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Currently there is controversy about the effect of direct foreign investment in the Brazilian

agricultural sector, mainly due to the impact it has on small farmers, land use, the

environment, and food security. In this context, Brazil finds itself in an even more delicate

situation, since in order to remain a bulwark of the economy, Brazilian agribusiness

depends heavily on public policies that directly impact its treasury. This suggests

there is an indirect transfer of public resources to transnational companies involved

in agribusiness production chains. This paper assesses the allocation of agricultural

credits in Brazil and the market share held by Brazilian groups, vis-à-vis multinational

corporations in the agribusiness supply chains. The study was carried out analyzing

the three largest supply chains established in the country: soybean, corn, and cattle.

Results reveal that 75% of the operating credit (crédito de custeio), which represents

60% of the total government credit in Brazil, goes directly to soybean, corn, and

cattle farmers. Most of this subsidized credit budget goes to the soybean farmers,

which are mostly encompassed by large farmers. Results also reveal that 76.1% of the

soybean supply chain in Brazil is controlled by foreign multinational corporations. These

findings suggest that resources invested in large farmers that take part in supply chains

controlled by multinational foreign groups end up indirectly financing foreign companies

to the detriment of local smallholder farmers and domestic agribusiness. This highlights

the need for restructuring Brazilian agricultural policy in favor of family farmers and

domestic agribusiness.

Keywords: foreign direct investments, agro-industrial crop production, agricultural policy, domestic market share,

agriculture supply chain

INTRODUCTION

The need to generate employment and income in developing nations attracts foreign investment
that is often concentrated in the agricultural sector, mainly for the large-scale production of
certain goods for export. Since the 1970s, Brazil has experienced this kind of growth in the rural
environment which has attracted international companies, but which has also been fostered mainly
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by public policies of the Federal Government. Through this
growth, Brazil has become one of the major agricultural
producers in the world, as agribusiness has become the driving
force of the national economy and economic growth. However,
criticism of this developmental model has led to a debate around
Brazilian agribusiness and its great influence.

Among the criticisms of the sector, the following stand out: (1)
the large proportion of public resources channeled to the rural
production of primary products for export; (2) the expansion
of areas for production of these products (especially soy), often
linked to land grabbing—which increases agrarian conflict and
disrupts traditional productive dynamics and land use—expelling
family farmers and compromising food and nutritional security;
and (3) the increase of environmental degradation in these
productive areas, highly dependent on chemicals and often
deforested for integration into the production process. This
dependence on public resources, the expansion of productive
areas, and the leniency of enforcing environmental policies
raise doubts about the true effective capacity that Brazilian
agribusiness presents as a reliable economic sector.

In the last few decades, accompanied by the productive
increase resulting from the Green Revolution, it has become
commonplace to associate the economic agents linked
to agribusiness as the champions of Brazilian economic
development. Strong media campaigns along with robust
numbers of commodity production have coincided with the
formalization of a highly representative and influential political
interest group, which has infiltrated both the Legislative and
Executive branches.

In the current federal legislature (2018-2022), the so-called
Agribusiness Parliamentary Front (FPA) is composed of 245
deputies and 39 senators, “totaling a block of 284 congressmen
that corresponds to 47.8% of the National Congress, which
is composed of 513 deputies and 81 senators” in total (de
Carvalho and de Oliveira, 2021, p. 48). The significant number of
congressmen linked to the agribusiness sector has been growing
since the redemocratization process of the 1980s (Messenberg,
2002). The 2007–2011 legislature was composed of 116 PFA
congressmen and the 2011–2015 legislature was composed of
160 PFA legislators (142 deputies and 18 senators), whose
electoral campaigns were financed by companies or individuals
directly linked to the candidates (23% originated from individual
donations and 39% linked to companies). Much of this financing
has come specifically from themanufacturing industry (including
the processing industry), construction and commerce (76% of the
entire amount of resources allocated to the candidates’ campaign,
an approximate value of 46 million reals) (de Camargo, 2009;
Machado, 2013).

The Agribusiness Parliamentary Front also exerts strong
influence in the appointment of the Minister of Agriculture,
the presidency of the Bank of Brazil, and the advance of
legislative reform projects directly linked to the political interests
of the sector, such as PEC 215, the extinction of the MDA,
the weakening of the powers of INCRA, the labor legislation,
CONAMA, as observed in the impeachment process of former
President Dilma Roussef. Moreover, in the process of the
elaboration and implementation of the Brazilian agrarian and
agricultural policy over the last few decades, the leaders of

the agribusiness sector have had a leading role, especially in
the Standing Committees of the House of Representatives. The
Agriculture Commission, the Environment Commission, the
Amazon Commission, the National Integration Commission,
and the Regional Development Commission are dominated by
this supra-partisan group (Castilho, 2012).

In this context, the Complementary Law No. 87 of September
13, 1996 (Kandir Law) deserves to be highlighted as it eliminated
the collection of taxes that had been levied on the exportation of
primary products, specifically for the rural producers of the main
export crops, with a chain effect. Other demonstrations of the
influence this sector has on policy is the constant renegotiation
of debts in owner-occupier agriculture, the devaluation of the
Real against the Dollar, and government subsidies for the
fleet modernization of agricultural machinery (MODERFROTA)
(Ribeiro Neto, 2018).

As a public policy, the Plano Safra has focused mainly on
subsidized credit for rural producers, with most of the resources
going to funding the large producers (de Moraes, 2014). The last
Plano Safra had a forecast of R$ 251 billion, of which R$ 73.4
billion were for investment credit and R$ 177 for costing and
commercialization (MAPA, 2021). Most of this was allocated to
large producers who received R$ 50.9 billion for investment and
R$ 127 billion for funding (MAPA, 2019)1.

In practice, the operating cost credit is used as working
capital by the rural producer to buy production supplies
such as seeds, pesticides, fertilizers, medicines, and feed. The
operating cost credit is made for each production cycle, with the
payment being made at the end of the production. Investment
credit, on the other hand, allows the purchase of agricultural
machinery, implements, andmatrices that are configured as long-
term investments (Betarelli Junior et al., 2019). This credit is
made by banks with private capital and requires government
subsidy to reduce interest rates (equalization) with the use of
public resources.

