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Abstract:

Germplasm conservation refers to the preservation and management of the genetic material of
plants, animals, and microorganisms. This genetic material contains the hereditary information that
determines the traits and characteristics of organisms. Germplasm conservation is essential for a
variety of reasons, and it can take many forms and strategies. Germplasm conservation plays a
pivotal role in safeguarding the genetic diversity of plant and animal species, ensuring food security,
and mitigating the impacts of climate change. Germplasm conservation is of paramount importance
in India, a country known for its rich biodiversity and agricultural heritage. In the modern era, with
advancing technology and evolving challenges, the strategies for germplasm conservation have also
evolved. This research paper provides an in-depth review of germplasm conservation strategies in
contemporary India, emphasizing the significance of preserving its diverse genetic wealth, the
challenges encountered, and the innovative approaches adopted to address them. It discusses the
importance of germplasm conservation, the challenges faced, and the innovative approaches adopted
to address these challenges.
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Introduction:

Germplasm, comprising the genetic material of organisms, holds the key to food security, adaptation
to changing environmental conditions, and the development of new crop varieties and breeds. In the
face of climate change and increasing global demands for food, fiber, and other resources, the
conservation of germplasm has become more critical than ever. India's diverse agro-climatic zones
and ecological niches have endowed it with a vast array of plant and animal genetic resources. These
resources are critical for ensuring food security, biodiversity conservation, and climate adaptation. In
the modern era, with rapid environmental changes and emerging technologies, germplasm
conservation in India is at the crossroads of tradition and innovation. Plants are the basis of life on
planet Earth. Plants are the only organisms capable of using the solar energy for transforming the
carbon dioxide in the air into organic substances. Consequently, plants produce food for all and
reduce the global warming. Agriculture, with nurturing and utilizing plant diversity, plays a key role
in feeding millions and protecting our natural resources and the environment.

While the number of cultivated plant species is relatively small and seemingly insignificant, nature
has evolved an extraordinary intra-specific genetic diversity in crop plants and their wild relatives.
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For example, the number of rice landraces in India is estimated to be 50,000 and wild rices about
200. Add to that 20 new improved varieties released each year. It is this diversity within species that
allows for the cultivation of crops across different regions and in different situations such as weather
and soil conditions. These invaluable and irreplaceable plant resources are called plant genetic
resources (PGR). They form the basis of all crop varieties that are bred to produce more, withstand
stresses and yield quality output. Conservation of plant genetics is one of the main areas which is to
be refined and revolutionized again and again with knowledge. The phenomenon of conservation is
helpful in the maintenance of the genetic basis being needed for breeding. This allows the production
and selection of varieties with desirable characteristics in crops, which later can be used for purpose
of feeding, fuel, and health sectors . Germplasm is the plant’s genetic resources such as tissues or cells
which are being preserved for purpose of obtaining desired breeding characteristics. These
resources are obtained from gene banks, plants grown in nurseries, and laboratory culture. The
collection of germplasm usually ranges from wild species to genes which are supposed to capture
traits of plants as a result of natural selection.

A germ is defined as the collection of genetic resources for an organism. In the case of plants, the
germplasm is stored or preserved in form of seeds or trees in the nursery. So, it is the living tissue
from which new varieties of plants can be grown i.e,, it can be the seed from which the whole plant
can be grown because it contains all the genetic makeup or information required for resources of the
diversity of plants. Plant germplasm is a spice of generic materials needed by breeders to develop
new varieties. This includes seeds, leaves, stems, pollen, and cultured cells. So it provides the
necessary raw material to develop the commercially valuable varieties of plants. Moreover, variations
in genetics have also resulted in losing information in an already present generation which makes the
preservation of these genes much important. Because if genes for variations are not preserved, it
would lead to endangerment of plant species. International board as a bank for further next
generations. An overview of (The National Bureau of Plant Genetic Resources) NBPGR's role in
germplasm conservation and its pioneering work in cryopreservation. A discussion on initiatives to
conserve and promote India's indigenous livestock breeds, such as the Gir cattle and Malabari goat.

Importance of Germplasm Conservation:

A collection of germplasm usually includes primitive landraces and wild species related to particular
crops, and developed varieties and breeders' lines. Germplasm is used to develop new plant varieties
for food, feed, fiber, turf, forages, and ornamentals and for forestry, industrial, and medicinal
purposes.

Biodiversity Preservation: Germplasm conservation maintains genetic diversity within species,
which is crucial for long-term species survival and ecosystem stability. India is one of the world's
biodiversity hotspots, hosting a wide range of crop varieties, landraces, and wild relatives.

Agricultural Heritage: India's traditional farming systems rely heavily on local germplasm
resources, making their conservation crucial for maintaining cultural and agricultural heritage.
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Crop Improvement: Genetic diversity is essential for breeding programs to develop new crop
varieties with desirable traits, such as disease resistance, yield potential, and nutritional content.

Climate Resilience: Conserved germplasm can be a valuable resource for developing crops and
breeds that are more resilient to changing climatic conditions.

Food Security: Germplasm conservation supports the development of new crop varieties and animal
breeds with enhanced yields, nutritional content, and pest resistance.

Research and Innovation: Germplasm collections serve as valuable resources for scientific
research, breeding programs, and biotechnology applications, leading to the development of
improved varieties and products.

