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Genetic	diversity	constitutes	the	fundamental	basis	of	biodiversity	and	plays	a	critical	role	in	crop	improvement,	ecosystem	resilience,	
and	global	food	security.	However,	rapid	genetic	erosion	caused	by	habitat	degradation,	climate	change,	agricultural	intensi�ication,	
and	 the	 widespread	 adoption	 of	 genetically	 uniform	 cultivars	 threatens	 valuable	 plant	 genetic	 resources.	 The	 conservation	 and	
utilization	of	crop	genetic	diversity	are	essential	for	developing	resilient,	high-yielding,	and	nutritionally	enhanced	varieties	capable	of	
adapting	to	changing	environmental	conditions.	Recent	advances	in	molecular	markers,	genomics,	omics	technologies,	genome	editing,	
and	arti�icial	intelligence	have	revolutionized	the	assessment	and	exploitation	of	genetic	variation	for	crop	improvement.	Crop	wild	
relatives,	 landraces,	and	underutilized	species	represent	important	reservoirs	of	adaptive	genes	for	resistance	to	biotic	and	abiotic	
stresses.	 This	 review	highlights	 the	 importance	 of	 genetic	 diversity	 in	 agricultural	 biodiversity,	methods	 for	 diversity	 assessment,	
conservation	 strategies,	 modern	 breeding	 approaches,	 and	 emerging	 technologies	 for	 sustainable	 crop	 improvement.	 Future	
perspectives	emphasize	integrating	biodiversity	conservation	with	precision	breeding	and	climate-smart	agriculture	to	ensure	food	and	
nutritional	security.

©	2023	by	the	authors.	This	is	an	open	access	article	distributed	under	the	terms	and	conditions	of	the	Creative	Commons	Attribution	(CC	
BY)	License,	which	permits	unrestricted	use,	distribution,	and	reproduction	in	any	medium,	provided	the	original	author(s)	and	source	
are	credited.	To	view	a	copy	of	this	license,	visit	http://creativecommons.org/licenses/by/4.0/.

Volume 02, Issue 02, 2023 |	07	to	11. DOI:	https://doi.org/10.51470/BDR.2023.02.02.07

Review	Article Journal homepage: https://biodiversity.crcjournals.org/

BIODIVERSITY	REPORTS ISSN:	3117-8596

1 1 1 2
K.	R.	Saravanan* ,						S.	Suganthi* ,						S.	Vennila 						and	Renganathan	P

1.	Introduction
Genetic diversity is a fundamental component of biodiversity 
and represents the basis for crop adaptation, evolution, and 
sustainable agricultural development. The diversity present 
within and among crop species provides the raw material for 
plant breeding and enables crops to respond to changing 
environmental conditions, pests, diseases, and other biotic and 
abiotic stresses. Over thousands of years, natural selection and 
human intervention have contributed to the domestication and 
diversi�ication of numerous crop species, resulting in the 
development of landraces, traditional cultivars, and improved 
varieties adapted to different agroecological regions. However, 
the increasing adoption of genetically uniform high-yielding 
cultivars, coupled with habitat degradation, urbanization, 
climate change, and intensive agricultural practices, has 
accelerated genetic erosion and reduced the availability of 
valuable plant genetic resources. Agricultural biodiversity plays 
a critical role in maintaining ecosystem stability, ensuring food 
and nutritional security, and supporting sustainable livelihoods. 
Crop genetic diversity contributes to yield stability, disease 
resistance, stress tolerance, and quality improvement [1]. The 
conservation and effective utilization of genetic resources have 
therefore become major priorities for researchers, plant 
breeders, and policymakers worldwide. Crop wild relatives and 
indigenous landraces represent reservoirs of useful genes that 

can be exploited for the development of climate-resilient and 
nutritionally enriched cultivars. An advances in molecular 
biology, genomics, bioinformatics, and biotechnology have 
revolutionized the characterization and utilization of genetic 
diversity for crop improvement. Recent developments in high-
throughput sequencing, molecular marker technologies, 
genome-wide association studies, and genome editing have 
enabled researchers to explore genetic variation with 
unprecedented precision. These technologies facilitate the 
identi�ication of genes associated with agronomic traits and 
accelerate breeding programs aimed at improving crop 
productivity and resilience [2-3]. The global climate change, 
population growth, and increasing food demand, conserving 
and harnessing crop genetic diversity has become essential for 
ensuring sustainable agricultural production and achieving 
global food security. Therefore, this review focuses on the 
importance of genetic diversity in agricultural biodiversity, 
conservation strategies, methods for diversity assessment, and 
modern approaches for crop improvement and sustainable 
agriculture.

