975-76 (Embrapa, 1977), in which

crease production and reduce costs. The research centers were developed based on specific and strate-
gic agricultural products, as well as on regional agricultural potential, with the following characteris-
tics: a) research centers for agricultural products; b) thematic research centers; and c) ecoregional
research centers (DALL’AGNOL, 2016). In 1974, the first centers were created based on specialized
themes, such as beef cattle (Campo Grande, Mato Grosso do Sul), rubber (Manaus, Amazonas),
wheat (Passo Fundo, Rio Grande do Sul), rice and beans (Goiania, Goias).

4. A fundamental theme in studies on the institutional role of Embrapa as an agricultural research
institution is its relationship with universities. Comparative studies and even studies on the interac-
tion between Brazilian universities are still lacking, especially through master’s and doctoral courses,
as well as on their dialogue with the production of knowledge at Embrapa. The work that comes clos-
est to a discussion in this sense is the work of Fernando Rogério JARDIM (2011), in which the author
compares the political economy and practice of research between Brazilian universities and Embrapa,
but he doesn’t delve much into the relationship between them. However, his work reveals the nature
of Embrapa’s autonomy as a qualified agricultural research institution, due to its significant scientific
output. But, of course, this is a rich topic for future research.

5. This is a fundamental point for historical environmental studies that take into account the Brazil-
ian biogeographic formation. In this sense, what was once considered to be a tropical forest in the
south-central region of Goias, for example, is currently evaluated as areas of the Cerrado biome. If
we consider the current delimitation of the biomes, we can say that this region received the pioneer-
ing agricultural expansion project in the Cerrado during the 1940s to 1950s, and therefore prior to
the Embrapa project (DUTRA e Siiva, 2017; DUTRA e SiivAa & BELL, 2018).
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it presented data and plans for the development of agriculture in the Cerrado region, as
shown in Figure 1.

FIGURE 1
Map of the territorial distribution of the Cerrados in Brazil in the 1970s
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[} 2000 4000
—

Source: Embrapa (1977).

The reports produced between the years 1975 to 1995 are important data for under-
standing the initiatives, researches, experiments, agreements, and changes in soil studies
on the biome. The intention of this paper is to present a historical perspective of these stud-
ies and the main points for improving the fertility of soils in the Cerrado in Brazil based
on the role and performance of Embrapa.

3.1. A problematic diagnosis: the annual reports of Embrapa/CPAC and the
search for soil fertility (1975-80)

Embrapa was ambitiously conceived as an institution whose mission was to solve the bot-

tlenecks of the country’s economic and agricultural policy during the Brazilian military
dictatorship. This is because with the entanglement of institutions and laws created from
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1964 onwards, Embrapa found fertile soil to develop a research policy suited to the ex-
pansion of the Brazilian foreign market and also to the dramatic increase in the global con-
nection of commodities. From a political point of view, the creation of the National In-
stitute for Colonization and Agrarian Reform (Instituto Nacional de Colonizagio e
Reforma Agraria) in 1970 sought to guarantee the land tenure standard in Brazil based
on large properties, without any structural changes. And Embrapa, in turn, was much
more in tune with the long-held dream of Brazilian elites for the modernization and ex-
pansion of the country’s agricultural frontiers (Magalhaes, 2020: 16). And, as part of Em-
brapa’s larger structure, the “first generation” of CPAC had a proportionally greater chal-
lenge than other research centers in edaphic terms: adapting large-scale production to
acidic soils, where pastures were considered to be of low quality and small-scale agricul-
ture historically predominated.

In contrast, the institution embraced the challenge of agricultural development, avoid-
ing political clashes with the Brazilian authoritarian regime (1964-85), through a tech-
nocratic posture —consolidated by educating of a large contingent of researchers in US
universities, through an agreement— and with a rhetoric aimed at achieving a certain de-
gree of independence in the production of basic agricultural items to supply the domes-
tic market, in addition to having been a collaborator in boosting the country’s economic
development and socio-political stability (Paolinelli, 2006). Therefore, Embrapa/CPAC
reports can be understood from this historical context, but taking into account the internal
debates related to advances in the field of science and technology. In contrast, as an im-
portant factor to understanding the role of Embrapa between 1975 and 1985, it is un-
derstood that the institution was born from the authoritarian regime, at the height of
Brazilian political repression. With a liberal guise, 7.e., criticizing the state bureaucracy,
Embrapa acted in an ambivalent way, introducing and strengthening crops for the for-
eign market and, as a way of maintaining the stability of the dictatorship, strengthening
the domestic market (Biasillo & Silva, 2021).

The data presented in the Annual Technical Report of the CPAC from 1975 to 1977
visualized the leading role of agriculture in the process of economic development in
Brazil. Agriculture came to be seen as a strategic area of the Brazilian government, con-
sidering that it would be responsible for the objectives of supplying the domestic food deficit
and generating raw materials for industries and commodities for export. To this end, the
IT PND established guidelines for the modernization of so-called traditional agriculture.
In this context, the occupation of the Cerrado was seen as an alternative for the expansion
of the agricultural frontier, stressing that these areas could be integrated into the produc-
tion process, as long as the edaphic deficit was resolved and its potential highlighted (Em-
brapa, 1977).
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The initial problem was aimed at solving or minimizing basic limitations to the agri-
cultural use of the Cerrado, receiving the name of Usability; the main results obtained
indicated the priority problems for CPAC’s work, such as low soil fertility, climate sea-
sonality, and low adaptation of species and varieties of agricultural crops. The report re-
inforce that the low fertility of the soil occurred because of the “high phosphorus fixa-
tion capacity, high aluminum saturation, and low generalized nutrient capacity”
(Embrapa, 1977: 41). Among the scarcest nutrients in Cerrado soils, phosphorus, ni-
trogen, potassium, magnesium and zinc stood out. The edaphic problem then became
the main focus of analysis, since the low adaptation of agricultural species was directly
related to the “inability of plants to yield under conditions that are not very favorable in
terms of acidity and nutrient availability” (Embrapa, 1977: 41). Historically, therefore,
CPAC technicians had to adapt an environment that originated at least 45 million years
before modern agricultural methods. In addition, the characteristics of the Cerrado dif-
fered from those of bordering environments, such as tropical forests (the Atlantic
Coastal Forest and even the Mato Grosso de Goias), as previously mentioned (Dutra e
Silva, 2017). Therefore, in the technical rhetoric of CPAC and other research institutions,
the agricultural use of this large portion of Brazilian territory was presented as having
“potential”, and not exactly as a reality.

To minimize the issue of low soil fertility, or specifying the lack of nutrients and acid-
ity, experiments were carried out in different locations of the Cerrado at the CPAC's ar-
eas of influence. These experiments were based on the insertion of nutrients into the soil,
accompanied by the planting of different crops and plant species, a method widely dis-
seminated in the Western Hemisphere through agricultural schools. From these experi-
ments, researchers observed the environmental factors involved in the process. The
CPAC’s researchers analyzed which nutrients increased productivity and in relation to
which crop species. At first, the researchers observed average levels of organic matter, low
levels of phosphorus, medium levels of potassium, and low levels of calcium, magnesium
and zinc and, for this reason, research was intensified on these elements (Embrapa, 1977).
With this, CPAC technicians returned to the original questions of adapting the Cerrado
to large-scale agriculture: What are the geomorphological elements? What is the natural
history of Cerrado soils? And how did this dynamic create an acidic soil? Therefore, lit-
tle was yet known about the ecological characteristics of this environment considered as
part of the global savannas; in addition, structured knowledge about the Cerrado was not
widespread, as it is not possible to state that there was a scientific community structured

around general studies on this ecological zone®.

