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Abstract 

Crop resilience increasingly depends on maintaining sufficient genetic, ecological, and knowledge 

diversity to respond to drought, heat, salinity, flooding, emerging pests, shifting seasons, and other forms 

of environmental uncertainty. Indigenous seed knowledge represents a living body of place-based 

expertise concerning seed selection, varietal identity, storage, exchange, seasonal performance, culinary 

attributes, cultural significance, and adaptation to heterogeneous production environments. 

Contemporary crop science contributes complementary capabilities through controlled phenotyping, 

molecular characterization, stress screening, participatory varietal selection, decentralized breeding, and 

systematic seed-quality assessment. This conceptual–methodological paper develops an integrated 

framework for strengthening crop resilience without reducing Indigenous seed knowledge to genetic 

material or treating scientific characterization as a replacement for farmer and community authority. 

Research on crop diversity demonstrates that locally maintained diversity can contribute to agricultural 

adaptation, while investigations of indigenous rice germplasm have identified substantial variation in 

traits associated with stress tolerance.  

 The proposed framework connects five domains: landrace diversity, farmer-led seed selection, 

community seed circulation, participatory breeding, and complementary scientific characterization. 

Particular attention is given to knowledge governance because seed systems contain cultural, material, 

and informational dimensions that cannot be separated without risk of undermining the communities 

maintaining them. A scenario-based analysis illustrates the cumulative contribution that these domains 

could make to a Crop Resilience Alignment Index. Because no Indigenous community, seed collection, 

or field-trial dataset was supplied, all quantitative values are explicitly simulated. The study concludes 

that contemporary crop resilience can be strengthened when scientific breeding and conservation 

systems support rather than displace dynamic Indigenous and farmer-managed seed systems. 

 

Keywords: Indigenous seed knowledge, crop resilience, landraces, agrobiodiversity, community seed 

systems, participatory breeding, seed sovereignty, climate adaptation 

 

1. Introduction 

Agricultural resilience depends partly on the capacity of crop systems to continue functioning when 

environmental conditions depart from historical expectations. Drought, heat stress, rainfall variability, 

salinity, waterlogging, new pest pressures, and changes in growing-season timing can expose 

weaknesses in genetically uniform or narrowly adapted production systems. Crop diversity can provide 
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multiple response pathways because different varieties may differ in maturity, water requirement, 

rooting behavior, disease resistance, grain quality, storage properties, and tolerance to abiotic stress. A 

review of climate-driven changes in farmers' crop portfolios emphasizes that local crop diversity and 

farmers' observations are important resources for understanding agricultural adaptation under changing 

climatic conditions. 

 Indigenous seed knowledge extends far beyond possession of traditional seed. It can include 

knowledge concerning which plants are retained as seed, how particular seed lots are identified, which 

traits are prioritized, how seed is dried or stored, where varieties perform reliably, how planting 

decisions respond to environmental signals, and how seed moves through kinship, community, 

ceremonial, or exchange relationships. Such knowledge develops through repeated interaction with local 

environments and through intergenerational observation. Research on Indigenous and traditional climate 

knowledge shows that local agricultural knowledge may inform seed preservation, seasonal forecasting, 

planting decisions, and adaptation practices under environmental variability. 

 Landraces are particularly relevant within this discussion because they are dynamic crop 

populations shaped through cultivation, selection, environmental interaction, and farmer preferences. 

Their value does not arise from being inherently superior to modern varieties but from the diversity they 

may contain and from their association with particular farming environments. Empirical analysis of 

indigenous rice germplasm, for example, has demonstrated substantial genetic variation and differential 

salinity response among locally maintained genotypes, illustrating how traditional germplasm can 

contain traits of relevance to contemporary stress-resilience research. 

 Contemporary crop science can complement these knowledge systems through systematic 

phenotyping, molecular analysis, controlled stress experiments, multilocation trials, quantitative 

genetics, and breeding. Participatory breeding offers a particularly useful bridge because it allows 

farmers and breeders to identify objectives jointly, use locally relevant germplasm, test material under 

heterogeneous environments, and incorporate farmer-defined selection criteria. Participatory varietal 

research in stress-affected rice environments has shown that farmers evaluate varieties according to 

multiple characteristics beyond yield alone, including maturity, lodging behavior, grain quality, and 

suitability to local water and salinity conditions. 

