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¥ % (Fragaria * ananassa Duch.) £ 2% R & A AR 70 824 Loy B KRBT HIZBHETE - L 5 H 4
(Rosaceae) % FA HEHEMmZ— > AREFTRREYWRMRGEAEE AR I ZA I £E S RELH
LR (THRE 1 35)) MR Rl BB AKR S AR 7 ik o RRFISHE (FH R 1-2 mm) £ % KiZFA -196C
RERMZTARMERET (1) ARANFMOIMEEZMS ARBHEAL 14d% > FHEEESL
96.7% + 5.8% 5 (2) M3E AR (LS) ey MAEIRIZ A 0.6 M#2IHE 1.6 M it H 2% BRARFE 90 min » IR F 64-F
B EFAGTEER] 100% 5 AR (3) MOF 4 A 38 H LRk 2 (PVS2) IR ARG ZE 60 min & @ F3FEFE
5] 86.7% + 4.7% > LB H F 8 E 550 KB FE 180 min (46.7% + 4.7%) F= 240 min (46.7% + 17.0%) 44 & FE 4A.
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HE (Fragaria % ananassa Duch.) [RER
BOM K MEMNEE > h—EEAREE 2%
FF 4 B (Rosaceae) BESHE (Fragaria) 1
Yy BARE ARV EEE S 2 H F. chiloensis L.
P. Mill. } F. virginiana Duch. 2 {744 5 fdH 5
AR - HNREERATR - ENELH
CURGEE S @ AEA R R - AT
RRRINTEME B4 BEHEafERC
KiGlk - RN K BA =AU EEACEE (El-
lagic acid) %oy » B E & PUKETEZ A0
=% - BAl 2RAYE 7 MR ETEE
HIPS AT - MU SRR IIELYA 204,771 ha
(Sakila et al. 2007) - IRIBITHIEEEZEE
2013 4F (B4R FH) il - GBREERE
W FE I FE 49 A 535 ha » Hooh S DUHS SR fr o5

THYBEEELER 2 -

HYAREE R X (484 ha) - HIUZ % (16
ha) FIHTPTR (13 ha) » 177 e SERA R S AR A A [HD
FE&IH 18% S A& - HhZLL e
R TEEELE  BIESE2013 FHHEE
BER > HREGRESNEEER (BREEE -
AERE - B EE R T &) 4956 % 985,515
JC ha' » FEDUEHE & 17,548 kg ha! (5 E
U 3% B 1,958,802 7€ ha™ » JREIEEATIFULER
YA 973,287 JC ha o HHNBEI 4R E YT
e R UL EAM 5B R B £ 0 B2
—RHEBERBRNEE  FERE—EEAS
LKEEEAI{EY) (Shih et al. 2009; Tsai et al.
2009) » K] bk 7 Al 20 5 2 {1 5T A o L R
R R R s B EE B -

T 5 E B 1L A PR PR S oL BT R R Y R
JRORFE T & 5 s 3 7 ¢ (1) 1R AR AT
BORTE 5 (2) HERBHEEESEYER
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HES IR 5 DU (3) FIF4H& & Sl AT
T J7 B 45 fr 77 (Engelmann 1991) = {141 - H
AL EREABRERNTESN R =EFi
N DLERFIE R 105 ([H5EE NfE - (HILE
ORI R EHA T RIS AE - DADT IRAS
[ BRIk B 565 | 38975 A Rk JR Y5 25 (Hirai
et al. 1998) « FT4EAK » BEZEYIHET H ¥ A 2
HIE e CEESREE RER S
BT AR B 2 B RE S A IR FE
AR > PR E R R
HEMEREE B REYERE 2
o aefEE o HECEHEREANER (Bajaj
1991; Reed et al. 2001) 5 54b » EFHEHZFIEY)
HE IR POt ) A A 8 B B DR S R IR
Tk R RRAVEREE T OR {8 48 350 (B E &
f& (Niino et al. 2003) - — % Ji& FI fH ¥ 8 KR
BRI R - FR A T T B
&R 2 BllE (cold hardening) » FF 4K 5 4% i £
T8 (loading solution; LS) 2B FA{RZE (os-
moprotection) F1)Z & P EY B HE LA K 2
(plant vitrification solution 2; PVS2) kit /K EZ #H
(dehydration treatment) f2 7 » & A 1 HH
VI ~ BIRECFREEE A -196 CHYIRAEE F
FREART - FEIEEECR T > Y23 E S4H 4%
HYAE A TR T AR - ENERAE A
(%77 (Engelmann 2004) - Fif it J5 7% B A /D
ORA7TE JFUORE FH Y 1 3 22 RS RO N T RO (B 8
W AEHE R MEIRIRAURE ~ [l - HIR ~ WE
o5 E R0 T8 (Keller et al. 2006) -
ENTEREY T =l A= [Nk
S THRBARR 2 R IR R T AV 5w S 1% (Shiau &
Chen 2014) » FFEF ALK LIMEEE ("B
1 5%)) MR AVERR S RIRFE T4 - HIRNTH
HHABSRER  RFNEEA NG EESE
HSE A PVS2 fR/KER 1% 2 frE R » I AT
7 FEHH RS AR 2 B b 2 BER
EARRFRINTEEERT - 540 HURNEE
TRV 2 HE TR [E B R Ry PVS2 Bt /KR HE - DA
AN EES SR RS
LomAi RN EEE ARBE T &1
6] R f7 H #ig B A AT RS R RS P AR SRR DA K
B AEEDR I BRET « SRR 5T & IR SR 4E

