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Abstract: Conserving plant genetic resources for food and agriculture is essential for agricultural resilience and long-term
food security. Safety duplication — the storage of duplicate seed samples in geographically separate facilities — is essential
for genebank quality management and for safeguarding valuable germplasm against catastrophic loss. This study presents
Malaysia's first national safety duplication initiative to the Svalbard Global Seed Vault (Seed Vault), describing operational
processes, selection criteria and lessons learned. A total of 774 accessions of traditional rice (Oryza sativa) and its wild relatives
(O. officinalis, O. rufipogon, O. meyeriana and O. ridleyi), traditional varieties of eggplant and its wild relatives (Solanum spp.)
and cowpea (Vigna unguiculata) maintained by the Malaysian Agricultural Research and Development Institute (MARDI)
were evaluated for duplication. Candidate accessions underwent germination testing, regeneration, seed processing, quality
assurance and documentation following FAO Genebank Standards and Seed Vault depositor requirements. After regeneration
and quality assessment, 725 accessions (93.7%) satisfied the required standards and were deposited under the Seed Vault
black-box storage arrangement. The initiative demonstrated that successful safety duplication extends beyond seed physical
transfer and requires coordinated seed viability improvement, regeneration of ageing accessions, accurate documentation
and adherence to internationally recognized conservation standards. The initiative provided a secure off-site backup for
Malaysia's priority germplasm collections and supported routine genebank management by renewing seed stocks, improving
documentation and strengthening long-term conservation capacity. The phased implementation described here provides a
practical model for national genebanks seeking to establish or expand safety duplication programmes while contributing to
global efforts to safeguard crop genetic diversity.
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Introduction

Plant genetic resources for food and agriculture (PGRFA)
underpin global food systems and agricultural sustainability,
as recognized in the preamble of the International Treaty on
Plant Genetic Resources for Food and Agriculture (ITPGRFA),
which emphasizes their fundamental role in achieving
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food security and sustainable agriculture. The diversity
found in traditional crops and crop wild relatives offers
valuable traits for crop improvement, including resistance
to pests and diseases, tolerance to environmental stress and
adaptability to changing climatic conditions (Khoury et al,
2022). Among the different conservation approaches, ex situ
conservation through genebanks remains one of the most
widely implemented strategies for safeguarding crop genetic
diversity at national level. However, the effectiveness of ex
situ conservation depends not only on appropriate storage
conditions but also on comprehensive risk management
strategies to safeguard collections against natural disasters,
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equipment failure, political instability and human error
(Westengen et al, 2013). Previous studies also highlighted
that numerous collections worldwide experience challenges
related to ageing seed stocks, regeneration backlogs, financial
and human resources limitations, incomplete documentation
and uneven implementation of quality management practices
(Khoury et al, 2022). These constraints may compromise
the viability and availability of valuable germplasm if
not addressed through systematic conservation and risk
management strategies.

Recognizing these risks, the FAO Genebank Standards for
Plant Genetic Resources for Food and Agriculture (FAO, 2014)
recommend safety duplication as an essential component of
quality management systems for orthodox seed collections.
Safety duplicates should be stored at geographically
separate facilities under comparable long-term conservation
conditions to minimize the possibility of genetic loss. This
practice ensures that valuable germplasm remains available
even when the primary collection is damaged or inaccessible
(FAO, 2014).

The Svalbard Global Seed Vault (Seed Vault) was
established in 2008 as a global safety backup facility for
orthodox seed, providing an additional layer of security for
PGRFA maintained by national, regional and international
genebanks (Asdal & Guarino, 2018). The facility is located
in the Arctic Archipelago of Svalbard, a Norwegian territory,
where naturally low temperatures and stable geological
conditions provide favourable conditions for long-term
seed storage. Over the past decade, the Seed Vault has
been operated in partnership by the Norwegian Ministry of
Agriculture and Food, the Nordic Genetic Resource Center
(NordGen) and the Global Crop Diversity Trust (Crop
Trust), becoming an important component of the global
ex situ conservation infrastructure. Rather than replacing
conventional genebanks, the Seed Vault functions as an
additional layer of security within the global conservation
system, supporting international efforts to secure crop
diversity for future generations. The importance of this global
backup system was demonstrated during the Syrian conflict,
when the International Center for Agricultural Research in the
Dry Areas (ICARDA) became the first institution to withdraw
its own safety duplicates from the Seed Vault after losing
access to its genebank in Aleppo. These safety duplicates
allowed ICARDA to rebuild its active collections in Lebanon
and Morocco and resume the distribution of germplasm,
demonstrating the practical value of safety duplication in
safeguarding crop diversity (Westengen et al, 2020). By the
end of 2025, the Seed Vault held 1,378,238 seed samples
deposited by 131 genebanks and institutions worldwide,
following the addition of 46,781 safety duplicates during the
year (NordGen, 2026). This upward trend has continued,
with the Seed Vault's online Seed Portal (https://seedvault.
nordgen.org/) currently recording more than 1.4 million seed
samples (1,401,285) from 134 depositors, further reflecting
the growing global participation in safety duplication.

