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Justificativa:

Brazil ranks among the world’s top four agricultural producers and exporters. Continued
growth is important for domestic and global food security. Sustained productivity growth is
essential to support output expansion, and investments in research and development (R&D)
have been the principal driving force for agricultural productivity growth in Brazil and many
other countries. Agricultural R&D is also critical for adapting to many of the challenges that
climate change presents. Thus, a SORG with a focus on R&D aligns well with the theme of
the conference that highlights food, climate change, and public policies.

The first presentation documents long-term trends in agricultural R&D worldwide. It
demonstrates the increasing importance of private R&D and a shift of public R&D away from
high income countries. It also reviews new institutional arrangements for public-private
collaboration. The second presentation addresses the agricultural innovation system in Brazil,
reviewing the central role of Emprapa since the 1970s and legal/institutional reforms since the
1990s. Contemporary challenges highlight the need for improved public-public and public-
private coordination. The third paper analyzes the impact of public investments in agricultural
R&D on total factor productivity growth in Brazil (1985-2017). Unlike most papers that focus
solely on Embrapa, this paper also includes investments made by Brazilian states and
universities. The final paper examines R&D in grain production in Brazil and Argentina. With
a focus on genetic improvements in seeds, the paper explores differences in these countries
regarding intellectual property, public research, and the interaction between public and private
research.
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1. Developments in global agricultural research with special reference to Latin America

Keith Fuglie, Food Security Leadership Council
Keith.fuglie@gmail.com

Objectives

Investments in agricultural research and development (R&D) have been the principal driving
force for productivity growth in the sector. This presentation reviews long-term trends in
public and private agricultural and food R&D world-wide. It also reviews agricultural R&D
investment trends in Latin America and recent findings on returns to public agricultural R&D
investment in various countries of the region.

Theoretical Framework

This is a review presentation. It does not have a theoretical framework, though the notional
idea is the investments in R&D create and accumulate agricultural knowledge capital, which
shifts the agricultural supply function, reducing unit costs of production and producing
welfare gains for producers and consumers.

Methodology

The presentation draws from the recently published GRAPE (Global Agricultural Research:
Personnel and Expenditures) an unpublished work by the author on agricultural R&D
spending by agribusiness firms, to summarize trends and developments in agricultural R&D
spending in Latin American and the World. It reviews recent studies on returns to research
investments by Latin American countries. It also draws on previously published work by the
author on institutional arrangements for public-private collaboration in agricultural research.

Conclusions

Between 1990 and 2022, total global investment in agricultural and food R&D (by both the
public and private sectors) is estimated to have increased from $45 billion to $105 billion, in
constant 2017 PPP dollars. The agricultural component of this total (subtracting out R&D by
the food industry) doubled from $36 billion to $72 billion over this period, growing at 2.3%
per year. However, this was less than the growth in global agricultural GDP over these years
(which averaged 2.7%), so that R&D spending relative to the economic output of the sector
fell. The decline in agricultural research intensity is likely contributing to the slowing rate of
growth in global agricultural total factor productivity. This has implications for food prices,
food security, and pressures on natural resource use.

This overall growth in agricultural R&D spending masks two major shifts in the structure of
global agricultural research. First, the private sector has assumed a larger share of the total
R&D investment. Business spending on agricultural R&D accelerated in the 2000s with the
advent of commercial opportunities in agricultural biotechnology. Second, the preponderance
of public investment in agricultural R&D has shifted from high income to middle income and
emerging economies, especially in Asia. For Latin America, in contrast, public spending on
agricultural R&D (in constant PPP dollars) has recently fallen. This is despite evidence that
returns to public agricultural R&D investments in the region continue to be high.

The emergence of a strong agricultural research and innovation capacity in the private sector
presents new challenges and opportunities for the public sector. New institutional
arrangements are emerging to facilitate public-private collaboration in the financing and
performance of agricultural R&D and to ensure rapid technology transfer.
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2. Trajetoria e desafios do sistema de inova¢ao agropecuario Brasileiro: Uma construcao
hibrida entre o estado e o0 mercado

Pedro Abel Vieira Junior, Empresa Brasileira de Pesquisa Agropecuaria (Embrapa)
pedro.vieira@embrapa.br

Objetivos da apresentacio

A apresentacdo tem como objetivo analisar a trajetoria do Sistema de Inovagdo Agropecudrio
(SIA) brasileiro, destacando os principais fatores institucionais e regulatorios que sustentaram
sua consolidacdo, bem como discutir os desafios contemporaneos que exigem novas formas
de coordenacao entre Estado e mercado. Busca-se, em particular, compreender como a
combinag¢do entre investimento publico estratégico e crescente protagonismo privado deu
origem a um arranjo hibrido, cuja continuidade depende de ajustes institucionais frente a
novas demandas tecnologicas, ambientais e geopoliticas.

