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eeding the world is becoming more challenging than ever. Climate change, frequent

droughts, new pests and diseases and declining soil health are putting enormous pressure
on agriculture. In this situation, the real strength of crop improvement does not come only
from fertilizers or technologies, but from the genetic diversity hidden within plants
themselves. This diversity is what scientists and breeders call germplasm.

Germplasm refers to the living genetic resources of plants, such as seeds, plant parts,
or tissues, that carry valuable traits. These traits include higher yield, resistance to diseases
and insects, tolerance to drought or heat and improved nutritional quality. Germplasm is the
raw material of plant breeding, developing better crop varieties without germplasm would not
be possible. The Food and Agriculture Organization (FAO) recognizes germplasm as a key
resource for ensuring global food security and sustainable agriculture.

The use of germplasm is not new. Since the beginning of agriculture, farmers have
been selecting and saving seeds from better performing plants, unknowingly conserving
valuable genetic diversity. The scientific importance of this diversity was formally
recognized in the early twentieth century by Nikolai Vavilov, who emphasized the role of
traditional varieties and wild relatives as rich sources of useful genes. However, the
expansion of modern agriculture led to the widespread replacement of local varieties,
resulting in genetic erosion and increased crop vulnerability to stress. Today, germplasm
stands as both our agricultural heritage and a critical resource for developing resilient crops
capable of meeting future food demands in a changing world.

What is germplasm? And its role

Germplasm refers to the total genetic variability available within a plant species, preserved in
the form of seeds, planting materials, tissues, or living plants and used for conservation,
research and crop improvement. In plant breeding, germplasm serves as the primary source of
genes required for the development of improved crop varieties.

Plant germplasm exists in diverse forms, including landraces maintained by farmers,
wild relatives of cultivated crops, obsolete and modern cultivars and advanced breeding lines,
mutants and genetic stocks developed through scientific programs. Each category contributes
unique alleles and trait combinations, enriching the genetic base available to breeders. Wild
relatives and landraces, in particular, often harbor genes for stress tolerance and adaptation
that are absent in modern varieties.

Global germplasm repositories
Global germplasm repositories form the backbone of international crop improvement efforts
by preserving and distributing plant genetic resources. These repositories systematically
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collect, conserve, characterize, document and share seeds and planting materials from diverse

agro-ecological regions. By maintaining collections that include landraces, wild relatives,

obsolete cultivars, advanced breeding lines and genetic stocks, they ensure that breeders have
access to a broad genetic base for developing improved and resilient crop varieties.

Major institutions contributing to the global germplasm management are

e Svalbard Global Seed Vault (Norway) — Acts as a global backup facility, preserving
duplicate seed samples from gene banks across the world under secure, long-term storage
conditions.

e« Germplasm Resources Information Network (USA) — Operated under the U.S.
National Genetic Resources Program, GRIN provides extensive plant genetic collections
and an open-access database for breeders and researchers.

e CGIAR Centers — International institutes such as the International Rice Research
Institute, International Maize and Wheat Improvement Center and International Crops
Research Institute for the Semi-Arid Tropics manage globally significant crop collections.

Germplasm repositories in India

o National Bureau of Plant Genetic Resources (NBPGR) — India’s apex institution for
germplasm conservation, responsible for collection, characterization, documentation and
regulation of germplasm exchange.

e Indian Council of Agricultural Research (ICAR) Network Institutes — Crop-specific
repositories at institutes such as IIRR (rice), IWBR (wheat) and IIMR (millets).

o Forest Research Institute (FRI), Dehradun — Conserves Forest tree genetic resources
and supports research on tree improvement and biodiversity conservation.

Together, these repositories form a coordinated system that safeguards plant genetic diversity

and strengthens breeding programs for future food and environmental security.

Utilization of germplasm in breeding programs

The true value of germplasm lies not only in its conservation but in its effective utilization in
crop improvement programs. Plant breeders systematically evaluate germplasm collections to
identify useful traits and introgress them into cultivated varieties through conventional
breeding, pre-breeding, wide hybridization and modern molecular approaches. Wild relatives
and exotic accessions are especially valuable because they often possess resistance genes and
adaptive traits absent in elite cultivars. For instance, in rice, Oryza rufipogon has contributed
resistance to bacterial blight (BB), brown planthopper (BPH) and tungro virus, along with
yield-enhancing QTLs, while Oryza coarctata has served as a source of salt tolerance. In
maize, Zea diploperennis provides viral immunity and resistance to Striga and Zea
nicaraguensis contributes waterlogging tolerance. Wheat improvement has utilized Aegilops
tauschii for resistance to Hessian fly and powdery mildew. In cotton, Gossypium stocksii has
supplied resistance to leaf curl virus and reniform nematode, while improving fiber traits.
Similarly, tomato breeding has benefited from wild species such as Solanum pimpinellifolium
and Solanum pennellii, which provide resistance to major diseases as well as tolerance to
drought and salinity. These are only a few illustrative examples. Such genetic potential exists
across nearly all crops and systematic exploration of germplasm collections continues to
reveal novel alleles for yield stability, stress tolerance and quality improvement. When
effectively characterized and utilized, germplasm becomes a powerful tool enabling breeding
programs to address emerging challenges and ensure sustainable agricultural productivity.