Future Challenges: As pests, diseases, and climate challenges evolve, access to diverse germplasm
resources becomes essential for adaptation and survival.

Challenges in Germplasm Conservation:

Germplasm conservation is a critical component of global efforts to safeguard biodiversity, ensure
food security, and adapt to environmental changes. It involves a combination of traditional practices
and cutting-edge technologies, with collaboration and community involvement playing key roles in its
success.

a. Budget Constraints: Funding for germplasm conservation is often limited, hindering efforts to
collect, maintain, and regenerate germplasm. Limited financial resources and infrastructure hinder
germplasm collection, maintenance, and regeneration efforts. Limited funding, infrastructure, and
human resources can hinder germplasm collection, maintenance, and regeneration efforts.

b. Technological Obsolescence: Maintaining and utilizing germplasm collections requires state-of-
the-art technology and infrastructure. Maintaining collections in pristine condition requires up-to-
date technologies and skilled personnel. Maintaining germplasm collections often requires advanced
technologies for cryopreservation, tissue culture, and genetic analysis.

c. Legal and Ethical Issues: Issues related to access and benefit-sharing, intellectual property
rights, and cultural considerations can complicate germplasm conservation efforts. Complex
regulatory frameworks and issues related to access and benefit-sharing often hinder germplasm
conservation initiatives. Complex regulatory frameworks, intellectual property rights, and access
and benefit-sharing agreements can complicate germplasm conservation initiatives.

d. Climate Change: Rapid environmental changes put germplasm collections at risk from pests,
diseases, and shifting habitats.

Modern Germplasm Conservation Strategies:

Effective Germplasm work includes the collection, storage, analysis, documentation, and exchange of
genetic information. This information can be stored as accessions, which is DNA sequence
information, or live cells/tissues that can be preserved. However, only about 5% of current
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germplasm resources are living samples. For live cells/tissues, germplasm resources can be stored ex
situ in seed banks, botanic gardens, or through cryopreservation. Cryopreservation is the process of
storing germplasm at very low temperatures, such as liquid nitrogen. This process ensures that cells
do not degrade and keeps the germplasm intact. In addition, resources can be stored in situ such as
the natural area the species was found.

Cryopreservation: The use of ultra-low temperatures to store seeds, tissues, and embryos, allowing
for long-term preservation and easy distribution.

In Vitro Conservation: Tissue culture techniques to grow plant germplasm in controlled
environments, minimizing space requirements and reducing the risk of contamination.

In Situ Conservation: Protecting germplasm in its natural habitat through the establishment of
biodiversity reserves, sanctuaries, and community-managed conservation areas.

DNA Banking: The preservation of genetic information through DNA storage, enabling the
reconstruction of organisms when needed.

Seed Banks and Genebanks: Institutions maintain collections of seeds, tissues, and genetic material
from diverse plant and animal species. These collections are carefully curated and stored for long-
term preservation. India's network of national genebanks stores seeds and germplasm of major
crops and indigenous varieties, ensuring their availability for breeding programs.

Table - 1 Gene banks for various crops in India

Institutes Crops
Central Institute for Cotton Research, Nagpur Cotton
Central Plantation crops Research Institute, Kasargod FPlantation crop
Central Potato Research Institute, Simla Potato
Central tobacco research Institute, Rajahmundry Tobacco

Central tuber crops research Institute, Thiruvananthapuram Tuber crops other than potato

Central Rice Research Institute, Cuttack Rice

Directorate of Qilseeds research, Hyderabad Qilseeds

Directorate of Wheat Research, Karnal Wheat

Indian Agricultural Research Institute, New Delhi Maize

Indian Grassland and Fodder Research Institute, Jhansi Forge and fodder crops
MNational research centre for sorghum, Hyderabad Sorghum

International Crops Research Institute for Semi-Arid Tropics Groundnut, Pearl millet, Sorghum,
Pigeon pea and Bengal gram
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Digitalization: Utilizing digital technologies to document and share information about germplasm
collections. Implementing digital databases and barcoding systems to document, track, and share
germplasm information efficiently.

Global Collaboration: International efforts to coordinate germplasm conservation and sharing,
reducing duplication of efforts and increasing efficiency.

Community Engagement: Involving local communities in germplasm conservation, respecting their
traditional knowledge, and sharing benefits.

Climate-Smart Collections: Prioritizing germplasm conservation of crops and breeds with traits
that enhance resilience to climate change.

Conclusion:

Germplasm conservation is a critical component of modern agriculture and conservation efforts. In
the face of evolving challenges, innovative strategies such as cryopreservation, in vitro conservation,
and digitalization are reshaping the field. Today we may not as yet know everything about future
demands for crop varieties. But we know the supply source and it has to be conserved in its entirety.
Systematic and institutionalized conservation activities based on scientific principles are established
for posterity to be able to breed crop varieties and face new challenges. A conserved genotype
without accompanying information on its origin and typical characteristics is of limited value.
Information helps classify, maintain, query, analyse and use the genetic resources. Germplasm
conservation in India is not only a scientific endeavor but also a cultural and economic imperative. In
the modern era, a combination of traditional knowledge and cutting-edge technologies offers hope
for preserving India's genetic wealth. Collaborative efforts, community engagement, and policy
reforms are essential to overcoming the challenges and securing India's genetic resources for future
generations. As India navigates the complexities of a changing world, germplasm conservation
remains a cornerstone of its agricultural and environmental resilience.
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