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Abstract 

Climate-related stresses are altering the conditions under which crops are selected, cultivated, conserved, 

and exchanged. Drought, irregular rainfall, heat episodes, flooding, new pest pressures, and changing 

seasonal patterns can increase the vulnerability of farming systems that depend on a narrow range of 

crop varieties. Community seed networks provide a decentralized mechanism through which farmers can 

conserve, exchange, evaluate, and recirculate locally adapted crop genetic resources. Rather than treating 

seeds solely as commercial inputs, such networks recognize them as biological resources embedded 

within local knowledge, social relationships, environmental histories, and collective adaptation 

processes. 

 This study develops a community-centered analytical framework for examining the relationship 

between seed-network strength, crop diversity, and agricultural resilience under climatic stress. Because 

no original farmer-level dataset was supplied, the study uses a transparent simulation-based comparative 

design. Two hypothetical seed-system conditions are evaluated: fragmented local seed access and an 

organized community seed-network model. A synthetic sample representing 300 hypothetical farming 

households was constructed across different levels of climatic exposure, farm resource availability, seed 

accessibility, and crop-diversity dependence. Five dimensions were evaluated: crop-variety diversity, 

seed availability during climatic shocks, local adaptation compatibility, recovery capacity, and 

agricultural knowledge exchange. 

 The simulated results indicate consistently stronger performance under the community seed-

network model. The composite performance score increased from 52.0 under fragmented seed access to 

82.4 under an organized network, representing a modeled difference of 30.4 points. Knowledge 

exchange and recovery capacity showed particularly large modeled gains. These outcomes illustrate how 

community networks may contribute to agricultural adaptation not simply by storing seed but by 

maintaining dynamic processes of seed circulation, farmer experimentation, variety evaluation, 

knowledge transfer, and collective risk sharing. 

 The paper argues that community seed networks should complement, rather than replace, formal 

breeding programs, certified seed channels, public genebanks, and agricultural extension. Sustainable 

seed-system policy should connect formal and farmer-managed systems while protecting varietal 

diversity, seed quality, farmer participation, and equitable access. The numerical results are illustrative 

and require empirical field validation. Nevertheless, the proposed framework offers a reproducible basis 

for future studies examining how locally managed seed diversity may strengthen cropping-system 

resilience under increasing climatic uncertainty. 
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1. Introduction 

Agriculture has always operated under environmental uncertainty, but climatic change is modifying the 

intensity, timing, and interaction of many production risks. Farmers increasingly face periods of 

excessive heat, erratic rainfall, delayed monsoons, prolonged dry spells, localized flooding, changing 

pest populations, and shifts in the suitability of familiar crops and varieties. Under such conditions, crop 

diversity acquires strategic importance because different crops and varieties respond differently to 

environmental stress. 

 A farming system dependent on a narrow genetic base may perform efficiently under stable 

conditions while becoming vulnerable when those conditions change. In contrast, access to multiple crop 

species, varieties, maturity durations, stress-tolerance characteristics, and farmer-selected landraces can 

provide a wider range of biological responses to climatic uncertainty. 

 The Food and Agriculture Organization emphasizes that crop genetic resources form part of the 

biological foundation of food security and that erosion of diversity can weaken the capacity of 

agricultural systems to respond to future shocks. FAO's International Treaty activities similarly connect 

crop diversity conservation with future adaptation, innovation, and food-system resilience.Crop 

diversity, however, cannot contribute meaningfully to resilience if farmers cannot access it. Seeds must 

be conserved, multiplied, exchanged, evaluated, adapted, and made available when planting decisions 

are made. This requirement shifts attention from seed conservation alone toward the functioning of 

entire seed systems. 

 Formal seed systems involve public and private breeding programs, variety registration, certified 

seed production, commercial distribution, and regulatory structures. These systems are essential for 

agricultural productivity and the dissemination of improved varieties. Farmer-managed systems operate 

differently. Farmers may save seed from previous harvests, exchange seed with relatives or neighboring 

farmers, acquire varieties through local markets, participate in community seed banks, or maintain 

culturally important crop populations over multiple generations. 

. The term community seed network is used in this study to describe a locally organized system 

through which farmers and associated community institutions conserve, multiply, exchange, document, 

test, and redistribute seed materials and the knowledge associated with them.Community seed banks 

represent an important institutional expression of such networks. Vernooy and colleagues have shown 

that community seed banks can improve farmers' access to diverse and locally adapted crops while 

strengthening knowledge related to seed selection, treatment, storage, multiplication, and distribution. 

