Plant
Science
Review

PLANT SCIENCE

Short Communication

ISSN No: 3041-7279
’ '.) Check for updates

Journal homepage: https://psr.crcjournals.org/

The Role of Plant Genetic Resources in Biodiversity Conservation and
Sustainable Agriculture

V.Venkatesh Goud,~ A.ShivaKumar*
Department of Botany, Osmania University, Hyderabad-500007, Telangana State, India

and N. Swapna

Received 28 January 2023 | Revised 20 February 2023 | Accepted 23 March 2023 | Available Online April 28 2023
*Corresponding Author: A. Shiva Kumar | Email Address: shiva.bot25@gmail.com

Citation: V. Venkatesh Goud, A. Shiva Kumar and N. Swapna (2023). The Role of Plant Genetic Resources in Biodiversity
Conservation and Sustainable Agriculture. Plant Science Review. DOI: https://doi.org/10.51470/PSR.2023.04.01.25

Abstract

Plant genetic resources (PGRs) are vital components of global biodiversity and form the foundation of sustainable agriculture and food
security. They encompass seeds, landraces, cultivated varieties, and wild relatives that harbor valuable genetic traits essential for crop
improvement and ecological resilience. The conservation and utilization of these resources are increasingly important in the face of
climate change, population growth, and environmental degradation. PGRs play a critical role in developing high-yielding, pest-
resistant, and climate-tolerant crop varieties, thereby supporting agricultural productivity and resilience. They also contribute to
agroecological balance by enhancing soil fertility, reducing dependence on chemical inputs, and supporting ecosystem services such as
pollination. Moreover, traditional varieties preserved by farming communities safeguard cultural heritage and provide sustainable
livelihoods. PGRs are under threat due to habitat destruction, monoculture practices, genetic erosion, and climate variability. Effective
conservation strategies, including ex situ approaches such as gene banks and seed vaults, in situ preservation in natural habitats, and
on-farm conservation of landraces, are essential to maintain genetic diversity. International treaties such as the Convention on
Biological Diversity (CBD) and the International Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA) further
provide frameworks for equitable conservation and benefit-sharing, the multifaceted role of plant genetic resources in biodiversity
conservation and sustainable agriculture while underscoring the urgent need for coordinated efforts at local, national, and global
levels. Protecting PGRs ensures ecological stability, food security, and sustainable development for present and future generations.
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Introduction

Biodiversity is the foundation of life on Earth, providing
ecological services, economic value, and cultural significance
to human societies. Within the vast domain of biodiversity,
plant genetic resources (PGRs) represent one of the most
crucial components. They encompass the diversity of seeds,
planting materials, landraces, improved varieties, and wild
relatives of crops that carry unique genetic traits [1]. These
resources not only form the basis of food and agriculture but
also serve as vital reservoirs of traits required for adapting
crops to changing environments, combating pests and
diseases, and ensuring resilience in farming systems. In an
era where the world faces challenges such as climate change,
rapid population growth, and environmental degradation,
plant genetic resources have assumed even greater
importance for both biodiversity conservation and
sustainable agriculture.The concept of plant genetic
resources extends beyond agricultural crops to include wild
plant species that contribute indirectly to food systems by

maintaining ecological balance.For instance, wild relatives of
wheat, rice, and maize have been successfully used in
breeding programs to enhance resistance to drought, salinity,
and pest infestations [2]. These examples demonstrate that
genetic diversity acts as a natural insurance policy for
humanity, allowing adaptation to unforeseen challenges [3].
Without adequate diversity, agriculture becomes highly
vulnerable to biotic and abiotic stresses, threatening global
food security.

Sustainable agriculture, by definition, seeks to balance
productivity with environmental stewardship and social
equity. It relies heavily on genetic diversity to maintain soil
fertility, reduce dependence on synthetic inputs, and sustain
ecosystem services such as pollination and pest regulation.
Plant genetic resources provide the raw material needed to
diversify farming systems, promote agroecology, and enable
long-term resilience. Traditional crop varieties, often
maintained by indigenous and local communities, embody
centuries of adaptation to specific agro-climatic conditions
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[4]. These varieties not only secure food and nutrition but also
preserve cultural heritage, making their conservation doubly
significant.However, despite their immense value, plant
genetic resources are under constant threat. Modern
agricultural practices, dominated by monocultures and
intensive input use, have contributed to the narrowing of the
genetic base of crops. This phenomenon, known as genetic
erosion, occurs when farmers abandon traditional landraces
in favor of high-yielding varieties, often leading to the
disappearance of locally adapted crops. Climate change
exacerbates this threat, as extreme temperatures, altered
rainfall patterns, and new pest and disease outbreaks
endanger species survival [5], deforestation, urbanization,
and habitat fragmentation are rapidly eroding the natural
habitats of wild relatives of crops. These trends highlight the
urgent need for comprehensive conservation strategies that
combine modern scientific approaches with traditional
knowledge [6]. Conservation of plant genetic resources can be
achieved through multiple approaches. Ex situ conservation,
such as seed banks and gene banks, ensures the long-term
preservation of genetic material under controlled conditions.
Facilities like the Svalbard Global Seed Vault provide a global
backup for crop diversity. In situ conservation, on the other
hand, emphasizes protecting plants in their natural habitats