6. As SivA (2012) points out, until the 1940s, farmers were discrediting in the capacity of the
Cerrado for irrigated agriculture Between the 1940s and 1960s, studies advanced from different in-
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Therefore, the first reports worked on a diagnostic strategy. The second report cov-
ered the period from 1977 to 1978 and indicated a real advance in the sense of valuing
multidisciplinary practices, mainly related to the low natural fertility of Cerrado soils (Em-
brapa, 1979). During this period, CPAC came to be conceived of as a technology-gen-
erating institution, rather than simply managing agronomic research. Thus, the issue of
low soil fertility in the Cerrado were treated not only as scientific projects, but also as ex-
perimental and rural extension work. At that time a seminar was held indicating the es-
tablishment of a cooperation agreement with Japan on the first project of the Japanese-
Brazilian Cooperation Program for Agricultural Development in the Cerrado (Prodecer)
in 1979.The Japanese-Brazilian project was motivated by the frustration of the world grain
crop in 1973 and the Nixon Shock that devastated Japanese soy imports from the United
States. The Japanese government, in turn, sought alternatives and partnerships to produce
food, mainly protein. In 1979, activities began in the Cerrado region at the state of Mi-
nas Gerais (Triangulo Mineiro), a place until then considered unsuitable for export agri-
culture. The resources from the Japanese government were financed by the Japan Inter-
national Cooperation Agency (JICA), with support for projects in developing countries,
which in turn would benefit Japan through the import of these agricultural products. In
addition to funding the creation of the Agricultural Promotion Company (Companhia de
Promocgéo Agricola), which was responsible for providing technical assistance to farmers,
the funds would also be used to train Brazilian technicians at Embrapa’s Cerrado Agri-
cultural Research Center’. Therefore, the projects of the Brazilian military government
and of foreign nations are found in the promotion of technical assistance and coloniza-
tion activities. But in the late 1970s, the Cerrado soils still imposed a series of difficulties
on technicians from Embrapa and agricultural development agencies.

Issues related to low soil fertility and erosion led CPAC to develop a specific program
for this purpose, called “Project for the usability of soil/climate/plant resources of the Cer-
rado” or, simply, Project Usability (Projeto Aproveitamento). The research results carried
out by CPAC allowed for the elaboration of new production systems which, based on tests
and evidence, would later be disseminated by technicians and researchers to the scien-
tific society (Gastal, 1980)8. With that, the results of the researches carried out already

stitutions, without centralization. This fact suggests that there were divergent interests and that the
studies aimed at what we currently call agribusiness were, until then, part of the agenda of small in-
stitutions such as the Nelson Rockefeller IRI Research Institute (see SiLvA, 2012).The creation of Em-
brapa, in this sense, built a schedule that was centralized in the agenda of large-scale agriculture.

7. For more information, consult JICA (1979a, 1979b) and Republica Federativa do Brasil (2002).

8. According to MENGEL (2015), Edmundo da Fontoura Gastal was one of the most important
agronomists for the development of Embrapa’s institutional planning system. Gastal had been one of
the members of the 1972 High Level Commission, through which the creation of Embrapa had been
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allowed for the satisfactory management of the soil, with a tendency to increase produc-
tion. Scientific production in this period highlighted very different themes in relation to
the soil, ranging from the effects of rainfall on soil loss to other erodibility factors, such
as tolerance of plant varieties to aluminum, and low phosphorus availability (Dedecek,
1978; Dedecek & Cabeda, 1977; Miranda & Lobato, 1978).

Embrapa researchers aimed to expand the geographical frontiers of production as well
as to improve productivity. In order to achieve this they developed techniques to fertilize
the soil by intensifying research on acidity. In addition, research was carried out with sup-
plementation through phosphorus, potassium, micronutrients, nitrogen, and organic
matter. In this context, the critical level of elements in the soil was first analyzed, citing
phosphorus, for example, as a way to verify the level of availability that would be impor-
tant to reach through fertilization. Afterwards, they tried to measure the amount of phos-
phate fertilizer needed to increase soil fertility and also to maintain this fertility after ab-
sorption by the plants. In the meantime, the effect of these combined nutrients, such as
phosphorus and calcium, was investigated (Embrapa, 1980).The report presented stud-
ies on the incorporation of limestone for greater fixation of nutrients mixed with the fer-
tilizer, seeking to reduce this acidity. Therefore, experiments were carried out on the doses
and depths of limestone incorporation, and how much this technique helped in fixing each
incorporated nutrient was measured. Concomitantly, researchers reported which cultures
had greater production in the presence of each nutrient, and the nutrient was evaluated
by fixation in different techniques. For that reason technicians then carried out a screen-
ing of species and plant varieties (Embrapa, 1980).

Historically, this investigation methodology is connected to the model of “nurseries”
or “agricultural nurseries”, already in practice at universities and agricultural research in-
stitutes in the United States for the adaptation of plants from other countries and conti-
nents. With the growing participation of Brazilian researchers in graduate programs in
North America, models of inductive studies were increasingly adapted, based on samples,
which would indicate increased or not increased agricultural potential. Regarding soil
management and conservation, the researchers highlighted their concern with the con-
sequences that could be caused by interventions made to correct soil acidity and by its
massive exploitation, with erosion being its most worrying aspect (Embrapa, 1980). This
is because during 1978 and 1979 there was a record in the number and size of erosions

gestated. In addition, the agronomist was the institution’s executive director in the 1970s, being re-
sponsible for implementing a research planning and programming system. For Gastal, planning was
not just about research programming, but about all the activities necessary to achieve institutional
goals (MENGEL, 2015).
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recorded thus far, adding problems to the already known infertility in the Cerrado. Con-
sequently, researchers observed a great loss of soil nutrients and water in the region. In
several experiments, the main factor reducing this soil loss was better coverage with
adapted forages and crops. In this regard, researchers obtained positive results when pas-
ture and soy were used as cover during rainy periods. Several technological devices were
used by researchers to measure the loss of soil due to climatic and water variations, amidst
the cultures of wheat, soybeans, corn, and uncovered soil with conventional cultivation
(Embrapa, 1980: 85).

But, in a general sense, this first moment of CPAC consolidation does not represent
a turning point in relation to what became known as “the conquest of the Cerrado”. In
other words, in Brazil, until the beginning of the 1980s, there was no basic science that
could deal with the problems of soil infertility and erosion. And therefore, we do not sug-
gest that these pasture-soybean connection experiments simply “opened the gates” of
Brazilian savannas to cattle and soy: first, because vast areas of pasture were historically
occupied in the Cerrado since the 19* century (McCreery, 2006, Dutra e Silva, 2017).
Also, because research on pastures and livestock was the responsibility of other Embrapa
research centers, mainly in the state of Mato Grosso. And, above all, because before the
expansion of soy production to Cerrado fields, farmers in this region experimented with
other crops such as beans, wheat, and corn, which they considered to be less financially
risky. Phosphorus fertilization along with other elements served as a kind of turning point,
as we will see in the next discussion topic.

3.2.The battle of nutrients and micronutrients: CPAC and soil fertility
research during political opening of Brazil

In the early 1980s, researchers continued to focus their research on the introduction of
phosphorus into soils and the response of plants to nutrient application. However, at that
time, there was still no consensus regarding the strategic planning for the development
of new lands with high phosphorus fixation capacity. Environmentally, fertilizer depen-
dence in Brazil was driven by anthropogenic action that caused the depletion of soil nu-
trients due to the lack of nutrient replacement. In contrast, CPAC’s logic in the Cerrado
was different: precisely to explore areas with soils of low natural fertility, or in the words
of agronomists, “to build fertility”. Therefore Embrapa’s guidelines on the use of fertil-
izers were reassessed; and with that, regional studies were carried out by the institution,
bearing in mind that phosphate fertilization substantially increased agricultural produc-
tion. In the early 1980s, some results and conclusions were found that served as national
models (Raij, Rosand & Lobato, 1982). In summary, if the first phase of soil fertility re-
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search played a role in diagnosing the complexity of infertility, in the early 1980s CPAC
established a real battle to identify which nutrients and micronutrients would have a bet-
ter response in Cerrado soils.