S BB L BRI SRS R (R
Fisk ¢

MEER T
aGHRAES!

AR ERFrE AV ES THRE 1 9%, miEk
HETEEEZEGRERRATERE - &
FH 4H %3 35 1% 4 14 00 2 FEE A I e R B A
L 21C~ 38-40 pmol m™ s™ A HOL T & #
f& (photosynthetic photon flux density; PPFD)
RO 14 h iR E - [ HEA MS (Mu-
rashige & Skoog 1962) K AEE N + 0.2 mg L™
6-benzylaminopurine (BA) ~0.1 M EFf# 57 0.8%
Difco 327 > pH 5.8 I [EFSIFE RS E 2 mo »

TEIEERER  BREFZEEHARIGIERS
FERZ HERE

HEERERMEWIHEEERE 4 dE
EHEEHGE PR EREFIEMEE N UIFRE
TEr AR > FRTESEE 7 d DIFTHTEZEE
SRR IIA - THIER 7 d 12 UJHUEE B
CHAERYIRE CF#8 RST 1-2 mm) » iR
B A B AR & 3 d 1&g BIRIE Haligitf)
AR E H 2w A EA MS AR -~ 0.3
M FEiE Kz 0.8% Difco JE3528) » pH 5.8 - 554b >
Ry TR - fElE R K s RE
FEME A R EG R R B2 & 14 d > BIEEHA
HH BT RS 2 B 1E b b U B R 3R ekt 1]
AR ATBIER TS IERE 2 R 5E
R E R A -

FAEE RS R EN R SRR
=8

Rl IR A S E SR THES B - Hdg s
RS ENMZEE  SUENEREES
PFE Hh g S B s Bl B VT U = GFRE R T 1-2
mm) > {53 HIEER & R EFERERE (0.1
02-03 K04 M) HyMS EfEEREE H
DA 0.1 M EERERFEHY MS [E S EEAE B
HigdH > BERdHsasEE 14dk Hl
B & EREA 7 BT ER o
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W USRI T2 BB RERTHR
HELTE SR AEER T R A B > K
B 7 B LR 7 7k B B E Al —fam o (Shiau &
Chen 2014) FraiifH[E -

ANIES LS 252 iR s BE 2 55 AL G A 0 3R

B R RS R S R 2

HIEAHI RS & I EREUR e HY B 80K > F K
EBEME 2 mL FEHURE » Kelka T K
AEREFEHERBERN LS §XHAERMD ]
mL > B LSEHaEF 2 MHH - f
[E] R (0.6 ~0.8 1.0 ~1.2~1.45% 1.6 M)
AR MS FAREEHE - pH {E 5 5.8 - 1F 25CHYER
BRE N2 EFERE 90 min » &L HEE &
H 10 [EIEtERE - K25 RERMEIVEIER -
EARFLL I mL Ay 1.2~ 0.8+~0.6 2 0.2 M ElE
RS MS HEERIRE A 10 min > FREEEG A
HHB T B ~ A0 R NAH S &K% &k
B EBEREEE MS Bl E AR E 144 Bl
A5 2% e B AH 2 EME A 7 Va2 o