  

2. Objectives of the Study 

2.1 To Develop an Integrated Seed-Knowledge Resilience Framework 

The first objective is to develop a framework connecting Indigenous seed knowledge with contemporary 

crop-resilience methods while preserving the integrity of both knowledge systems. The model 

recognizes farmer selection, seed storage, exchange, varietal naming, cultural use, and environmental 

observation as active components of crop adaptation rather than as historical practices external to 

modern breeding. 

 Scientific contributions are incorporated where they can provide additional evidence or expand 

options, including stress screening, genetic characterization, seed-health assessment, and decentralized 

breeding. The purpose is complementarity rather than replacement. 
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2.2 To Examine the Role of Seed Diversity and Community Circulation 

The second objective is to examine how resilience depends not only on the existence of diverse seed but 

also on whether seed remains accessible, cultivated, regenerated, exchanged, and evaluated. Diversity 

preserved only in storage has conservation value, but on-farm and community circulation allows seed 

populations and farmer knowledge to continue interacting with changing environments. 

 Community seed banks and farmer seed networks therefore have a dual role. They can conserve 

material while also maintaining access, exchange relationships, knowledge transmission, and recovery 

capacity when particular seed stocks are lost. 

 

2.3 To Identify Pathways for Participatory Contemporary Crop Improvement 

The third objective is to examine how participatory varietal selection and breeding can connect local 

adaptation knowledge with contemporary crop improvement. Farmers may prioritize traits that 

conventional breeding programs do not fully capture through yield testing alone, including taste, 

cooking quality, fodder value, maturity, storage, resilience under low-input conditions, or cultural 

suitability. 

 The proposed model therefore considers farmer-defined criteria as part of crop-resilience 

assessment rather than treating them merely as post-breeding adoption preferences. 

 

3. Review of Literature 

3.1 Indigenous Seed Knowledge, Landraces, and Local Adaptation 

Seed knowledge develops through observation of crop performance across soils, seasons, fields, and 

climatic events. Indigenous and traditional agricultural knowledge has been documented as contributing 

to weather interpretation, preservation of planting material, crop-management choices, and adaptation to 

environmental variability. Studies from African small-scale agriculture demonstrate that local 

communities continue to use Indigenous knowledge in rainfall interpretation, seed preservation, and 

farm-level responses to climatic uncertainty. 

 Landraces constitute one material expression of these long-term relationships. They are not 

genetically static artifacts. Continuous seed selection can change the composition of a crop population 

over time as farmers retain plants exhibiting characteristics considered desirable under local 

environmental, cultural, or household conditions. Genomic research on landraces has emphasized their 

significance as reservoirs of locally adaptive traits, while experimental work with indigenous rice 

populations demonstrates measurable diversity in stress response. 

 Crop diversity itself can function as a resilience resource because different varieties may respond 

differently to the same environmental disturbance. Labeyrie and colleagues argue that understanding 

farmer-reported changes in crop portfolios is important for climate adaptation because homogenization 

can reduce options while farmer knowledge can reveal locally important trends that conventional climate 

models alone may overlook. 

 

3.2 Community Seed Systems and Knowledge Continuity 

Seed resilience is not determined by genetic diversity alone. Seed must remain viable, accessible, and 

embedded within institutions capable of regenerating and redistributing it. Community seed banks have 
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developed in multiple regions as mechanisms for conserving local varieties, strengthening seed access, 

supporting farmer exchange, and linking conservation with continued cultivation. Vernooy, Shrestha, 

and Sthapit document diverse community-seed-bank models whose functions extend from conservation 

to local seed production and broader community biodiversity management. 

 Seed storage itself requires technical adaptation. Guzzon and colleagues demonstrated in rural 

Guatemala that community seed reserves can benefit from improved drying and hermetic storage 

methods, illustrating how contemporary seed-conservation science can strengthen local seed-security 

systems without requiring centralized replacement of community management. 

 The social and knowledge dimensions of seed systems are equally important. Sievers-Glotzbach 

and colleagues show that seed commons involve knowledge concerning breeding, reproduction, use, 

governance, and genetic resources, and that sustainable seed systems require institutional arrangements 

capable of addressing the relationship among material seed, knowledge, and culture. Seed resilience can 

therefore decline even when seed samples remain physically conserved if the associated knowledge of 

identification, cultivation, selection, and use disappears. 