Years earlier, in the late 1970s, studies had already shown that soil preparation for
rice production and pastures was not well managed, as the correction of its acidity
proved unsatisfactory and fertilization was insufficient. Another approach presented by
the report for the period 1979/1980 was in relation to the results on the residual effect
of the fertilizers, such as corrective fertilization and the fixation of nitrogen to the soil,
among others. In the report, special attention was given to edaphic fertility, addressing
the issue of soil acidity and the nutrients associated with it, such as phosphorus, organic
matter, nitrogen, potassium, calcium, magnesium, sulfur, and micronutrients. In addi-
tion to soil management, the researchers also analyzed other related topics such as ero-
sion and other forms of conservation of the edaphic quality of the Cerrado (Embrapa,
1981). The soil surveys described in this report sought to indicate viable solutions to
combat acidity and also rationalize the use of nutrients. The report indicates that Em-
brapa researchers considered the low fertility of the soil as a result of the lack of nutri-
ents, high levels of acidity, and aluminum saturation, in addition to low cation exchange
and low levels of organic matter’. The research results allowed for the application of var-
ious types of alternative management, combined with different technologies, in addi-
tion to the use of credits and financing offered by the government. Among these man-
agement interventions, as indicated above, the use of phosphate fertilization stood
out—demonstrating as points of attention the calibration of soil analysis methods for
phosphorus, the fertilization levels, the effect of liming on the use of phosphorus by
plants, the sources of phosphorus that could be used, the residual effect of fertilization,
mycorrhizaelo and the efficiency of phosphorus absorption (Embrapa, 1981).Years later,
Embrapa researcher Edson Lobato was nominated for the World Food Prize, along with
the then Minister of Agriculture, Alysson Paolinelli, and Andrew Colin McClung from
the IRI, precisely because the latter presented research on phosphate fertilization

9. The low cation exchange is the low capacity of the soil to retain nutrients (cation exchange ca-
pacity). In the Cerrado, the cation exchange capacity is low, which gives the soil little capacity to re-
tain nutrients, even with the use of fertilization. Therefore, research during this period was aimed
precisely at correcting the phenomenon of low fertility. One of the solutions found was the use of
limestone for soil correction and increased cation exchange capacity (see SOUSA & LOBATO, 2004).

10. Mycorrhizae are edaphic fungi that help plants absorb water and nutrients, especially phos-
phorus. The first research with mycorrhizae was carried out by the Embrapa team back in the 1970s.
Regarding the environmental history of mycorrhizae, the LAHAC (Laboratory of Environmental His-
tory of the Cerrados) and SEDMO (Soil, Ecology and Dynamics of Organic Matter Research Group)
laboratories have produced important works on this theme. For those interested, see MOURA and
CABRAL (2019), VIEIRA JUNIOR et al. (2020) and MOURA et al. (2009).
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(Silva, 2012), understood as one of the fundamental factors for the so-called “conquest
of the Cerrado”.

Differently from previous reports, with regard to minimizing soil acidity, Embrapa re-
searchers carried out experiments with the planting of aluminum-tolerant species, in-
corporation of dolomitic limestone in the topsoil and leaching of basic cations (Embrapa,
1981). Other experiments tried to associate the planting and soil preparation systems with
different levels of fertilization and erosion control. Among the experiments, we highlight
the so-called plantio direto (no-tillage), a system developed by John Landers, an English
researcher living in Brazil, which uses plant cover to prevent erosion, with superficial plow-
ing (Ofstehage & Nehring, 2021). Soy was the crop used for tests in no-till agriculture.
With these experiments, the objective was to improve the physical, chemical, and micro-
biological properties of the soil through soybean management, with different methods and
times of incorporation of crop residues, and with the succession of different plantations
(Embrapa, 1981). Soy later became the main commodity in the Cerrado, making the re-
gion the main area in grain production in Brazil, when considering the biogeographic di-
vision of biomes (Nehring, 2016; Dutra e Silva, 2020; Silva & Majo, 2021; Rocha ez al.,
2022; Rocha, Nehring & Dutra e Silva, 2022).

The theme of low soil fertility was still a recurrent theme in CPAC reports during the
1980s. However, studies present a greater specialization, inserting other approaches be-
yond fertility, proposing research on the biology, management, and conservation of the
soil. Research on soil fertility highlighted the use of natural sources of phosphorus in the
Cerrado. Regarding soil biology, the results were presented by the researchers with the
selection of Rhizobium!! for the fixation of atmospheric nitrogen, in association with
legumes (Embrapa, 1982). During this period, the “Use of Natural and Socioeconomic
Resources of the Cerrado Program” addressed the low fertility of the soil on the veran:i-
cos (a dry spell, which is a period of brief drought and that usually occur in the Cerrado
in January). The program sought to develop and adapt technologies to increase the effi-
ciency of the use of inputs, “through biological nitrogen fixation, use of mycorrhizae, ero-
sion control, organic matter management, adequacy of the mechanization system, and use
of alternative energy sources” (Embrapa, 1982: 25). Researchers studied soil fertility us-
ing several methods: one of these added phosphorus to fertilization, when the calibration
was not carried out, relating grain yield with soil phosphorus availability (Galrdao & Volk-

11. Rizobium is a genus of bacteria that has the ability to supply nitrogen to plants. One of the great-
est legacies with regard to studies on the inoculation of nitrogen-fixing bacteria was developed by the
researcher Johanna Ddbereiner, considered the mother of Brazilian microbiology. This technology
currently saves $10 billion a year (DOBEREINER, 1997; MOURA et.al., 2009).
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weiss, 1981; Madeira Netto & Macedo, 1981). The results revealed that in the presence
of phosphorus, the grain yield was higher (the test was performed mainly with the soy-
bean crop, and later, with the cassava crop), so it was necessary to adjust the ideal amount
of sodium that should be incorporated into the soil. Subsequently, research was carried
out on the levels of phosphate fertilization. In this sense, the study continued measuring
and analyzing the residual effect of phosphorus in the soil and in alternating crops that
would follow, such as corn (Embrapa, 1982).

Several factors made it difficult to formulate an overview of the soil science to be ap-
plied amongst this immense battlefield where technicians worked to combat soil infertil-
ity. Therefore, soil acidity was also evaluated by technicians with different experiments,
in which several attempts were made to alleviate this aspect, mainly due to the high level
of aluminum and low amount of calcium, which affected root developrnentlz. Aiming at

13 , mainly

soil management and conservation, they used the following: green fertilization
with leguminous crops (Embrapa, 1982), preparation systems, and ways of applying cor-
rective fertilization in soybean production; and finally studies were carried out on the
causes of erosion and the consequent loss of soil nutrients — the results showed a high de-
gree of compromised productivity (Embrapa, 1982). In parallel, many other experiments
related to nutrients and micronutrients were developed by CPAC, increasing the techni-

cal repertoire for the introduction of varieties in the Cerrado.

The concern of Embrapa researchers with agronomic studies and the ecology of the
Cerrado was strengthened throughout the studies carried out by Embrapa, as shown in
the reports. For example, the report produced on surveys carried out between 1982 and
1985 presented technological innovations for the employment of a database on the ecol-
ogy and other environmental analyses of the Cerrado. The analytical option at that time

12. According to REsck (1981a, 1981b) and RESCK ez al. (1981). One of these experiments was to
analyze the residual effect of lime applied in different doses at two depths; a priori, in a corn crop, there
was a fundamental effect of limestone, with deeper incorporation. Aluminum was the main factor in
reducing root growth in soils, but calcium deficiency was found to have the same negative effect on
roots. Based on this, Embrapa technicians carried out experiments with calcium leaching, using a
simple and inexpensive biological method of transferring pre-germinated seeds to plastic cups con-
taining soil; later, measuring these roots, it was proved that calcium deficiency actually compromised
the growth of these structures in the studied soil. Their experiments were carried out mainly with the
cultivation of wheat, in periods of rain and dry spells (EMBRAPA, 1982).