Their more recent work emphasizes that sustainable community seed banks depend not only on physical 

storage but also on governance, financing, partnerships, participation, technical capacity, and continued 

seed circulation. 
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2. Background of the Study 

Seeds occupy a distinctive position within agricultural systems. They are simultaneously biological 

material, production inputs, carriers of genetic information, economic assets, and repositories of 

accumulated agricultural knowledge. 

For generations, farming communities have selected seed according to characteristics such as: 

 yield stability; 

 taste and culinary preference; 

 maturity duration; 

 tolerance to drought; 

 tolerance to excess moisture; 

 resistance to locally prevalent pests; 

 storage ability; 

 fodder value; 

 labor requirements; 

 soil compatibility. 

This farmer-led selection creates a dynamic relationship between crop genetic diversity and local 

environments.Modern breeding has substantially contributed to agricultural productivity by developing 

high-performing varieties with desirable traits. However, climatic uncertainty creates a need for broader 

portfolios of genetic material rather than dependence on a small number of varieties optimized for 

relatively predictable conditions. 

 A resilient seed system should therefore perform several functions simultaneously.It should 

provide seed of acceptable quality. It should make seed physically and economically accessible. It 

should maintain diversity. It should allow farmers to obtain seed after crop failure or environmental 

shock. It should preserve useful local genetic resources while permitting access to improved varieties. 

Finally, it should support continued experimentation so that farmers can identify which varieties perform 

under changing conditions. 

 Community seed networks are relevant to each of these functions.Vernooy's work on community 

seed banks argues that these institutions can strengthen farmer resilience by improving access to diverse 

locally adapted crops and varieties while sustaining associated knowledge.Otieno and colleagues 

similarly concluded that greater seed diversity can help farmers respond to climate change and may 

contribute to productivity, food availability, income, and food-security outcomes. 

 The resilience function of community seed systems should nevertheless not be romanticized. 

Locally maintained seeds are not automatically superior to improved varieties, and traditional varieties 

are not universally resistant to all climatic stresses.The more defensible argument is that greater diversity 

expands the set of options available to farmers, while effective local networks improve the probability 

that appropriate options remain accessible when environmental conditions change. 
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3. Problem Statement 

The agricultural seed sector frequently faces a structural tension between efficiency and diversity. 

Large-scale commercial seed systems benefit from standardization, quality assurance, regulatory 

oversight, and economies of scale. However, the commercial viability of maintaining thousands of 

locally specific varieties may be limited. 

At the community level, farmers may maintain varieties that are important for: 

 local environmental adaptation; 

 cultural food practices; 

 nutritional diversity; 

 specific soil conditions; 

 short growing seasons; 

 drought-prone environments; 

 household risk management. 

These materials may disappear where seed-saving practices decline or where farmers increasingly 

depend on a small number of purchased varieties. 

 Climatic stress intensifies this problem.When rainfall becomes unreliable, farmers may require 

varieties with different maturity periods. When drought becomes more frequent, they may need crops 

with lower water requirements. Flood-prone environments may require varieties capable of tolerating 

waterlogging or rapid recovery. Changing temperatures can alter crop calendars and pest pressure. 

 If seed systems provide only a narrow range of options, adaptation becomes constrained.The 

research problem addressed by this study is therefore:To what extent can organized community seed 

networks strengthen farmers' access to crop diversity and improve the adaptive capacity of local farming 

systems under climatic stress? 

 

4. Literature Review 

4.1 Community Seed Banks and Farmer-Managed Seed Systems 

Community seed banks are locally governed institutions developed to conserve and facilitate access to 

crop genetic resources.Their functions vary considerably. Some primarily conserve local varieties. 

Others distribute seeds, organize seed fairs, document farmer knowledge, participate in breeding 

programs, multiply preferred varieties, provide emergency seed, or maintain links with national 

genebanks and research institutions. 

 Vernooy et al. characterize community seed banks as farmer-managed organizations that 

conserve and sustainably manage crop and tree diversity. Their 2024 analysis identifies institutional 

sustainability as a central challenge and highlights the importance of governance, community 

participation, financial viability, partnerships, and continued relevance to farmers. 

 De Falcis and colleagues similarly describe community seed banks as increasingly important 

components of strategies to expand access to and use of agrobiodiversity.These findings demonstrate 

that community seed banks should not be interpreted merely as small storage facilities. Their value 

depends on whether stored diversity continues to circulate through farming systems. 
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4.2 Crop Diversity and Climatic Adaptation 

Crop diversity can contribute to resilience through several pathways. 

Different varieties may differ in: 

 drought tolerance; 

 heat tolerance; 

 flood response; 

 maturity duration; 

 disease resistance; 

 pest susceptibility; 

 nutrient requirements; 

 soil suitability. 

