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Table 1. Effects of preculturing and encapsula-
tion with loading on the shoot formation
of cold-hardened lily meristems cooled
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Table 2. Effect of the period of cold-hardening
on the shoot formation of encapsulated
vitrified meristems cooled to —196°C

to —196°C. following dehydration with PVS 2.
Preculture Loading Sh?((%t) iog.n]lfglon Period of (((:ic;ll}clis—)hardenmg Sh(zg/t iog.ng‘glon
— — 26.7+5.8 0 56.0+ 5.5
+ - 35.0+£5.8 7 81.7+ 2.4
- + 57.5+5.0 14 82.5+ 4.5
+ + 87.5+9.6 21 93.0+ 6.1
28 90.0£10.0

Material: Japanese lily (L. japonicum Thunb.). Cold-
hardening: 0°C for 28 days. Preculturing: 25°C for 1
day on solidified MS medium supplemented with 0. 3
M sucrose. Loading: treated with a mixture of 2 M
glycerol and 0.4 M sucrose for 20 min. at 25°C;
Dehydration: exposure to PVS 2 for 100 min. at 0°C
prior to a plunge into liquid nitrogen(LN). Shoot
formation(%): percent of meristems producing nor-
mal shoots 28 days after plating. Approximately 10
meristems were tested for each of four replicates.
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Material: Japanese lily(L. japonicum Thunb.).
Preculturing: Bulb-scale segments with adventi-
tious buds were cold-hardened at 0°C under 16 h
photoperiods for various lengths of time. Excised
meristems were precultured at 25°C for 1day on
solidified MS medium supplemented with 0.3 M
sucrose. Loading: treated with a mixture of 2 M
glycerol and 0.4 M sucrose for 20 min. at 25°C;
Dehydration: exposure to PVS 2 for 100 min. at 0°C
prior to a plunge into LN. Shoot formation(%):
percent of meristems producing normal shoots 28
days after plating. Approximately 10 meristems
were tested for each of four replicates.
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Fig.1 Effect of exposure time to PVS 2 at 0 or 25°C on the shoot formation of meristems
cooled to —196°C by encapsulation-vitrification.
Material: Japanese lily (L. japonicum Thunb.)
Cold hardened at 0°C for 21 days and excised meristems were precultured on agar MS
medium supplemented with 0. 3 M sucrose for 1 day and then loaded with a mixture of
2 M glycerol and 0. 4 M sucrose for 30 min. at 25°C. Meristems following preculture and
loading were treated with PVS 2 at 25 or 0°C for various lengths of time before being
immersed into LN (@). Approximately 10 meristems were tested for each of four
replicates. Bar represents standard error. Treated control(Q): same as treated with

PVS 2 without cooling to —196°C.
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Shoot formation of cryopreserved meris-
tems by encapsulation - vitrification, 3
days after reculture.
Material: Japanese
Thunb.) Bar=5 mm

Fig. 2
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Fig.3 Longitudinal section through the meris-
tematic dome of encapsulated vitrified
meristems after 3 days of reculture
stained with fluorecein diacetate and
phenosafranine.
Material: Japanese
Thunb.) Bar=0. 1 mm
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Fig.4 Plantlet developed from a meristem coo-
ling to —196°C by encapsulation-
vitrification 50 days after reculture.

Material: Japanese lily(L. japonicum

Thunb.) Bar=20 mm
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Table 3. Shoot formation of two species and three cultivars of lily meristems from
two species and three cultivars of lily cooled to —196°C.

Species or cultivar

Shoot formation (% +S. E.)

Hardening Non-hardening

Golden-banded lily 82.5+ 5.0 43.3+ 5.8
(L. auratum var. platyphyllum Baker)

‘Star gazer’ (L. hybrid cv. ‘Star gazer’) 70.0£10.0 33.3+ 5.8
‘Summer dress’ 87.1+11.5 40.0+10.0
(L. parkmanii cv. ‘Summer dress’)

Showy lily (L. speciosum Thunb.) 68.1+ 9.0 40.0+10.0
‘Kraetzeri’ 57.5+ 8.7 36.7+ 5.8

(L. speciosum cv. ‘Kraetzeri’)

Precultured meristems were encapsulated with loading solution and were then
dehydrated with PVS 2 for 100 min. at 0°C prior to a plunge in LN. Preculturing: 0. 3
M sucrose at 25°C for 1 day. loading: a mixture of 2 M glycerol plus 0. 4 M sucrose
for 20 min. at 25°C. Cold-hardening: 0°C for 28 days. Approximately 10 meristems

were tested for each of four replicates.

Table 4. Shoot formation and bulblet growth of apical meristems cooled to —196°C by three different

cryogenic protocols.

Cryogenic protocol

Shoot formation

Bulblet growth

(%+S.E.) width length fresh weight

(mm size+S. E.) (mg+S. E.)

Vitrification*! 92.3+1.7 2.5+0.4 5.2+0.8 41.2+15.3
Encapsulation-vitrification*? 93.8+4.8 2.8+0.1 6.2+1.1 41.8+20. 8
Encapsulation-dehydration*? 66.7+5.8 2.3+0.7 5.1+1.1 36.1+21.4

Material: Japanese lily (L. japonicum Thunb.). Cold-hardening: 0°C for 21 days: Preculturing: 0.3 M su-

crose for 1 day.

*2 Loading treatment with 2 M glycerol plus 0. 4 M sucrose before being dehydrated with PVS 2 for 50 min.*!

or 100 min.** at 0°C prior to a plunge into LN.

*3 Treatment with 0. 8 M sucrose for 16 h prior to air drying for about 7 hr (Water content: 24%). Bulblet

growth: 50 days after reculture.
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Summary

Cryopreservation of In vitro-grown Apical Meristems of Lily (Lilium L.)by
Encapsulation-Vitrification Method

Toshikazu MAaTsuMoTO*, Akira SAKAI**, Chiaki TAKAHASHI***
and Kazuto YAMADA*

* Shimane Agricultural Experiment Station, Ashiwata 2440, Izumo, Shimane 693, Japan
** Asabu-cho 1-5-23, Kita-ku, Sapporo 001, Japan
*** Yokota Town Office, Yokota 1037, Nita, Shimane 699-18, Japan

Alginate-coated apical meristems derived from bulb scale segments of Japanese lily (Lilium japonicum

Thunb.) were successfully cryopreserved following dehydration by vitrification solution.

Regenerated shoots on bulb scale segments were cold-hardened on solidified MS medium at 0°C for about

21 days.

The excised meristems were precultured on solidified MS medium containing 0. 3 M sucrose at

25°C for 1 day, and were then trapped into alginate-coated beads containing 2 M glycerol plus 0. 4 M sucrose.

These encapsulated meristems were dehydrated with a highly concentrated vitrification solution(PVS 2)for

100 min. at 0°C prior to being plunged into liquid nitrogen. The average rate of shoot formation after rapid

warming was about 95%.
tion-dehydration technique.

ed in five other lilies.

It was higher by as much as 25% than the meristems cryopreserved by encapsula-
Shoot formation using the encapsulation-vitrification procedure was compar-

All lilies tested obtained a high rate of shoot formation.

The encapsulation-vitrification method is easy to handle and greatly shortens the time used for dehydra-

tion. Thus, this method can be useful for cryopreserving meristems.