13. According to information supplied by Embrapa, green manure can be defined as an agricultural
practice based on the use of plants in farming that efficiently carry out the recycling of nutrients pre-
sent in deep layers of the soil or even in the atmosphere. Generally they are legumes, grasses, cru-
ciferae, or even cereals, which are applied in crops with the purpose of bringing greater fertility to the
soil, due to the rusticity and strong root system of these plants (ESPINDOLA, GUERRA & ALMEIDA,
1997).
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was that of comparative studies from similar ecosystems, in which the Cerrado began to
be analyzed as part of the global savannas. Technicians used the data and information pro-
duced by surveys carried out in northern Australia as a reference, which summarized the
information on Earth’s resources on a common spatial basis. LLand systems were delim-
ited under this model by means of satellites and radars, in two phases: the first reduced
the information that was known about the Cerrado, through field work that homogenized
the descriptive criteria; the second conducted a survey on the areas of greatest interest in
the Cerrado, in which the researchers chose to analyze the geo-economic region of
Brasilia, the Federal Capital. The information collected characterized land, climate,
landscape, and soil resources —which were “coded and stored in computerized files for
which recovery, comparison, and analysis programs of these data were developed, as well
as for printing maps” (Embrapa, 1987: 39). There was great concern on the part of re-
searchers to gather existing data and increase information on areas not yet covered in com-
patible scales and methods. The results were presented in the form of unpublished and
published works, including a soil map (Madeira Netto, 1983), which showed character-
istics of climate, soils, vegetation, precipitation, and water deficit (Embrapa, 1987).This
option was also based on the comparative conception of the Cerrado with other global
savanna formations (Oliveira & Marquis, 2002; Pennington & Ratter, 2006), being also
evidence that the use of the concept of biome was still something in construction at that
time within Embrapa.

On soil fertility, research was aimed at meeting the nutritional needs of the planted
crops. Therefore, research was carried out by Embrapa’s team measuring the levels,
sources, and times of nitrogen application in corn and wheat crops, in different types of
soil and types of irrigation; as well as research with the calibration of soil analysis for phos-
phate fertilization in soybean and Brachiaria forage crop production, carried out in the
municipality of Patos de Minas, in the state of Minas Gerais. As for the use of phospho-
rus, experiments were also carried out by them to measure the influence of the tillage sys-
tem on the residual effect of phosphorus fertilization. Also, an agronomic evaluation was
made by Embrapa’s researchers of the phosphorus sources for the Cerrado region, in corn,
Brachiaria and Andropogon forage grass crops (Embrapa, 1987).

Regarding soil biology, a major concern raised by researchers was nitrogen fixation.
For that, several experiments were carried out by them such as the selection of strains of
Rhizobium japonicum, Rhizobium phaseoli, and Rhizobium leguminosarum, inoculated to
soybean, bean, and pea production, adapted to Cerrado conditions in different soils. Other
experiments evaluated the effect of pesticides on soybean and pea nodulation, the selec-
tion of RhAizobium strains for forage legumes, in addition to the selection of efficient my-
corrhizae species in different crops of coffee, cassava, and papaya. In this last research, the
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effect of mycorrhizae on the yield of cultivated plants was also measured by them, aim-
ing to improve the efficiency of phosphate absorption, with the multiplication of spores
and the production of inocula, measuring the levels and checking the sources of phosphate
(Embrapa, 1987).

Until the 1960s, studies on soil science considered that biological nitrogen fixation
would be an alternative for edaphic improvement, but that it would be impossible to com-
pete with mineral fertilizers'. However, the work carried out by Johanna Dobereiner on
the biological fixation of nitrogen in tropical legumes was fundamental for the agronomic
development in the Cerrado, especially after the Brazilian soybean improvement program.
If we consider the green revolution processes in the United States, based mainly on tech-
nologies resulting from the intensive use of nitrogen fertilizers, Ddbereiner successfully
investigated the use of the Rhizobium bacteria in the biological fixation of nitrogen in the
soil. These studies were important from an economic point of view because they helped
to reduce the use of nitrogen fertilizers and made Brazilian agriculture more competitive
in the international market (Ddbereiner, 1997).

In this sense, the second phase of the CPAC studies demonstrates a certain advance
in relation to the previous period, more focused on a diagnosis of infertility problems in
soils. The repertoire of techniques created at that time has two distinct characteristics
from the previous period: first, technicians deepened the experiments in fertilizers and
fertilization. They had an important reference based on the study of samples that indi-
cated good results at the beginning of the decade, especially using phosphorus. Secondly,
these studies are contemporary with the increase in agricultural intervention in the Cer-
rado, from cooperation and colonization projects such as Polocentro, indicating the
greater need for the knowledge produced in the institution to reach producers through
technical assistance and rural extension. In contrast, although this phase of consolida-
tion of research on soils at Embrapa promoted encouraging results for large-scale agri-
culture, it was still limited in comparison with the later period, which coincides with the
Brazilian neoliberal governments, which in turn undertakes a greater relationship with
private agribusiness companies. Therefore, in the next topic we will address how Em-

14. Regarding nitrogen, during this period the experiments with nitrogen fertilization in corn crop
continued. With potassium and magnesium, the experiments took place in soybean and corn planta-
tions, also with good results —as well as the sulfur applied in tests on corn crops. The micronutrients
tested were boron, cobalt, copper, iron, manganese, molybdenum and zinc, but only zinc proved to
be essential for cultivation, and these researches were carried out in rice, corn, soy, wheat and grasses.
Another option used as a way to alleviate the nutritional deficiency of Cerrado soils was the green ma-
nure made with legumes; this method was used in the maize-wheat-maize-wheat sequence (EMBRAPA,
1985).
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brapa and soil research were articulated in the democratic and neoliberal context between
1985 and 1995.

3.3. Agronomic development and the ecology of the Cerrado (1985-95)

The first decades of Embrapa were fundamental for the consolidation of its administra-
tive structure and institutional identity. The institutional identity and mission were ini-
tially constituted based on statutes, custom, and convention, making impossible therefore,
any action that would promote substantial changes in the company (Mengel, 2015). In
the 1990s, Embrapa’s investments and participation in the development and transfor-
mation of agriculture in Brazil were significant. At the beginning of the decade, the Cer-
rado accounted for 30% of national grain production and 40% of meat production (Em-
brapa, 1994). However, according to CPAC documents, the company’s objectives
continued to be linked to more ambitious national projects, such as the reduction of
hunger that affected 30 million Brazilians (Embrapa, 1994). As can be seen, at the be-
ginning of the decade there was a perspective of growth in the national agricultural pro-
duction from the opening of the agricultural frontier in the Cerrado.

The agronomic challenges presented to the Cerrado were considered “second gener-
ation”, and the reality of agricultural productivity in the region was no longer questioned.
The focus was on developing technology that would overcome inappropriate land use. In
other words, the Cerrado acting as an agricultural frontier in the period 1987-95 was a
reality, and Embrapa’s strategic actions aimed to reinforce broader objectives in relation
to the Brazilian policy for agriculture. Considering the political scenario, after 1985 the
country entered a process of re-democratization. This implied the extinction of some in-
stitutions created during the military regime and the creation of new institutions, guided
by the new legal system under the Federal Constitution of 1988. In the case of Embrapa,
the institution proved to be strong and expanded its powers to know the ecology of the
Cerrado. The environmental challenges of the Cerrado was included in CPAC’s sched-
ules and projects at that time.

The 1985 to 1987 report presented a significant change from previous reports for two
reasons. First, the environmental conservation concern goes beyond soil conservation
against erosion. In this sense, agricultural modernization was associated with the devel-
opment of sustainable practices for the conservation of natural resources, in general, that
would guarantee the rational occupation of the Cerrado. Secondly, the report indicated
that agricultural production in the Cerrado was a goal that had already been achieved,
as this region stood out in the national scenario of food production. Thus, other goals
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needed to be established, and among these, was the concern with the sustainable use of
natural resources (Embrapa, 1991: 24).

Compared to previous studies, the report however did not present much news.
Edaphic research still dominated most studies on the Cerrado, with an emphasis on fer-
tilization and soil correction. Advances in research on the introduction and management
of nitrogen and phosphorus in soils stood out. Regarding micronutrients, several exper-
iments highlighted the effects of using sulfur, boron, copper and cobalt. These experiments
took into account their effects on oxisols in the Cerrado, on crops such as soybean. Other
experiments were carried out by Embrapa’s team in order to incorporate the use of gyp-
sum in Cerrado soils (Embrapa, 1991). As for soil biology, nitrogen fixation was a con-
stant concern for them, and on this topic experiments were carried out to select Rhizo-
bium leguminosarum (pea) strains adapted to savanna conditions. In the use of
mycorrhizae, the phosphorus level was defined for the maximum effect of symbiosis in
Pinus spp. and in Eucalyptus spp.; there was also a selection of efficient ectomycorrhizal
fungi for Pinus spp. and for Eucalyptus spp. Other important points addressed in the re-
search were the influence of inoculation of endomycorrhizal fungi on the use of residual
phosphorus by soybean and the influence of soil and crop management (soybean, black
velvet bean, rice, sorghum and cabbage) on the behavior of endomycorrhizal fungi in Cer-
rado soils (Embrapa, 1991). In soil management and conservation, researchers gave spe-
cial attention to organic fertilization, aiming to make an assessment through comparisons
of the level of degradation of organic matter in soils, under different managements, in vir-
gin areas, forests, pastures, and in rotational monocultures (Embrapa, 1991: 107). In this
context there was also an evaluation of the effect of the incorporation of green manuring
and crop residues in the soil. Finally, the nitrogen mineralization of legumes was measured
by Embrapa’s team as green manure, under different managements, in a dark red oxisol,
in addition to evaluating the legumes during the dry season (Embrapa, 1991).