A diverse crop portfolio therefore distributes environmental risk. 

 If one variety performs poorly during an unusually dry year, another may survive. If monsoon 

rainfall is delayed, short-duration crops may provide an alternative. If disease pressure changes, 

genetically diverse material may reduce the risk associated with uniform susceptibility. 

 FAO describes crop biodiversity as a fundamental source of food-system resilience and 

emphasizes that maintaining diversity supports the capacity of agriculture to respond to environmental 

threats.Community seed networks can operationalize this diversity by ensuring that farmers can actually 

access multiple crop options. 

 

4.3 Climate Stress and Seed Availability 

Climate shocks can simultaneously increase demand for resilient seed and reduce seed availability. 

Drought, flooding, storms, pest outbreaks, or conflict can destroy standing crops, household seed stocks, 

or local storage facilities. Farmers may subsequently need seed at precisely the moment when supply is 

constrained. 

 FAO's work on crop diversity in emergencies emphasizes that climatic and other shocks can 

threaten genetic resources and that permanent diversity losses reduce future capacity to develop crops 

suited to new conditions. 

 Community seed networks can potentially provide decentralized redundancy.Instead of relying 

on seed stored by one household, varieties may be maintained across multiple households or community 

institutions. This does not eliminate risk, but it can reduce dependence on a single storage location or 

supply channel. 

 

5. Literature Synthesis 

 

Table 1: Selected Evidence on Community Seed Systems and Climate Resilience 

Study Focus Main Contribution Relevance 

Vernooy et 

al., 2017 

Community seed banks 

and climate adaptation 

Linked community seed banks with 

locally adapted diversity and farmer 

resilience 

Establishes adaptation 

mechanism 
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Study Focus Main Contribution Relevance 

Otieno et al., 

2020 

Seed-system 

interventions and climate 

change 

Connected seed diversity with 

climate coping and food-security 

outcomes 

Supports diversity-

resilience relationship 

De Falcis et 

al., 2021 

Community seed-bank 

sustainability 

Examined economic sustainability 

and agrobiodiversity access 

Highlights 

institutional viability 

Vernooy et 

al., 2015 

Sustainability of 

community seed banks 

Identified governance, finance, 

partnerships, and management 

strategies 

Supports long-term 

network design 

Navarrete et 

al., 2018 

Robust potato seed 

systems 

Examined agrobiodiversity-

enhancing seed-system interventions 

Demonstrates 

diversification 

approach 

FAO, 2019–

2020 

Farmer-managed 

systems and crop genetic 

resources 

Emphasizes crop diversity and 

resilient farmer-led seed systems 

Provides international 

policy context 

 

6. Research Gap 

Five important gaps can be identified. 

 First, community seed banks are frequently evaluated as conservation institutions, while their 

role as dynamic seed networks receives comparatively less analytical attention. 

 Second, climatic adaptation is often discussed qualitatively without integrating multiple network 

outcomes into a single comparative framework. 

 Third, studies may focus either on biodiversity conservation or seed access, although resilience 

depends on both. 

 Fourth, farmer knowledge exchange is sometimes treated as a secondary social outcome despite 

its direct importance for understanding varietal performance. 

 Fifth, many discussions position formal and farmer-managed seed systems as competing 

alternatives. A stronger resilience framework should examine how the two can complement one another. 

The present study addresses these gaps through an integrated model linking: 

Seed Network Strength → Diversity Access → Local Adaptation Options → Shock Response → 

Agricultural Resilience 

 

7. Novelty and Proposed Contribution 

The proposed contribution is the Community Seed Network Resilience Framework (CSNRF). 

The framework conceptualizes seed resilience through five interconnected dimensions: 

 Crop-Variety Diversity 

 Shock-Time Seed Accessibility 

 Local Adaptation Compatibility 
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 Post-Shock Recovery Capacity 

 Knowledge Exchange 

Rather than measuring success only by the number of seed accessions stored, the framework evaluates 

whether diversity remains socially and agronomically functional.A seed variety contributes little to 

practical resilience if it is stored but unavailable to farmers.Likewise, a network may distribute large 

quantities of seed yet offer limited resilience if all distributed material belongs to a narrow genetic base. 

The proposed framework therefore combines diversity, accessibility, adaptation, recovery, and 

knowledge. 

 

8. Research Objectives 

The study aims to: 

 examine the relationship between community seed networks and crop-diversity maintenance; 

 evaluate how decentralized seed access may support agricultural adaptation under climatic stress; 

 compare fragmented seed access with an organized community-network model; 

 analyze the roles of diversity, accessibility, local adaptation, recovery, and knowledge sharing; 

 develop policy and institutional recommendations for climate-resilient seed systems. 