Advocates of the current Brazilian agricultural policy argue
for the importance of maintaining credit given the importance of
agribusiness for the Brazilian trade balance and for the benefit of
rural producers, who would otherwise resort to financing from
trading companies in the barter system or reserving resources
for working capital (Xavier, 2021). The credit subsidized by
the government is also a guarantee in the case of significant
losses given the flexibility of renegotiating their debt with the
State, which is more difficult in the private sector which requires
mechanisms such as the guarantee of payment by the rural
product bill2. Producer associations, particularly Aprosoja and

1Medium-sized producers were allocated R$3.8 billion for investment and R$29.4
billion for funding through the National Support Program for Medium Producers
(Pronamp). Family farmers were allocated R$13.6 billion for investment and
R$19.4 billion for funding through the National Program for the Strengthening
of Family Agriculture (Pronaf) (MAPA, 2019).
2Given that agricultural policy resources are scarce, the public authorities
understood the need for the participation of private investors to better develop the
sector. In this context, Law 8,929/94 introduced the Rural Producer’s Certificate
(CPR), which enables the producer to make physical or financial settlement to his
creditors. At the maturity determined by the title, the CPR holder may demand the
product from the issuer, in the quantity and quality established.
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CNA, are advocates of subsidized credit for rural producers
(CNA, 2018).

On the other hand, there has been a growing criticism of
the current model of Brazilian agricultural policy, which for
decades has prioritized subsidized credit (Medina, 2018; Junior
and Goldfarb, 2021), differing from policies of others such as
the United States and the European Union (Potter and Tilzey,
2007; Mcfadden and Hoppe, 2017; Prokopy et al., 2019). Studies
also highlight the “supposed contribution” of agribusiness to
the national economy, which disregards the rolling over of
the sector’s significant debts that have historically accumulated
(Mendonça, 2015). Additionally, investigations reveal that credit
has continually been allocated to the same producers and
conventional production chains (soy, meat, milk), despite the
increase in the volume of resources (Corcioli, 2019).

For Leite (2020), this model has had the participation of
the Brazilian State, whether through indirect policies, such
as those focused on infrastructure, foreign exchange, and tax
incentives, or through direct policies such as rural credit. These
criticisms reveal Brazilian agribusiness as a segment whose
competitiveness is largely due to the high degree of benefits it
has received over decades. These benefits include an agrarian
policy that has colluded with land grabs (Nepomuceno et al.,
2019), an environmental policy lenient on illegal deforestation
in agricultural frontiers (de Mello-Thery, 2019), and tax waivers,
such as those of the Kandir Law, which has made exports
of primary products such as soybean tax exempt (da Silva
and Gonçalves, 2019). Despite the numerous benefits, Brazilian
agribusiness continues to demand the reduction of the “Brazil
Cost” with public investments to improve the conditions for
production flow and subsidized credit for rural producers from
public resources.

The advent of studies in agribusiness accentuates an additional
aspect to be considered: agricultural policy in the face of Brazilian
participation in the production chains of established agribusiness
in Brazil (Santos and Glass, 2018). These studies reveal the
importance of analyzing the entire production chain (Koberg and
Longoni, 2019), since the suppliers of the production inputs in
Brazil have increasingly become foreign multinationals (Medina,
2021). In other words, contrary to what has been stated by
the political interest groups linked to the rural sector as a
justification for maintaining the current rural credit model, the
wealth produced by Brazilian agribusiness is not economically
equally distributed in Brazilian society. Especially wealth linked
to the production of commodities, which has no redistributive
characteristic for the country. In fact, this wealth seemingly
disappears into the trade cycle and mostly into the hands of
multinational corporations.

Thus, we defend the hypothesis that the current agricultural
policy indirectly finances foreign corporations with public
resources and funding without actually contributing to the
development of domestic agribusiness. Recent studies have
pointed to the fact that agricultural policy resources are
transferred to a small number of transnational corporations that
control the agricultural supply market in Brazil. This occurs
mainly in the seeds and agrochemicals segments, but also, in
the case of investment resources, directed to the purchase of

agricultural machinery which is a sector chiefly controlled by
multinationals (Wesz Junior and Grisa, 2017).

With economic liberalization in the 1990s, some commodity
production chains with great international demand received
large investments from multinational groups, including for the
purchase of local companies, as is the case of the soybean
production chain (Bassi et al., 2013; Costa and Santana,
2014). Other production chains have also received significant
investments, but with greater participation of local investments,
as is the case of the beef production chain, which is also
characterized by a greater participation of family farmers
(Meurer et al., 2015).

This paper seeks to evaluate the effectiveness of the current
Brazilian agricultural policy in supporting the development of
Brazilian agribusiness from the knowledge about the Brazilian
participation in production chains. Specifically, it intends to:

• To survey the effective allocation of subsidized agricultural
credit by the Brazilian State;

• Assess the participation of Brazilian groups in relation to
foreign groups in the main production chains; and

• Discuss to what extent the use of public resources is directed
to the interests of the country and the need for adjustments.

Theoretical Framework
Literature on foreign direct investment (FDI) by multinational
enterprises has focused on outcomes for the host countries such
as spillover effects, technology transfer, firm-level productivity,
and performance of subsidiaries. These studies have concluded
that subsidiary performance improves with the integration of a
parent firm’s technological and marketing knowledge resources
and the co-presence of high technological andmarket relatedness
(Paul and Feliciano-Cestero, 2020).

Empirical evidence has also shown that the effects of FDI
are heterogeneous and conditional on factors such as the type
of FDI, the economic sector of investment, and the absorptive
capacity of the host economy principally (Colen et al., 2008;
Economou, 2019). Proponents who believe that such investments
in the agricultural sector is a panacea for a developing country’s
problems, argue that the investments will bring about economic
and social benefits including employment creation, income and
livelihood diversification strategies

However, the potential of FDI for the agricultural sector
of developing countries, particularly agro-industrial production,
is still a contested issue in terms of job creation and income
generation. Research findings have revealed cases where FDI
stimulated no economic growth in host countries (Carbonell
and Werner, 2018). Skeptical perspectives contend that because
the investments are channeled into large scale agro-industrial
and biofuel crop production, the negative effects, such as
the alienation of smallholder farmers from their lands and
increases in food prices, far outweigh any positive impacts of
the investments.

However, existing studies have only recently started exploring
whether or not and to what degree have domestic entrepreneurs
benefitted from the economic dynamics promoted by FDI, by
establishing themselves in the marketplace while competing with
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multinational foreign enterprises (Thomé et al., 2017). In Brazil,
it has been argued that the promotion of agribusiness has led
to the development of agricultural supply chains dependent
on foreign investments, but with the limited participation of
domestic groups (Medina and Santos, 2017).