A recurring theme between the late 1980s and early 1990s —when democracy sup-
ported popular yearnings for social justice— was the paradox between the advance of Brazil-
ian agriculture and the persistence of low social indices, with an emphasis on persistent
hunger in Brazilian society. Thus, the politicians or researchers that supported the ex-
pansion of the agricultural frontier in the Cerrado sought to incorporate social discourses
into the scientific production of food. The reports reinforced the idea that Brazil had one
of the biggest agricultural frontiers for the production of food, and instead of using the
generic concept of Cerrado, they started to adopt the concept Cerrado biome. However,
CPAC reinforced that this region still needed special attention in solving problems that
impeded its further exploitation.
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Another theme that appears in this period is the expansion of Graduate courses in
Brazilian universities (Oliveira & Marquis, 2002) and the process of intense training of
CPAC researchers. The documents highlighted the priority lines of research for CPAC in
relation to the development goals of agronomic research in the Cerrado, with an emphasis
on environmental characterization (survey and adaptation of existing studies of natural
resources in the Cerrado); socioeconomic characterization (micro and macroeconomic
analysis of the agricultural sector in the Cerrado); development of information systems
(analytical procedures for storing/processing geo-environmental information and remote
sensing); and environmental analysis (Embrapa, 1994). The CPAC, in partnership with
the University of Brasilia, created a doctoral course in phytopathology, with the aim of
training new researchers for the region. In relation to the themes and lines of work, the
report presented a continuity of previous researches and projects (Embrapa, 1994).

In the 1990s, CPAC had a more integrative posture with other Embrapa research cen-
ters, at least from the point of view of pursuing academic partnerships and cooperation.
Thus, the reports sought to reinforce that the research was not carried out exclusively by
CPAC, but that Embrapa’s scientific project was carried out in a collaborative way,
through a multidisciplinary team that involved national and foreign researchers'>. It also
highlighted the role of agreements and partnerships established, mentioning projects with
CIAT/Colombia, CIRAD/France, ORSTOM/France, and the Japan International Co-
operation Agency (JICA/Japan). What stands out in this last report, which highlights nearly
twenty years of research by Embrapa, is that edaphic studies continued to have relevance
within CPAC. Even in this period, with the agricultural frontier of the Cerrado expand-
ing, once again researchers sought to develop projects that could minimize the limiting
factors for greater exploitation of the then Cerrado biome'® (Embrapa, 1997). But in gen-

15. Embrapa’s reports generically indicated the composition of multidisciplinary teams. However,

when observing the production of articles published in the period, it is possible to consider that there
is a predominance of agronomists in the coordination and leadership of the studies. Other profes-
sionals linked to ecology, biology, veterinary medicine, botany, chemistry, in addition to other areas
of engineering, were part of the work and scientific production team.

16. Edaphic research and experiments carried out during this period highlighted: the evaluation of
the effect of savanna cultivation on methane and nitrous oxide fluxes; evaluation of the response of
common bean to inoculation and nitrogen fertilization in two Cerrado soils; selection of Bradyrhizo-
bium japonicum strains for soybean inoculation in soils with established populations of homologous
strains; in addition to the use of gypsum in Cerrado soils. Studies related to soil and soybean showed
a growing line, for example, in research on the effect of seed treatment with pesticides on soybean in-
oculation and on the efficiency of mycorrhizal fungi in plant growth at different levels of acidity and
phosphorus in the ground. In relation to studies on the form of fertilization, it is worth highlighting
the research on the variation in the response of plants to arbuscular mycorrhiza, as a function of the
particle size of the phosphate fertilizer, and also on the efficiency of phosphate fertilization in two
cropping systems in a red-yellow latosol. And within the sustainability projects, a research project
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eral, even with all the advances in grain production in the Cerrado in the first half of the
1990s, the topic of ways to solve the limiting problems of the soil in the Cerrado remained
on the CPAC scientific agenda. One of the hypotheses, as the report did not present this
context, was the continuous expansion of the agricultural frontier of the Cerrado at that
time to the bordering region among the states of Maranhao, Tocantins, and Bahia, cur-
rently known as Matopiba (Dutra e Silva et al., 2018; Boaventura & Dutra e Silva, 2021).

4. FINAL CONSIDERATIONS

Embrapa can be described as a successful case of a public company, associated with a na-
tional project for the development of agricultural research. One of the factors behind this
success may be related to its organizational model and the consolidation of its identity,
whose bases were built during the civil-military dictatorship and remained after the re-
democratization process. The institutional identity reinforces that agricultural research pro-
jects had a degree of autonomy in relation to different governments and even to the Min-
istry of Agriculture over time. In other words, Embrapa was characterized much more as
a state project than a governmental one. One of the points that reinforces this institutional
identity can be seen in the internal debate that science establishes with itself. In other
words, the internal scientific context matters more than the external political context —
although with the frequent supply crises in the international context of the 1970s, food
production also meant certain stability for governments.

If we consider global data on grain production, taking soy as an example, Brazil is the
world’s largest producer and exporter of soy. According to data from the Foreign Agri-
cultural Service/United States Department of Agriculture, Brazil is responsible for 37.7%
of world soy production. And 72.3% of all soy produced in Brazil is exported, which places
the country as the largest exporter of this commodity in the world, accounting for 54.5%
of all soy exported in the global grain and commodity market!”. If these data are con-
sidered in a historical perspective, agricultural production, due in part by the creation of
Embrapa, has grown very rapidly. In this sense, the role of the Cerrado in increasing grain
production and productivity is significant. The Cerrado acquired a leading role in the ad-
vancement of agricultural production and productivity, as the region has stood out in the

that investigated the use of sewage sludge as a source of phosphorus and nitrogen for corn stands out
(EMBRAPA, 1997).

17. United States Department of Agriculture, Foreign Agricultural Service. Top Countries by Com-
modity  (soybean)  https://apps.fas.usda.gov/psdonline/app/index.html#/app/topCountriesBy
Commodity
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production of different cultivars, when considering production by biomes (IBGE, 2019b;
Imaflora, 2019).

The study on the topic of (in)fertility of the soils of the Cerrado contributes to the
understanding of part of this historical process, especially when considering the ad-
vancement of production and productivity. According to Nehring (2016), this agricul-
tural transformation should not be credited only to the role of national research insti-
tutions such as Embrapa, nor only to public policies aimed at agronomic development.
He believes that these advances must be understood in the context of the Green Revo-
lution and the technology transfer model, which aimed to modernize agricultural sec-
tors on a world scale. In this sense, we highlight the strategic participation of institutions
such as the Rockefeller and Ford foundations, which worked mainly with the Consul-
tative Group of International Agricultural Research Centers (CGIAR), and during the
1940s to 1970s invested in the scientific training of human resources and in technolo-
gies. At the same time, this investment also had the ideological appeal of disseminating
the principles of agricultural efficiency from industrial inputs (Perkins, 1997; Smith,
2009; Patel, 2013; Parayil, 2003).

