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\ he global agricultural landscape faces unprecedented challenges, including climate
0250 change, rapid population growth, and depletion of natural resources. Addressing these
complex issues requires a highly coordinated, multilevel global agricultural innovation
= system. This review examines the historical context, current dynamics, and future trajectory
&% of the major institutional pillars of this system: National Agricultural Research Systems
02550 (NARS), Regional Agricultural Research Institutions, and the Consultative Group on

& International Agricultural Research (CGIAR) and its International Agricultural Research
%ei Centres (IARCs). By tracing the evolution of their relationships, from linear, top-down
&' technology transfer models to integrated, co-creative partnerships, this study highlights the
ng@_@ indispensable role of global cooperation in securing a sustainable and food-secure future.

. Introduction

013080 Modern agricultural breakthroughs, most notably the Green Revolution of the mid-20th
N century, were not the product of isolated scientific genius but of a deeply interconnected
network of institutions sharing germplasm, data, and expertise. Today, the global agricultural
research system operates as a "system of systems."” It is anchored locally by NARS,
networked sub-globally by Regional Institutions, and coordinated globally by the CGIAR and
its IARCs. Understanding the functional interdependence of these entities is critical for
policymakers, scientists, and funding bodies aiming to maximize the impact of agricultural
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research and development (R&D) programs.
:’L; National Agricultural Research Systems (NARS): The Bedrock of Local
... Adaptation
%%@ National Agricultural Research Systems (NARS) encompass all agricultural research entities
i within a country, including public government institutes, agricultural universities, and
“35 increasingly, private sector and non-governmental actors.
o Roles and Responsibilities

o Local Adaptation: NARS are the crucial "last mile™" of the research pipeline. An improved
crop variety developed globally has zero impact unless it is adapted to local agro-
ecological zones, pest pressure, and consumer preferences.

o Extension and Farmer Interface: NARS traditionally manage the translation of scientific
data into actionable farming practices through the national extension systems.

e Sovereign Priorities: These define the agricultural priorities specific to a nation's
economic and food security goals.

The Capability Gradient

The capacity of NARS varies drastically across the world.
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e Advanced NARS: Countries such as India (ICAR), Brazil (Embrapa), and China have
eI developed massive, highly sophisticated systems capable of conducting upstream
Ty foundational research on par with international centres.
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o Developing NARS: Conversely, many NARS, particularly in Sub-Saharan Africa, suffer
from underfunding, brain drain, and infrastructural deficits, making them heavily reliant
on external support to fulfil their basic mandates.

Regional Agricultural Research Institutions: Bridging the Divide

To overcome the diseconomies of scale faced by smaller or under-resourced NARS, Regional

Agricultural Research Institutions and forums were established. Examples include the Forum

for Agricultural Research in Africa (FARA) and Asia-Pacific Association of Agricultural

Research Institutions (APAARI).

Key Functions

e Resource Pooling: Regional bodies allow neighboring countries with similar
agroecological challenges to pool financial and scientific resources, avoiding duplicate
research efforts.

« South-South Cooperation: They facilitate the lateral exchange of knowledge and genetic
materials between developing nations.

e Policy Advocacy: They act as unified voices in global forums, ensuring that the specific
regional nuances of agricultural development are not overshadowed by broad global
agendas.

The CGIAR and International Agricultural Research Centres (IARCs):
Established in 1971, the Consultative Group on International Agricultural Research (CGIAR)
was designed to coordinate international agricultural research efforts aimed at reducing
poverty and achieving food security in developing countries. It operates through a network of
International Agricultural Research Centres (IARCs), such as CIMMYT (wheat and maize),
IRRI (rice), and ICARDA (dryland agriculture).

The Mandate

The primary mandate of the CGIAR is to produce International Public Goods (IPGS).
Because agricultural research often has vast "spillover" effects across borders, private
markets generally underinvest in it. The CGIAR steps in to produce open-source innovations-
ranging from gene bank conservation to advanced breeding lines and policy frameworks—
that are accessible to all.

The ""One CGIAR™ Transition

Historically, the 15 IARCs operated autonomously, leading to occasional redundancies and
administrative friction. To modernize, the system recently underwent the "One CGIAR"
transition. This monumental reform integrates the centers under a unified operational and
scientific strategy, allowing them to tackle complex, cross-cutting challenges (such as water
scarcity, gender inequity, and climate resilience) rather than focusing strictly on single-
commaodity improvements.

The CGIAR-NARS Partnership: From Technology Transfer to Co-Creation

The defining characteristic of the modern global agricultural system is the partnership

between CGIAR/IARCs and NARS. This relationship has evolved significantly over the past

five decades.

Historical Model:

In its early days, the model was largely unidirectional in nature. IARCs act as high-tech hubs

conducting advanced breeding, generating “finished" varieties, and handing them down to

NARS for testing and release. While successful during the Green Revolution, this top-down

approach occasionally ignored local farmer preferences and stunted the institutional growth

of the NARS.

Modern Paradigm:

Today, partnerships are defined by mutual respect, shared ownership, and complementarity.

« Division of Labor: Under modern frameworks, such as the Excellence in Breeding (EiB)
initiative, there is a clearer division of labor. The CGIAR focuses on upstream population
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improvement and parent development, while strengthened NARS leads product
identification, multi-location trials, and variety release.

o Capacity Building: IARCs actively work to build the scientific and infrastructural
capacity of NARS, transferring not only seeds but also modern tools such as digitized
phenotyping, biometrics, and genomic selection methodologies.

o Joint Strategy: NARS are now deeply involved in shaping the strategic plans of the
IARCs. For instance, product profiles (the specific traits needed in a new crop variety) are
co-designed based on the direct market intelligence that NARS gathers from local
farmers.

Key Metric: Modern CGIAR-NARS breeding networks now target a shared objective of

generating genetic gain rates of >1.5% per annum and reducing the average age of crop

varieties in farmers' fields to under 10 years.

A Unified Role in the Global Agricultural Research System

When viewed holistically, NARS, Regional Institutions, and the CGIAR form a single,

complementary global innovation ecosystem. Their unified role is to act as the primary

defence against global food insecurity.

This ecosystem serves several vital functions.

1. Biodiversity Stewardship: Jointly managing and utilizing global genebanks to safeguard
crop wild relatives and landraces.

2. Climate Shock Resilience: Rapid mobilization of global scientific knowledge to address
localized outbreaks of new pests (e.g., Fall Armyworm) or sudden climatic shifts.

3. Equity: By subsidizing the high transaction costs of advanced scientific research, this
partnership ensures that farmers in the poorest nations have access to the same cutting-
edge agricultural technology as those in wealthy industrialized nations.

Conclusion

The architecture of global agricultural research is a testament to the power of sustained cross-
border scientific collaboration. While the CGIAR and its IARCs provide the heavy lifting in
upstream research and global coordination, NARS ensure that these innovations take root in
the soil of diverse global communities. Regional institutions seamlessly bind these scales.
Moving forward, as climate change accelerates and funding environments become more
constrained, the success of this global system will rely on deepening these partnerships,
ensuring shared ownership, and ruthlessly focusing on delivering measurable and equitable
impacts to farmers worldwide.
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