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Outline

(1) Introduce MSB Project

(2) Research on drying and storing 
orthodox seeds (biophysics and 

biochemistry)

(3) Recalcitrant seed cryobiology



Seed Banking

1. Collect

2. Dry

3. Clean

4. Purity

5. Package

6. Storage

7. Germinate
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Seed storage 
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-18°C for seed banking

Recalcitrant 
seeds

Orthodox 
(bankable) 

seeds



• £75m from U.K. Lottery, 
government, corporate &  
private sponsors

• Phase 1 (1997-2000): 
Collect U.K. native flora and 
build Millennium Seed Bank

• Phase 2 (2001-2010): 
International Programme (10 % 
world flora conserved; 24,200 
species)

(1) Millennium Seed Bank Project: 2000-2010+

Seed Conservation Department



Australia, Botswana, Burkina Faso, Chile, China, Egypt, Jordan, Kenya, 
Lebanon,  Madagascar, Malawi, Mali, Mexico, Namibia, Saudi Arabia, 

Tanzania, South Africa, USA

>100 partner institutions in 54 countries (18 ABSA countries)

Access and benefit sharing agreements



MSB project purpose and outputs

Outputs:
(i). Effective collecting partnerships & science collaborations

(ii). High quality collections

(iii). Research: knowledge gained, problems removed

(iv). Knowledge transferred and technology adopted by network and wider

(v). Increased public awareness

Purpose by 2010:

A leading worldwide seed conservation network is in place, 
capable of safeguarding targeted wild plant species and 
contributing to global conservation targets



S & T programme

Ecophysiology
&Morphology

Chemical 
Traits

Post-harvest 
Technology

Preservation 
Technology

Science of 
Ageing

Climate & 
Reproductive

Biology

Diagnosis of 
Viability & 

Germination

7
Themes



(2i) Research on predicting desiccation sensitivity 



Post-harvest screening for desiccation 
tolerance: palms

Seminum palmarum / 100-seed test; 
Pritchard et al (2004) Seed Sci & Technol
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Predicting recalcitrant response based on seed 
coat thickness and seed size

Daws et al., (2006) Annals of Botany Open Access

104 trees from Panama, validated on African 
and European species

Dry more 
slowly

Germinate 
more 

quickly

http://aob.oxfordjournals.org/content/vol97/issue4/images/large/mcl022f2.jpeg


(2ii) Research on dry seed storage stability 



Storage biophysics (1):
the glass transition (Tg)
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Frank Telewski, curator of Beal 
Botanical Garden, with the results of an 

experiment started in 1879 
Copyright 2000 Michigan State University

Verbascum blattaria

(moth mullein; Scrophulariaceae)

http://biology.smsu.edu/Herbarium/Plants

Natural conditions: Dr Beal’s buried seed experiment 
after 120 y



Leucospermum Lipparia

Acacia

Nataural conditions: seed longevity for 
200 years

Daws et al (2007) Seed Science Research

http://www.nationalarchives.gov.uk/
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(Modified from Walters et al 2005)

26 % of collections from 46 families show significant drop 
in viability during 20 years storage under seed bank 

conditions. (Probert et al., 2009 Ann Bot)
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Temperature constants: exponential

Dickie et al., (1990) Annals of Botany



Temperature: ‘universal constants’ (quadratic term)

- -

Alfonse de 
Candolle

Dickie et al., (1990) Annals of Botany



Seed Cryobiology at Kew: 1899

Mustard = 88 % germination; other species = 100% 

Thiselton-Dyer (1899) Proc. Royal Soc., Lond.



Germination “unimpaired”

Eschscholtzia
californica

Cryogen,
temperature / time

Species Reference

‘froze mercury’
(-39°C) / 15 min

wheat, barley, rye,
broad bean

Edwards & Colin
(1834)

-57 or –110°C /
30 or 20 min

9 species, including
California poppy

Wartman (1860)

liquid air /
110 h

12 sorts from wide
range of families

Brown &
Escombe (1897)

liquid hydrogen
(-250°C) / 1 – 6 h

several kinds Thiselton-Dyer
(1899)

liquid air /
176 days

sweet clover Busse (1930)

(the first) Golden era of seed cryo



The latent life of seeds 

• Reviewing 7 papers from 1834 to 1899

“The consonance of the results of a long series of experiments 
by different persons, by subjecting seeds to extremely low 
temperatures, appeals with its cumulative force. The facts lend a 
new significance to the latent life of seeds.”

