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lant Genetic Resources (PGR) constitute the fundamental basis of crop improvement and

sustainable agriculture. They include all genetic material of plant origin that has actual or o0
potential value for food and agriculture. The rapid increase in global population, coupled with
climate change and biodiversity loss, has underscored the need to conserve and effectively — ...--.
utilize PGR to ensure food and nutritional security. The significance of PGR, their types, &%
collection, conservation methods and utilization strategies in crop improvement. The role of
biotechnology in enhancing the use of PGR, as well as policies and legal frameworks
governing their access and benefit-sharing, are discussed. Moreover, the article highlights the
challenges and prospects of PGR management in the context of sustainable agriculture.
Integrating advanced genomic tools and participatory conservation approaches will be
essential to harness the full potential of PGR in achieving global food security.
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Introduction

Plant Genetic Resources (PGR) are the backbone of global agriculture, providing the raw
material for crop breeding and improvement. They encompass the diversity found in
traditional varieties, wild relatives, breeding lines and modern cultivars. The Food and
Agriculture Organization (FAO, 2010) defines PGR as “the genetic material of plant origin of [>§;z-
actual or potential value for food and agriculture.” .
02580 With the world population projected to exceed 9.7 billion by 2050, ensuring sufficient
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ZE and nutritious food production remains a global challenge. Climate change, environmental b
025%0 degradation and the narrowing genetic base of modern cultivars threaten agricultural e
& sustainability (Upadhyaya et al., 2018). Therefore, the collection, conservation and utilization
Q%Z of PGR are essential for developing climate-resilient, high-yielding and nutritionally superior Lf;%
& crop varieties. &
Q2 Y50
“  Importance of Plant Genetic Resources o0
. 2 Foundation for Crop Improvement )

Genetic variability within plant species provides the foundation for plant breeding. Breeders
L rely on this variation to introduce traits such as disease resistance, pest tolerance, yield
@“g@ stability and adaptability. For example, wild relatives of wheat and rice have provided genes
" conferring resistance to rust and submergence tolerance, respectively (Gepts, 2006).

Food and Nutritional Security

, Plant genetic resources contribute directly to food and nutritional security by enabling the
S development of diverse, nutrient-rich and climate-resilient crops. Genetic enhancement of
&% staple crops with vitamins, minerals and essential amino acids such as biofortified rice and
maize has improved nutritional outcomes globally.
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Adaptation to Climate Change

The use of PGR in breeding programs enhances the capacity of crops to withstand abiotic
stresses including drought, salinity and heat. For instance, drought tolerance in sorghum and
pearl millet has been improved using genes sourced from wild relatives adapted to arid
conditions (Hajjar and Hodgkin, 2007).

Maintenance of Ecosystem Services

Crop diversity contributes to ecosystem stability through nutrient cycling, soil health
maintenance and natural pest regulation. Incorporating diverse PGR into agricultural systems
helps reduce the risks associated with monocultures.

Socioeconomic and Cultural Significance

Landraces and traditional crops represent centuries of farmer innovation and adaptation.
Their continued cultivation sustains local food traditions and provides economic
opportunities through specialty or niche market crops.

Types of Plant Genetic Resources

Landraces

Landraces are locally adapted crop varieties maintained by farmers over generations. They
harbor unique combinations of genes conferring adaptation to specific environments and
stress conditions.

Crop Wild Relatives (CWRs)

CWRs are species genetically related to cultivated crops. They are invaluable sources of
genes for resistance to pests, diseases and environmental stresses. For example, Oryza nivara,
a wild rice species, has been used to develop virus-resistant rice varieties (Maxted et al.,
2007).

Obsolete and Modern Cultivars

Obsolete cultivars, though replaced in agriculture, possess useful alleles lost in modern
breeding. Modern cultivars have desirable yield and quality traits but often lack genetic
diversity.

Genetic Stocks and Mutants

Mutant lines, recombinant inbreds and synthetic varieties serve as tools for genetic analysis
and as sources of novel variability for breeding.

Breeding Lines and Advanced Materials

Breeding lines are partially improved materials developed during breeding programs. They
provide valuable genes for traits such as yield, maturity and stress resistance.

Collection and Characterization of PGR

Collection

Systematic collection of PGR ensures the representation of maximum genetic diversity. Areas
identified as “centers of origin and diversity” (Vavilov, 1951) are primary targets for
collection missions. Modern approaches use GIS mapping and remote sensing to identify
under-collected areas and diversity hotspots.

Characterization and Evaluation

Characterization involves recording morphological and agronomic traits, while evaluation
assesses the performance of accessions under various environmental conditions. Molecular
markers such as SSRs and SNPs aid in precise characterization and genetic diversity
assessment. The resulting data are stored in global databases such as GENESYS and GRIN-
Global for easy access.

Conservation of Plant Genetic Resources

In Situ Conservation

In situ conservation maintains species within their natural or traditional habitats, allowing

them to evolve naturally.

e On-farm conservation: Farmers cultivate and maintain traditional varieties adapted to
local environments.
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o Genetic reserves: Natural habitats are protected to conserve wild relatives and native
species.

Ex Situ Conservation

EXx situ conservation preserves germplasm outside its natural habitat.

e Seed banks: Store orthodox seeds at sub-zero temperatures; examples include the
Svalbard Global Seed Vault in Norway and the National Bureau of Plant Genetic
Resources (NBPGR) in India.

o Field gene banks: Used for vegetatively propagated crops such as banana, coconut and
mango.