ANE] PVS2 5 AK IR [ 35 A [ i 50 55 e 17
TERZZE o RIVIHCR B (R T/
51 mm F1 1-2 mm) {E R EEaiArkl - &
EBERR > (FHEEERE 1.6 MAYLS 25
OREEREH 90 min o A f 2 U & (8 1) 8 HY
1 mL PVS2 = AHUAE » WAL E &R E 25T
HY &z 78 B o3 Al R K 60 ~ 120 ~ 180 &z 240
min > PVS2 B4 30% w/v HH - 15% —H
FTARE (DMSO) ~ 15% Z - FE K 0.4 M FEfERY
MS it B S B R (pH 5.8)  RFEREE 52 1%
EEPVS2 IR LI mLAY1.2+0.8
0.6 K 0.2 M EFEHEEER MS R B R&ZEE
A 10 min > % 0 KERBEREPURE PHH
BN B AR R SN EE R
MS Rz (MS HEAREE + 30 g L7 JiFfE + 0.2
mg L' BAP + 1.0 g L' PVP + 3.0 g L™ JEME:GR
+0.8% agar) gz | d > FEE MS FAR:
B|H (MS EAEE + 0.1 MEfE + 0.2 mg L™
BAP + 0.8% agar) 2% 14 d » FHEM LI SR
WA SRS E R o
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TMREARARE PVS2 HEEREFREOER
A RS BB EREE
HUEL S B — R 2F CCFRE RST 1-2 mm) HAK
FP&ELS (& 1.6 M ) 2 EEIREFZHE 90 min
1 PVS2 72 & 7K 60 min 1Y 5% BB ER 1E B ik 3%
M BHEBEA 2L ZE22HAEET > F1
YHREEREA 10 [EEB - F&ANRiEE
AHIAREHE (0.3 ~0.5 & 1.0 mL) fJ PVS2
PUHE > Bk B AREE PRSIk
71 he i B3 EERE PVS2 818 2 i
B MEE A 38CRIAAKME T - (BT EDE
FEEE (60 ~ 90 Jz 120 s) o & iz B4R {F [0 1% 5
Mz MS 858 K5 % - B EL K& MS FAER
BAEEESER  SUERBAER o SEE
Kirw 14 d ik FEMLER SR ZFE
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B —i s CFRERST 1-2 mm) H AR
FP&E LS (& 1.6 M jiElE) 2B (RFEEH 90 min
F1 PVS2 72 7& Hit 7K 60 min 955 B ER (F B fit 3,
kb B 1 Z2mL AEFURENE A 10 {#3E
BE > HERRIURERNIA 0.3 mL #J PVS2
PURR © Bt B ARBEPEEIRS)
REAFERFE (1h~1d~7d>30d k90 d)
BHU » PR A 38T 5 /K i o [ 35 g B
60 s - ZFRMEAAE DA% H 2 MS 518705
o BEERE DI R MS AR AR EEF
EEFIHABEE - SEEEER 14412
FHA AL S R A > S -

BT DT

DEABE—EHESERIR F1H
BEEA 10 ESEE - BENBBEENGTEE
HlT S 39 {8 e #E 4E &= (standard error; SE) -
A LA SAS &ETHiAS #E1 T8 J7 7 17 (analysis of
variance; ANOVA) » 1 5% BEE MK DL
/N = B HIES (least significant difference
test; LSD test) fgi & £ i i 22 AV B -
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BREASEEE AT TS - AN ER
BEAEE N 1E 10 B RO 20y S SR T
IHUR 2R 4H 8% CFRE R T 1-2 mm) » 5 jl| 7
f 0.1 M (Control) ~0.2M~03M } 04 M
FEEREHY MS [EfS TR E 14 d -
KGR ET T EE R EUR > BPETAT 3 TR EAH
AR RSB F E R B 5 96.7-100% (& 1)
FEENE 0.4 MEHREREEN Y 60% 17
A o
AE LS BEREBHRFIBEERFE
R