 

3.3 Participatory Breeding and Contemporary Stress Resilience 

Participatory plant breeding provides one approach for linking farmer expertise with scientific breeding 

methods. Its central features include cooperation between farmers and researchers, decentralized 

selection, consideration of agroecological conditions, use of local germplasm, and farmer involvement in 

testing and seed diffusion. Such approaches are particularly relevant where production environments are 

heterogeneous and centralized breeding stations cannot reproduce all local stress combinations. 

 Empirical participatory research demonstrates that farmers' selection criteria can improve 

understanding of which varieties are likely to be useful under real production conditions. In salt- and 

flood-affected rice environments, farmers evaluated traits differently across seasons and considered 

characteristics beyond grain yield. Research involving stress-tolerant maize similarly shows the value of 

combining on-farm performance testing with farmer-defined evaluation of yield, maturity, cob traits, and 

other characteristics. 

 Contemporary characterization can also identify useful variation within indigenous germplasm. 

Molecular and phenotypic evaluation of indigenous rice genotypes has revealed genetically 

differentiated material with contrasting salt-tolerance responses. The research opportunity is therefore 

not to replace landraces with laboratory-derived varieties but to combine farmer knowledge of long-term 

field performance with scientific techniques capable of identifying, documenting, and testing specific 

adaptive traits. 

 

4. Research Methodology 

4.1 Conceptual–Methodological Design 

The study adopts a conceptual–methodological design based on literature concerning Indigenous and 

traditional agricultural knowledge, landraces, crop genetic diversity, community seed systems, 

participatory breeding, stress-tolerant varieties, and climate adaptation. No Indigenous community was 

recruited, no seed samples were collected, and no field or laboratory experiments were conducted 

specifically for this manuscript. 
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The analytical unit is the seed-resilience mechanism, defined as a biological, knowledge-based, social, 

or institutional process that maintains or expands the capacity of crop systems to respond to 

environmental stress. This definition allows resilience to be assessed beyond varietal genetics alone. 

 

4.2 Integrated Seed-Knowledge Assessment Framework 

Five domains were identified: landrace diversity, farmer-led selection, community seed circulation, 

participatory crop improvement, and complementary scientific characterization. 

 

Table 1: Integrated Framework for Indigenous Seed Knowledge and Contemporary Crop 

Resilience 

Resilience 

Domain 

Indigenous/Farmer 

Knowledge Contribution 

Contemporary 

Scientific 

Contribution 

Principal 

Resilience 

Function 

Landrace 

diversity 

Maintenance of locally 

recognized varieties and 

culturally important traits 

Genetic and 

phenotypic diversity 

characterization 

Preserves alternative 

responses to 

environmental stress 

Seed selection 

Repeated selection based on 

local performance, use, and 

preference 

Trait measurement 

and controlled stress 

screening 

Supports continuing 

local adaptation 

Community seed 

circulation 

Exchange, seed sharing, local 

storage, regeneration, and 

knowledge transmission 

Seed-health testing 

and improved storage 

methods 

Maintains access 

and recovery 

capacity 

Participatory 

improvement 

Farmer-defined breeding 

objectives and field 

evaluation 

Crossing, 

experimental design, 

multilocation testing 

Develops varieties 

aligned with actual 

farm conditions 

Scientific 

characterization 

Community knowledge 

guides relevant traits and 

environments 

Genomics, 

phenotyping, 

physiological testing, 

data analysis 

Identifies and 

verifies useful 

adaptive variation 

 

Source: Author's conceptual synthesis based on crop-diversity, seed-system, and participatory-breeding 

literature. 

 The framework treats community authority over seed knowledge as a methodological condition. 

Information about seed identity, cultural significance, selection, or associated practices should not be 

assumed to be freely extractable merely because scientific research may find it useful. 
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4.3 Scenario Model and Crop Resilience Alignment Index 

A hypothetical cumulative model was developed to illustrate how different seed-system components 

could contribute to crop resilience. The baseline represents a relatively narrow formal-seed approach 

with limited incorporation of locally maintained diversity. Additional conceptual contributions are then 

assigned to landrace diversity, farmer seed selection, community seed networks, participatory breeding, 

and scientific characterization. 