The advance of western agricultural science has taken different forms around the
world, involving different actors such as governments, private/philanthropic institutions,
universities, among others. However, when historically the success stories of the Green
Revolution are considered, surprisingly Brazil is rarely mentioned (Nehring, 2016). Even
with the “Miracle of the Cerrado”, in which the country achieved impressive gains in pro-
ductivity and adhered to the model of agricultural industrialization, the agricultural his-
tory related to the Green Revolution does not present Brazil as a typical model. For
Nehring (2016), this can be explained by the model adopted by Embrapa, which despite
having involved collaborative work with United States specialists —one of the fundamen-
tal points for the objectives and methods of the Green Revolution—, had a strong national
policy for the development of Brazilian agricultural research. The Rockefeller Foundation’s
pioneering role in the agricultural modernization of the Cerrado found a government ac-
tor who advocated more interventionist actions that differed from the work of the CGIAR
in other countries (Patel, 2013; Silva, 1997). International cooperation, especially through
technological transfer and scientific exchange with institutions in the United States, be-
gan to be redefined within Embrapa’s institutional policies. This may be the reason why
a large part of the initial research and cooperation work with the United States remained
practically invisible, mainly that related to the Cerrado. Nehring (2016) states that Em-
brapa itself was concerned with maintaining this visibility and ensuring political support
and legitimacy as a public research organization.
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The agricultural history of the Brazilian region currently considered as the Cerrado
biome has intrigued different areas of knowledge, whether because of the economic in-
dicators related to agricultural production and productivity, or because of the rapid trans-
formation processes of the natural landscapes of this ecosystem. The very use of concepts
and the political form of mapping and territorial delimitation are indications that his-
tory, especially environmental history, has an important role in the critical exercise of en-
vironmental issues involving the Cerrado or any other ecosystem (Dutra e Silva, 2020;
Dutra e Silva & Barbosa, 2020). The historiographical approach can be revealing, not
only in considering the existing scientific and institutional processes, but also in bring-
ing environmental elements to the debate. Thus, an environmental history of the Cer-
rado is challenging beyond the fact that it is more than simply being a biome. As we have
demonstrated, this region presents historical challenges regarding the different moments
of territorial occupation and socioeconomic elements resulting from the expansion of the
agricultural frontier. In this sense, agronomic research helps to reflect, among other
things, on the different processes related to the development and consolidation of insti-
tutions; the historical results of scientific investment and international exchange networks;
and their relationship with broader socioeconomic processes, which go beyond national
borders, evidencing what Donald Worster (1982) called the natural world without bor-
ders.

ACKNOWLEDGMENTS

This work has been developed at the Laboratory of Environmental History of the Cer-
rados, at the Universidade Evangélica de Goias in partnership with the Graduate Stud-
ies in Natural Resources of the Cerrado, at the Universidade Estadual de Goias, and the
Graduate Studies in History at the Universidade Federal da Fronteira Sul.

The authors thank the reviewers and editors of Historia Agraria for their important
suggestions and contributions to the improvement of this work. Sandro Dutra e Silva and
Claiton Marcio da Silva are grateful for the support of the National Council for Scien-
tific and Technological Development (CNPq). Claiton Marcio da Silva is also grateful for
the financial support through the research project “A Era da Soja no Mercosul (1970-
2020)” (call 12/2020, Universal), by FAPESC-Fundac¢do de Amparo a Pesquisa e Ino-
vacgao do Estado de Santa Catarina.

272 pp- 247-278 = Abril 2023 » Historia Agraria, 89



Embrapa and the Agronomic Development for the “Conquest” of the Brazilian Cerrado (1975-95)

REFERENCES

Bi1asILLO, Roberta & Sirva, Claiton Marcio da (2021).The Very Grounds Underlying Au-
thoritarian Twentieth-Century Regimes: Building Soil Fertility in Italian Lybia and the
Brazilian Cerrado. Comparative Studies in Society and History, 63 (2), 366-99.

BOAVENTURA, Karita de Jesus & DUTRA E Siiva, Sandro (2021). O Matopiba como re-
alidade geografica e os desafios para o desenvolvimento sustentavel e a protecdo am-
biental do Cerrado. Revista Inclusiones, (8), 536-55.

CABRAL, Diogo de Carvalho (2014). Na presenga da floresta: Mata Atlantica e historia
colonial. Rio de Janeiro: Garamond.

DALI’AGNOL, Amélio (2016). A Embrapa Soja no contexto do desenvolvimento da soja no
Brasil: Historico e contribuigdes. Brasilia, DF: Embrapa.

DEaN,Warren (1997). With Broadax and Firebrand: The Destruction of the Brazilian At-
lantic Forest. Berkeley: University of California Press.

DEDECEK, Renato Antonio (1978). Perdas de solo, agua e nutrientes sob chuva natural
num Latossolo Vermelho Escuro de Brasilia-DF. In Anais do Encontro Nacional de
Pesquisa sobre Conservagao do Solo, Passo Fundo: Embrapa.

DEDECEK, Renato Antonio & CABEDA, Mario Sérgio Vaz (1977). Fator de erodibilidade
de oxissolos no Rio Grande do Sul. Pesquisa Agropecuaria Brasileira, 12, 91-6.

DOBEREINER, Johanna (1997). Biological Nitrogen Fixation in the Tropics: Social and Eco-
nomic Contributions. Soil Biology and Biochemistry, 29 (5-6), 771-74.

DRUMMOND, José Augusto (1997). Devastagdo e preservagdo ambiental: Os parques na-
cionais do estado do Rio de Faneiro Niteroi: Universidade Federal Fluminense.
(Antropologia e Ciéncia Politica, 2).

DuUTRA E SiLva, Sandro (2017). No Oeste, a terra e o céu: A expansdo da fronteira agri-
cola no Brasil Central. Rio de Janeiro: Mauad X.

DuTRrA E SiLvA, Sandro (2020). Challenging the Environmental History of the Cerrado:
Science, Biodiversity and Politics on the Brazilian Agricultural Frontier. Historia
Ambiental Latinoamericana y Caribenia, 10 (1), 82-116.

DuTRrA E SiLvA, Sandro & BARBOSA, Altair Sales (2020). Paisagens e fronteiras do Cer-
rado: Ciéncia, biodiversidade e expansio agricola nos chapaddes centrais do Brasil. Es-
tudos Ibero-Americanos, 46 (1), e34028.

Dutra E Sitva, Sandro & BELL, Stephen (2018). Colonizagao agraria no Brasil Central:
Fontes inéditas sobre as pesquisas de campo de Henry Bruman em Goias, na década
de 1950. Topoi, 19 (37), 198-225.

DuTRA E SiLvA, Sandro, BOAVENTURA, Karita de Jesus, PORFIRIO JUNIOR, Eder Dasdori-
ano & SiLvA NETO, Carlos de Melo (2018). A ultima fronteira agricola do Brasil: O
Matopiba e os desafios de protegdo ambiental no Cerrado. Estudios Rurales, 8 (extra
15), 145-78.

Historia Agraria, 89 » Abril 2023 * pp. 247-278 273



Karita de Jesus Boaventura, Claiton Marcio da Silva and Sandro Dutra e Silva

EMBRAPA (1977). Relatorio Técnico Anual do Centro de Pesquisa Agropecuaria dos Cer-
rados (1975-1977). Brasilia, DF: Embrapa.

EMBRAPA (1979). Relatério Técnico Anual do Centro de Pesquisa Agropecuaria dos Cer-
rados (1977-1978). Brasilia, DF: Embrapa.

EMBRAPA (1980). Relatorio Técnico Anual do Centro de Pesquisa Agropecuaria dos Cer-
rados (1978-1979). Brasilia, DF: Embrapa.

EMBRAPA (1981). Relatorio Técnico Anual do Centro de Pesquisa Agropecuaria dos Cer-
rados (1979-1980). Brasilia, DF: Embrapa.

EMBRAPA (1982). Relatério Técnico Anual do Centro de Pesquisa Agropecuaria dos Cer-
rados (1980-1981). Brasilia, DF: Embrapa.

EMBRAPA (1985). Relatorio Técnico Anual do Centro de Pesquisa Agropecuaria dos Cer-
rados (1981-1982). Brasilia, DF: Embrapa.

EMBRAPA (1987). Relatorio Técnico Anual do Centro de Pesquisa Agropecuaria dos Cer-
rados (1982-1985). Brasilia, DF: Embrapa.

EMBRAPA (1991). Relatério Técnico Anual do Centro de Pesquisa Agropecuaria dos Cer-
rados (1985-1987). Brasilia, DF: Embrapa.

EMBRAPA (1994). Relatorio Técnico Anual do Centro de Pesquisa Agropecuaria dos Cer-
rados (1987-1990). Brasilia, DF: Embrapa.

