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ABSTRACT

work faster and fit new climates.

Seed conservation protects crops from climate change and habitat loss. When weather gets extreme, plants can’t adapt, and farms lose
yield. Seed banks store plant genes for future farming and restoration work. There are more than 1750 individual gene banks and
approximately 2500 botanical gardens worldwide, collectively storing over 7.4 million accessions with intentional redundancy built into
storage. Local community seed banks help farmers protect plant variety and share seeds. Wild sourcing of seed can result in further loss
of biodiversity and habitat, especially if unmanaged, thereby making seed supply unpredictable from year to year. The Svalbard Global
Seed Vault provides a form of insurance by preserving genetic material for future use. Future tools like Al and biotech will make seed
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Introduction

Seeds are the units for the sustainability of agriculture and for the next
generation. To preserve seeds, seed banks play a major role in maintenance
and regeneration. Large-scale land degradation is being observed globally,
which is caused by both climate change and human-made activities. There
is an increased awareness of the need to stop this trend, which is
increasingly threatening the survival of the human race. Ecological
restoration is now receiving considerable attention and is a global priority.
The UN has named 2021-2030 as the Decade of Ecosystem Restoration.
The importance of restoring degraded natural habitats is recognized by the
Convention on Biological Diversity (CBD), which set a target of restoring
15% of degraded ecosystems by 2020 [1]. However, these targets were not
achieved, and the post-2020 Global Biodiversity Framework has been
developed, aiming to restore 30% of degraded habitats by 2030 [2].

The future climate crisis threatens our very existence, evidenced by recent
catastrophic events such as wildfires (rare occurrences) and the global
destruction of natural resources [3]. Seeds, which transmit genetic material
to the next generation, are also vulnerable to risks while in storage [4]. Some
seeds exhibit incredibly long natural survival [5]. Seed conservation
for food security and biodiversity is a critical component of any
preparedness plan, helping to mitigate the potentially devastating effects of
natural disasters and preserve the genetic diversity of crops [6]. This durable
early growth can contribute to better resistance against biotic and abiotic
stress factors such as pests, diseases, drought, and inadequate soil
conditions, ultimately leading to improved crop yields [7].

Several major seed conservation centers, such as the Svalbard Global Seed
Vault (SGSV) and the Kew Millennium Seedbank, play a crucial role in
conserving genetic resources for the future [8]. Despite long-term
preservation, it is crucial to emphasize the need for mandatory and regular
monitoring of seed health within these facilities to ensure sustainability [9].
The maintenance of ex situ (outside the field) seed banks is recognized as a
resource-intensive undertaking, requiring adherence to strict quality control
measures established by international forums to optimize the conservation
of genetic resources [10]. The SGSV, a central storage facility built into the
mountain permafrost on a Norwegian island in the high Arctic. Thousands
of years ago, major changes in culture and society arose when humans
began to harness the diversity of plant seeds and their capacity over the long
term [11].

Need for Seed Conservation

Seeds are a priority to conserve biodiversity as each seed has diverse genetic
material to protect the gene pool in its specimen[26]. Furthermore, seeds
develop into seedlings without any requirements for costs and other
procedures. Thus, the samples of higher plant species are mostly stored in
seed banks as seeds[27]. So, Global climate change, with extreme weather
events, impairs the reproductive development of crops and reduces their
overall yield. On the other hand, increased species diversity has been
recorded, indicating the emergence of more favorable climates
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[12]. Changes have been observed in the distribution ranges of many
species [13].

Seeds Preservation Methods

Conventional storage means that seeds are treated in climate control
environment. Drying seeds at 5-20 °C and 10-25% relative humidity; at this
stage, it holds 5% moisture [15]. According to the standard method, for a
short time period, > 18 months, the temperature was kept between 0-5 °C
[16]. In Mediterranean gene banks, seeds of native plants are stored at -25
°C [17]. Cryopreservation is the most advanced technique to store seeds at
extremely low temperatures by using liquid nitrogen (-196 °C); it
effectively ceased the cell aging in seeds [18]. In cryogenic storage, it
solidified the solution without the formation of ice crystals, resulting in a
glassy structure [19].