LA B — iR A B S 0 R B R 4y R B
A2 mL FEZHRE ’ﬂf§hﬁg¢ﬂ%
A S R[EEEEE (06-08-1.0~12~1.4
Je 1.6 M) /Y LS 7% AT 25 CHVERER 2 Lﬁﬁ
FER I 90 min > FE Y MS E SR E AR
14 d - HEBEREUR - REFEER A

N
o
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Fig. 1. The survival rates of strawberry (Fragaria x
ananassa Duch. cv. ‘Taoyuan No.1”) axillary buds pre-
cultured on MS medium with different sucrose concen-
trations (0.1, 0.2, 0.3, and 0.4 M) for 14 d. Vertical bars
indicate standard error (n = 3).
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B 0.6 M RV A SRR 2T
1.6 MEyEREA  FHENBEBEEE L FER
B Ry 100% ([EFRAFEML) -

@ PVS2 fRKFFE ¥ IR A B R =SB
SRR &

NEZFERT UMNA 1 mm il 1-2 mm) /Y
ARt BB B ECR B > A E
FEAEERE 1.6 M Ay LS /23E (REFETE 90 min -
P B8 2= 8 (B B 1 mL PVS2 7 A $t
HE - WAEEERE 25CHIHZ /A1 o 43 AR 7K
B B 60 ~ 120 ~ 180 F% 240 min > 4% MS 5z #&
OB MR - 15 MS AR EAERE 14 d - 4557
HUR 0 SRR ST/ 1 mm AYRR DL PVS2 iR
JKEEEE 60 min 187 1755 5 60.0% + 8.2% ([&
2A) » EEE SR /K 120 min (43.7% + 4.7%) ~
180 min (33.3% + 4.7%) K 240 min (23.3% =+

4.7%) Z R o HIh o BEEFRE R 1-2
mm FIREEF DL PVS2 Bt KR R 60 min {% 2 175
ZHI T 86.7% + 4.7% ([& 2B -~ [& 3) » B = 7
FR7K 120 min & (66.7% + 4.7%) » B EHZ S
180 min (46.7% + 4.7%) K 240 min (46.7% =+
17.0%) 2 B HE4H -

MREARE PVS2 HEHERFEER
A RS IEEE ERNTE
REEAR—KSF GFRERT 1-2 mm) H
LS (& 1.6 M) 2B IREEEE 90 min A1
PVS2 ;2 E i 7K 60 min 1% YRR E A 2 mL
BEZIURET M -196CRBEEETR
A RPUREAN A PVS2 HLAK 0.3 mL
BORAE 1 h B EUH R [EDE 60 s (X555 RW60s)
R - FE ' 4d% FHEEERR
76.7% + 4.7% (3 1) > B = A 011 A PVS2 0.5
mL (66.7% + 12.5%) 5 1.0 mL (60.0% + 0.0%)
Z PR 5 A2 BRI 90 s (fL5E RWI0s)
o PLRE WMAQMm%@@WHHﬁﬁm
FRHEAH » HIRF AR I ER T 80.0% +
8.2% > BEEAMIA 0.5 mL (66.7% + 4.7%) B,
1.0 mL (63.3% + 9.4%) ZpEH4H &% E |
Jm R By 120 s (FR5E RW120s) B - AIHTARE
WHIA 0.3 mL PVS2 $iisURAIREEAE - HiREF
TEERMER 63.3% + 9.4% » HEIHIA 0.5 mL
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Fig. 2. The survival rates of different sizes axillary
buds of strawberry (Fragaria x ananassa Duch. cv.
‘Taoyuan No.1”) (A: less than 1 mm; B: 1-2 mm) after
immersing in plant vitrification solution 2 (PVS2) for
different time periods (60, 120, 180, and 240 min). Ver-
tical bars indicate standard error (n = 3).