Quadro tedrico e abordagem metodologica

A andlise se insere na literatura sobre sistemas de inovagdo, com énfase na perspectiva
institucionalista, que destaca o papel das regras formais e informais, das organizagdes e das
interagdes entre atores na dindmica inovativa. Parte-se da ideia de que a inovagao ndo resulta
apenas de esfor¢os individuais, mas de um sistema articulado de institui¢des publicas e
privadas, cuja coordenacdao molda trajetorias tecnologicas especificas.

Do ponto de vista metodoldgico, trata-se de uma analise qualitativa, de carater historico-
institucional, baseada na revisao da literatura especializada e na interpretagao de marcos
institucionais e regulatérios que estruturaram o SIA brasileiro. A abordagem privilegia a
identificacdo de momentos-chave de inflexdo — particularmente a criagao da Embrapa e as
reformas institucionais dos anos 1990 — e a analise de seus efeitos sobre a organizagao do
sistema e a distribuicdo de papéis entre os atores.

Trajetoria do Sistema de Inovacido Agropecuario

O Sistema de Inovagdo Agropecuario brasileiro representa um caso paradigmatico de
adaptacao tecnologica as condigdes tropicais. A transformac¢do do Brasil de importador de
alimentos em um dos maiores produtores e exportadores globais esta diretamente associada a
sua capacidade de gerar e difundir inovagdes no setor.

Essa trajetoria pode ser compreendida a partir de quatro dimensdes centrais:
1. O papel central do Estado

A formacdo do SIA brasileiro estd fortemente ancorada no investimento publico em pesquisa
e desenvolvimento. Em um contexto de elevada incerteza tecnoldgica e auséncia de incentivos
privados para a pesquisa de longo prazo, o Estado assumiu papel protagonista. A criacdo da
Embrapa, em 1973, sintetiza esse movimento, ao estruturar uma base cientifica e tecnologica
voltada para a agricultura tropical. A institui¢do foi decisiva na geracdo de cultivares
adaptadas, sistemas de manejo e solucdes para desafios fitossanitarios e edaficos,
estabelecendo as bases da modernizagao agricola.
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2. Legado institucional e colaboracao historica

O protagonismo da Embrapa nao se deu de forma isolada. O SIA brasileiro se desenvolveu a
partir de um ecossistema mais amplo, que inclui instituicdes estaduais de pesquisa
agropecuadria e universidades, responsaveis pela formacao de recursos humanos e pela
producdo de conhecimento cientifico. Desde o inicio, houve também participagdo relevante do
setor privado, especialmente na industria de sementes. Essa interagdo, muitas vezes informal,
revelou complementaridades importantes entre pesquisa publica e aplicagdo comercial,
antecipando formas mais estruturadas de cooperacao.

3. A virada regulatoria e o avanco do setor privado

A partir da década de 1990, reformas institucionais redefiniram o funcionamento do sistema.
A Lei de Propriedade Industrial (1996), a Lei de Protecao de Cultivares (1997) e os marcos
regulatorios da biotecnologia criaram condi¢gdes de maior seguranga juridica e previsibilidade.
Esse novo ambiente institucional estimulou o investimento privado em inovacao, ampliando a
presencga de grandes empresas, em articulagdo com atores nacionais. O sistema passa, entdo, a
assumir uma configuracdo mais claramente hibrida, com maior protagonismo do setor privado
na geracao e difusdo de tecnologias.

4. Desafios contemporaneos

Apesar de sua trajetoria bem-sucedida, o SIA enfrenta desafios crescentes. A demanda por
sustentabilidade, a emergéncia da bioeconomia, as exigéncias de rastreabilidade e a
necessidade de validagdo da biomassa brasileira em mercados internacionais impdem novas
complexidades. Esses desafios exigem a integracdo de multiplas areas do conhecimento — da
agronomia a ciéncia de dados, do direito a economia — e refor¢am a necessidade de
coordenacao entre diferentes atores. Nesse contexto, ganha relevancia a ideia de um “Estado
poroso”, capaz de facilitar interagdes, organizar fluxos de conhecimento e promover
articulagdo entre instituigdes publicas e privadas.