Role of Community Seed Banks

Community seed banks serve as a vital platform for the community-based
management of biodiversity and informal seed systems. These community
seed banks can be organized into networks linked to national seed banks,
thereby enabling the exchange of germplasm among them. Local sourcing
is a key strategy for resource acquisition for recovery projects [22, 28].
During this process, local communities have also demonstrated their
capacity to provide ample tree-planting materials for restoration and to
assist poor households with alternative livelihoods Harrington’s rule [23].
The establishment of community seed banks can strengthen the capacity of
communities to provide high-quality and genetically diverse planting
material.
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Fig.1: Community seed bank as an institution for access
The Doomsday Vault
GenBank gives seeds to scientists and plant breeders; it’s allowed to keep
extra safety copies at the SGSV[24]. The facility opened in 2008 and
underwent major upgrades between 2021 and 2023, including new seed
deposits. According to a 2023 report by the 'Crop Trust,' the vault houses
more than 1.2 million seed samples from over 70 countries [25]. The
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internal temperature stayed at -18°C due to rock insulation in Svalbard, thus
seeds are stored for the long term. During the war, researchers withdrew
seeds from Svalbard to replenish their stocks. This was the first
"withdrawal" of seeds and serves as proof that the vault functions
effectively.

Limitation and Future Prospects

Preserving seeds in seed banks with different techniques have safest way,
but it meets some challenges and limitations. A large number of seed banks
are poorly resourced and have difficulties in seed testing and their
regeneration [20]. Seed banks have made significant progress in conserving
plant diversity, but many plant species and other wild plants still have not
stored their seed [21]. Predicting future climate conditions for a region
through climate models is becoming increasingly feasible, and "seed banks"
can prove genetic material compatible with these "future climates" [14]. So,
biotechnology is improving seed quality. Rapid tech growth is changing
seed science quickly. This means that in the future, every farmer can get
good quality seeds easily. Artificial intelligence (AI), machine learning
(ML), and Nanotechnology will hold the potential for breeding of seed
quality and traits. They will transform the science of seed conservation
Conclusion

In conclusion, preserving seeds now will protect our future food and plant
diversity. Climate change and extreme weather are threatening crops and
wild plants faster than before. Seed banks, restoration seed banks, and
Svalbard Global Seed Vault act like insurance by storing seeds for later.
Furthermore, seed handling in storage conditions plays a vital role in
observing seed quality and durability. Restoration seeds may not need to be
stored in long-lasting storage conditions; it is essential to ensure that they
are stored in conditions that maintain viability. Community seed banks help
local farmers keep many types of climate-strong seeds. New tools like
biotechnology, Al, and climate models will improve seeds and help
breeders pick the right ones for future weather.

References

[1] Secretariat of the Convention on Biological Diversity. Linking Biodiversity Conservation and
Poverty Alleviation: A State of Knowledge Review. Secretariat of the Convention on
Biological Diversity.

[2]  Goals CN. Targets for 2030 In Landmark UN Biodiversity Agreement 2022 [Internet]. 23

[3] Brando P, Macedo M, Silvério D, Rattis L, Paolucci L, Alencar A, Coe M, Amorim C. Amazon
wildfires: Scenes from a foreseeable disaster. Flora. 2020 Jul 1;268:151609.

[4] Di Virgilio G, Evans JP, Clarke H, Sharples J, Hirsch AL, Hart MA. Climate change
significantly alters future wildfire mitigation opportunities in southeastern Australia.
Geophysical Research Letters. 2020 Aug 16;47(15):e2020GL088893.

[5]1 Goss M, Swain DL, Abatzoglou JT, Sarhadi A, Kolden CA, Williams AP, Diffenbaugh NS.
Climate change is increasing the likelihood of extreme autumn wildfire conditions across
California. Environmental Research Letters. 2020 Aug 20;15(9):094016.

[6] Bhattacharya S, Mummenhoff K. Effective seedbank management to ensure food security and
preserve biodiversity. Plant Systematics and Evolution. 2024 Jun;310(3):15.

[71 Gonzalez Guzman M, Cellini F, Fotopoulos V, Balestrini R, Arbona V. New approaches to
improve crop tolerance to biotic and abiotic stresses. Physiologia plantarum. 2022
Jan;174(1):e13547.

Published on: 31 August, 2026

18]

191

[10]

(1]

[12]

[13]

[14]

[15]

[16]

117]

[18]

[19]

120]
121]

122]

123]

124]

125]

126]

127]

128]

Tosoroni A, Di Vittori V, Nanni L, Musari E, Papalini S, Bitocchi E, Bellucci E, Pieri A,
Ghitarrini S, Susek K, Papa R. Recent advances in molecular tools and pre-breeding activities
in white lupin (Lupinus albus). Plants. 2025 Mar 14;14(6):914.

Bhattacharya S, Mummenhoff K. Effective seedbank management to ensure food security and
preserve biodiversity. Plant Systematics and Evolution. 2024 Jun;310(3):15.