2.	 Genetic	 Diversity	 as	 a	 Component	 of	 Agricultural	
Biodiversity
Agricultural biodiversity encompasses the diversity of plants, 
animals, microorganisms, and ecosystems that support food 
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Table	1:	Major	Sources	of	Genetic	Diversity	and	Their	Importance	in	Crop	Improvement

production and ecosystem services. Among these components, 
genetic diversity within crop species constitutes one of the most 
valuable resources for maintaining agricultural sustainability 
and resilience. Genetic diversity refers to the variation in genes, 
alleles, and genotypes among individuals and populations of the 
same species. Such variation provides plants with the capacity 
to adapt to environmental changes and enables breeders to 
d e ve l o p  i m p rove d  va r i e t i e s  p o s s e s s i n g  d e s i ra b l e 
characteristics, including higher yield, enhanced nutritional 
quality, resistance to pests and diseases, and tolerance to abiotic 
stresses. The importance of genetic diversity in crop evolution is 
well recognized [4]. During domestication, farmers selected 
plants with favorable traits, leading to the development of 
diverse landraces and traditional varieties adapted to local 
environments. These genetic resources possess unique 
combinations of genes that are often absent in modern cultivars. 
Crop wild relatives, which represent the ancestral forms of 
cultivated species, contain valuable alleles associated with 
stress tolerance, disease resistance, and adaptation to harsh

environments. They serve as important reservoirs of genetic 
variability and have contributed signi�icantly to crop 
improvement programs worldwide. For example, genes 
conferring resistance to rust diseases in wheat and tolerance to 
drought in rice have been introduced from wild relatives into 
cultivated varieties [5]. Despite their importance, genetic 
resources are increasingly threatened by genetic erosion caused 
by habitat destruction, replacement of traditional cultivars with 
uniform varieties, climate change, and changing agricultural 
practices. Genetic erosion reduces the adaptive potential of 
crops and increases vulnerability to environmental stresses and 
emerging diseases. Consequently, the preservation and 
sustainable utilization of crop genetic diversity are essential for 
maintaining agricultural biodiversity and ensuring future food 
security. The integration of traditional knowledge with modern 
breeding technologies can facilitate the ef�icient exploitation of 
genetic resources for developing resilient and sustainable 
agricultural systems.

2.1	Importance	of	Genetic	Diversity	in	Crop	Evolution
Genetic diversity has played a central role in the domestication 
and evolution of crop species. Natural selection, mutation, 
recombination, and human-mediated selection have generated 
extensive variation within crop populations over time. This 
diversity enables plants to adapt to diverse ecological 
conditions and provides opportunities for continuous crop 
improvement. Genetic variability contributes to phenotypic 
differences in plant morphology, growth habits, �lowering 
behavior, productivity, and resistance mechanisms [6]. The 
availability of diverse genetic resources ensures the long-term 
sustainability of breeding programs and supports the 
development of varieties capable of coping with emerging 
environmental challenges.

2.2	Sources	of	Genetic	Variation	in	Crop	Plants
Crop genetic variation originates from multiple sources, 
including landraces, traditional cultivars, wild relatives, 
induced mutations, and germplasm collections maintained in 
gene banks. Landraces represent genetically heterogeneous 
populations that have evolved through farmer selection and 
environmental adaptation over centuries. These populations 
often exhibit superior tolerance to local stresses and possess 
valuable genes for quality traits. Crop wild relatives contain 
unique alleles absent in cultivated species and serve as 
important donors for resistance genes. Mutation breeding and 
modern biotechnological approaches further contribute to the 
generation of novel genetic variability [7]. In addition, global 
germplasm repositories preserve thousands of accessions that 

constitute an invaluable source of genetic diversity for crop 
improvement.

2.3	Crop	Wild	Relatives	and	Landraces	as	Genetic	Resources
Crop wild relatives and landraces constitute indispensable 
components of agricultural biodiversity. They possess broad 
genetic variability and harbor genes associated with resistance 
to diseases, pests, drought, salinity, and temperature extremes. 
Many successful breeding programs have utilized these 
resources to improve crop productivity and resilience. 
Indigenous communities and traditional farming systems have 
played a signi�icant role in maintaining and conserving these 
genetic resources through seed selection and cultivation 
practices [8]. Their conservation and utilization are essential for 
developing climate-resilient crops and enhancing agricultural 
sustainability.

