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Abstract 
Desiccation tolerant (DT) seeds and fern spores can be dried to low moisture contents (i.e., 

3-7% moisture content (MC (fresh weight)) and stored in the freezer (e.g., -20°C) for ex situ 

conservation programs. However, not all seeds and fern spores survive long-term (e.g., >20-

50 years) at such conditions; and alternative conservation methods are needed. For these 

propagules with short lifespans (aka short-lived), cryopreservation has been suggested. 

Consequently, they are routinely duplicated in cryogenic storage at the Millennium Seed 

Bank (MSB) of Royal Botanic Gardens Kew. 

Seed longevity has been periodically monitored at the MSB for over 40 years, which has 

generated a unique dataset for >9000 species stored dry at -20°C for the long-term, of 

which ~80% collections show no significant decline in conventional storage. Analysis of this 

data set has allowed us to detect DT-seeded species that are relatively short-lived at 

standard seed storage conditions, such as Salix, Populus, Primula, and Orchidaceae.  Sub-

samples of accessions of these species, and of fern spores, are stored dry at ~-180°C [i.e., 

in the vapor phase of liquid nitrogen (LN)]. The drying conditions for LN storage of DT seeds 

and fern spores are slightly different to those used for standard storage at -20 °C. This 

variation in procedure is to avoid over-drying problems that may arise when seeds are stored 

at LN temperatures. In addition, the MSB also stores at LN temperatures seeds of some 

species that often display tolerances to desiccation between DT and sensitive seeds (aka 

“intermediate” seeds). Methods used for cryopreservation of DT seeds, fern spores, and 

some intermediate seeds (e.g., Fagus sylvatica) followed in the MSB are detailed. Options 

for the long-term conservation of these species are discussed, including the requirement for 

modified protocols for some species. 
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