A conceptual Crop Resilience Alignment Index (CRAI) is represented as: 

[ CRAI=\frac{D+S+N+P+C}{5} ] 

where: 

(D) = diversity available for adaptation, (S) = strength of locally informed seed selection, (N) = 

community seed-network continuity, (P) = participatory improvement capability, and (C) = 

complementary scientific characterization. 

 The index is not a validated agronomic indicator. Actual crop resilience would require crop-

specific field measurements such as yield stability, survival, stress tolerance, varietal turnover, seed 

availability, genetic diversity, and farmer-defined performance indicators. 

 

5. Analysis 

5.1 Seed Resilience Is Generated Through Diversity and Continuous Selection 

The analysis suggests that crop resilience is more accurately understood as a dynamic process than as a 

fixed characteristic of a single variety. A seed system containing multiple varieties allows farmers to 

compare crop responses under changing rainfall, temperature, disease, or soil conditions. Continuous 

seed selection then enables farmers to retain material associated with desirable outcomes. 

 This dynamic process differs from treating traditional seed as a static heritage collection. A 

landrace can remain resilient only when it continues to be planted, observed, selected, and regenerated. 

If cultivation ceases, both biological evolution and associated experiential knowledge can weaken. 

 Scientific characterization can add value by determining whether farmer-observed differences 

correspond with measurable physiological or genetic variation. The analysis of indigenous rice 

germplasm under salinity provides an example of this complementarity: locally maintained material can 

first preserve diversity, while contemporary experimentation can identify specific stress-response 

differences. 

 

5.2 Simulated Contribution of Integrated Seed-System Components 

 

Table 2: Simulated Contributions to Crop Resilience Alignment 

Resilience Component Simulated Increment Cumulative Alignment Index 

Baseline formal-only seed approach — 40 

Addition of landrace diversity +12 52 

Farmer-led seed selection +10 62 
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Resilience Component Simulated Increment Cumulative Alignment Index 

Community seed networks +8 70 

Participatory breeding +9 79 

Scientific characterization +7 86 

 

Note: All values are hypothetical. They do not represent observed performance of Indigenous seed 

systems, commercial varieties, breeding programs, or real communities. 

 The simulation intentionally gives no single component dominant explanatory power. Landrace 

diversity creates options, but diversity without seed access may have limited practical value. Community 

seed networks maintain access, but circulation without continuing selection may not fully respond to 

environmental change. Scientific characterization provides useful additional evidence but cannot 

substitute for locally relevant performance evaluation. 

 

Graph 1: Illustrative Contributions to Crop Resilience from Integrated Seed Knowledge 

 
 

Interpretation: The waterfall graph illustrates a theoretical progression from a relatively narrow seed 

approach toward an integrated resilience system. The simulated alignment score increases to 86% when 

diversity, farmer selection, community circulation, participatory breeding, and scientific characterization 

are combined. The values demonstrate conceptual complementarity rather than empirical effect sizes. 

 

 

 



 

American Journal of Advanced Multidisciplinary 

Innovation and Research (AJAMIR) 

 
E-ISSN: XXXX-XXXX   ●   Website: www.ajamir.com   ●   Email: editor@ajamir.com 

 

AJAMIR Volume 7, Issue 2, March-April 2026 81 

 

5.3 Seed Knowledge Can Improve the Relevance of Contemporary Breeding 

The analysis further suggests that Indigenous and farmer knowledge can strengthen breeding by 

improving the definition of relevant selection environments and target traits. Conventional breeding may 

emphasize yield and standardized quality characteristics, whereas farmers can identify traits affecting 

field usability under heterogeneous conditions. 

 Participatory rice research has demonstrated that farmer preferences vary with environmental 

conditions and that traits such as maturity, plant height, lodging resistance, grain quality, salinity 

tolerance, and waterlogging suitability can influence acceptance. Similar participatory maize research 

shows that farmer evaluation adds information about which stress-tolerant material is considered useful 

under real farming conditions. 

 Indigenous seed knowledge may provide an even deeper temporal dimension where particular 

communities have maintained crop populations across generations. Such knowledge can help identify 

varieties associated with unusual drought years, flood-prone fields, marginal soils, particular culinary 

properties, or culturally significant production systems. Scientific analysis can then investigate these 

characteristics without assuming that laboratory validation is what makes the original knowledge 

legitimate. 

