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Abstract 

The Global Agricultural Research System 

(GARS) has developed into a coordinated 

international framework addressing food 

insecurity, rural poverty, environmental 

degradation, and climate change. This article 

analyzes its evolution, institutional structure, and 

expanding scientific mandate, emphasizing 

collaboration among international research 

centers, national systems, and regional partners. 

Beyond crop and livestock improvement, it 

highlights the integration of aquatic food systems 

and the growing role of fisheries and aquaculture 

in global food strategies. Particular attention is 

given to the interface between research 

institutions and Regional Fisheries Bodies, which 

translate scientific evidence into governance 

mechanisms for transboundary resource 

management. Strengthened science-policy 

linkages within GARS are essential for resilient, 

sustainable, and climate-adaptive food systems. 
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poverty reduction 

1. Introduction 

Agriculture underpins global food 

systems, livelihoods, and ecological stability. Yet 

contemporary agricultural systems face 

unprecedented pressures from population 

growth, climate variability, land degradation, 

biodiversity loss, and persistent rural poverty.  

The Food and Agriculture Organization 

(FAO) estimates that hundreds of millions of 

people remain food insecure, underscoring the 

continued need for innovation-driven agricultural 

development (FAO, 2023). 

The Global Agricultural Research System 

(GARS) emerged as a response to these 

interlinked challenges. Rather than operating as a 

single institution, GARS functions as an 

interconnected network composed of:  

International Agricultural Research 

Centers (IARCs), primarily under CGIAR, National 

Agricultural Research Systems (NARS), 

Universities and academic institutions, Regional 

research organizations, Private sector and civil 

society actors. Together, these entities generate 

and disseminate agricultural technologies and 

knowledge that function as international public 

goods. 

Figure 1 illustrates the institutional 

architecture of GARS and the flow from research 

generation to societal impact. International and 

national research systems collaborate through 

partnerships, feeding into core research domains 

that ultimately contribute to food security, 

poverty reduction, environmental sustainability, 

and broader development goals. 
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Figure 1.Conceptual Framework of the Global Agricultural Research System (GARS). 

2. Historical Evolution of GARS 

2.1 The Green Revolution Era (1940s–1970s) 

The origins of GARS can be traced to 

mid-20th century efforts to combat global food 

shortages. Scientific breakthroughs in semi-dwarf 

wheat and rice varieties dramatically increased 

yields in Asia and Latin America (Evenson & 

Gollin, 2003). The formal establishment of CGIAR 

in 1971 institutionalized international 

collaboration in agricultural research. 

This period prioritized yield maximization 

through genetic improvement and increased 

fertilizer responsiveness. While highly successful 

in boosting food production, it also exposed 

environmental and socio-economic limitations of 

input-intensive agriculture. 

2.2 Sustainability and Diversification (1980s–

2000s) 

As concerns over soil degradation, water 

depletion, and ecological imbalance intensified, 

research agendas expanded to include 

sustainable intensification, integrated pest 

management, and conservation of plant genetic 

resources (Pretty et al., 2018). Research extended 

beyond staple cereals to legumes, roots and 

tubers, livestock, and fisheries. 

Biotechnology and molecular breeding 

tools such as marker-assisted selection 

accelerated crop improvement programs during 

this phase. 
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2.3 Systems Transformation (2010s–Present) 

The contemporary phase reflects a shift 

from productivity-centered approaches to holistic 

food systems transformation. CGIAR’s “One 

CGIAR” reform integrates research portfolios 

under unified impact areas: nutrition, poverty 

reduction, gender equity, climate resilience, and 

environmental health (CGIAR, 2021). Digital 

agriculture, genomic selection, artificial 

intelligence, and remote sensing now 

complement conventional breeding and 

agronomy. 

3. Institutional Structure of GARS 

3.1 International Tier: CGIAR and IARCs 

CGIAR coordinates 15 specialized 

research centers focusing on commodities (e.g., 

rice, maize), agro-ecological systems (e.g., 

drylands, humid tropics), and thematic areas (e.g., 

policy research). These centers generate 

upstream scientific outputs including improved 

germplasm, global datasets, and policy 

frameworks. 

3.2 National Agricultural Research Systems 

(NARS) 

NARS institutions adapt global 

innovations to local agro-ecological and socio-

economic contexts. For example, institutions such 

as ICAR (India) or EMBRAPA (Brazil) conduct 

adaptive trials and extension activities, ensuring 

that research outcomes translate into farmer-

level adoption. 

3.3 Regional and Multi-Stakeholder Networks 

Regional bodies facilitate coordination 

across shared agro-climatic zones, while 

partnerships with private firms accelerate 

technology dissemination. This layered 

architecture enables both global coordination 

and local adaptation. 