Doyle CA, Abeli T, Albrecht MA, Bellis J, Colas B, Dalrymple SE, Ensslin A, Espejo J,
Erftemeijer PL, Julien M, Lewandrowski W. Achieving conservation outcomes in plant
mitigation translocations: the need for global standards. Plant Ecology. 2023 Sep;224(9):745-
63.

Gepts P. Biocultural diversity and crop improvement. Emerging Topics in Life Sciences. 2023
Dec 12;7(2):151-96.

Khalid MN, Tahir MH, Murtaza A, Murad M, Abdullah A, Hundal SD, Zahid MK, Saleem F.
Application and potential use of advanced biotechnology techniques in agriculture and
zoology. Ind. J. Pure App. Biosci. 2021;9(2):284-96.

Tovar C, Carril AF, Gutiérrez AG, Ahrends A, Fita L, Zaninelli P, Flombaum P, Abarzia AM,
Alarcon D, Aschero V, Béez S. Understanding climate change impacts on biome and plant
distributions in the Andes: Challenges and opportunities. Journal of Biogeography. 2022
Aug;49(8):1420-42.

Kortessis N, Chesson P. Germination variation facilitates the evolution of seed dormancy when
coupled with seedling competition. Theoretical Population Biology. 2019 Dec 1;130:60-73.
Sharma P, Roy M, Roy B, Deka SD. Post harvest management strategies and storage
approaches for quality seed production. Emerging issues in agricultural sciences. 2023 Mar
25;2:110-29.

Corbineau F. The effects of storage conditions on seed deterioration and ageing: How to
improve seed longevity. Seeds. 2024 Jan 9;3(1):56-75.

Dueholm B, Grimberg A, Hammenhag C. Exploring the Genetic Diversity of Pulse Crops for
Improving Seed Quality for Human Consumption. Plant Health Cases. 2025 Oct
13(2025):phcs20250027.

Parihar A, Kumar A, Panda U, Khan R, Parihar DS, Khan R. Cryopreservation: a
comprehensive overview, challenges, and future perspectives. Advanced Biology. 2023
Jun;7(6):2200285.

Jia G, Chen Y, Sun A, Orlien V. Control of ice crystal nucleation and growth during the food
freezing process. Comprehensive Reviews in Food Science and Food Safety. 2022
May;21(3):2433-54.

Pathirana R, Carimi F. Management and utilization of plant genetic resources for a sustainable
agriculture. Plants. 2022 Aug 4;11(15):2038.

Wambugu PW, Nyamongo DO, Kirwa EC. Role of seed banks in supporting ecosystem and
biodiversity conservation and restoration. Diversity. 2023 Jul 29;15(8):896.

Vernooy R, Adokorach J, Gupta A, Otieno G, Rana J, Shrestha P, Subedi A. Promising
strategies to enhance the sustainability of community seed banks. Sustainability. 2024 Oct
8;16(19):8665.

Seid MA. Ethiopia’s Tree Seed and Forestry Systems: Challenges and Opportunities, and the
Way Forward for Sustainable Seed Systems. International Journal of Forestry Research.
2025;2025(1):8860657.

Kumari SG, Kumar PL, Moukahel A, El-Miziani I. Phytosanitary management of ICARDA’s
germplasm seed collections for safe movement and better future use. CABI Reviews. 2023 Dec
14(2023).

Krachunova T, Geppert F, Lemke N, Bellingrath-Kimura SD. Digital technologies
commercially available in Germany in the context of nature conservation and ecosystem
service provisioning in agriculture. Frontiers in Sustainable Food Systems. 2025 Mar
24:9:1464020.

Pence VC, Bruns EB, Meyer A, Pritchard HW, Westwood M, Linsky J, Gratzfeld J, Helm-
Wallace S, Liu U, Rivers M, Beech E. Gap analysis of exceptional species—Using a global list
of exceptional plants to expand strategic ex situ conservation action beyond conventional seed
banking. Biological Conservation. 2022 Feb 1;266:109439.

Benelli C. Plant cryopreservation: A look at the present and the future. Plants. 2021 Dec
13;10(12):2744.

Hameed MB, Tariq N, Batool H, Shabbir A, Hameed H, Tariq M, Bano N, Abid J.
AGRONOMIC AND GENETIC STRATEGIES FOR ZINC BIOFORTIFICATION OF
MAIZE FODDER: IMPLICATIONS FOR DAIRY COW NUTRITION AND HEALTH.
Genetics and Molecular Research. 2026 Jul 7.

16

https://biologicaltimes.com/



https://biologicaltimes.com/