Liberal approaches may attract FDI to developing countries
and in contrast, stronger governmental support may lead to
the protection of local businesses that are not necessarily
efficient. In Brazil, specifically since the 1990s, the neoliberal
economic perspective has been promoted through relaxed
economic regulation and privatization policies (Mueller and
Mueller, 2016). With economic liberalization, the entry of
international capital into the country has boosted agribusiness
and created a more competitive environment for national groups
(Saes and Silveira, 2014).

But long-run dynamic comparative advantages (Salerno,
2017)—that required the creation of improved technological
capabilities—were disregarded (Di Meglio et al., 2018), leading to
a reduced market share held by national groups in the industrial
sectors of agribusiness made in Brazil (Medina, 2021). It is argued
that structural change toward a more sophisticated industrial
base is a sine qua non condition for an emerging economy
to converge from developed ones. Therefore, it is necessary to
create opportunities for national groups to increase their share
in industrial sectors based on long-term policies in industry and
technology (Nassif et al., 2017).

The current situation of a liberal and globalized business
environment in Brazil results in the need for a clear assessment of
the opportunities created by dynamic economic sectors, such as
agribusiness, for domestic groups to thrive. A crucial challenge is
the consolidation of companies with domestic capital throughout
the supply chain of agribusiness in developing countries (Kano
et al., 2020). Building on this background, a key academic issue
that needs to be understood is to what degree have domestic
entrepreneurs established themselves in the business and benefits
from FDI, which has promoted dynamic economic sectors such
as agribusiness in Brazil in the last few decades.

METHODOLOGY

The analysis of the effective allocation of Brazilian rural credit
was based on data published by the Central Bank of Brazil
obtained from the Rural Credit Data Matrix3. The analysis
considers the resources applied to the soy production chain and
to beef and dairy farming from 2013 to 2021, since data on rural
credit first became part of the matrix in 2013. To demonstrate the
stratification of the applied resources, the study considered the
credit released in the transactions of investment, operations, and
commercialization, with an emphasis on the National Support
Program for Medium Producers (Pronamp) and the National
Program for the Strengthening of Family Agriculture (Pronaf).

More focus was given to the operating cost credit since the
investment data did not allow us to distinguish investment
according to production chain. Also, an important part of the
investment credit goes toward machinery that is used in different

3Available online at: https://www.bcb.gov.br/estabilidadefinanceira/micrrural.

production chains (soy, sugar cane, milk, meat, etc.). The data
analyzed was customized to consider five categories of the Rural
Credit Matrix, and for the credit total we used the Quantity and
Value of Contracts by Region, State and Gender filter4.

To estimate the participation of domestic groups, the first
step of this work was to identify the main segments of the soy,
corn, and beef and dairy cattle production chain in Brazil. As
defined by the production sector itself, these segments include:
seeds, fertilizers/animal nutrition, agrochemicals/animal health,
machinery, production, and processing and commercialization
(Embrapa, 2019). Next, the main companies operating in each
productive segment were identified, which was done based on
document research of institutional materials from the sector
associations and the companies themselves5.

From the information gathered, we estimated the
participation (market share) of the companies operating in
each segment analyzed. First, we quantified the total sales in
the country for each input in each segment of the four supply
chains (e.g., 5,580 soybean harvesters sold in Brazil in 2019). We
then identified the major international and domestic companies
operating in each segment (e.g., CNH, John Deere, and AGCO
in the case of soybean harvesters), and their total sales (e.g.,
2,903 soybean harvesters by CNH, 2,269 by John Deere, and 408
by AGCO). In all cases, the sources have been cited throughout
the paper.

In addition to estimating the market share in the main
productive segments, the shareholding composition of the
companies was surveyed as a way to identify the participation
of domestic groups in relation to multinationals. To estimate
the total market share of domestic groups (P) in each segment
of the production chain, the market shares of all companies
with Brazilian capital were summed (

∑
ni= 1 Br). The domestic

participation in the production chain (PD) resulted from the
weighted sum of the participation of business groups with
Brazilian capital in each of the six segments analyzed (from seeds
to marketing), according to Equation 1 below. The results are
presented in Figure 4 of this study:

PD = (P1+ P2+ P3+ P4+ P5+ P6)/6

where P =

∑
ni = 1Br (1)

4For soybean cultivation two filters were used: (1) Quantity and Value of
Agricultural Custody Contracts by Product, Segment and (2) FI and Quantity
and Value of Agricultural Commercialization Contracts by Product, Segment and
FI. For bovine farming, we used the filters (1) Quantity and Value of Livestock
Financing Contracts by Product, Segment and FI and (2) Quantity and Value
of Livestock Marketing Contracts by Product, Segment and FI. This data was
computed in full, in order to establish the values and percentages applied in each
modality and/or activity.
5In Brazil, producer associations organized by productive segments estimate the
participation of their members in the market and disclose this information in
statistical yearbooks, often available on their websites. Examples are the Brazilian
Association of Milk Producers (Leite Brasil—http://www.leitebrasil.org.br/), the
National Union of Animal Feed Industry (Sindirações—https://sindiracoes.org.
br/) and other associations mentioned throughout the study. With the list of
companies operating in each productive segment, a survey was conducted of the
institutional materials available on the website of each of the identified companies.
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FIGURE 1 | Rural credit applied to investment, operating costs and commercialization from 2013 to 2021. Source: Prepared by the authors with data from BCB

(2021).

Where PD is the Domestic Participation in the production chain;
P is the Domestic participation in each segment (from seeds
to marketing); and

∑
ni= 1 Br is the sum of the domestic

participation of each segment of the production chain.

RESULTS

Credit Allocation
Figure 1 shows the distribution of rural credit among the
modalities of investment, operating costs and commercialization,
with an emphasis on specific lines for medium-sized rural
producers (Pronamp) and family farmers (Pronaf).

In Figure 1 it is possible to observe in all the years studied,
that the resources applied to operating costs exceeded the other
modalities, representing more than 60% of the total amounts
applied in the last 5 years. Also, a greater allocation of resources
for large producers can be seen, since the resources applied
by medium-sized producers never exceeded 19% of the total
amount, while family farmers applied 18% of the total volume
of rural credit resources on average. The commercialization
modality was not used by medium-sized producers and family
farmers in the years studied.

