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Abstract 
Oaks (Quercus sp.) produce desiccation sensitive seeds that cannot be preserved by 

conventional seed banking (dry storage at -20°C). Although there have been successes with 

somatic embryos, the cryopreservation of the embryonic axes (EA) is the preferable method for 

oak ex situ conservation (1). However, the response to water loss can vary among the EAs and 

between oak species, impacting recovery after liquid nitrogen (LN) exposure. We have 

researched the cryo-resilience of EA in 12 Quercus species from habitats in the UK, Spain and 

Lebanon. We measured the EA response to fast drying and exposure to LN using in vitro 

recovery. Desiccation of the EA tissues was not spatially uniform, with the root tip end drying 

generally slower than the shoot tip. Different dehydration rates between individual axes 

affected recovery at a particular drying time, yet damaging water content (WC50) was similar 

between axes (mostly 0.20 to 0.30 gH2O g-1DW [ 17 to 23 % MC], on average, except for Q. 

rubra with WC50<0.10 gH2O g-1DW [<9% MC]). These spatial and temporal patterns of water loss 

impacted recovery after exposure to LN, resulting in most of the species having more root 

survival. Fast drying and cooling was relatively successful for the cryopreservation of Q. 

pyrenaica, Q. rubra, Q. ilex and Q. coccifera EAs (i.e., root + shoot recovery between 25 and 

50%), but not for the other species (i.e., root + shoot recovery <5%). Species from drier habitats 

with warmer summers tend to survive cryopreservation better than those from wet and cool 

habitats. Whilst comparable success for EA cryopreservation was observed with slower (3 - 8 °C 

s-1) and faster (30-80°C s-1 ) cooling rates, the highest shoot recovery tended to occur after the 

faster cooling rate. Glycerol cryoprotection appeared to increase shoot survival in Q. robur 

embryonic axes. Research on the structural changes during drying and cooling are underway 

using optical microscopy and x-rays computed tomography to find patterns that explain the 

variable tolerance to desiccation and low temperatures amongst Quercus species EAs.  
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