Z PR EAAETL (63.3% + 4.7%) > [HESKAYIA
1.0 mL PVS2 7 FEFH4H (80.0% + 8.2%) °

RARF B RS B ER AR

K=
Iﬂlﬁ; r%“&

RS HARR PALS (& 1.6 M )

% R Or o& Fé H 90 min I PVS2 )% /& it 7K 60

min FYRREF CFRE RS 1-2 mm) BEASURE S
R PUEE N IIA 0.3 mL /Y PVS2 1 H K -

1% BRER NRRE R B ROR 2 A IR A [
B (1h~1d~7d~30d}90d) &EH

B A 3 CRUR A 1 [EUREEHE 60 s - 45253

Ho4t 3

B SEMAFEEDRR  RIF&KHE MS 58
ROEE - BEEPE DR MS AR AR SR
7> SRR 2 FER TR B 76.7% + 4.7% -
73.3% + 9.4% ~80.0% + 16.3% ~66.7% = 9.4%
F 66.7% + 9.4% o &KLLEAI 53 M1% 0 B LR
G A A R (8 4) > RSB BRR S H iR
FZMREFEERS > B E T mo 1% BEH
B IR 2 oa R E i (B 5) -

ERET]

El 1976 4 H Seibert & [& & F 5 ))& %
THEEOR (RFIFFE1R (Bajaj 1991) » 25—
o Ot B> FE R s 5 2 ey tE Vo ke (il -
HACETHEE a6 i+ - & 8k
BRI E T BEEY) 2 8RR 2 R IRFER
flr (Niino 2006) I Bq il DA o 8K 22 2 fg 15
FLLEZ R R B B aES
[RGEH - G8%ES - 4 HAN - BEL -
WaE o JLE - EE - HEE DL A TE R
% - GEREAIEREERRIEHEE(LAE
RO IR Z 2B - Y7 e F R RO 2
SRORFE P 7 A 22 M8 2 HE R F /D - HISERS
TELURREE 2 M Z A » FR ek B R iy &
MBI ~ LS fI PVS2 /T FHIEEHE - DI EE
7 PR R BRI B R KRR © SoAE AR R (B
FErr 7 75 & 4 G e R B8 A P (R 4 A T Pl
FEE KGRI R G E - B O g B /K 2
J?i 9 E R I 0 DUECEE R IR A A B

o RILRIARER - el e B E (LS
ﬁ%f&fhﬁﬁﬂéﬁﬁﬁ’]i%l% (Thomashow
1999; Ashworth & Pearce 2002; Hirai & Sakai
2003) o 40 > fEZJR T 0 FFREREBE Y40
FEATEHHR  HH BEEsERERE
(0.4M K 0.7M) (UIEERELIEE 1d qfDliy
AR ZE S tE e 7 (7 52 (Suzuki et al 2005) ;
A EOR S R R SR R I3 A R R
7= A Tmﬂ%%%—*ﬂ’ﬁ%fﬁﬁméﬁ
RIFE% 7 53R (Hirai & Sakai 1999) « 554 »
TEARTRZE A TR B S B TEREBIBITNER T
E%WHQ%E%HEHTQ?% IR /N R 1

mm > H & #%/e/{iféfi{ég%%ﬁﬁ‘%ﬁz
FER - T%%%Eﬂnicarﬂ R AE I R A PR EE
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3. DAPVS2 R H NI RIFF R 14 d (2 2 5 THKE 1 5% BREF < (A) 60 min 5 (B) 120 min ; (C) 180
min ; (D) 240 min (EEfH]K = 1 mm) -
Fig. 3. Recovery of axillary buds of strawberry (Fragaria * ananassa Duch. cv. ‘Taoyuan No.1”) after immersing

in plant vitrification solution 2 (PVS2) for different durations and then cultured for 14 d. (A) 60 min; (B) 120 min; (C)
180 min; (D) 240 min (Scale bar = 1 mm).

F 1. HEFEPAEEYHEELER 2 (PVS2) lBEBURREEURSF | h R ZEDRIFFHIENEE "GR8 15t
MREF LRGN -
Table 1. Effects of different volumes of plant vitrification solution 2 (PVS2) in cryotube and rewarming time on the

survival rate of strawberry (Fragaria x ananassa Duch. cv. ‘Taoyuan No.1’) axillary buds after immersing in liquid
nitrogen for 1 h".