Recent assessments further emphasize that effective safety
duplication requires more than simply transferring seed
samples. [t depends on maintaining high seed quality, adequate
viability, accurate documentation, regeneration of ageing
accessions and compliance with internationally recognized
genebank standards. These operational requirements often
present significant challenges, particularly for national
genebanks managing large collections with limited technical

and financial resources (Engels & Ebert, 2021; Asdal, 2025).

In the Malaysian context, the conservation of PGRFA
is primarily coordinated by the Malaysian Agricultural
Research and Development Institute (MARDI). Major
germplasm collections are maintained at MyGeneBank in
MARDI Serdang, Selangor and the National Rice Genebank
in MARDI Seberang Perai, Penang. Together, these facilities
conserve more than 18,000 accessions representing both
seed and field genebank collections. Approximately 15,000
accessions are orthodox seed species suitable for long-
term seed storage and potential safety duplication, while
the remaining field genebank collections comprise tropical
fruit species, taro, tuber crops and yams that require
alternative conservation strategies (Muhammad Shafie et
al, 2020). MARDI joined global initiatives led by the Crop
Trust under the ‘Biodiversity for Opportunities, Livelihoods
and Development (BOLD)’ project and initiated a safety
duplication programme involving selected traditional crop
varieties and crop wild relatives for long-term conservation
in the Seed Vault. Although many countries participate in the
BOLD initiative, relatively few studies describe the practical
processes, technical challenges and institutional experiences
involved in preparing national collections for long-term
safety backup. Sharing such experiences is important for
improving genebank management practices and supporting
other national programmes planning similar initiatives.

Despite the increasing global adoption of safety duplication,
limited published evidence is available on how national
genebanks evaluate accession readiness and implement the
complete safety duplication process under international
standards. This study presents a case study of Malaysia's
first safety duplication of PGRFA from a national genebank
to the Seed Vault, with the objectives of: (1) evaluating the
readiness of candidate accessions for safety duplication based
on internationally recognized genebank quality criteria, (2)
describing the operational workflow and selection process,
and (3) identifying lessons learned that may inform similar
initiatives in other national genebanks.

Materials and methods

Selection of accession

Seed accessions selected for safety duplication were
sourced from germplasm collections maintained by MARDI
at the National Rice Genebank in MARDI Seberang Perai and
MyGeneBank in MARDI Serdang. Candidate accessions were
prioritized based on (1) availability of sufficient seed quantity,
(2) inclusion in Annex I crops under the ITPGRFA, (3) seed
viability status, and (4) regeneration priority based on seed
age and storage history. The selected accessions comprised
rice (Oryza spp.), eggplant (Solanum spp.), cowpea (Vigna
unguiculata), and their respective wild relatives, all of
which produce orthodox seeds and are listed in Annex I
of the ITPGRFA. Several selected accessions represented
ageing seed stocks that had remained in long-term storage
for more than ten years without regeneration because of
financial constraints and operational disruptions caused by
the COVID-19 pandemic. Other accessions originated from
early germplasm collecting missions undertaken during the
establishment of MARDI's genebank programme, making their
long-term security conservation through safety duplication
particularly important.
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Seed viability improvement

Candidate accessions were initially screened based on
the criteria established for safety duplication. Initial seed
viability was assessed through standard germination testing
in accordance with the FAO Genebank Standards (FAO,
2014). Accessions requiring seed renewal were regenerated
under field conditions to restore seed stocks and produce
genetically representative, high-quality seed lots for long-term
conservation. This included accessions with seed viability
below 85%, many of which represented regeneration backlogs
that had remained in long-term storage for more than ten
years without regeneration. However, accessions with low
initial viability frequently produced insufficient seed numbers
and too few regenerated plants to maintain adequate genetic
representation and were therefore excluded from safety
duplication. Seeds were harvested at physiological maturity
to ensure seed quality and longevity, followed by post-harvest
seed processing and drying under genebank conditions. The
harvested seeds were cleaned and air-dried overnight at
room temperature before being transferred to a controlled
drying room maintained at 15 * 2°C and 35-40% relative
humidity (RH) until the seed moisture content was reduced to
below 10%, following MARDI’s genebank standard operating
procedures. The dried seeds were subsequently processed
and packaged before final viability testing. Regenerated seed
lots were then subjected to a second germination test, and
only those achieving germination percentages greater than
90% were approved for safety duplication in the Seed Vault.
Accessions that did not meet the minimum requirements will
undergo future regeneration and viability improvement before
being reconsidered for subsequent safety duplication cycles.