Table 1. Major Threats to Plant Genetic Resources

Threat
Monoculture & Industrial
Agriculture

Urbanization & Habitat Loss
Climate Change

Neglect of Indigenous Knowledge

Table 2. Conservation Strategies for Plant Genetic Resources

Strategy Approach

Ex Situ Conservation Seed banks, gene banks, and botanical gardens

In Situ Conservation Preserving crops and wild relatives in habitats

On-Farm Conservation Cultivation of traditional landraces by farmers

Policy & Collaboration International treaties and national policies

Plant Genetic Resources and Biodiversity Conservation
Plant genetic resources (PGRs) refer to the genetic material of
plants that holds actual or potential value for food,
agriculture, and ecological balance. They encompass
cultivated varieties, farmers' landraces, improved hybrids,
seeds, vegetative planting materials, and wild relatives of
crops. These resources carry genetic information that
underpins the adaptability, resilience, and productivity of
agricultural systems as well as natural ecosystems. By
providing the raw material for plant breeding and crop
improvement, PGRs serve as the foundation for ensuring
global food and nutritional security [9]. Their scope extends
beyond agriculture to include environmental sustainability,
cultural traditions, and the preservation of indigenous
knowledge systems.

Description
Replacement of traditional landraces with uniform, high-yielding varieties, causing
genetic erosion

Expansion of cities and farmland reduces habitats of wild crop relatives
Extreme weather, droughts, and rising temperatures threaten sensitive species

Decline of traditional farming systems and cultural practices
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and ecosystems, ensuring that they continue to evolve under
natural selection pressures. On-farm conservation plays an
equally important role by enabling farmers to cultivate
traditional landraces, thereby maintaining diversity in real
farming contexts. Together, these approaches form a holistic
strategy to safeguard plant genetic resources.

At the policy level, international agreements such as the
Convention on Biological Diversity (CBD) and the
International Treaty on Plant Genetic Resources for Food and
Agriculture (ITPGRFA) provide frameworks for equitable
sharing of benefits derived from PGRs, while also
safeguarding farmers' rights. National programs, research
institutions, and local communities all play a critical role in
implementing these frameworks and ensuring that genetic
resources are accessible for future generations, plant genetic
resources represent both a heritage and a necessity [7]. They
are central to biodiversity conservation, underpin the
resilience of agricultural systems, and secure global food
supplies. Protecting and utilizing them sustainably is not just
a scientific or agricultural concern but a moral imperative for
humanity [8]. The survival of future generations depends on
the genetic diversity we conserve and the way we integrate it
into sustainable agricultural practices today.

Example
Irish Potato Famine due to lack of
diversity
Loss of wild wheat species in West
Asia
Decline in coffee diversity in Ethiopia
Abandonment of millet varieties in
India

Examples/Institutions
Svalbard Global Seed Vault (Norway), ICAR-NBPGR (India)
Protected areas, biodiversity hotspots
Maize landraces in Mexico, Teff in Ethiopia
CBD, ITPGRFA, National Biodiversity Action Plans

2. Contribution to Biodiversity

¢ Maintaining Ecosystem Stability

PGRs are central to maintaining ecological balance by
sustaining diverse species interactions. A broad range of crop
varieties and their wild relatives enhance resilience against
pests, diseases, and environmental fluctuations. Biodiversity
within agricultural systems acts as a buffer, ensuring that
farming remains productive even under stress conditions
such as droughts or floods.

¢  Preventing Genetic Erosion

One of the major challenges of modern agriculture is the
narrowing of the genetic base due to monoculture practices
and industrial farming. Conservation of plant genetic
resources safeguards against genetic erosion by preserving
diverse species and varieties.
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This diversity acts as a pool of traits—such as drought
resistance, salinity tolerance, or pest resistance—that can be
tapped into for crop improvement and future adaptation
needs.

¢  Cultural and Traditional Knowledge

Indigenous farming communities have historically conserved
locally adapted landraces that embody unique traits and
adaptations to specific agro-climatic conditions. These
landraces not only support food security but also carry
cultural and traditional significance [10]. By conserving them,
societies preserve both biodiversity and valuable indigenous
knowledge systems that offer insights into sustainable
resource management.