Axillary buds survival rate (%)

PVS2 volume per cryotube (mL) RW60s” RW90s RW120s

0.3 76.7+4.7a" 80.0+82a 633+94a
0.5 66.7+125a 66.7+4.7a 633+47a
1.0 60.0+0.0a 633+94a 80.0+82a

* The axillary buds were precultured on MS medium for 3 d, and then pretreated with 1.6 M loading solution (LS) for 90 min and
PVS2 for 60 min before immerged into liquid nitrogen (-196°C). MS medium: MS basal salts + 102.6 g L™ sucrose + 0.8% Difco
agar, pH = 5.8. 1.6 M LS: MS basal salts + 184.18 g L™ glycerol + 547.2 g L sucrose, pH = 5.8. PVS2: MS basal salts + 136.8 g L
sucrose + 30% glycerol + 15% ethylene glycol + 15% dimethyl sufoxide, pH = 5.8.

Y RW60s: Each cryotube with axillary buds was rapidly rewarmed in a water bath at 38°C for 60 s.

* Means followed by the same letter in the same column are not significantly different at 5% level by Fisher’s protected least signifi-
cance difference (LSD) test (n = 3).

FRIEE TRy A 4B 880 - (B ATHHESA NG HEYIRREF ARy > REE 1A &3 h0 (Rubinstein
WEFEAA B » SE—RER T BRI & Nagao 1976) « [HItt - K EFREER HiER®E
MEEEMMER AR EEARIRRE > F 14 dEEEE - U EAR R - FER
FRETE S B EST I B A S Y N R OM PR 1% R 407 EEE R TR ] DR AR MIS [ 3 o N A A o
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Fig. 4. The survival rates of axillary buds of straw-
berry (Fragaria x ananassa Duch. cv. ‘Taoyuan No.1”)
after treated with liquid nitrogen for different durations

(I h,1d,74d, 30d, or 90 d). Vertical bars indicate
standard error (n = 3).

&7 d BERERIRST ZREFIAE  RFHEF
£ 1-2 mm B - BIA[OJEUE B (SIS AEAS - IE
7 B 55 2 1F B — 5 5 5 (Shiau & Chen 2014)
T EBEV RS R S TRA S KBkt 2
WG EARE -
BEEFEMABERL R IRENER > @
g AE 4-5C SR 8 h (VIR T2 BIME
20-40 d - DA RE G R T B G AS 5 8 A TR
' 1-2d> BETRENSERRE KR KRE
## (Ramirez et al. 2004; Niino 2006; Zhao et
al. 2006; Medina et al. 2007) - B2 FEEE
IR 14 h (YERBETHES & 25-30 d > HiE R
10°C~ SEHEEHA 8 h iVIRIE T 4 BIMLERE 30 d
(Hwang 2007) - #1552 » H58p—IH B3R
HYES T o AHIE 58 AILE BUR SEAEOR /2 BB Y
Ea (TBRE 157 REFIE Rtk - S
AR (GFH8 RST 1-2 mm) £ORGH H ST
HERGHT RIS > RN EER AT EEHE
RAERPTER Z KL EY) » BFRAE MS & A
HONINRERE(E By E2ZRE - B A ERN AR
AIRE G2 EIE - AL > Hirai er al. (1998) {£7H
R R A R A RS B 30 g LT
AT B A AT LU Hirai et al. (1998) JE
W& 0.1 M (34.2 g L) fEREIRM 55

5. F&E THKE 1 5% REFDURRE SRR AR
1 h - HEIEA R REREEE 7 mo RAVERR (ELH
R=1cm)-

Fig. 5. The plantlet of axillary buds of strawberry
(Fragaria % ananassa Duch. cv. ‘Taoyuan No.1’) after
treated with liquid nitrogen for 1 h and then recovered
by growth and subculture for 7 mo (Scale bar = 1 cm).