 

9. Research Questions 

RQ1: How can community seed networks influence the availability of crop diversity under climatic 

stress? 

RQ2: Which seed-network characteristics are most important for climate resilience? 

RQ3: Can organized community seed networks improve modeled recovery capacity following climate-

related production shocks? 

RQ4: How does farmer knowledge exchange interact with crop-diversity conservation? 

RQ5: How can farmer-managed and formal seed systems be integrated without weakening community 

participation or seed diversity? 

 

10. Conceptual Foundation 

10.1 Social-Ecological Resilience 

Agriculture operates as a social-ecological system. 

Climate resilience therefore cannot be reduced to individual crop traits.  

It depends on interactions among: 

 crop genetics; 

 ecosystems; 

 farmer knowledge; 

 social institutions; 

 markets; 

 public policy; 

 infrastructure. 

Community seed networks influence several of these components simultaneously. 
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10.2 Portfolio Diversity 

The study applies a portfolio interpretation of agricultural diversity. 

A farmer growing or maintaining several crop varieties does not guarantee complete protection from 

stress. However, genetic and crop diversification reduces dependence on a single biological 

response.The principle is analogous to risk distribution.Where climatic outcomes are uncertain, 

maintaining multiple options may increase the probability that at least some crops or varieties remain 

productive. 

 

10.3 Network Resilience 

Seed security depends not only on the quantity of seed but also on relationships through which seed 

moves. 

A resilient network should contain: 

 multiple seed sources; 

 reciprocal exchange; 

 local multiplication; 

 storage redundancy; 

 reliable information; 

 mechanisms for replenishment. 

A decentralized network may therefore remain functional even when individual nodes experience crop 

failure. 

 

11. Methodology 

11.1 Research Design 

The study adopts a simulation-based comparative design. 

No original field survey, household experiment, or community-seed-bank dataset was supplied. 

Consequently, all numerical results are clearly identified as hypothetical and illustrative. 

The simulation compares: 

Model A: Fragmented Seed Access 

Farmers primarily depend on individual household stocks, limited local exchange, and irregular external 

seed access. 

Model B: Organized Community Seed Network 

Farmers are connected through coordinated seed conservation, multiplication, exchange, community 

storage, documentation, and climate-response mechanisms. 

 

11.2 Synthetic Sample 

A conceptual sample of 300 hypothetical farming households was constructed. 

The simulated profiles represented variation in: 

 climatic exposure; 

 farm size; 

 rainfall dependence; 

 crop diversity; 
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 seed storage capacity; 

 access to formal seed markets; 

 participation in farmer organizations; 

 seed-saving experience; 

 distance from seed suppliers; 

 household resource availability. 

No profile represents an identifiable farmer. 

 

12. Operational Design of a Climate-Resilient Community Seed Network 

 

Table 2. Recommended Components of Community Seed Networks 

Component Core Function Climate-Resilience Value 

Community seed 

repository 
Conserves locally relevant varieties Protects diversity 

Distributed household 

storage 
Maintains multiple seed-storage locations Reduces single-point failure 

Seed multiplication Replenishes stocks Maintains availability 

Local variety 

documentation 
Records performance and characteristics Supports informed selection 

Seed exchange 

mechanisms 
Circulates material among farmers Expands access 

Participatory variety 

evaluation 
Tests new and traditional materials 

Identifies locally adapted 

options 

Emergency seed reserve Maintains seed for post-shock planting Accelerates recovery 

Link with formal 

institutions 

Connects communities to breeding and 

genebanks 
Expands genetic options 

Farmer training Improves seed selection and storage Protects quality 

Transparent governance Defines participation and access rules 
Strengthens long-term 

sustainability 

 

13. Results 

13.1 Simulated Comparative Outcomes 

The community seed-network model recorded higher simulated values across every evaluation 

dimension. 
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Graph 1:  Simulated Resilience Outcomes Under Alternative Seed-System Models 

 
 

Source: Author-generated simulation. 

 

13.2 Interpretation 

The community seed-network model achieved a composite simulated score of 82.4, compared with 52.0 

under fragmented seed access.The largest modeled difference occurred in knowledge exchange, where 

the network model scored 86 compared with 54 under the fragmented system.This result is theoretically 

plausible because an organized seed network does more than transfer physical seed.  

It can circulate information about: 

 varietal performance; 

 planting dates; 

 storage; 

 stress tolerance; 

 maturity; 

 crop management. 

The second major improvement occurred in recovery capacity and climate-shock seed accessibility. 

Both indicators improved by 31 points. 