Conclusoes

A trajetoria do Sistema de Inovagdo Agropecudrio brasileiro revela que seu sucesso nao pode
ser atribuido exclusivamente ao Estado ou ao mercado, mas sim a constru¢ao progressiva de
um arranjo hibrido, no qual ambos desempenham papéis complementares. O investimento
publico foi decisivo na criagdo das bases cientificas e tecnoldgicas, enquanto as mudangas
institucionais ampliaram o espago para a atuacao do setor privado.

No entanto, os desafios atuais indicam que esse modelo precisa ser continuamente ajustado. A
crescente complexidade das demandas tecnologicas, ambientais e regulatorias exige niveis
mais elevados de coordenacao e articulagdo institucional. A capacidade de sustentar a
competitividade do agronegdcio brasileiro dependera, portanto, ndo apenas da continuidade
dos investimentos em inova¢do, mas também da qualidade das institui¢des e dos mecanismos
de governanca que organizam o sistema.
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3. Total factor productivity growth in Brazilian agriculture (1985-2017): The role
of public investments in agricultural research

Steven M. Helfand, University of California, Riverside (UCR)
steven.helfand@ucr.edu

Brief overview:

a) Objectives

Study the relationship between total factor productivity growth in in Brazilian agriculture and
investments in agricultural research and development (R&D). The key innovation of the paper
is to explore the relative importance of federal, state, and university investments in R&D
rather than to solely focus on Embrapa.

b) Theoretical framework

Profit maximization by agricultural producers implying that they jointly choose outputs and
inputs subject to technological, environmental, institutional, and other constraints.
Technological improvements over time can drive productivity growth and enhance profits.
Agricultural R&D is one of the most important sources of technological change.

¢) Methodology

The study estimates a stochastic frontier production function and calculates total factor
productivity (TFP) growth in Brazilian agriculture. TFP is decomposed into components
related to technology, weather, policy variables, and other factors. The main focus here is the
role of investment in agricultural R&D.

d) Conclusion

Investments in agricultural R&D constitute one of the most important determinants of TFP
growth in Brazil. Understanding the relative importance of federal, state, and university
investments can help guide policy design with the goal of increasing the impact of public
R&D expenditures.

Extended abstract:

Brazil ranks among the world’s top four agricultural producers and exporters, and continued
growth is important for domestic and global food security. It also plays an important role in
the generation of foreign exchange and the reduction of poverty. Sustained productivity
growth is essential to support output expansion, and investments in agricultural research are a
key determinant of productivity growth. Most papers that study agricultural research and
productivity growth in Brazil focus solely on federal investments in agricultural research via
Embrapa (e.g., Akerman, et al., 2025; Helfand et al., 2025). This paper contributes to the
literature by also including investments made by Brazilian states and public universities.

The study estimates a stochastic frontier production function and calculates total factor
productivity (TFP) growth in Brazilian agriculture. TFP is decomposed into components
related to technology, weather (growing degree days), policy variables, and other factors. The
analysis uses municipal Agricultural Census data from 1985 to 2017. The key innovation of
this paper is that the policy variables include “knowledge stocks” derived from federal, state,
and university investments in agricultural research.
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Results from a related paper (Helfand et al., 2025) entitled “Total factor productivity growth
in Brazilian agriculture (1985-2017): The roles of climate change and public policy,” showed
that TFP increased at 1.56% per year, accounting for 60% of output growth. The
decomposition highlighted the slowing effect of climatic factors, alongside the accelerating
influence of investments in R&D and education. A key finding of this paper is the pronounced
divergence in outcomes across many dimensions. Output and TFP growth were fastest in the
Cerrado biome, characterized by large farms, and slowest in the Caatinga. Output became
increasingly concentrated in a small number of municipalities, which tended to exhibit faster
TFP growth and specialization in annual crops such as soybeans. Conversely, about one-third
of municipalities experienced declines in output and TFP. The findings have significant
policy implications for addressing climate change, guiding investments in R&D, and
managing the growing divergence of outcomes.

In that previous paper, we only had information on Federal research investments made by
Embrapa. In the current paper, we add investments made by states and universities. We first
describe the data sources for the construction of federal, state, and university knowledge
stocks, and then present the methodology used to construct each variable (see Alston et al.,
2021; Alston and Pardee, 2010). For Embrapa, for example, this involved taking investments
from 30 distinct lines of spending (by ecoregion and product group), extrapolating these back
to 1950, and then aggregating them with trapezoid weights up to each Census year (1985,
1995, 2006, 2017). The weights reflect the theoretically-grounded time profile of research
impacts as reflected in the empirical literature from around the world. The research stocks are
then distributed across municipalities based on either the ecoregion to which they belong or
the composition of production in each locality. The methodology used to construct the other
variables is similar. The paper then presents descriptive statistics for each research stock
variable, followed by econometric estimates and the TFP decomposition.