Table 1: Selected wild germplasm sources and their utilization in crop improvement
programs

Rice
Resistance to BB, BPH, tungro virus,

O. rufipogon AA tolerance to aluminum and soil acidity;
source of CMS, yield-enhancing loci (QTLS)

(Brar and
Khush, 2018)
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O. breviligulata AIAY Resistance to GLH, BB; drought avoidance
Resistance to BB, nematodes, stemborer and

- - I I
O. longistaminata A'A drought avoidance

O. coarctata KKLL Salt tolerance
O. granulata GG Shade tolerance and adaptation to aerobic soil
Maize
Zea diploperennis MM Viral immunity, Striga resistance
Zeamays L. zZ resistance to the maize weevil (Prasanna,
var. everta 2012)
Zea nicaraguensis L"" Waterlogging Tolerance
Wheat
. .. Resistance to Hessian fly and powdery
Aegilops tauschii DD mildew. (Feldman and
Aegilops speltoides SS Source for stripe rust and stem rust. Sears, 1981)
Triticum turgidum  AABB Drought Tolerance
Cotton
Gossypium nelsonii Gs Drought tolerance
Gossvoium stocksii E Strong fibers, resistance to leaf curl virus,
yp ! resistance to reniform nematode (Saleem et al.,
. Resistance to cotton wilt and angular leaf 2021)
Gossypium q f lasmi le sterilit
anomalum B, spot; donor for cytoplasmic male sterility
(CMS).
Tomato
Solanum i Resistance source for fusarium wilt, late
impinellifolium blight and leaf mould
SF())IarF:um pennellii - Drough% and salinity tolerance (S_aeed and
. Fatima, 2021)
Lycopersicon

hi - resistance for cold and drought
irsulum
Germplasm conservation

Germplasm conservation is important for sustaining crop improvement and long-term food
security. Rapid agricultural modernization, urbanization and environmental changes have
accelerated genetic erosion, leading to the loss of valuable traits. Conservation is achieved
through ex situ methods such as gene banks, seed banks, field gene banks and in vitro
storage. Additionally, in situ conservation occurs in farmers’ fields and natural habitats. Thus,
conserving germplasm guarantees that this genetic diversity is accessible for current and
future breeding initiatives.

Benefits of germplasm use in crop improvement

o Broadens the genetic base of cultivated varieties

« Provides novel genes for resistance to pests and diseases

o Enhances tolerance to drought, salinity, heat and other abiotic stresses

« Improves yield stability across environments

o Contributes to nutritional and quality enhancement

e Supports pre-breeding and gene introgression programs

Thus, conserved germplasm serves as a strategic resource, strengthening breeding programs
and promoting sustainable agricultural development.

Limitations of germplasm use in crop improvement
Although germplasm offers immense potential, its effective utilization in breeding programs
is often limited by several practical and scientific challenges
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e Linkage drag — Undesirable traits are often transferred along with useful genes during
introgression from wild relatives.

o Crossability barriers — Genetic incompatibility between cultivated crops and wild
species can limit successful hybridization.

e Poor agronomic performance of wild accessions — Many wild germplasm lines possess
undesirable traits such as low yield, seed shattering, or poor adaptation, requiring
extensive pre-breeding.

e Limited characterization and evaluation data — Many conserved accessions lack
detailed phenotypic and genotypic information, making selection difficult.

e Time consuming pre-breeding process — Incorporating traits from exotic germplasm
into elite backgrounds requires multiple generations of selection and backcrossing.

e Legal and policy constraints — Access and benefit-sharing regulations can complicate
international germplasm exchange.

Conclusion

Germplasm represents the genetic foundation upon which present and future crop
improvements depend. Plant genetic resources, ranging from traditional landraces preserved
by farmers to wild relatives safeguarded in global repositories, represent centuries of
adaptation and evolution. In an era marked by climate change, emerging pests and diseases
and increasing food demand, the importance of conserving and effectively utilizing
germplasm has never been greater. It provides breeders with the raw material needed to
develop high-yielding, stress-tolerant and nutritionally improved varieties capable of
sustaining agricultural productivity under changing environments. Despite ongoing issues
like genetic erosion, limited characterization, and the complexities of pre-breeding, progress
in genomics and breeding technologies is opening up new possibilities to more effectively
utilize this diversity. Ultimately, germplasm is far more than just a collection of seeds; it is a
living reservoir of possibilities. Strengthening its conservation, documentation and strategic
use will be essential for ensuring resilient cropping systems and global food security for
generations to come.
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