The operating modality represented 62% of the volume of
rural credit resources applied to Brazilian agriculture and cattle
raising from 2013 to 2021 on average. An average of 33% of
this total, which is currently around R$ 120 billion, was applied
only to soybean crops. Of this 33% allocated to soybean, 6% was
applied to medium and 4% to family farmers, respectively, while
23% was applied to large rural producers (Figure 2).

Corn ranks fifth in Brazilian exports and when it comes
to grains, corn is second only to soybean, which is first in
products exported by the country. Figure 3 shows the amounts
(in Brazilian Reals) and the percentages of rural credit applied

to the operating costs of corn grain between 2013 and 2021. In
Figure 3 we can see that corn used an average of 12% of the total
volume applied to operations. When adding soy to this, one can
see that the two crops together make up 45% of the total value of
agricultural and livestock funding.

Figure 4 represents beef and dairy farming in Brazil. One can
see that this activity received 29% on average, of the total value
of agricultural and livestock costs from 2013 to 2020. When we
add the amounts applied to the operating costs of soy and corn,
the total amount represented by these three segments is close to
75% of the total agricultural and livestock operating costs applied
during this period.

Medium-sized producers and family farmers utilized 8 and 5%
on average, respectively, while the large rural producers utilized
on average, 16% of the operating cost amounts for beef and dairy
cattle farming (Figure 4).

Comparing the resources applied to the funding of soy,
corn and cattle, it is possible to see that cattle has a greater
participation of medium-sized producers and family farmers.
This finding is important given the number of medium-sized
producers and family farms in the countryside, which together
represented 99.87% of Brazilian agricultural and livestock farms
in 2017 (IBGE, 2019).

According to the 2017Agricultural Census, there were 237,118
establishments that grew soybeans, which represent 5% of the
total number of agricultural establishments in the country.
Of these, 95% are medium-sized producers or family farms.
However, when it comes to comparing harvested area, quantity
produced, and value of production, medium-sized producers and
family farmers accounted for only 9 and 23%, respectively.

The 2017 Agricultural Census also shows that 1.6 million
establishments cultivate corn, of which 81.1% are family farms,
18.6% are medium-sized farms, and 0.3% are large rural
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FIGURE 2 | Amounts and percentage of rural credit applied to total operating costs, total operating costs of soybean, and operating costs applied to soybean crops

of large, medium and family farmers from 2013 to 2021. Source: Prepared by the authors with data from BCB (2021).

FIGURE 3 | Amounts and percentage of rural credit applied to total operating costs, total operating costs of corn, and operating costs applied to corn of large,

medium and family farmers from 2013 to 2021. Source: Prepared by the authors with data from BCB (2021).

producers. As with soybean, when it comes to the value of
production, large rural producers make up 62.5% of the total,
while medium-sized rural producers make up 20.8%, and family
farms only 16.7%.

Utilizing the data from the BCB and the 2017 Agricultural
and Livestock Census, it can be stated that between 2013 and
2021, only 5% of the total Brazilian agricultural and livestock
establishments used 20% of the rural credit exclusively for
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FIGURE 4 | Amount and percentage of rural credit applied to total operating costs, total operating costs of cattle, and operating costs applied to cattle of large,

medium and family farmers from 2013 to 2021. Source: Prepared by the authors with data from BCB (2021).

soybean operating costs. Therefore, all of other modalities of
credit (investment, commercialization and industrialization),
other activities, and the remaining 95% of establishments, were
left with 80% of the rural credit resources.

This is even more surprising when we see that only 4.15% of
the establishments that cultivate soy in Brazil are large producers,
and yet these producers used 14.8% of all rural credit resources
from 2013 to 2021 for only soybean operations.

Corn has also highly concentrated public financial resources,
as it consumed 7% of the total value of rural credit only in
operational costs. Corn is a crop that is widely distributed
among agricultural establishments in Brazil, since it is part of
the Brazilian diet and is widely used for animal feed. However,
the rural credit applied to the operating costs of the activity
financed is mainly for the large rural producers, since only 0.3%
of the rural establishments that produced corn used 70% of the
available credit applied. These establishments belong to large
rural producers.

In the case of cattle farming, the 2017 Agricultural and
Livestock Census data indicates that there are 2,522,487
establishments engaged in this activity. These establishments
represent 50% of the farms in Brazil and are all considered
medium-sized producers and family farms (IBGE, 2019).

Brazilian Participation
Seeds
In Brazil, 91.8% of soybean seeds grown are GMO (transgenic)
and the Brazilian GMO seed market is dominated by foreign
corporations, specifically, Germany’s Bayer, which holds a 90%
market share (Soendergaard, 2018). Two-thirds of the profit
from the final soybean seed price stays with the multinational

licensor, while the remaining 35% goes to seed producers,
since they pay royalties for the use of patented GMOs (Marin
and Stubrin, 2015). In the soybean seed production segment,
Brazilian companies hold 25% of the market share (Medina,
2021). Thus, in the seed segment, domestic capital is equivalent
to only 8.7% (35% of the profits with 25% of the market).

The Brazilian pasture seed market for cattle is fragmented
and has a large share of domestic groups. Matsuda, a privately
held Brazilian company, is a major player in this segment.
Cultivars which are mostly selected based on natural variability
and launched by the Brazilian Agricultural Research Corporation
(Embrapa), in partnership with private companies, account for
more than 70% of the Brazilian forage seed market (Embrapa,
2019). Recently, some multinationals have also started to enter
the market, such as Barenbrug do Brasil, a subsidiary of
the Royal Barenbrug Group based in the Netherlands, which
started Brazilian operations in 2012. Thus, domestic groups are
estimated to account for 95% of the pasture seed market in Brazil
(Medina, 2020).

Fertilizers and Nutrition
Two types of companies operate in the fertilizer chain used
in soybean planting: those that produce raw material and
those that use the raw material to manufacture specific
fertilizers. Since soy cultivation does not demand nitrogen
fertilizer application, the main inputs are the macronutrients
of phosphorus (44% imported) and potassium (95% imported)
(Anda, 2020). The Brazilian multinational Vale was the largest
producer of phosphorus and the only producer of potassium
in Brazil. The production of these two inputs, however, is
now controlled by the multinational Mosaic, and the overall
share of domestic groups has fallen to <9%. As far as fertilizer
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TABLE 1 | Participation of domestic groups in the main segments of the soybean, corn and beef production chains, 2019.

