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Abstract: Tropical region is rich in plant genetic diversity with great demand for the safe preservation of plant germ-
plasm resources. Cryopreservation [with liquid nitrogen (LN)] is an important method for the long-term preservation of
plant germplasm resources. Although cryopreservation protocol often requires optimization for different species, it en-
sures the use of minimum space and the regular LN supply to facilitate the long-term preservation of genetic resources
once established, thereby greatly reducing the labor input and costs in the long run. The cryogenic technique has been
studied for more than half a century and has achieved survival and regeneration of plant materials such as seeds, shoot
tips and pollen, as well as cell suspension and callus tissue after cryopreservation. To fully introduce the use of cryo-
preservation to secure valuable tropical plant species and support the development of tropical agricultural sciences, this
review first focuses on the shoot tip and dormant shoot segment cryopreservation to review the research history and
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technological development of plant cryopreservation. The research advances of cryopreservation in tropical plant spe-

cies were emphasized using shoot tips, seeds (zygotic embryos), pollen, cell suspension, and callus. The importance of
genetic stability analysis after cryopreservation was also introduced before highlighting the importance and prospects of
applying cryopreservation for long-term preservation of shoot tips, recalcitrant seeds, and embryogenic tissues and cells

of tropical crops.
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A: Encapsulation-dehydration; B: Vitrification; C: Droplet-vitrification; D: Vitrification cryo-plate.
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[llustration of most widely used techniques for shoot tip cryopreservation
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Tab. 1 Main steps applying Droplet-vitrification and Vitrification cryo-foil for shoot tip cryopreservation of tropical crops
" S 3o A o FAz 8 (I I PR A
L BB e SR gy AR (MIRERAIEO) gy g
Species Explant Preculture Cryoprotection Shoot tip regrowth (Num- Reference
ber of tested genotypes)
RV VERIE e WA 1.0 mm 2528, 2 mol/L Hili+0.4 mol/L jf  PVS2 vk BALEE PHFA:H 53% (8 A~H [29]
( Musa spp. and Ensete ~ #fF 1~2 4N R M R B EA B 7h 30~50 min BB 1 ADZ R SR
spp. ) AV 56 By BT )
TR W 1.5~2.5 mm 2 2 mol/L Hii+0.4 mol/L PVS2 JK EAREE 42%~78% (5 MFEFAHR [41]
( Musa spp. ) g2, A 1~2 AN EEE BERRE IR B SR 20 min~2 h 30~50 min 15 %)
K AT 0.5 mm 2528, 2 mol/L HiH+0.4 mol/L B PVS2 K EARHE 5 79% (9) [42]
( Manihot esculenta H1~2 AR Wi IR UG 9% 20~60 min -~ 30 min
Crantz )
WA 1~2 mm ZER 2 mol/L Hilli+0.4 mol/L f  PVS2 7k LA >30%( 97 AL A R [43]
WEE RS 2 h 30 min 1 76 1)
T KB 0.5~1.0mm 25 0.3 mol/L BEBETGFE 2d  PVS2 WK EALEE  60%~100% (16 ) [31]
[Ananas comosus (L.) Mer.] 4>, #F 1 4~ i3 40 min
T W 1.5~2.0 mm 2£ 0.5 mol/L FEMEHURE IR 1d  PVS2 FIRALH 56.7%~100% (10) [62]
( Saccharum officinarum 4% i, BEERFMAERA L, 30 min (FRADE
Linn.) 45 2 mol/L H i+ %)
1.6 mol/L JEFE T AL BE
30 min
R S 3~9 AR 2 mol/L HiMi+0.4 mol/L #E  PVS2 K FALH 9.5%~83.9% (10) [54]
[Ipomoea batatas (L.)] 1.0 mm MEZEZE4R, 7 BHEEIRALEE 20 min 30 min

2~3 R 3

=R WA 2.0mm 0.3 mol/L BERETLEFE 16 h, PVS2 UK EALFE  30%~54%( Vi); 21%~51% [63]
( Dioscorea deltoidea 2 mol/L Hili+0.4 mol/L £ 90 min (Dr-vi), 1543 A
Wall. Ex Griseb. ) B iR AL B 20 min
B 0.3 mol/L BEMEEE 10 C 2 mol/L H-iif1+0.4 mol/L VSL B 35% (B Velvick ) [61]
( Persea americana Mill. ) TiAbEE 2 FIARE Y FERE S IRALE 20 min Flok FALTEG  45% (5hFh Reed )
2243, 1.5 mmx1.5 mm Fh Velvick 20

TN 2 AW J

min; Reed10 min

T A RRARE, SO RURAR IR AT 7 2k 2 R N B AL T4

Note: Unless otherwise specified, the protocol applied in these studies was droplet-vitrification.