 

6. Discussion 

6.1 Crop Resilience Requires Conservation Through Continued Use 

The first major implication is that ex situ conservation and in situ seed stewardship should be treated as 

complementary. Genebanks are essential for safeguarding crop genetic resources, but resilience also 

depends on whether diverse seed remains available within farming systems where it can continue to 

encounter changing environmental conditions. 

 Community seed banks can support this process by conserving locally important seed while 

maintaining mechanisms for regeneration, distribution, and local knowledge exchange. The global 

experience documented by Vernooy and colleagues demonstrates that community seed banks can 

operate through multiple models, ranging from conservation-oriented initiatives to systems more closely 

connected with seed production and farmer use. 

 Improved seed-storage science can reinforce these systems. Guzzon and colleagues' work with 

community seed reserves demonstrates that relatively simple improvements in drying and hermetic 

storage can strengthen seed longevity and security. The appropriate relationship is therefore not 

traditional versus modern storage, but community-governed seed conservation supported by technically 

suitable improvements where communities find them useful. 

 

6.2 Indigenous Seed Knowledge Should Inform but Not Be Absorbed by Scientific Systems 

A second implication concerns knowledge governance. Seed is simultaneously biological material, 

agricultural technology, cultural resource, and carrier of knowledge. When scientific institutions collect 

landraces without recognizing associated knowledge relationships, the resulting conservation may 

protect genetic material while separating it from the social systems that sustained it. 

 Sievers-Glotzbach and colleagues demonstrate that seed commons contain important knowledge-

governance dimensions involving breeding, genetic resources, intellectual property, and traditional 
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knowledge. This means that meaningful integration requires attention to who determines research 

objectives, which knowledge may be documented, how material is accessed, and how benefits and 

recognition are distributed. 

 Contemporary crop-resilience programs should therefore avoid assuming that every Indigenous 

variety or associated practice is available for unrestricted scientific use. Community authority, culturally 

appropriate engagement, and transparent arrangements for access and knowledge use are central to 

responsible collaboration. 

 

6.3 Participatory Breeding Can Connect Local Adaptation with Contemporary Science 

The third implication is that participatory breeding can serve as an operational bridge between seed 

stewardship and contemporary crop improvement. Conventional crop breeding provides powerful tools 

for generating and assessing genetic variation, but centralized testing environments may not represent 

the heterogeneous conditions experienced by farmers. 

 Participatory breeding addresses this limitation by decentralizing aspects of evaluation and 

incorporating farmer priorities. Ceccarelli and colleagues describe participatory approaches as involving 

farmers across objective setting, selection, testing, and seed diffusion rather than inviting them only after 

varieties have been developed. 

 This model is especially valuable under climate uncertainty because the exact combination of 

future stresses cannot always be predicted confidently. Maintaining diverse breeding populations, testing 

under multiple environments, and incorporating farmer observations can broaden the range of 

information used to judge resilience. 

 

7. Conclusion 

Indigenous seed knowledge represents an important component of agricultural resilience because it 

connects seed diversity with long-term observation, selection, storage, exchange, environmental 

interpretation, food preferences, and cultural relationships. Its value cannot be reduced to a collection of 

genes awaiting incorporation into modern breeding. The knowledge system surrounding seed is itself 

part of adaptive capacity. 

 Contemporary crop science provides complementary capabilities that can strengthen this 

adaptive capacity. Molecular characterization, physiological screening, seed-quality assessment, 

multilocation testing, and breeding can identify useful variation and expand understanding of crop 

responses. The strongest relationship emerges when these scientific tools are used alongside farmer and 

Indigenous knowledge rather than as mechanisms for replacing locally governed seed systems. 

 The conceptual simulation illustrates how landrace diversity, farmer selection, community seed 

networks, participatory breeding, and scientific characterization can theoretically make cumulative 

contributions to crop resilience. The numerical values are expressly hypothetical. Future research should 

evaluate these relationships using community-authorized longitudinal studies, varietal diversity 

assessments, participatory field trials, seed-network analysis, genetic characterization, and farmer-

defined resilience indicators. 

 Contemporary crop resilience ultimately depends on maintaining options. Diverse seeds provide 

biological options, community networks provide access options, Indigenous knowledge provides 
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interpretive and selection knowledge, and scientific breeding provides additional technological options. 

Agricultural systems are likely to be more adaptive when these capacities remain plural, connected, and 

actively maintained rather than consolidated into a narrow seed system optimized only for present-day 

production conditions. 
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