Segments Soy Corn Livestock (Meat and Milk)

% Principal groups % Principal groups % Principal groups

Seeds 8.7 Transgenic soy seed (patented)

Multinational: 100%

Seed production

– GDM: 38%

– Bayer: 29%

– Other: 8%

– Domestic (35%): 25%

0.0 Transgenic corn seed (patented)

Multinational: 100%

Seed production

– Corteva: 38.2%

– Syngenta: 16.08%

– Bayer: 45.18%

95.0 Grass seed

Multinational: 5%

– Barenbrug

– Advanta

Domestic: 95%

– Matsuda

– Gasparim

– Other

Fertilizers/animal

nutrition

19.2 Fertilizer

Production:

Phosphorous (56% domestic)

– Mosaic: 53%

– Anglo American: 12%

– Other (50%): 35%

Potassium (5% domestic)

– Mosaic: 100%

Subtotal: 8.7%—median P

(17.5%) and K (0%)

Fabrication:

– Yara: 25%

– Mosaic: 20%

– Other: 55%

Total: 19.2%—[production (8.7%)

and fabrication (29.8%)]

4.2 Fertilizer production

Multinational: 94.1%

– Nutrien: 14.7%

– Mosaic: 36.8%

– Yara: 42.6%

Domestic:

– Cibra: 1.8%

– Unigel: 2.4%

70.7 Nutrition

Multinational:

– Nutron (Cargill): 10%

– Tortuga (DSM): 10%

– Phibro: 3.2%

– Neovia (ADM): 3.1%

– Agroceres: 2%

– Other: 1%

Domestic: 70.7%

– Premix

– Algomix

– Minerphós

– Comigo

– Real H

Agrochemicals/

animal health

5.8 Agrochemicals

Multinational:

– Syngenta (ChemChina): 18.6%

– Bayer: 15.7%

– Basf: 9.2%

– UPL: 8.9%

– Outras: 41.8%

Domestic:

– Nortox: 2.7%

– Ourofino: 2.1%

– Other: 1%

1.1 Agrochemicals

Multinational:

– Basf:18.2%

– Corteva: 12.7%

– Adama: 5.9%

– UPL: 8.8%

– Syngenta: 21.5%

– Bayer: 22.7%

– FMC: 9.0%

Domestic:

– Ihara: 1.1%

15.3 Animal health

Multinational:

– MSD: 22.3%

– Zoetis: 22.1%

– Boehringer: 21.8%

– Elanco (Bayer): 13.8%

– Other: 3%

Domestic:

– Ourofino (83% BR): 9.6%

– Other: 7.4%

Production 93.4 Farm soy production

Total domestic: 93.4% −3.8 of 57.2

million hectares planted

100 Farm corn production: 100% 96.8 Milk and meat production

Total domestic: 96.8% importation

3.2% Liquid / Production

Machines/

equipment

0.2 Tractors

– John Deere: 36.7%

– AGCO: 30.4%

– CNH: 32.5%

– Agrale (domestic): 0.4%

Harvesters

John Deere: 40.7%

Massey Ferguson and Valtra

(AGCO): 7.3%

Case and New Holland (CNH):

52.0%

Total: 0.2% (0.4% and 0%)

0.2 Machines and tools

Multinational:

– CNH: 35.2%

– Deere and Co: 51.4%

– AGCO: 13.2%

Domestic:

– Stara: 0.2%

52.5 Milking tanks multinationals: 95%

– DeLaval

– GEA

Domestic: 5%

– Reafrio

– Haramaq

Animal Husbandry

Domestic: 100%

Processing/

commercialization

16.1 Crushers and tradings

– Cargill: 11.4%

– Bunge: 9.4%

– ADM: 7.8%

– Dreyfus: 7.5%

– Cofco: 3.8%

– Other: 43.8%

Domestic:

– Amaggi: 6.6%

– Coamo: 2.3%

40.1 Commercialization

Multinational:

– Cargill: 50.8%

– ADM: 28.6%

– Bunge: 18.4%

Domestic:

– Amaggi: 2.2%

Feed Processing

Multinational: 41%

– Cargill: 8.9%

73.8 Dairy Plants: 71.9%

– Italac: 6.1%

– Piracanjuba: 5.7%

– Unium: 4.7%

– Other: 55.4%

Meat Packing Plants: 75.7%

– JBS (75% BR): 38.3%

– Marfrig (85% BR): 16.5%

– Minerva Brasil (46.8% BR): 27.6%

– Other: 13.3%

(Continued)
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TABLE 1 | Continued

Segments Soy Corn Livestock (Meat and Milk)

% Principal groups % Principal groups % Principal groups

– Cutrale: 1.7%

– Other: 5.5%

– Bunge: 8.4%

– Neovia: 5.8%

– ADM: 4.9%

– OCP: 4.4%

– De Heus: 3.4%

– Trouw Nutrition: 2.5%

– DSM: 2.5%

Domestic: 59%

– Seara: 17.4%

– BRF: 12.5%

– Ambev: 7.6%

– JBS: 4.9%

– AB: 4.2%

– Alisul: 3.4%

– Aurora: 3.4%

– Alfa: 2.9%

– Caramuru: 2.9%

Ethanol Processing

Multinational: 41%

– FS Bioenergia: 36%

– SJC Bioenergia: 5%

Domestic: 59%

– Inpasa: 28%

– Usimat: 7%

– CerradinhoBio: 7%

– Usina Libra: 6%

– Usina Porto Seguro: 3%

– Usina Caçu: 3%

– Usina Santa Helena: 2%

– Bioflex: 1%

– Safras: 1%

– Usina Rio Verde: 1%

– Usina Cooperval: 1%

manufacturers are concerned, the Brazilian market is dominated
by the multinationals Yara andMosaic. Brazilian groups hold less
than one-third of the market, with the most prominent being
Fertipar and Heringer. Considering that domestic participation
equals 8.7% of the production of raw materials and 29.8%
of the production of specialized fertilizers, the Brazilian share
of the soybean fertilizer market was estimated to be 19.2%
(Table 1).

The fertilizer segment for corn has a greater Brazilian
dominance at 4%, highlighted by Cibra—a company from
Bahia—which acts as a mixer of raw materials obtaining
formulated fertilizers and Unigel—in the states of Bahia and
Sergipe—which specializes in synthesizing nitrogen fertilizers
(Corcioli et al., 2021).