EMBRAPA (1997). Relatorio Técnico Anual do Centro de Pesquisa Agropecuaria dos Cer-
rados (1991-1995). Brasilia, DF: Embrapa.

EMBRAPA & Ministério da Agricultura, Pecudria e Abastecimento (MAPA) (2006). Sug-
estoes para a formulagao de um Sistema Nacional de Pesquisa Agropecuaria. Brasilia:
Embrapa Informagdo Tecnologica. https://ainfo.cnptia.embrapa.br/digital/bitstream/
item/123326/1/LivroPreto.pdf

EsSPINDOLA, José Antonio Azevedo, GUERRA, José Guilherme Marinho & ALMEIDA, De-
jair Lopes de (1997). Adubacgio verde: Estratégia para uma agricultura sustentavel.
Embrapa-CNPAB, Documentos, (42), 1-20.

FaissoL, Speridido (1957). O Problema do desenvolvimento agricola do sudoeste do
Planalto Central do Brasil. Revista Brasileira de Geografia, XIX (1), 3-66.

FERRI, Mario Guimaraes (1969). Plantas do Brasil: Espécies do Cerrado. Sao Paulo: Edgard
Blucher.

FERRI, Mario Guimaraes (1974). Ecologia: Temas e problemas brasileiros. Belo Hori-
zonte/Sao Paulo: Itatiaia/Universidade de Sao Paulo.

FERRI, Mario Guimaraes & Warming, Eugenius (1973). Lagoa Santa e aVegetagdo de Cer-
rados Brasileiros. Belo Horizonte: Itatiaia.

FEUER, Reeshon (1956). An Exploratory Investigation of the Soils and Agricultural Po-
tential of the Soils of the Future Federal District in the Central Plateau of Brazil. PhD
dissertation. Ithaca: Cornell University.

274 pp- 247-278 = Abril 2023 » Historia Agraria, 89



Embrapa and the Agronomic Development for the “Conquest” of the Brazilian Cerrado (1975-95)

GALRAO, Eneas Zaborowsky & VOLKWEISS, Sérgio Jorge (1981). Disponibilidade de fos-
foro do solo para as plantas. Revista Brasileira de Ciéncias do Solo, 5 (2), 144-18.
GASTAL, Edmundo da Fontoura (1980). Enfoque de sistemas na programagdo da pesquisa

agropecuaria. Rio de Janeiro: IICA.

GOODLAND, Robert J. A. (1971). Oligotrofismo e aluminio no cerrado. In Mario
Guimaraes FERRI (Ed.), III Simpésio sobre o Cerrado (pp. 44-60). Sdo Paulo: Uni-
versidade de Sao Paulo.

GOODLAND, Robert J. A. & FERRI, Mario Guimaraes (1979). Ecologia do cerrado. Belo
Horizonte/Sao Paulo: Itatiaia/Universidade de Sao Paulo.

INSTITUTO BRASILEIRO DE GEOGRAFIA E EsTATISTICA (IBGE) (2019a). Biomas e Sistema
Costeiro-Marinho do Brasil: Compativel com a escala 1:250 000. Rio de Janeiro: IBGE.
https://biblioteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=2101676

INSTITUTO BRASILEIRO DE GEOGRAFIA E EsTATisTICA (IBGE) (2019b). Produgdo agri-
cola municipal: Culturas temporarias e permanentes. Rio de Janeiro: IBGE.

INSTITUTO DE MANEJO E CERTIFICACAO FLORESTAL E AGRICOLA (IMAFLORA) (2019). At-
las da agropecuadria brasileira. http://atlasagropecuario.imaflora.org/

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) (1979a). Acordo do projeto cele-
brado entre JICA, Banco Central e CAMPO. Brasilia, DF: JICA.

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) (1979b). Estudo de desenvolvi-
mento regional de trés estados: Espirito Santo, Minas Gerais e Goias: Relatoério final.
Brasilia, DF: JICA.

JARDIM, Fernando Rogério (2011). Avental subalterno a gravata: A mercadorizag¢do da
ciéncia e a proletarizacdo do cientista nas pesquisas em nonotecnologia da Embrapa e
da Unicamp. Sao Paulo: Biblioteca 24 horas.

KoHLHEPP, Gerd (2014). Colonizagdo agraria no Norte do Parana: Processos geoe-
conémicos de desenvolvimento de uma zona pioneira subtropical do Brasil sob a influéncia
da plantagdo de café. Maringa: EDUEM.

KoHLHEPP, Gerd (2020). Transformagdes da paisagem natural no Norte do Parana en-
tre as décadas de 1930 e 1980: Desmatamento, monocultura do café, modernizagao
da agricultura e suas consequéncias ecologicas, econdmicas e sociais. Historia Ambi-
ental Latinoamericana y Caribefia, 10 (2), 255-83.

LOFGREN, Alberto (1896). Ensaio para uma distribuicao dos vegetaes dos diversos gru-
pos floristicos no Estado de Sdo Paulo. Boletim da Commissdo Geographica e Geologica
de Sdo Paulo, (11), 5-50.

MADEIRA NETTO, José da Silva (1983). Caracterizacdo do clima e do solo da regido dos
cerrados. Semindrio IRAT-GERDAT/EMBRAPA-CPAC. Planaltina: EMBRAPA/
CPAC.

MADEIRA NETTO, José da Silva & MACEDO, Jamil (1981). Contribuigdo para interpretagdo
dos levantamentos de solos. Planaltina: EMBRAPA/CPAC (Boletim de Pesquisa, 6).

Historia Agraria, 89 » Abril 2023 * pp. 247-278 275



Karita de Jesus Boaventura, Claiton Marcio da Silva and Sandro Dutra e Silva

MAGALHAES, Wallace (2020). Reforma agraria se faz como homens, nao com terra: A Lei
do Boi como estratégia de reproducao social dos grupos dominantes agrarios (1968-
1985). PhD thesis. Seropédica: Universidade Federal Rural do Rio de Janeiro.

MALAVOLTA, Euripedes, PIMENTEL-GOMES, Frederico & ALCARDE, José Carlos (2002).
Adubos e adubagoes. Sao Paulo: Nobel.

MCcCREERY, David (2006). Frontier Goias, 1822-1889. Stanford: Stanford University
Press.

MEDEIROS, R. R. (1950). Sessao solene de instalagdo da “primeira mesa redonda de con-
servagio do solo”. In Anais das Mesas redondas do algoddo, do café e da conservagdo
do solo organizadas sob os auspicios do Instituto de Economia Rural (1948-1949) (p.
28). Sao Paulo: Instituto de Economia Rural.

MELLO, Vanessa Pereira da Silva (2017). A EMBRAPA na Amazénia Oriental: Ditadura
mulitar, desenvolvimento e ambientalismo (1972-1993). PhD thesis. Rio de Janeiro: Fun-
dacao Oswaldo Cruz. https://www.arca.fiocruz.br/handle/icict/30998

MENGEL, Alex Alexandre (2015). Modernizagdo da agricultura e pesquisa no Brasiu: A Em-
presa Brasileira de Pesquisa Agropecuaria-ENMBRAPA. PhD thesis. Rio de Janeiro: Uni-
versidade Federal Rural do Rio de Janeiro. https://sucupira.capes.gov.br/sucupira/pub-
lic/consultas/coleta/trabalhoConclusao/view TrabalhoConclusao.jsf?popup=true&id_tra
balho=2501796

MIRANDA, LLeo Nobre de & LoBATO, Edson (1978). Tolerancia de variedades de feijao e
de trigo ao aluminio e a baixa disponibilidade de fosforo no solo. Revista Brasileira de
Ciéncias do Solo, (2), 44-50.

MOURA, Jadson B. & CABRAL, Juliana S. R. (2019). Mycorrhizas in Central Savannas: Cer-
rado and Caatinga. In Marcela PAGANO & Monica Luco (Eds.), Mycorrhizal Fungi
n South America (pp. 193-202). Cham: Springer.