2.4	Genetic	Erosion	and	Loss	of	Agricultural	Biodiversity
Genetic erosion refers to the gradual loss of genetic diversity 
resulting from the replacement of traditional varieties by 
genetically uniform cultivars, habitat fragmentation, climate 
change, and changes in land use. The Green Revolution 
signi�icantly increased crop productivity but also contributed to 
the reduction of genetic variability in many crop species. Loss of 
genetic diversity increases susceptibility to pests, diseases, and 
environmental stresses, thereby threatening food security and 
ecosystem stability [8]. Conservation and sustainable 
management of plant genetic resources are therefore critical for 
preserving biodiversity and maintaining the adaptive capacity 
of agricultural systems.

Abbreviations:	CWRs	=	Crop	Wild	Relatives;	CGIAR	=	Consultative	Group	on	International	Agricultural	Research.
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3.	Conservation	of	Crop	Genetic	Resources
The conservation of crop genetic resources is essential for 
safeguarding agricultural biodiversity and ensuring the 
availability of genetic variation for future breeding programs. 
Conservation strategies are broadly categorized into in situ and 
ex situ approaches, both of which complement each other in 
preserving valuable germplasm. These approaches aim to 
maintain genetic diversity, prevent genetic erosion, and 
facilitate access to plant genetic resources for research and crop 
improvement [9]. In	situ conservation involves the maintenance 
of crop species and their wild relatives in their natural habitats 
or traditional farming systems. This strategy allows 
evolutionary processes to continue and enables populations to 
adapt to changing environmental conditions. On-farm 
conservation practiced by indigenous communities and farmers 
plays a crucial role in preserving landraces and traditional 
varieties. Such conservation methods not only maintain genetic 
diversity but also preserve traditional knowledge and cultural 
heritage associated with crop cultivation. Protected areas, 
biosphere reserves, and natural ecosystems are important sites 
for conserving crop wild relatives and maintaining ecosystem 
stability [8]. Ex	situ conservation involves the preservation of 
genetic materials outside their natural habitats. Gene banks, 
seed banks, �ield gene banks, tissue culture repositories, and 
cryopreservation facilities are widely used to conserve crop 
germplasm. International organizations such as the 
Consultative Group on International Agricultural Research 
(CGIAR) and national gene banks maintain extensive collections 
of crop accessions that serve as invaluable resources for 
breeding programs. The Svalbard Global Seed Vault in Norway 
functions as a backup repository for preserving seeds from 
around the world and plays a signi�icant role in safeguarding 
plant genetic diversity. Underutilized and indigenous crops are 
increasingly recognized for their potential contribution to food 
and nutritional security under changing climatic conditions. 
These species often exhibit superior tolerance to environmental 
stresses and possess unique nutritional and medicinal 
properties. Their conservation and promotion can diversify 
agricultural systems and reduce dependence on a limited 
number of major crops. Integrating biodiversity conservation 
with sustainable agricultural practices is therefore essential for 
achieving long-term food security and ecosystem resilience.

3.1	In	Situ	Conservation
In situ conservation maintains species within their natural 
ecosystems and agricultural landscapes, allowing continuous 
adaptation and evolution. On-farm conservation of landraces 
and traditional cultivars by farming communities contributes 
signi�icantly to maintaining genetic diversity and preserving 
local knowledge systems.

3.2	Ex	Situ	Conservation	and	Gene	Banks
Ex situ conservation relies on seed banks, �ield gene banks, 
botanical gardens, tissue culture collections, and cryogenic 
storage facilities. These repositories provide secure storage and 
easy accessibility of germplasm for research and crop 
improvement purposes.

3.3	Seed	Vaults	and	Cryopreservation
Global seed vaults and cryopreservation technologies ensure 
long-term preservation of valuable genetic resources. Cryogenic 
storage using liquid nitrogen allows the maintenance of seeds, 
embryos, and vegetative tissues for extended periods without 
genetic deterioration.

3.4	Conservation	of	Underutilized	and	Indigenous	Crops
Neglected and underutilized species represent important 
reservoirs of genetic diversity and nutritional resources. Their 
conservation and utilization can contribute to sustainable 
agriculture, dietary diversi�ication, and climate resilience.

3.5	 Role	 of	 Biodiversity	 Conservation	 in	 Sustainable	
Agriculture
Biodiversity conservation strengthens ecosystem services, 
enhances resilience against environmental stresses, and 
supports sustainable crop production. Effective conservation 
and utilization of genetic resources are essential for addressing 
future challenges related to climate change, food security, and 
sustainable agricultural development.