Seed regeneration

Regeneration of rice, eggplant and cowpea accessions was
conducted following the FAO Genebank Standards (FAO,
2014) and crop-specific regeneration guidelines developed
by the International Rice Research Institute (IRRI), the World
Vegetable Center and the International Institute of Tropical
Agriculture (IITA), respectively. Species specific plot layouts
and spatial isolation were employed to maintain accession
identity and minimize pollen mediated gene flow during
seed regeneration. Rice accessions were regenerated in six
row plots with 20 plants per row, eggplant in four row plots
with five plants per row, and cowpea in single-row plots
with seven plants. Off type plants were removed prior to
flowering and seeds were harvested at physiological maturity
to preserve genetic integrity and avoid seed admixture. Plot
configuration and field management followed the operational
procedures of the MARDI genebank.

Seed processing and packaging

After harvest, seeds were cleaned manually to remove
empty, immature and damaged seeds, followed by drying
under controlled conditions until suitable for long-term
conservation, as recommended by the FAO Genebank
Standards. Seed moisture content and germination quality
were assessed prior to storage. The majority of regenerated
seed lots were retained in the MARDI’s genebank collection
for medium-term and long-term conservation, while a
representative duplicate sample (400-500 seeds) from

the same seed lot was prepared for safety duplication in
the Seed Vault. For each accession, the seeds were packed
in hermetically sealed three-layer laminated aluminium
foil bags in accordance with the Seed Vault depositor
requirements (Svalbard Global Seed Vault, n.d.). Each
package was labelled with the accession identity and crop
species to ensure traceability throughout shipment and long-
term safety conservation.

Shipment to the Svalbard Global Seed Vault

Prior to shipment, MARDI signed a Deposit Agreement
with the Norwegian Ministry of Agriculture and Food, the
owner of the Seed Vault, to fulfil the requirements governing
the safety duplication of seed samples and prepared the
required deposit documentation in accordance with the Seed
Vault depositor guidelines. The accession list and associated
passport information were submitted electronically to the
Seed Vault coordinator, where the data underwent validation
to verify the accuracy and completeness of accession
information before shipment approval was granted and
uploaded to the seed portal. Following validation, sealed seed
packages were packed into shipping boxes and transported by
air to Longyearbyen, Svalbard. Upon arrival, the unopened
shipping boxes underwent X-ray security screening to confirm
that they contained only sealed seed pouches. The boxes were
then transferred directly into the Seed Vault long-term storage
chambers maintained at —18 °C under the black-box storage
arrangement, where ownership and control of the deposited
materials remained with MARDI. Figure 1 summarizes the
overall process of safety duplication of Malaysian germplasm
from MARDI to the Seed Vault.

Results

A total of 774 accessions representing 11 taxa from three
crop groups (rice, eggplant and cowpea) were initially
screened for potential safety duplication to the Seed Vault
as summarized in Table 1. Following evaluation against the
established selection criteria, 725 accessions (93.7%) were
considered suitable for duplication, while 49 accessions
(6.3%) were excluded due to failure to meet the minimum
seed quality requirements.

Rice (Oryza spp.) constituted the largest proportion of the
screened collection, with 733 accessions (729 of O. sativa and
four wild rice). Of these, 692 accessions were selected for
duplication, comprising 690 accessions of O. sativa together
with O. rufipogon and O. officinalis. In contrast, O. meyeriana
and O. ridleyi were not selected because of the insufficient
number of seeds produced, while 39 accessions of O. sativa
were excluded due to low seed viability.

Among the 23 accessions of eggplant (Solanum spp.)
evaluated, 17 were selected including 13 of S. melongena,
two S. cumingii, S. xanthocarpum and S. mammosum. The
remaining six accessions were rejected because of either non-
viable seeds or insufficient seed quantity. Specifically, three S.
xanthocarpum had low seed number and low viability while
two S. cumingii accessions and one S. capsicoides accession
were excluded because of non-viable seeds. For cowpea (Vigna
unguiculata), 18 accessions were screened and 16 fulfilled
the requirements for safety duplication. The remaining two
accessions were excluded because they exhibited both low
seed viability and insufficient seed quantity.
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Figure 1. Safety duplication process of Malaysian germplasm from MARDI to the Svalbard Global Seed Vault.

Table 1. Screening outcomes of candidate accessions for safety duplication at the Svalbard Global Seed Vault.