« Invitro and cryogenic storage: Used for recalcitrant seeds and vegetatively propagated
species through tissue culture or cryopreservation at —196°C.

Community Seed Banks

Community seed banks are grassroots initiatives that preserve and distribute local seeds.

They empower farmers, maintain local biodiversity and promote participatory conservation.

International Cooperation

Global organizations such as FAO, CGIAR and Bioversity International coordinate

international conservation efforts, ensuring equitable access to germplasm across countries.

Utilization of Plant Genetic Resources

Conventional Plant Breeding

PGR are sources of desirable genes introduced into breeding populations through
hybridization. Examples include:

« Rust resistance in wheat using Aegilops tauschii genes.

e Submergence tolerance in rice (Subl gene) from O. rufipogon.

o Pest resistance in tomato from Solanum pimpinellifolium.

Pre-Breeding

Pre-breeding involves transferring useful genes from unadapted materials into breeding lines
suitable for use by plant breeders. It bridges the gap between conserved diversity and
breeding programs.

Genetic Enhancement

Modern molecular tools accelerate genetic enhancement. Marker-assisted selection (MAS)
allows rapid introgression of genes governing traits such as disease resistance and yield
stability.

Crop Diversification

Using underutilized crops such as quinoa, buckwheat and millets enhances dietary diversity,
ecological resilience and income sources.

Restoration and Environmental Rehabilitation

Native plant species conserved as PGR are used to restore degraded lands, maintain pollinator
populations and improve soil fertility.

Modern Biotechnological Approaches

Molecular Markers and Genomics

Molecular markers (RFLP, SSR, SNP) enable detailed assessment of genetic variation.
Genome-wide association studies (GWAS) identify quantitative trait loci (QTLS) linked with
agronomic traits, enhancing selection efficiency.

Genetic Engineering

Transgenic approaches allow the introduction of novel genes from different species. The
incorporation of Bt genes in cotton has successfully provided pest resistance, demonstrating
the power of genetic engineering in crop protection.

Genome Editing Tools

CRISPR/Cas systems allow targeted modifications in specific genes. Genome editing has
been used to improve disease resistance in tomato and yield in rice without introducing
foreign DNA (Jaganathan et al., 2018).
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Bioinformatics and Data Integration
Bioinformatics integrates genomic, transcriptomic and phenomic data, enabling breeders to
identify key genes and predict trait performance.

Policy and Legal Frameworks

8.1 Convention on Biological Diversity (CBD, 1992)

The CBD recognizes national sovereignty over biological resources and emphasizes
conservation, sustainable use and equitable benefit-sharing.

International Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA,
2001)

This treaty established the Multilateral System (MLS) for access and benefit-sharing,
covering over 60 major crops vital to food security.

Nagoya Protocol (2010)

The protocol provides a transparent legal framework for the fair and equitable sharing of
benefits arising from the use of genetic resources and traditional knowledge.

National Policies

India’s National Biodiversity Authority (NBA) and NBPGR oversee the regulation, exchange
and conservation of PGR. These frameworks promote sustainable management and equitable
access.

Challenges in the Conservation and Use of PGR

1. Genetic Erosion: The replacement of traditional varieties by modern monocultures has
narrowed the genetic base of many crops.

2. Climate Change: Alters species distribution and threatens wild relatives in their natural
habitats.

3. Under-Characterization: Large collections remain unevaluated, limiting their use in
breeding.

4. Intellectual Property Rights (IPR): Restrictive IPR regimes may limit access to
valuable germplasm.

5. Funding Constraints: Limited resources in developing countries hinder long-term
conservation efforts.

6. Loss of Indigenous Knowledge: Traditional knowledge related to seed selection and
maintenance is being lost due to modernization.

Strategies for Sustainable Use

« Strengthen in situ and ex situ conservation efforts.

e Promote participatory plant breeding involving farmers.

« Develop digital germplasm databases integrating molecular and phenotypic data.
e Encourage public—private partnerships for conservation and breeding.

e Support capacity-building programs for germplasm management.

e Implement benefit-sharing mechanisms that reward indigenous communities.

o Integrate climate-smart breeding and modern genomics to develop resilient crops.

Case Studies

¢ Rice: Development of Swarna-Subl variety through introgression of Subl1 gene for flood
tolerance (IRRI).

e Wheat: Durable rust resistance achieved using wild Aegilops species genes (CIMMYT).

« Banana: Disease resistance introduced using wild Musa acuminata accessions.

e Tomato: Pest and disease resistance improved through Solanum peruvianum alleles.

e Millets: On-farm conservation programs in India have enhanced food and livelihood
security of smallholders.

Future Prospects
The future of PGR utilization lies in integrating genomics, artificial intelligence (Al) and big
data analytics. These technologies will help predict gene—environment interactions, design
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ideotypes for specific agro-climatic zones and accelerate breeding cycles. Synthetic biology
and de novo domestication approaches will enable the creation of novel crops from wild
species. Collaborative international frameworks and equitable benefit-sharing will ensure that
the global community benefits from the genetic wealth preserved in PGR collections.

Conclusion

Plant genetic resources are the bedrock of agricultural sustainability and food security. Their
conservation and judicious use are essential to confront challenges posed by population
growth, environmental stress and climate change. Harnessing modern biotechnological tools
alongside traditional conservation practices can unlock the immense potential of PGR for
developing resilient and nutritionally rich crops. Sustainable management of these resources,
guided by robust policies and international cooperation, is a collective responsibility to
safeguard the biological heritage for future generations.
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