ToORIRR S S TR RS A TRE B W R AR
TR W 1 B v T 2 R > DRV L P 2 S [ e
SERE (0.1~ 0.2~0.3 K 0.4 M) #y MS [& B k2
BREETRE  SREUR RIEEBEET
&4 0.1 M (Control) ~ 0.2 M f1 0.3 M JFff 2
FEHY MS [EfSRPE A TR E 14 d - HAFERT]
Z#F]96.7-100% > BE SRS 0.4 M RS
FEHEAH 7 60% fF0EEE (8] 1) - SBBLS AR EE (2F
B RS 1-2 mm) 7E & A B/ S OR 77 AT
TN TEERSEEEEZ 03 M
EHAETTHEER RS KENEEIRE - [ H
[ FH %4 TH (Shiau & Chen 2014) {E B Rz By
SERgE SEAHEL o 5940 » Matsumoto et al. (1998)
MERSEIE o A4 DL PVS2 BR/KEEH AT
S DA LS HEAT 2 % BE (R 5 - 7T (S 41 il B B o
Bt (plasmlysis) 37 ¥ 5 7K 5 T2 OB 538 40 e s 425
- MEA S RERMEN LS 2 BET N
0T it s i P R FB E A AR 1 - TE T B = (RO
BRI R BEEEEER ) (FHEREFERE
JEE (0.6 ~0.8~1.0~1.2~1.4~1.6 K 1.8 M)
HYLS T HHEREBRKZERRE3I h ER
& 1.6 M ERRERYE I - KA Favth
RIS ] 80% LA _F (Hirai & Sakai 2003) :
EARKACAHMEREEN BB ERT 2 ER R
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it QIS 0.6 M EEMERER LS
REREH 90 min 0 B HEBNFEER D E
# 70% LJ_I (Hirai & Sakai 1999) o A3t B4
REUR > B EEREEEIEBK > iR
EHEAEH 0.6 M RS HAH =N
2R 1.6 MIYEHEL > £ 25CHRE 88
R (REE R B 90 min 1% 2 FEIEZRAT Fy 100% (&
BERFIH) -

Wang et al. (2005) 3¢5 > fE%BE
P38 (LA (encapsulation-vitrification) 2
e /KR B2 S OR A2 o JER] PVS2 fE Ky
RRRER > TERFBERSRRFERZE
WA RIS oG e UK & E 2R o Y PVS2 ZH K
&R 15% (wiv) DMSO » H s —REH
152 15 B RS T A B 3 e HY A% (Sakai et al.
1990) » RL M F KRB AR ERFHE - HY
T~ A A FIRSTE 2 A E - B E SRR K
JREAVEEE] (Volk et al. 2006) » 40 » #E{TE
EHyEE LA > LM 10CEIR % BIE 30
d- FFEEEEERE > FHE 0.4 MEEHE
JEFE > LS FE# 20 min - F DL PVS2 /K HE
150 min » B3 fE 8 A =% 97% H{E5R (Hwang
2007) o ARl AR E 2R 88 K (IR 1 mm
1 1-2 mm) HYEEKES @ Sl S REERE
1.6 M #J LS 245 (& JE ¥ 90 min »
PVS2 fiR /K2 HH 60 min » 48 MS B2 &5 k1%
PEREAE MS FAERSE AR 14 d - 45REEH/N
7 1 mm 8RR EEFE AS 7 E % s 60.0% + 8.2%
([ 2A) > B B8 % = 7 B 7K 120 min ~ 180 min
K 240 min 2 JEFRAH (23.3-43.7%) » {EER
FEE 1-2 mm fREEFESME RS DL PVS2 [ KR HE 60
min %> 5 (86.7% + 4.7%) (B 2B ~[&3) -
AER RS A ER GRS ZRNER - 7
RERMR 4 = Z BT BE » {E UTHUEE A LAY 48
R RIREE RN - G E ] )5 E
HEARBILET  ERFEEEEE NN
B 5 1> W ak ELAE U ERE A7 8k /D &) i 4H a4 1L
FETR - Aol g E ¥ PVS2 AR 212
PRI I 8 B AF Ry B ROR 2 AR IR I BB IR 2 R T
JEF5 1-2 mm » 554 » 7R 58 ARTHR BB 1% (F
it GERET 4R PVS2 B /KIFfE 2 al {7 - 45
FELLPVS2:Z7E 0~ 20 F 40 min 7 R # 4 -

BREFEFHE RS (FAS RST 1-2 mm) B9 14 d 2
FiER G ET] 86.7-100% - & BL)Z % i HH 60
min 7 R4 (86.7% + 4.7%) fEEAE AR > 2
FEHE RS 1 h BEDRHA &R 3
7 PVS2 3235 0~ 20 % 40 min 40 > 17
TEE 0 £ R R 0% ~ 13.3% + 4.7% K 46.7% +
9.4% (BRIAFI) - HILER - FEEBEE A
WRREEUL B IRTFAT > ELEUEE Y PVS2 B /K
HIF[E {5 £y 60 min
H AilA B &S B 0R 2 R IR FEI IR 2E iR