The largest companies in the cattle feed segment are Cargill
andDSM, both foreignmultinationals. Together, they produce 15
million tons of feed per year, equivalent to 20% of the Brazilian
market (Sindirações, 2019). However, due to the high costs of
transportation, there is a large share owned by several regional
Brazilian companies in the feedmarket. Premix stands out among
them with a market share of 10%. The market share of domestic
groups in the feed segment is estimated to be 70.7% (Table 1).

Agrochemicals/Animal Health
The agrochemicals segment is divided into products with patents
and generic products authorized after the patent exclusivity
period. Patents are fully controlled by foreign multinational
groups, in particular ChemChina (which bought Syngenta),
Bayer and BASF. Generic products are under the broad
control of multinational companies, but some companies with
national capital, such as Nortox and Ourofino Agrociência,
still have relevant participation. Overall, nationally owned
companies produce<6% of the agrochemicals marketed in Brazil
(Aenda, 2020).

Ihara is the only national company that manages to
have representation amongst the multinationals, despite a
share of only 1% of the agrochemical segment for corn
(Corcioli et al., 2021).

The animal health segment in Brazil is largely controlled by
the four foreign multinational groups MSD, Zoetis, Boehringer
Ingelheim and Elanco, as they own the patents for drugs (Sindan,
2019). MSDAnimal Health is the veterinary arm of the American
pharmaceutical company Merck, which bought the Brazilian
Vallée in 2017. Zoetis, the global animal health market leader,
was created after Pfizer Inc. transformed its animal health unit
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into an independent company. Domestic groups control 15.3%
of the market, with an emphasis on the generic product segment,
which Ourofino Saúde Animal—a publicly traded company—has
an important share of Sindan (2019).

Production
More than 93% of the 57.2 million hectares used for grain
cultivation in Brazil belong to Brazilian farmers. However, this
sector has been undergoing major structural changes as large
domestic corporations and even some foreign multinational
groups have begun leasing (e.g., Los Grobo) and even buying land
(e.g., Agrinvest).

In 2017, Brazil had 5,073,324 rural households and 1,176,295
farms producing 30.1 billion liters of cow milk (IBGE, 2019).
In addition, 971 million liters of milk are imported per year,
which is a volume equivalent to 3.2% of national production.
This means that 96.8% of the milk consumed in the country
is produced domestically. Similarly, beef cattle farming is
a sector traditionally controlled by Brazilian family farms
(Magro et al., 2019).

Machines and Equipment
The soybeanmarket for heavymachinery is controlled by a global
oligopoly led by the international groups: John Deere, CNH
(owner of the brands Case and New Holland) and AGCO (owner
of the brands Massey Ferguson and Valtra). These three groups
combined control 99.6% of tractor sales and 100% of harvester
sales in Brazil (Anfavea, 2020). Agrale, the only company with
national capital in the sector, produces small-sized tractors with
limited applications for soybean cultivation. There is a larger but
undefined market share of domestic companies of agricultural
implements, such as plows and cultivators. For corn, there is only
national representation by Stara, which occupies a market share
of 0.2% (Corcioli et al., 2021).

The multinationals DeLaval and GEA lead the market for
machines and equipment for milk production. While DeLaval
excels inmilking and animal comfort machinery, GEA dominates
the construction of large industrial plants. Multinational groups
like Weizur and Plurinox also control the cooling tank markets,
in which Brazilian groups like Reafrio, Haramaq and Ordermilk
have only a marginal share. The two main pieces of equipment
most for beef cattle are the contention trunk (or breech)
and the scale. No foreign investments were identified in these
companies and the sector is controlled by a large number of
domestic companies.

Processing and Commercialization
Large multinational trading companies such as ADM, Bunge,
Cargill and Dreyfus (known as the ABCD Group) dominate the
soybean processing and commercialization segments. Recently,
China National Cereals, Oils and Foodstuffs Corporation
(COFCO) acquired the Brazilian company Noble Agri
(commercial). Domestic groups, including companies and
cooperatives (for example, Coamo and Comigo), control 16.1%
of the processing and commercialization of soy produced in
Brazil (Table 1).

In corn, commercialization figures as the segment that moves
the most resources within the chain, representing the highest
revenues among the five segments. Cargill, as leader of the
segment, and the Brazilian company Amaggi, that in 2019 had
revenues of US$ 5 billion, highlight this group. In processing,
Brazilian capital participates in 59% of the establishments that
produce feed and corn alcohol in Brazil (Corcioli et al., 2021).

The largest producers of the formal Brazilian milk market
are the multinationals Lactalis (from France) and Nestle (from
Switzerland). However, most of the market is still under the
control of regional companies and cooperatives. Domestic
companies with the largest share include Goiasminas (of the
Italac brand) and Laticínios Bela Vista (of the Piracanjuba
brand), both from the state of Goiás (LeiteBrasil, 2019). The
meatpacking segment in Brazil is concentrated in three large,
publicly traded Brazilian companies: JBS, Marfrig, and Minerva.
Despite the market concentration, there are 1,334 meatpacking
plants registered with the federal inspection service (MAPA,
2020). For example, JBS is controlled by the Brazilian J&F
Investimentos S.A and its shareholder composition is divided
into: its control group (J&F Investimentos S.A. and Formosa)
with a 39.8% share; its treasury with 2.3%; BNDESPar with 21.3%;
and the minority shareholders with 36.6% (JBS, 2020).

Proportional Total
The control by foreign multinationals can be observed in
the soybean, corn, and cattle production chains as a whole.
The soybean chain has only 23.9% proportional participation
of domestic groups, while 76.1% is controlled by foreign
multinationals. In themore capital intensive segments (excluding
field production), domestic participation was estimated at only
8.4%, with the following distribution: 1.5% in seeds, 3.2% in
fertilizers, 1.0% in agrochemicals, 0.04% in machinery, and 2.7%
in commercialization (Figure 5).

The corn chain presents similar results to those found in
the soybean chain. The proportional participation of domestic
companies in the segments analyzed is around 24.3%. This is
highlighted by 16% domestic participation in the production
segment and 7% in processing/commercialization (Figure 5).

In comparison, the proportional participation of Brazilian
groups was estimated at 67.5% while the participation of foreign
groups at 32.5% in the production chain of cattle (milk and
beef). In the more capital intensive segments (excluding field
production), the domestic participation was estimated at 51.3%,
with the following distribution: 15.8% in seeds, 11.8% in animal
nutrition, 2.6% in animal health, 8.8% in machinery and 12.3%
in processing/commercialization.