4.	Methods	for	Assessment	of	Genetic	Diversity
The assessment of genetic diversity is essential for 
understanding the extent of variation within and among crop 
populations and for identifying desirable traits that can be 
utilized in breeding programs. Traditionally, morphological and 
agronomic characteristics such as plant height, seed size, 
�lowering duration, and yield attributes have been employed to 
evaluate diversity. Although these traits provide valuable 
information, their expression is strongly in�luenced by 
environmental factors and developmental stages, limiting their 
reliability. Cytological and biochemical markers, including 
chromosome number, isozyme analysis, and protein pro�iling, 
have also been used to characterize genetic variation [9]. 
However, these approaches possess limited resolution and often 
fail to reveal subtle genetic differences. The advent of molecular 
marker technologies has revolutionized genetic diversity 
studies by enabling direct analysis of DNA polymorphisms. 
Marker systems such as restriction fragment length 
polymorphism (RFLP), random ampli�ied polymorphic DNA 
(RAPD), ampli�ied fragment length polymorphism (AFLP), 
simple sequence repeats (SSR), inter-simple sequence repeats 
(ISSR), and single nucleotide polymorphisms (SNPs) have been 
widely employed to investigate genetic relationships among 
crop genotypes. DNA �ingerprinting and DNA barcoding further 
f a c i l i t a t e  s p e c i e s  i d e n t i � i c a t i o n  a n d  g e r m p l a s m 
characterization. Recent advances in next-generation 
sequencing and high-throughput genotyping technologies have 
greatly enhanced the ability to identify genetic variations at the 
genome-wide level. Bioinformatics tools and statistical 
software are increasingly used to analyze large genomic 
datasets and construct phylogenetic relationships, thereby 
supporting ef�icient conservation and utilization of genetic 
resources.

5.	Role	of	Genetic	Diversity	in	Crop	Improvement
Genetic diversity forms the basis of crop improvement by 
providing a reservoir of genes responsible for economically 
important traits. Conventional breeding methods, including 
selection, hybridization, mutation breeding, and backcrossing, 
have relied heavily on naturally occurring genetic variability to 
develop improved cultivars. Diverse germplasm sources enable 
breeders to combine desirable traits such as high yield potential, 
improved nutritional quality, resistance to pests and diseases, 
and tolerance to adverse environmental conditions. The 
utilization of landraces and crop wild relatives has signi�icantly 
contributed to the development of superior cultivars in many 
major crops.
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Modern breeding approaches have further enhanced the 
exploitation of genetic diversity. Marker-assisted selection, 
quantitative trait loci mapping, genome-wide association 
studies, and genomic selection have accelerated breeding 
ef�iciency by enabling precise identi�ication of genes associated 
with target traits. The incorporation of stress-tolerant genes 
from wild species has facilitated the development of climate-
resilient varieties capable of withstanding drought, heat, 
s a l i n i t y,  a n d  e m e rg i n g  p a t h o g e n s  [ 1 0 ] .  M o re ove r, 
bioforti�ication programs aimed at enhancing micronutrient 
content in staple crops have utilized genetic diversity to combat 
malnutrition and hidden hunger. The effective utilization of 
genetic variation remains indispensable for ensuring 
sustainable agricultural production and global food security.

6.	Genomics	and	Omics	Approaches	in	Harnessing	Genetic	
Diversity
Advances in genomics and omics technologies have 
transformed the understanding and exploitation of genetic 
diversity in crop plants. Structural and functional genomics 
provide comprehensive insights into gene organization, 
expression patterns, and regulatory mechanisms governing 
important agronomic traits. High-throughput sequencing 
technologies have enabled the assembly of crop genomes and 
the identi�ication of genes associated with yield, quality, and 
stress tolerance. Transcriptomics investigates gene expression 
under different environmental conditions, while proteomics 
and metabolomics provide information regarding proteins and 
metabolites involved in physiological processes and adaptive 
responses. Phenomics, which focuses on high-throughput 
characterization of plant traits, complements genomic studies 
by linking genotype with phenotype. Integration of genomics, 
transcriptomics, proteomics, metabolomics, and phenomics 
through multi-omics approaches facilitates a systems-level 
understanding of crop biology. Recently, pangenomics and 
super-pangenomes have emerged as powerful tools for 
capturing the entire spectrum of genetic variation within 
species, including rare and structural variants absent in 
reference genomes. These technologies provide new 
opportunities for identifying novel genes and alleles that can be 
exploited for crop improvement and biodiversity conservation.