Species Screened Selected Not selected Reason for not selection
Oryza sativa 729 690 39 Low viability

Oryza rufipogon 1 1 0 -

Oryza officinalis 1 1 0 -

Oryza meyeriana 1 1 Low seed number

Oryza ridleyi 1 1 Low seed number

Solanum melongena 13 13 0 -

Solanum xanthocarpum 3 Low viability; low seed number
Solanum cumingii 2 2 Non-viable

Solanum mammosum 0o -

Solanum capsicoides 1 0 1 Non-viable

Vigna unguiculata 18 16 2 Low viability; low seed number
Total 774 725 49

The accessions included in this study represented a
targeted subset of Malaysia's orthodox seed collection
selected specifically for safety duplication under the BOLD
initiative. Therefore, the 93.7% success rate reflects the
outcome of the selection, regeneration and quality assurance
process applied to these candidate accessions rather than
the status of the entire national genebank collection.
Nevertheless, the successful preparation and deposition of
725 accessions showed that a national genebank can meet
international requirements for safety duplication through
systematic implementation of FAO Genebank Standards.
The selected accessions were deposited at the Seed Vault
through two shipment events. The first shipment, comprising

one box containing 207 seed pouches, was dispatched and
deposited on 28 May 2024. The second shipment consisting
of two boxes containing 518 seed pouches followed on 25
February 2025, completing Malaysia's first safety duplication
programme with a total of 725 seed pouches deposited for
long-term safety conservation. Figure 2 summarizes the
timeline and workflow of the safety duplication process.

Overall, these results highlight the importance of
systematically assessing seed viability and seed quantity
before safety duplication. Ensuring that only high-quality
seed lots are deposited in the Seed Vault is essential for
maximizing the long-term security, integrity and future
usability of conserved plant genetic resources.
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Figure 2. Workflow and implementation timeline of Malaysia's safety duplication programme at the Svalbard Global Seed Vault (2022-
2025). The figure illustrates the sequential workflow from crop prioritization, accession selection and seed quality improvement through
seed processing, documentation, international shipment, arrival inspection and long-term black-box storage at the Seed Vault. Horizontal
bars represent the duration and overlap of major activities, while the deposit milestones indicate the two successful shipment events
completed in May 2024 and February 2025, resulting in the long-term safety duplication of 725 accessions.

Discussion and lessons learned

The implementation of Malaysia's first safety duplication
initiative to the Svalbard Global Seed Vault provided several
important lessons for strengthening national genebank
management. Preparing seed samples for safety duplication
demonstrated that the process extends well beyond the physical
transfer of seeds. It requires a coordinated workflow involving
crop prioritization, viability assessment, regeneration, seed
processing, quality assurance, accurate documentation and
compliance with the depositor requirements established by
NordGen. These activities highlighted the importance of
maintaining well-documented, genetically viable collections
before accessions can be considered suitable for long-term
safety backup.

The initiative also demonstrated that regeneration is a
critical prerequisite for safety duplication, particularly for
accessions with declining seed viability or insufficient seed
quantities following long-term conservation. The regeneration
process not only restored seed quality to meet international
standards but also strengthened the management of priority
germplasm collections by renewing seed stocks and updating
associated passport and management records. Accessions
that did not meet the minimum requirements will undergo
future regeneration and viability improvement before being
reconsidered for subsequent safety duplication cycles.
Consequently, safety duplication evolved from a backup
conservation activity into a valuable mechanism for improving
routine genebank management, strengthening documentation,
and maintaining high-quality germplasm collections.

Our experience from these initiatives showed that
implementing safety duplication in phases is a practical
approach for national genebanks. Although MARDI conserves
more than 18,000 plant genetic resources, only a carefully
selected subset of priority accessions was included in this
initiative. Focusing on these priority accessions enabled
technical expertise, field capacity, financial resources and
documentation efforts to be allocated more efficiently while
ensuring compliance with international quality standards.
This phased approach may serve as a practical model for
other national genebanks facing similar operational and
resource constraints.

Another important lesson was that safety duplication
complements, rather than replaces, national genebank roles
in conservation. Many national genebanks operate under
constraints such as limited storage capacity, shortages of
skilled personnel, inadequate operational funding, and
unexpected disruptions that can affect routine conservation
activities. By securing safety duplicates of priority accessions
in the Seed Vault, genebanks gain an additional level of
protection against catastrophic loss while maintaining
responsibility for their original collections. This additional
level of security allows national genebanks to manage their
active collections more strategically, particularly where
resources and storage capacity are limited.

Finally, Malaysia's successful deposition of seed accessions
in the Seed Vault demonstrates the feasibility of implementing
international safety duplication requirements within a
national genebank operating under tropical conditions,
despite the technical challenges associated with seed
regeneration, processing and long-term conservation. Beyond
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providing secure off-site backup, the initiative strengthened
national capacity for seed conservation, improved collection
management practices and contributed to global efforts to
safeguard crop genetic diversity as a foundation for future
food security.
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