DISCUSSION

In Brazil, the context caused by the Methuen Treaty of “cloth
and wine” of 1703, which consolidated the privilege of British
trade in the territories controlled by Portugal, is well-known.
It aggravated the transfer of wealth of the Lusitanian Empire
to England and the consequent structural deficit of the trade
balance, compensated throughout the eighteenth century by
the contribution of a fifth of the Brazilian gold production
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FIGURE 5 | Participation of domestic capital in the soybean, corn and cattle production chains in Brazil in 2019. Source: Prepared by the authors based on the

weighted sum of the participations of domestic groups in the six segments analyzed according to Table 1.

(Falcon, 2005). In the mining regions, lacking supplies and with
precarious productive balance, miners lived the illusion of instant
prosperity, as gold was compulsorily transferred to the European
colonial trade circuit (Arrais et al., 2019).

One can compare the context of the Methuen Treaty to the
condition that Brazilian agribusiness finds itself in today. If,
on the one hand, the process of wealth transfer from Brazilian
agricultural production to foreign companies is a fact, the reverse
process is questionable, since the agrochemical, machinery, and
seed segments keep a large part of the profits generated by
agribusiness. This maintains the illusion of wealth which is not
socially divided, does not promote socioeconomic development,
and benefits a restricted group of producers.

During the post-1945 process of re-democratization, the State
consolidated itself as an agent for the protection of land interests,
with significant political representation in the most conservative
strata of the Brazilian Parliament, strongly mobilized through
employers’ unions and with a high rate of reappointment (Heiz,
2001; Mossenberg, 2002). After the military coup of 1964, this
influence led to the occupation of the BrazilianWest by extensive
monocultures, especially corn and soy, and the public financing
of the national agricultural and cattle production with the
implementation of the National System of Rural Credit in 1965, a
State Policy. This process culminated with the occupation of vast
areas of the Midwest and North of Brazil.

The impact of the process of incorporation of large
areas, previously occupied by native vegetation and traditional
productive models or timidly linked to large export cultures was

felt in a significant way. In the 1970s, Regional Development
Programs were developed specifically for the incorporation of
areas in southern Mato Grosso, northern Minas Gerais and
southern Goiás to a type of high productivity agriculture to the
detriment of subsistence crops and the consequent worsening
of the economic dependence rates of rural workers (da Silva,
1979; Moro, 2014). Since then, the expansion of monoculture
areas has become a reality with a high impact on the biomes
and populations of traditional farmers in the interior of Brazil.
Large areas of the native Cerrado biome have been occupied
by soybean cultivation. In the region known as MATOPIBA–a
polygon that covers territories of four states−40% of this region’s
native vegetation area was lost. In the Amazon region, almost
30% of deforestation occurred due to the expansion of soybean
cultivation by 2006 (Medina and Santos, 2017).

Other criticisms have been levied on the approach of
Brazilian agricultural policy that for decades has invested
mainly in subsidized credit for rural producers (Medina, 2018).
Consolidated criticisms deserve to be highlighted, such as the
fact that the resources benefit a restricted number of producers
(Corcioli, 2019) and often the credits are not fully repaid as
producers roll over outstanding debts (Mendonça, 2015).

Maintaining the existing agricultural policies in Brazil, as
in other large producing countries (Potter and Tilzey, 2007;
Mcfadden and Hoppe, 2017; Prokopy et al., 2019), is due to
lobbying by special interest groups representing rural producers,
particularly the large producers (CNA, 2018). These special
interest groups tend to exert great influence in the development
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of public policies aimed at the rural sector and in the
appointment of key positions in the Ministry of Agriculture,
which is responsible for agricultural policy.

The comparison between the political dynamics that involve
the permanence of Brazilian rural elites based on their political
strength and the demonstration of the allocation of resources
from the agricultural policy elaborated by these rural elites from
the perspective of agribusiness productive chains allows us to
state that:

• Most of the resources of Brazilian agricultural policy go
to operating credit and most of it is allocated to soybean
operations, which involves a relatively small proportion of
producers. Corn involves a large number of producers,
however, the biggest slice of the resources are allocated to
large rural properties. On the other hand, cattle is present in
most farms, but receives a smaller share of the resources. It
is worth mentioning that there are several other productive
chains in the country with a large participation of producers
and that do not receive significant investments from the
agricultural policy;

• The operating credit is used by producers to acquire
productive supplies such as seeds, pesticides and fertilizers.
In the soybean and corn production chains, these inputs are
supplied mainly by foreign corporations, although in other
chains there is a greater participation of domestic companies,
as is the case of cattle. Besides not prioritizing the majority
of the establishments, the credit allocated for the planting
of soy and corn still benefits multinational companies to
the detriment of Brazilian companies that have a smaller
participation in the soy and corn production chains.

These results allow us to conclude that resources invested to
provide subsidized credit to rural producers that participate
in production chains controlled by multinational groups end
up indirectly financing foreign companies with resources from
Brazilian taxes. Recent studies point out that the transfer of
resources fromBrazilian agricultural policy tomultinationals that
control the agricultural input market in Brazil occurs both in the
case of operating resources and also in the case of investment
resources directed to the purchase of agricultural machinery,
a sector controlled by multinationals (Wesz Junior and Grisa,
2017). These results further corroborate the analyses of Leite
(2020, p. 242) who states that part of the soy production and
“its respective crushing became the object of control of foreign
groups (Argentine, American, Chinese, etc.).”

Furthermore, these two findings allow us to affirm that there
is a link between agricultural policy implemented by the Federal
Government and the economic groups most strongly represented
in the National Congress—Agribusiness Parliamentary Front
(FPA). These groups essentially hold national agricultural policies
hostage according to the specific interests of political actors that
are, at the same time, dependent on the multinational companies
that dominate the commerce of commodities and standardized
agricultural implements and inputs. This means that the current
model of agricultural policy does not meet the objectives in terms
of contributing to national economic development—as the tax
waiver serving a select group of producers reached 26 billion reals

in 20176, since 20% of all rural credit finances soybean operations
in 5% of rural establishments.

This type of agricultural policy strategy, in the short
term, is leading the country to productive specialization and
increasing dependence between productive sectors—understood
as intermediaries of the large agricultural input conglomerates—
and the Federal Government. In the long run, this productive
specialization encourages the process of reprimarization of
the economy to the extent that, as observed, investment in
the processing of exported raw materials is dominated by
multinationals. This means that there is also a geometric loss of
value added to national production.