7.	Genetic	Diversity	and	Climate	Change	Adaptation
Climate change poses serious threats to agricultural 
productivity through increased frequency of droughts, heat 
waves, salinity, �looding, and emerging pests and diseases. 
Genetic diversity provides the foundation for developing crop 
varieties capable of adapting to these changing conditions. 
Diverse genetic resources contain alleles associated with 
tolerance to abiotic stresses and can be incorporated into 
breeding programs to enhance crop resilience. Landraces and 
crop wild relatives have proven particularly valuable sources of 
adaptive genes for improving drought tolerance, heat 
resistance, and salinity tolerance in several crop species. In 
addition to abiotic stresses, climate change in�luences the 
distribution and severity of pests and pathogens. Genetic 
diversity contributes to the development of disease-resistant 
cultivars, reducing dependence on chemical pesticides and 
promoting sustainable crop production [8]. The identi�ication 
and deployment of resistance genes through molecular 
breeding and genomic approaches are essential for combating 
emerging threats. 

Climate-smart crop improvement strategies that integrate 
genetic diversity with modern breeding technologies can help 
maintain productivity, stabilize yields, and enhance food 
security under future climate scenarios.

8.	 Biodiversity-Based	 Approaches	 for	 Sustainable	
Agriculture
Biodiversity-based agricultural systems contribute to 
ecosystem stability, resilience, and sustainable production. 
Agro-biodiversity enhances ecological interactions, improves 
nutrient cycling, supports pollinators, and reduces vulnerability 
to pests and diseases. Crop diversi�ication, intercropping, mixed 
farming systems, and agroforestry practices increase biological 
diversity and improve resource use ef�iciency. Diversi�ied 
cropping systems also contribute to soil fertility, carbon 
sequestration, and climate change mitigation. Underutilized 
and neglected crop species possess unique nutritional and 
adaptive characteristics and represent promising alternatives 
for enhancing food and nutritional security [6]. These species 
often exhibit greater tolerance to harsh environmental 
conditions and require fewer external inputs. Sustainable 
utilization of genetic resources and diversi�ication of 
agricultural systems can contribute signi�icantly to achieving 
the Sustainable Development Goals related to food security, 
poverty alleviation, and environmental sustainability. 
Integrating biodiversity conservation with modern agricultural 
practices is therefore essential for ensuring resilient and 
sustainable food systems.

9.	Challenges	and	Future	Perspectives
Despite remarkable advances in crop genetics  and 
biotechnology, several challenges continue to hinder the 
effective conservation and utilization of genetic diversity. 
Genetic erosion resulting from habitat destruction, replacement 
of traditional varieties, and climate change threatens valuable 
germplasm resources. Limited �inancial resources, inadequate 
infrastructure, and restricted access to genetic resources 
further constrain conservation efforts, particularly in 
developing countries. Technical challenges associated with 
handling large genomic datasets and regulatory concerns 
surrounding biotechnology and genome editing also require 
careful consideration. Future crop improvement strategies 
should focus on integrating conventional breeding with 
genomics, arti�icial intelligence, phenomics, and genome editing 
technologies [10]. Greater emphasis should be placed on 
exploiting crop wild relatives, indigenous landraces, and 
underutilized species as sources of novel genetic variation. 
International collaborations, open-access genomic databases, 
and strengthened gene bank networks will be essential for 
promoting conservation and facilitating germplasm exchange. 
Sustainable management of agricultural biodiversity combined 
with innovative breeding technologies will play a critical role in 
addressing food insecurity, climate change, and environmental 
challenges in the coming decades.

10.	Conclusion
Genetic diversity is the cornerstone of agricultural biodiversity 
and serves as the foundation for sustainable crop improvement 
and food security. 
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The conservation and effective utilization of plant genetic 
resources are essential for developing high-yielding, climate-
resilient, and nutritionally enhanced crop varieties capable of 
meeting the demands of a growing population. Advances in 
genomics, molecular breeding, genome editing, arti�icial 
intelligence, and multi-omics technologies have signi�icantly 
expanded opportunities for exploiting genetic variation with 
unprecedented precision. Simultaneously, the conservation of 
crop wild relatives, landraces, and underutilized species 
remains vital for preserving biodiversity and maintaining 
ecosystem resilience. Integrating biodiversity conservation 
with innovative breeding strategies and climate-smart 
agricultural practices will be crucial for ensuring sustainable 
food systems and achieving global agricultural sustainability in 
the future.
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