In sum, the main objective of this paper is to explore the relative importance for agricultural
TFP growth in Brazil of federal, state, and university investments in research. The paper also
explores heterogeneity across regions and sub-periods in the impact of these three types of
research investments.
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4. Relacgdes entre pesquisa em melhoramento genético e impactos na agricultura de
griaos na Argentina e Brasil

José Maria Ferreira Jardim da Silveira
Centro de Economia Aplicada, Agricultura e Meio Ambiente, CEA; Instituto de Economia da
Unicamp, jmsilv@unicamp.br

Resumo da Proposta
Objetivo

O Objetivo desta apresentagdo ¢ evidenciar como a agricultura dos dois paises lograram
expandir-se em termos de producdo acompanha com ganhos de produtividade e
competitividade internacional com base na constante incorporagao de inovagoes,
acompanhadas de mudangcas institucionais extremamente relevantes, no campo da regulagdo e
da propriedade intelectual.

Referencial Tedrico

A evolugdo da industria de sementes e seus impactos na produtividade da Argentina e Brasil ¢
tratada a partir da ideia de co-evolugao: das tecnologias e das instituicdes que promovem
incentivo e regulagcdo da induastria nascente que engendra o processo de inovagao e de difusdo
da inovacao. (Dosi, 2023; Silveira & Magalhaes, 2026). Do ponto de vista temporal, o
trabalho concilia a diacronia e sincronia dos eventos. Certos periodos de mudanga e ruptura
sao destinados para a analise mais aprofundada de temas de interesse, como a construcdo dos
sistemas de atribui¢do de direitos de propriedade nos dois paises na década de 1990, ou o
surgimento dos OGM, nesta mesma década, mas com impactos na década seguinte.

Metodologia

A apresentacdo combina o levantamento de dados empiricos sobre a industria de sementes
nos dois paises e seus vinculos com a agricultura de graos (trigo, soja, milho, sorgo) com a
inspecao rigorosa dos principais trabalhos publicados ao longo dos periodos tratados pelo
texto, ou seja, de 1975 até o presente momento.

Os resultados a serem apresentados compreendem: a) evolugdo historica comparada da
agricultura de graos dos dois paises; b) as transformacdes institucionais ocorridas; ¢) os
resultados de um modelo de mensuragdo de impactos da adogcdo de OGM no Brasil utilizando
um modelo de equilibrio parcial; d) a evolugdo das empresas privadas, binacionais (TMG
principalmente) e as corporacdes, redefinindo de forma complexa a estrutura de pesquisa e
produgdo de sementes.

Conclusoes

A transformacdo da agricultura Argentina e Brasileira de produtores para consumo local a
grandes exportadores apresentam pontos em comum e alguma divergéncia, sintetizados
abaixo:
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a) a Argentina, dada a dotacdo de recursos naturais da pampa timida ja era exportadora
de trigo na década de 1960, antes mesmo da difusdo das variedades de alto rendimento
que marcavam a revolugdo verde. A combinagdo de pesquisa publica e privada se deu
de forma precoce na Argentina, quando no Brasil apenas as Institui¢cdes publicas de
pesquisa eram relevantes;

b) Dois fendmenos sdo relevantes no arranque da agricultura de graos do Brasil e
Argentina: o surgimento da pesquisa e producao de sementes hibridas de milho, que
apareceram no Brasil como uma combinagao estreita entre pesquisa publica e privada
e a emergéncia do cultivo da soja. Os resultados mostram que a pesquisa nao tem
efeito sobre uma agricultura preexistente as inovagdes, mas que o melhoramento
genético e a industria de sementes sdo determinantes para a criagdo de uma agricultura
moderna e empresarial no Brasil e posteriormente na Argentina.

O trabalho da especial ateng@o ao periodo de consolidagdo da industria de sementes, de
aceleracdo dos cultivos hibridos e da incorporacdo dos organismos geneticamente
modificados.

Trés fatores explicam a diferencas das trajetorias de Argentina e Brasil na agricultura de
graos:

a) o respeito a Propriedade Intelectual das sementes melhoradas;
b) o papel da pesquisa publica;
¢) a interagdo da pesquisa publica e as grandes corporacdes.

Apresenta-se um breve resumo das potencialidades da aplicagdo de novas tecnologias nos
processos de melhoramento genético e seus impactos disruptivos.
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