AD Selby (1911)

“Physiologists will doubtless agree that only 
dry seeds may withstand this low temperature”

A D Selby (1901) Bull. Torrey Bot. Club



Trends in Plant Science (2009)

Barrier to adoption? Costs
per collection p.a.

Seed bank (maize, other sp): c. 1 – 2 €

Cryo-bank, potato shoot tip (in vitro, transfer): c. 15 €

Cryo-bank, fruit tree buds (LN) c. 1 €

Potato field genebank c. 60 €

Botanic garden living collection: c. 150 €, taxon



(2iii) Research on dry seed storage and the 
matter of oil



Reduced longevity associated with lipid conformation
Cattlyea aurantiaca (Orchidaceae)

Dry seed 
longevity: 

5 > 20 ≈ -18°C
Pritchard & 
Seaton (1993) 
Selbyana

29 % lipid; 100,000 dry seeds

Longevity   -18   less than <5°C



Triacylglycerols:
35 Cuphea sp.

Crane et al (2003) Planta

Cuphea
carthagenensis

Species C12+C14 
(%)  

(C12+C14) / 
(C8+C10) 

Tolerant of    
–18°C 
 

C. procumbens 4 0.05 Yes 

C. gaumeri 11 1.5 Yes 

C. wrightii 59 2 No* 

C. 
carthagenensis 

76 8 No* 

C. parsonia 78 10 No* 
 

 

*germination fell by 32-74%



Sensitive species have lipid melt ≥ 27°C

Crane et al (2003) Planta

Power / dry 
mass     
(mWatts / 
mg)

Temperature (°C) 

Dry heating to 45ºC before imbibition increased 
germination by 77% (ave.)



Structural features:   
Cuphea wrightii cotyledons

Seeds at -80°C, 
then imbibe at 
22°C

Seeds at -80°C,   
1 h at  45°C, then 
imbibe at 22°C

Volk et al 
(2006) Planta



Cold induces dormancy and / or viability loss

Is -20°C optimal for seed storage?

Carica
papaya

Heat shock

26° C

33°C day / 
19 °C night



Biophysics of storage (2): lipid crystallisation
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Species-specific sensitivity to dry storage at -50 to 
+10°C is becoming increasingly clear:

papaya at -15°C
some orchids at -20 to -50°C

some citrus at -20 to 0°C
some Cuphea at -18 to 6°C

etc



(2iv) Research on other mechanisms of ‘dry’ seed 
viability loss: oxidative stress



Glutathione redox
potential: a universal 

stress marker in seeds
Kranner et al (2006) Free 

Radical Biology & Medicine
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(3) Cryopreservation of recalcitrant seeds:



Target (8)
• By 2010: 60% threatened species in accessible ex situ collections, and 
10% in recovery / restoration programmes; 

• Progress: Currently 15,000 threatened species in living collections and 
5% in recovery / restoration programmes; 

• By 2020: > 60% threatened species in accessible ex situ collections, and 
> 10% in recovery / restoration programmes; genetic representation for 
90% of the most critically threatened and further research for species 
with recalcitrant seeds.

GSPC: Conserving plant diversity urgently 
and effectively



Seed desiccation sensitivity: recalcitrant

Tweddle et al. 

(J Ecol 2003)
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Banking  
recalcitrant 
seeds?
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Biophysics (3): water crystallisation
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Revolution in cryoprotection: plant 
vitrification solutions (PVS)

Success with 110 species (> 80 genera): shoot tips, somatic 
embryos, nodal explants, etc. 
Large scale application: potato (Peru); banana (Belgium); fruit 
(National Plant Germplasm System, USA).
Sakai & Engelmann (2007) CryoLetters

PVS 1, PVS4, Steponkus, Towill, Fahy

PVS3: 50% Glycerol, 50% Sucrose in M&S medium

PVS2: 30% Glycerol, 15% DMSO, 15% Ethylene Glycol 
in M&S medium + 0.4 m Sucrose



Encapsulation-vitrification: Parkia speciosa
shoot-tips from germinated recalcitrant seeds

1 d in 5% trehalose

27 % survival ←44 % MC ← 30 min

60 % survival← 17 % MC ← 60 min 

Nadarajan et al. 
(2008)  

CryoLetters

PVS 2: wasabi, 10 mins;  apple, 90 mins



Conclusions: 

Conservation networks can have a large impact, e.g. 
MSBP. Need to continue activities.

Developed predictors of seed desiccation tolerance. 
Need to assess other floras

Need to overcome dry storage issues for tropical 
oilseeds;

Need to develop recalcitrant seed storage methods;
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