 

4. Scope of the Global Agricultural Research 

System 

The scope of GARS has expanded 

significantly beyond crop breeding. It now 

encompasses: 

 Genetic resource conservation and gene 

banks 

 Climate-smart agriculture 

 Soil and water management 

 Livestock and aquaculture research 

 Socio-economic and policy analysis 

 Biofortification and nutrition-sensitive 

agriculture 

 Digital and precision agriculture 

This multidimensional scope reflects the 

understanding that food security depends not 

only on production, but also on distribution, 

nutrition quality, and ecological sustainability. 

5. Role in Promoting Food Security 

Food security is defined by four pillars: 

availability, access, utilization, and stability. GARS 

contributes to each dimension. 

5.1 Availability 

Improved crop varieties and farming 

practices increase productivity and close yield 

gaps. Evidence shows that international 

agricultural research significantly contributed to 

yield growth during and after the Green 

Revolution (Alston et al., 2000). 

5.2 Access 

By lowering production costs and 

increasing supply, research-driven productivity 

growth reduces food prices, indirectly benefiting 

poor consumers (Raitzer & Kelley, 2008). 

5.3 Utilization 

Nutrition-sensitive breeding programs, 

such as biofortified crops rich in iron, zinc, and 

vitamin A, address hidden hunger and 
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micronutrient deficiencies (Bouis & Saltzman, 

2017). 

5.4 Stability 

Climate-resilient varieties, pest 

surveillance systems, and risk mitigation tools 

help stabilize production under environmental 

shocks. CGIAR reports indicate that millions of 

farmers have adopted innovations enhancing 

climate resilience (CGIAR, 2024). 

6. Contribution to Poverty Reduction 

Agricultural growth has a 

disproportionately strong poverty-reducing 

effect in developing countries (World Bank, 2008). 

Since a majority of the rural poor depend on 

agriculture, productivity gains directly increase 

incomes. 

Impact assessments indicate that 

investments in international agricultural research 

yield high economic returns. Alston et al. (2000) 

documented benefit–cost ratios frequently 

exceeding 10:1 for agricultural R&D. Long-term 

CGIAR evaluations show sustained income gains 

and employment generation in rural economies 

(Raitzer & Kelley, 2008). 

Additionally, research on post-harvest 

technologies and value chain integration reduces 

losses and enhances farmer market participation, 

contributing to structural transformation. 

7. Environmental Sustainability and Climate 

Action 

Agriculture contributes significantly to 

greenhouse gas emissions and ecosystem 

degradation. GARS addresses these challenges 

through sustainable intensification. 

7.1 Genetic Resource Conservation 

CGIAR gene banks conserve over 700,000 

accessions of crop genetic resources, 

safeguarding biodiversity for future breeding 

(Halewood et al., 2020). 

7.2 Climate-Smart Agriculture 

Research on drought-tolerant varieties, 

alternate wetting and drying (AWD) in rice, and 

nutrient-use efficiency reduces emissions while 

maintaining productivity (Pretty et al., 2018). 

7.3 Soil and Ecosystem Health 

Conservation agriculture, integrated 

nutrient management, and agroecological 

systems enhance soil carbon sequestration and 

ecosystem resilience. 

By aligning agricultural productivity with 

environmental limits, GARS contributes to 

achieving global climate and biodiversity targets. 

8. Integration of Aquatic Food Systems 

Fisheries and aquaculture are 

increasingly recognized as integral to global food 

security. CGIAR’s WorldFish center advances 

genetic improvement programs such as the 

Genetically Improved Farmed Tilapia (GIFT), 

which has significantly increased aquaculture 

productivity in several developing countries (Dey 

et al., 2000). Integrated systems like rice–fish 

farming demonstrate how agricultural and 

aquatic systems can mutually enhance 

productivity while reducing chemical inputs. 

This integration reflects the broader 

systems-based transformation of GARS. 

9. Regional Fisheries Bodies and Governance 

within the GARS 

The sustainability of aquatic food 

systems depends not only on scientific innovation 

but also on effective governance structures. Many 

marine fish stocks are transboundary, straddling 

Exclusive Economic Zones (EEZs) or occurring in 

the high seas. Consequently, regional 

cooperation mechanisms are essential to 

translate research into enforceable conservation 

and management actions. 

Within the broader Global Agricultural 

Research System (GARS), Regional Fisheries 

Bodies (RFBs) function as the governance 
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interface linking scientific knowledge with 

multilateral decision-making. These institutions 

strengthen the science–policy nexus necessary for 

sustainable fisheries management. 

Regional Fisheries Bodies are broadly 

categorized into: 

 Regional Fisheries Management 

Organizations (RFMOs) 

 Regional Fisheries Advisory Bodies 

(RFABs) 

Both categories contribute to regional 

coordination, although their mandates differ in 

legal authority and operational scope (FAO, 

2022). 