Role of Plant Genetic Resources in Sustainable
Agriculture

Plant genetic resources (PGRs) play a vital role in promoting
sustainable agriculture by ensuring crop improvement,
resilience, and ecological balance. Breeding programs depend
heavily on these resources to develop improved varieties with
desirable traits such as higher yields, drought tolerance, and
resistance to pests and diseases. For instance, genes from wild
relatives of wheat and rice have been instrumental in
combating major pests and enhancing crop performance [11].
In the context of climate change, PGRs provide essential
adaptive traits that enable crops to withstand rising
temperatures, salinity, irregular rainfall, and water scarcity,
thereby securing agricultural productivity under
unpredictable conditions. Beyond crop improvement, plant
genetic diversity supports agroecological practices by
enriching soil fertility through leguminous species, reducing
reliance on chemical fertilizers and pesticides with pest-
resistant crops, and sustaining pollinators and natural
enemies through diversified farming systems [12].
Importantly, PGRs also underpin sustainable livelihoods,
especially in developing regions where smallholder farmers
rely on traditional varieties for food, income, and resilience
against market and environmental shocks. By conserving and
utilizing these resources, farming systems can achieve a
balance between productivity, ecological health, and long-
term sustainability.

Threats to Plant Genetic Resources

Despite their critical importance to food security and
ecological sustainability, plant genetic resources (PGRs) are
increasingly under threat from a range of human-induced
and environmental factors. The widespread adoption of
monoculture and industrial agriculture has led to the
displacement of traditional crop varieties, resulting in the
narrowing of the genetic base and accelerated genetic erosion
[13]. Rapid urbanization and habitat destruction further
exacerbate the problem by reducing or fragmenting the
natural habitats of wild crop relatives, many of which contain
unique traits essential for future crop improvement.
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Climate change presents an even greater challenge, as rising
temperatures, altered precipitation patterns, and the
increased frequency of extreme weather events contribute to
the extinction of climate-sensitive species [14]. Equally
concerning is the neglect of indigenous knowledge and
traditional farming practices, which historically safeguarded
agricultural biodiversity through the cultivation and
preservation of diverse landraces. Collectively, these threats
jeopardize not only the conservation of PGRs but also the
resilience of global food systems, underscoring the urgent
need for comprehensive conservation strategies.

Conservation Strategies for Plant Genetic Resources
Given the mounting threats to plant genetic resources
(PGRs), effective conservation strategies are essential to
safeguard biodiversity and ensure sustainable agricultural
systems. Ex situ conservation plays a central role, with seed
banks and gene banks enabling the long-term storage of
seeds under controlled conditions, such as the globally
renowned Svalbard Seed Vault, which serves as a backup for
crop diversity [15]. Botanical gardens also contribute by
conserving living plants that are used for research, education,
and awareness. Complementing this, in situ conservation
focuses on preserving crops and their wild relatives in their
natural habitats and farming systems, allowing them to
continue evolving under natural selection pressures [16].
Protected areas, national parks, and biodiversity reserves are
key to maintaining these resources in the wild. Another
crucial approach is on-farm conservation, which encourages
farmers to maintain and cultivate traditional landraces
alongside modern varieties. This strategy not only conserves
genetic diversity within real farming contexts but also
acknowledges and supports farmers as custodians of
biodiversity through incentives and recognition. At a broader
level, policy and international collaboration provide the
necessary framework for sustainable conservation. Global
agreements such as the Convention on Biological Diversity
(CBD) and the International Treaty on Plant Genetic
Resources for Food and Agriculture (ITPGRFA) emphasize
equitable benefit-sharing, farmers' rights, and global
cooperation [17-18]. National and regional policies further
strengthen these efforts by promoting conservation
initiatives and integrating biodiversity protection into
agricultural development programs. Together, these
strategies form a comprehensive framework for conserving
plant genetic resources and ensuring their sustainable use for
future generations.

Conclusion

Plant genetic resources (PGRs) are the foundation of
biodiversity conservation and sustainable agriculture,
serving as the reservoir of genetic diversity that underpins
global food security and ecological resilience. They provide
the raw material for crop improvement, enabling the
development of high-yielding, pest-resistant, and climate-
resilient varieties.
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In the context of climate change and rising environmental
challenges, PGRs hold the key to adaptation, ensuring that
agricultural systems remain productive and sustainable.
Moreover, they contribute to ecological stability by
supporting ecosystem services and sustaining agroecological
practices. PGRs are increasingly threatened by industrial
agriculture, habitat loss, genetic erosion, and the neglect of
traditional knowledge systems. Without urgent action, the
erosion of these resources could jeopardize both present and
future food supplies. Conservation strategies, therefore, must
be multi-faceted—combining ex situ approaches such as gene
banks, in situ measures within natural ecosystems, and on-
farm conservation that empowers farmers as custodians of
biodiversity. Equally important are supportive policies,
international treaties, and collaborative efforts that promote
equitable benefit-sharing and safeguard farmers' rights,
protecting plant genetic resources, humanity not only
preserves biodiversity but also strengthens the foundations
of sustainable agriculture, ensuring food security and
development for generations to come.
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