The competitiveness of Brazilian agribusiness thus becomes
questionable and illusory, since it is based on tax waivers, debt
forgiveness, subsidized credit, and a set of financial commitments
that depend on political alliances. While the agricultural credit
implemented by the Brazilian government is transferred to
sectors of the economy controlled by multinational companies,
with modest impact on the development of the distinct segments
of the productive chains, such as Brazilian mineral production,
used to pay the deficits of the Portuguese trade balance
with England.

In view of this fact, there is a need for a policy that invests
in productive chains with the participation of family farmers and
with greater domestic participation, including the consolidation
of Brazilian groups throughout the productive chains. In chains
where the consolidation of domestic groups is possible, such as
cattle, besides investments in the primary sector (producers),
it is necessary to build strategies to support domestic groups
established throughout the supply chain.

This case study in Brazil reveals that the potential of FDI
for the agricultural sector of developing countries which is still
a contested issue, particularly for agro-industrial production. In
Brazil, the promotion of agribusiness has led to the development
of agricultural supply chains dependent on foreign investments,
but with a limited participation of domestic groups (Medina
and Santos, 2017). Existing studies however only recently started
exploring whether and to what degree domestic entrepreneurs
can benefit from the economic dynamics promoted by FDI by
establishing themselves in the marketplace while competing with
foreign multinational enterprises (Thomé et al., 2017).

A crucial challenge is the consolidation of companies with
domestic capital throughout the supply chain of agribusiness
done in developing countries (Kano et al., 2020). Structural
change toward a more sophisticated industrial base is a sine
qua non condition for an emerging economy to converge from
developed ones (Nassif et al., 2017). Therefore, it is necessary
to create opportunities for domestic groups to increase their
share in industrial sectors based on long-term policies such as
industrial and technological policies (Nassif et al., 2017). The
current situation of a liberal and globalized business environment
in which the country operates, results in the need for a clear
assessment of the opportunities that can be promoted by

6Data Available online at: https://www.brasildefato.com.br/2018/06/14/renuncias-
fiscais-que-favorecem-o-agronegocio-crescem-83-no-governo-temer/ (accessed
October 4, 2021).
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agroindustrial policies in favor of both smallholder farmers and
domestic agribusiness.

On the other hand, the Pronaf credit as the main agricultural
policy for family farming ended up supporting better-off farmers,
more developed regions and monocultures such as soybeans and
corn (Schneider et al., 2021). Even in left-wing governments
such as Lula and Roussef between 2002 and 2016, there was
greater support to large farmers than to family farmers, with
limited land reform (Bonanno and Cavalcanti, 2019). Certainly,
between 2002 and 2016 there was an effort to grow support
to family farmers mainly through the credit line Pronaf Mais
Alimentos launched in 2008, which targeted food production
to local markets and food sovereignty (Wesz Junior, 2010). The
current Bolsonaro government emphasized the support to large
farmers, commodities and global agribusiness (Corcioli, 2019).

Domestic companies maintain large market shares in supply
chains of native species (açaí, baru, cocoa, rubber) and organic
products (Medina and Cruz, 2021), whose production in its
majority done by family farmers. Such supply chains have
positive environmental and social externalities, which would
place them as priority for agricultural policies should the
government seek to promote sustainable rural development.
However, these supply chains are peripheral to Brazilian
agribusiness exports and agricultural policies, as shown by data
on access to credit.

To promote supply chains with greater market shares by
domestic companies could be the first step in the transition
to sustainable production systems aiming to strengthen family
farming and environmental responsibility. However, this change
will only be possible with the rupture of the current agricultural
financing model and the consequent change in political
conditions (Tilzey, 2021). In this sense, transition to a genuinely
green economy would require the radical redistribution of
land to agroecologically-based smallholder production and
the elimination of agro-industrially produced exports priority.
However, such transformation is hindered by the ultra-
conservative political pact that defines Brazilian agricultural
policy today. Without breaking this vicious cycle that privileges
export monoculture and, consequently, multinational companies
to the detriment of the vast majority of the population of
family farmers and sustainability, Brazilian agricultural policy
will continue to miss its target.

CONCLUSION

Operating credit represented an average of 62% of the volume
of rural credit resources applied to Brazilian agriculture and
cattle from 2013 to 2020. Of the total applied to operating costs,
which is currently around R$ 93 billion, about 33% was allocated
to only soybean cultivation. Of this 33% allocated for soybean
operations, 23%was destined for large producers, 6% formedium
producers and 4% for family farmers.

The soybean production chain has only 23.9% participation
of domestic groups, while 76.1% is controlled by foreign
multinationals. In the input and processing segments (excluding
field production), the domestic participation was estimated

to be only 8.4%, with the following distribution: 1.5% in
seeds, 3.2% in agrochemicals, 0.04% in machinery, and 2.7%
in commercialization.

Considering that 33% of the operating credit goes to soy,
it is estimated that only 8.4% of these resources is used by
rural producers to buy supplies from the domestic industry,
while 91.6% is used in purchases of inputs supplied by
foreignmultinationals established in the country. Comparatively,
the resources allocated to the beef production chain tend
to support the domestic industry more, since 51.3% of the
input suppliers are domestic, thus benefiting a larger number
of producers.

These results reveal that subsidized credit resources invested
in rural producers that participate in production chains
controlled by multinational groups end up indirectly financing
foreign companies, to the detriment of promoting national
agribusiness. This process of transferring the wealth produced
in Brazilian soil to multinational companies in the agrochemical,
machinery, and seed segments has been firmly incentivized by
the Federal Government and benefits a restricted group of rural
producers with political influence. On the other hand, there is
little commitment to public policies that encourage production
chains with the possibility of consolidating or investing in
domestic groups already established in the production chain.
This study highlights the need for restructuring Brazilian
agricultural and industrial policies in favor of family farmers
and domestic agribusiness in order to benefit from foreign
investments in the sector.

The elaboration of public policies focused on productive
diversity, food and nutritional security, and environmental
sustainability should favor national development. This would
ensure the production and distribution of food in the long-
term for several countries, the reproduction and maintenance of
rural communities, and the mitigation of environmental impacts
caused by agriculture. International investments would therefore
promote direct benefits for Brazil and society as a whole.
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