MOURA, Jadson B., GUARESHI, Roni Fernades, CORREIA, Anisio Rocha, GAZOLLA, Paulo
Roberto & CABRAL, Juliana S. R. (2009). Produtividade do feijjoeiro submetido a
adubacio nitrogenada e inoculacdo com Rhizobium Tropici. Global Science and Tech-
nology, 2 (3), 66-71.

NEHRING, Ryan (2016).Yield of Dreams: Marching West and the Politics of Scientific
Knowledge in the Brazilian Agricultural Research Corporation (Embrapa). Geoforum,
(77), 206-17.

OFSTEHAGE, Andrew & NEHRING, Ryan (2021). No-till Agriculture and the Deception
of Sustainability in Brazil. International Fournal of Agricultural Sustainability, 19 (3-
4), 335-48.

OLIVEIRA, Paulo S. & MARQUIS, Robert J. (2002). Introduction: Development of Research
in the Cerrados. In Paulo S. OLIVEIRA & Robert J. MArRQuis (Eds.), The Cerrados of
Brazil: Ecology and Natural History of a Neotropical Savanna (pp. 1-10). New York:
Columbia University Press.

276 pp- 247-278 = Abril 2023 » Historia Agraria, 89



Embrapa and the Agronomic Development for the “Conquest” of the Brazilian Cerrado (1975-95)

PADUA, José Augusto (2004). Um sopro de destrui¢do: Pensamento politico e critica ambi-
ental no Brasil escravista (1786-1888). Rio de Janeiro: Jorge Zahar.

PAOLINELLI, Alysson (2006). A conquista do cerrado. World Food Prize, Des Moines.

PARAYIL, Govindan (2003). Mapping Technological Trajectories of the Green Revolution
and the Gene Revolution from Modernization to Globalization. Research Policy, 32
(6),971-90.

PATEL, Raj (2013). The Long Green Revolution. The Journal of Peasant Studies, 40 (1),
1-63.

PENNINGTON, R. Toby & RATTER, James A. (2006). Neotropical Savannas and Dry Forests:
Diversity, Biogeography, and Conservation. Boca Raton: Taylor & Francis Group.
PERKINS, John H. (1997). Geopolitics and the Green Revolution:Wheat, Genes, and the Cold

War. New York: Oxford University Press.

Ra1j, Bernardo van, ROSAND, Percy Cabala & LLoBATO, Edson (1982). Adubacgio fosfa-
tada no Brasil: Apreciacao geral, conclusdes e recomendagoes. In EMBRAPA (Ed.),
Adubagao fosfatada no Brasil (pp. 9-28). Brasilia, DF: Departamento de Informagio
e Documentacgao.

RAWITSCHER, Felix, FERRI, Mario & RACHID, Mercedes (1943). Profundidade dos solos
e vegetacdo em campos cerrados do Brasil Meridional. Anais da Academia Brasileira
de Ciéncias, 15 (4), 267-94.

REPUBLICA FEDERATIVA DO BRASIL (2002). Programa de cooperagdo Nipo-Brasileira para
o desenvolvimento agricola dos cerrados: Estudo de avaliagdo conjunta: Relatério
Geral. Brasilia, DF: Ministério da Agricultura, Pecuaria e Abastecimento/Agéncia de
Cooperacgao Internacional do Japao.

REsck, Dimas Vital Siqueira (1981a). Parametros conservacionistas dos solos sob vege-
tagcdo de Cerrado. Planaltina: Embrapa/CPAC. (Circular Técnica, 6).

REsck, Dimas Vital Siqueira (1981b). Parametros fisicos dos solos da regido dos Cerra-
dos. Brasilia, DF: Embrapa/DID. (Boletim de Pesquisa, 2).

REsck, Dimas Vital Siqueira et al. (1981). Erodibilidade de um podzoélico Vermelho-
Amarelo Cambico Distrofico Fase Terraco, localizado na Zona da Mata (MG), de-
terminada com simulador de chuva. Revista Brasileira de Ciéncia do Solo, 5 (1), 7-14.

Rizzini, Carlos Toledo (1976). Tratado de fitogeografia do Brasil: Aspectos ecologicos. Sdo
Paulo: HUCITEC/Universidade Estadual de Sao Paulo.

RocHA, Cassiano de Brito, MAjo, Claudio de & DUTRA E S1LvA, Sandro (2022). Soylandia
Nuances in Times of Soyacene: The Scientific Food Production in the Brazilian Cer-
rado and Other Biomes. Historia Ambiental Latinoamericana y Caribefia, 12 (2).

RoOCHA, Cassiano de Brito, NEHRING, Ryan & DUTRA E S1LvA, Sandro (2022). Soy With-
out Borders: The Transnational Dynamics of Commodity Frontiers in South Amer-
ica (1971-2019). Global Environment, 15 (3).

Historia Agraria, 89 » Abril 2023 * pp. 247-278 277



Karita de Jesus Boaventura, Claiton Marcio da Silva and Sandro Dutra e Silva

ROSSITER, MargaretW. (1975). The Emergence of Agricultural Science: Fustus Liebig and
the Americans, 1840-1880. New Haven: Yale University Press.

SAMPAIO, Alberto José (1938). Phytogeografia do Brasil. Sio Paulo/Rio de Janeiro/Re-
cife/Porto Alegre: Companhia Editora Nacional.

Siva, Claiton Marcio da (2012). De um Dust Bowl paulista a busca de fertilidade no Cer-
rado: a trajetoria do IRI Research Institute e as pesquisas em ciéncias do solo no Brasil
(1951-1963). Revista Brasileira de Historia da Ciéncia, 5 (1), 146-55.

Siva, Claiton Marcio da (2015). De agricultor a farmer. Curitiba/Guarapuava:
UFPR/Unicentro.

SiLva, Claiton Marcio da (2020). Resisténcia da tradi¢do devastadora a inovagdo racional-
izadora: A atuagao do IRI Research Institute (IRI) e os dilemas do avango da fronteira
cafeeira no estado de Sdo Paulo (1950-1960). In José LLuiz de ANDRADE, Sandro DUTRA
E SILVA, José Augusto DRUMMOND & Vivian da Silva BrRaz (Eds.), Historia ambiental: Na-
tureza, soctedade, frontera (pp. 395-418). Rio de Janeiro: Garamond Universitaria.

SiLvA, Claiton Marcio da & Majo, Claudio de (2021). Towards the Soyacene: Narratives
for an Environmental History of Soy in Latin America’s Southern Cone. Historia Am-
biental Latinoamericana y Caribefia, 11 (1), 329-56.

SILVA, José de Souza (1997). Agricultural Biotechnology Transfer to Developing Coun-
tries under the Cooperation-Competition Paradox. Cadernos de Ciéncia & Tecnolo-
gia, 14 (1), 91-112.

SMITH, Elta (2009). Imaginaries of Development: The Rockefeller Foundation and Rice
Research. Science as Culture, 18 (4), 461-82.

Sousa, Djalma M. Gomes de & LoBato, Edson (2004). Cerrado: Corregdo do solo e
adubagdo. Brasilia, DF/Planaltina, DF: Embrapa Informagio Tecnoldgica/Embrapa
Cerrados.

UNITED STATES DEPARTMENT OF AGRICULTURE (USDA), Foreign Agricultural Service
(n.d.). Soybean 1964-2019. https://apps.fas.usda.gov/psdonline/app/index.html#/app/
advQuery

VIERIA JUNIOR, Wagner Gongalves, MOURA, Jadson Belem de, Souza, Rodrigo Fernan-
des de, BRAGA, Ana P. Maciel, MATOS, Diogo J. Carvalho, BRiTO, Gustavo H. Mendes,
MOREIRA, Rodrigo Martins & DUTRA E SILVA, Sandro (2020). Seasonal Variation in
Mycorrhizal Community of Different Cerrado Phytophysiomies. Frontiers in Micro-
biology, (11), 1-9.

WORSTER, Donald (1979). Dust Bowl: The Southern Plains in the 1930s. New York: Ox-
ford University Press.

WORSTER, Donald (1982). World without Borders: The Internationalizing of Environ-
mental History. Environmental History Review, 6 (2), 8-13.

WORSTER, Donald (2016). Shrinking the Earth: The Rise and Decline of American Abun-
dance. New York: Oxford University Press.

278 pp- 247-278 = Abril 2023 » Historia Agraria, 89