9.1 Regional Fisheries Management 

Organizations (RFMOs) 

RFMOs are intergovernmental 

organizations with regulatory authority to 

manage fish stocks within defined geographic 

areas. Their mandates typically include: 

 Establishing total allowable catches 

(TACs) 

 Allocating quotas among member states 

 Conducting stock assessments 

 Monitoring compliance 

 Combating illegal, unreported, and 

unregulated (IUU) fishing 

Examples include the Indian Ocean Tuna 

Commission (IOTC), the International 

Commission for the Conservation of Atlantic 

Tunas (ICCAT), and the Western and Central 

Pacific Fisheries Commission (WCPFC). 

The effectiveness of RFMOs depends 

heavily on credible scientific input. Stock 

assessment models, ecosystem simulations, and 

climate projections generated within research 

networks associated with GARS enhance the 

reliability of management decisions (Hilborn et 

al., 2020). Without robust scientific evidence, 

quota-setting and conservation measures risk 

becoming politically driven rather than 

sustainability-oriented (Cullis-Suzuki & Pauly, 

2010). 

Thus, GARS indirectly strengthens RFMO 

performance by improving the quality, 

transparency, and standardization of fisheries 

science. 

9.2 Regional Fisheries Advisory Bodies 

(RFABs) 

Unlike RFMOs, RFABs generally provide 

non-binding technical advice and capacity-

building support. Many operate under FAO 

frameworks and focus on cooperation, data 

exchange, and institutional strengthening. 

Their core functions include: 

 Regional data harmonization 

 Technical guidance on inland fisheries 

and aquaculture 

 Promotion of ecosystem-based fisheries 

management 

 Capacity development for monitoring 

and surveillance 

Examples include the Asia-Pacific Fishery 

Commission (APFIC) and the Bay of Bengal 

Programme Inter-Governmental Organisation 

(BOBP-IGO). 

RFABs play a critical role in supporting 

developing countries that may lack advanced 

research infrastructure. Through technical 

collaboration and training initiatives, they 

enhance the capacity of national systems to 

participate effectively in regional governance 

processes (FAO, 2022). 

9.3 Science–Policy Interface and Ecosystem-

Based Management 

The linkage between GARS and Regional 

Fisheries Bodies operates through a dynamic 

science–policy feedback loop. Scientific research 

informs governance decisions, while 
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management outcomes generate new research 

priorities. 

This interaction is particularly important 

for ecosystem-based fisheries management 

(EBFM), which moves beyond single-species 

regulation to consider trophic interactions, 

habitat integrity, and environmental variability 

(FAO, 2018). Climate-induced shifts in fish 

distribution further complicate management, 

requiring predictive modeling and adaptive 

quota frameworks supported by interdisciplinary 

research (Hilborn et al., 2020). 

By integrating fisheries science with 

regional governance, the framework enhances: 

 Sustainable harvest levels 

 Biodiversity conservation 

 Reduction of overfishing 

 Livelihood security for coastal 

communities 

 Long-term resilience of marine 

ecosystems 

The World Bank (2012) estimates that 

improved governance and science-based 

management could substantially reduce the 

economic losses associated with overexploitation, 

reinforcing the developmental significance of the 

research–governance nexus. 

 

Figure 2. Science–Policy–Governance Feedback Loop in Aquatic Food Systems 

Figure 2 illustrates the conceptual 

representation of the dynamic feedback loop 

linking the Global Agricultural Research System 

(GARS) with regional fisheries governance 

mechanisms. The figure illustrates how scientific 

research generated by international and national 

institutions informs regional fisheries bodies, 

which translate evidence into policy and 

management measures. These interventions 

shape sustainability outcomes, which in turn 

generate new research priorities and data needs, 

reinforcing the science–policy cycle. 
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10. Emerging Frontiers in the GARS 

The future trajectory of GARS lies in 

deeper integration of molecular biology, digital 

agriculture, artificial intelligence, and ecosystem 

modeling. In aquatic systems, emerging priorities 

include: 

 Climate-resilient aquaculture strains 

 Digital stock monitoring and satellite-

based enforcement 

 Genomic traceability to combat IUU 

fishing 

 Integrated land-water-climate modeling 

frameworks 

 Circular bioeconomy innovations in 

aquaculture 

These developments signal a shift from 

productivity-driven growth to resilience-oriented, 

climate-adaptive food system transformation. 

11. Conclusion 

The Global Agricultural Research System 

has evolved into a comprehensive institutional 

and scientific framework addressing 

interconnected challenges of food security, 

poverty reduction, environmental sustainability, 

and governance. 

Through collaboration among 

international research centers, national 

institutions, and regional fisheries bodies, GARS 

bridges laboratory science with policy 

implementation. Its contributions extend from 

crop improvement and climate-smart agriculture 

to aquatic food systems and ecosystem-based 

fisheries governance. 

As climate variability intensifies and 

global demand for food increases, sustained 

investment in coordinated research and 

multilateral governance mechanisms will be 

indispensable. The integration of science, policy, 

and regional cooperation within GARS represents 

a foundational strategy for building resilient and 

equitable global food systems. 
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