o BRET A RS UK RE SR EOR 2 AT » EHL
HE NMA PVS2 #8158 KM A7 1% (BRI i 52 &
BB EERNHRE NN LA - Ni# > Hwang
(2007) EHfsefst - BELIAEREA > &'
APURE NARI 0.5 mL ey PVS2 » 4K
FEEUHE A 40°CHRDR /K8 21 2 [ 30 s
A JE 15 B = /Y B HE A8 7 & 2 - Hirai et al.
(1998) AZESURENIIA 1 mL PVS2 » HiE
TERS AL T 38 CIRUA/K M ED] - 27
{E& e Hi 3 = W5 5L (Shiau & Chen 2014) »
AIZHF A KRR 0.3 M EERER R MS
BRI RAHER 44 HLLEH 1.6 MEE
WEHY LS /877 (=7 90 min » B A PVS2 )%
EHEZK 60 min 1% » FRBRFERTAA 0.3 mL ¥
{9 PVS2 » T2 M7 & U I B 7 38 CHY AR 1E
a3 60 s > ATISF] 80% 17 E R - A B4
RER » RERFIMEHYEE R A RCERE
Bk HE&OBTHEHR - 1F -196° CRRE SRR
AABLEE NI A 0.3 mL # PVS2 Hi B H
TERF%EDR 60-90 s » HEFE 14 d & 2 708
RO EF] 76.6-80% (F2 1) - & PVS2 FHE B 1
mL [ > BHAE S A A 1% (0] B IR f P 7
MER 5 120 s » BfE A pRERAH Y7 S RACERER
Trifrig o LR R E A R HETURE N
A 0.3 mL PVS2 B A 2 5] B 4 5l 3 AL
AT 4A A DR P R R b — &5 SRR Bh IR R
PVS2 (I & - 4 > AW A ERERETR
BEREREHRFSEEEERENTE &
REURHGF 1 h- 1 d &7 dZBERFEEERELY
1F 73.3-80.0% » H{ZEHE R 30 d #1190 d 2%
TERB T ERE R 66.7% » KEEE I HT1E » #21LE
I A 3 2 5 ([ 4) - HhEAEBARIR S
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Study on the Cryopreservation of Non-Cold Hardened
Fragaria x ananassa Duch. Axillary Buds

Yih-Juh Shiau"" and Guan-Wen Chen®

Abstract

Shiau, Y. J. and G. W. Chen. 2015. Study on the cryopreservation of non-cold hardened
Fragaria x ananassa Duch. axillary buds. J. Taiwan Agric. Res. 64(3):228-238.

Strawberry (Fragaria X ananassa Duch.) is one of the perennial crops with the high economic
value. It belongs to the Rosaceae family and is distributed and cultivated in more than 70 countries.
Therefore, the research on long-term storage of strawberry germplasm is important. The major objec-
tive of this study is to establish an optimum axillary bud cryopreservation method of non-cold hard-
ened strawberry ‘Taoyuan No.1’. The results obtained on pretreatment of axillary buds (bud size: 1-2
mm) prior to plunge into liquid nitrogen (LN) at -196°C were as follows: (1) The average survival rate
of buds was 96.7% =+ 5.8% when the buds were precultured on MS basal medium supplemented with
0.3 M sucrose for 14 d; (2) By increasing sucrose level from 0.6 M to 1.6 M in loading solution (LS)
and then osmoprotected for 90 min, the survival rate of axillary buds remained 100%; (3) The axillary
buds survived was 86.7% + 4.7% when treated with plant vitrification solution 2 (PVS2) for dehydra-
tion for 60 min. This survival percentage was significantly higher compared to PVS2 dehydration
treatment for 180 min (46.7% + 4.7%) and 240 min (46.7% + 17.0%). After storage in LN, cryotubes
were rapidly rewarmed in a water bath at 38°C for 60-90 s. The survival rates of axillary bud beads
in the range of 66.7-80% were achieved after a subculture for 14 d. There were no significant differ-
ences in survival percentages of revived axillary buds among the storage duration in LN. These results
appear promising for a simplifying cryopreservation method of strawberry axillary buds.

Key words: Fragaria x ananassa Duch., Cryopreservation, Loading solution, Osmoprotection, Plant
vitrification solution 2.
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