 This implies that network redundancy may be especially valuable when household seed stocks 

are damaged.The local adaptation indicator increased from 56 to 84. The difference illustrates the 

potential value of maintaining multiple locally evaluated crop materials rather than relying exclusively 

on a narrow seed portfolio. 
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14. Discussion 

14.1 Community Seed Networks as Dynamic Systems 

One of the central implications of the analysis is that storing seeds and maintaining resilient seed 

systems are not the same activity. 

A conventional storage perspective asks: 

1. How many accessions are conserved? 

2. A resilience perspective also asks: 

3. Can farmers access them? 

4. Are they being multiplied? 

5. Do farmers know how they perform? 

6. Are they adapted to changing conditions? 

7. Can they be replenished after failure? 

These questions transform the community seed bank from a static repository into a dynamic agricultural 

institution.This interpretation is consistent with the work of Vernooy and colleagues, who describe 

community seed banks as mechanisms for both conserving crop diversity and supporting its continued 

sustainable management and use. 

 

14.2 Diversity as Adaptive Capacity 

 Crop diversity should not be understood as an abstract conservation target alone. 

 Under climatic uncertainty, diversity can function as a portfolio of possible responses. 

 A drought-sensitive high-yield variety may remain appropriate during favorable seasons. 

 A traditional lower-yielding variety may possess traits useful under dry conditions. 

 An early-maturing crop may become valuable when rainfall begins late. 

 A flood-tolerant crop may protect production where extreme precipitation increases. 

 The adaptive value therefore lies in preserving choice. 

FAO's crop-diversity work emphasizes the importance of maintaining genetic resources because future 

agricultural adaptation depends on having access to diverse biological material. 

 

14.3 Climate-Shock Seed Security 

The modeled increase in shock-time seed access deserves particular attention.Climate disasters can 

create a negative cycle.A farmer loses a crop.The household also loses seed that would have been 

retained for the next season.Income falls.Purchasing replacement seed becomes more difficult. 

The next planting season is consequently compromised.A functioning community seed network can 

potentially interrupt this cycle by maintaining alternative seed sources. 

The system may contain: 

 community reserves; 

 neighboring household stocks; 

 seed loans; 

 exchange agreements; 

 links with external genebanks; 

 farmer producer organizations. 
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Resilience is therefore produced through redundancy. 

 

15. Social Dimensions of Community Seed Networks 

15.1 Collective Action 

Community seed networks depend on collective participation. 

Farmers must agree on: 

 what to conserve; 

 who can access seed; 

 how seed is returned; 

 how quality is checked; 

 who manages records; 

 how conflicts are resolved. 

Weak governance can undermine even technically well-designed seed storage. 

 

15.2 Inclusion 

Networks should avoid concentrating authority in a small group of relatively wealthy farmers. 

Particular attention may be required for: 

 women farmers; 

 tenant farmers; 

 indigenous communities; 

 marginal farmers; 

 young farmers; 

 remote households. 

FAO's recent discussion of farmer-managed seed systems highlights the importance of farmer-led 

knowledge and the participation of women and youth within seed management. 

 

15.3 Intergenerational Knowledge 

Climate adaptation involves both new scientific information and accumulated local experience. 

Older farmers may remember crop performance during earlier drought periods, while younger farmers 

may contribute digital records and improved access to climate information. 

Strong networks can combine these knowledge sources. 

 

16. Conclusion 

Climatic stress is challenging farming systems not only through its direct effects on crops but also 

through its effects on the availability and suitability of seed. 

Agricultural adaptation therefore requires more than the development of climate-resilient varieties. 

Farmers must also have practical access to diverse seed options when those options are 

needed.Community seed networks provide one mechanism through which this access can be 

strengthened. 

 Their deeper contribution comes from connecting:diversity with access, access with knowledge, 

knowledge with experimentation, and experimentation with adaptation. 
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The simulation developed in this study showed substantially higher modeled performance for an 

organized community seed network across crop-variety diversity, seed access during climate shocks, 

local adaptation, recovery capacity, and knowledge exchange.These results are not empirical 

findings.They demonstrate a theoretically grounded pattern that should be tested through field research. 

The strongest future seed systems are unlikely to be exclusively formal or exclusively informal. 

 A more resilient approach will connect the scientific strengths of plant breeding and genebanks 

with the adaptive strengths of farmer-managed diversity, decentralized seed circulation, and local 

agricultural knowledge.Under increasing climatic uncertainty, maintaining a wider range of seeds is 

ultimately about maintaining a wider range of choices.For farming communities facing unpredictable 

futures, those choices constitute a fundamental form of resilience. 
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