PR, a2 B i v A R A — P AT i 4
ARF BN T AR T AT R S oK R
YIA G, PR 5 75 VR PR A T8 o Tl I e A 5
KT,

A P 2 o R I IR TR A U 5 B 2 i I A
), BECWAR %5 i 55 & W i ME( Coffea arabica )
FhFRESET 2 8%IM/K 4T & it , (H B ARG
TerE i & ST IR 3 B SR 18 v HI RE AL 4 i i
MERh T #E AR IR A7 5 0 8 & % . DUSSERT 407"
B TE 9 fyummMEGE IR L IF A AR, [FIAE
KILWNHE C. arabica Z2 12 V%A1 HL PR R #1445 B
ER AR T C. racemosa 25 3 ANmiERh R 2
P R 7 I e RIS B A 2 (67%~81% ).
ZWF ST I8 B IRMNE R ) 25 GOk & SRR IR
RN, BRI ER RS ER TR

2 B0, AExEIME C. arabica (R A7 184
HIHE ke 4R E R E , COELHO 25U YAk, T 3% Fhuli
HERD FHGR R R IRAFIR R, Pl T2 18 TR =
20% 2 7K i A v R AR AR

Skt As S RELE VR (Tillandsia spp. ) FFEK
WAAE , OLIVEIRA %M 20 Fhas S RELFH T
ABRHRER, I FIEEER L TERE 7% R 15
KA REIR AR AT 450 d R TR, 13
s S RELII R T 3575 80% AR, ZHCEF
HLW) 09 0 7 BE % 2. 52 — 8 R 0 K T 7Y
PRITCHARD M4 2228 7 /M@ i i T T &
5%~11%]J5 ELHEAL AW AR URIE B, fff R Je P
RBEA T, Hir Anacamptis morio ( ¥ 48 {515E
22) b T AR IR AT S5 AR A B s A k78,
UM T 4 B B E 45 2R A B AR TR AR AT AR
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N F 2R AR, Gk TR
(i 22 B RP TR AL T8 50 A AR O 70, HU
A8y v A Hb 2% ( Bletilla formosana ) 4 f 1
N B ESART PVS2 Hh K AEFE 30 min, Z88
RIS IR 91% Ml &%, HAR(E 1a Fh
T R RUERFAL
3.2 FHAR

TR AN s E R, BN, 5 HA
AR LU TR 5 7K R G IR BB TR, 2 52 M b - A
IIARAT (1 S 4 8284 — SO PGHE VR 1 b T A R
KHE R LR, Jo Rl P R T4 %
T, DRI TR R AR R IR, X TS
B URIRAT

BBF R ARG R, S TR IR A LA BT ¢
i, SISUNANDAR ZEMgHFpiRI , H#T
PS5 AT AR AT o PR R BIAP IR 8 h Pk T
Ji J 25 MR V2 VR — i R A AR B R 1A I AR
UL AR BT RN AV R 5 B R % (40% ) & T 5
Zeat 12 d IBE A ESIRFPAR (20% ). HETF T
%, SISUNANDAR %505 7 ] s s M 1o
AT AR AR ARG, 25 R 11 A IR BRIk
R EFE R e (60% ), (HHB RIS TAE 3
JE N oy BRI AR . e DR 2 R TR IR AE
55 R WA 5T 4 A R AR AR LE s PO gk
fi o R B A B AR A AT R R A 4 i o
R B4 T it Az M Ak, AH AR ol S AR A T AR
FEH AR W SZ I T WhAE (Elaeis guineensis ) Fifi i
HilJ&@ ( Butia capitata ) F iR iy K RAEE 0

T AR B 5 R R, Ay A O T A
ik, ESQUIVEL 4511MlE 2 FliA [vi 3 PRl 7 1y 7 4
FRTER G TAE & TR S R AR AT IR AR,
it 5 A5 B B A% 80%HY B % K . SINGH 221 5%
T Ef# (Musa balbisiana ) 7 1 HARTE R,
25 B 3 W o JU W DA A R AL DR A7 1 T K =
5%~10% A XT K &, i WE5E I e BN I 15 44
LSRR P APV R 5 0 R B

X PR R TCTE B TR R R R T, S
SRR VRO 5 SO IR IEA T K T8 BE A 45 =
b B AR TR R AT 5 1 B S0 & % ZEmnnfE iR
AR RARAERTFSE o, VALDES 257 Fl PVS3 3%
AL GRAR S WiEE ( Coffea arabica ) R i
KT R HEATVR R, B4R T 100% R FhIRE; & 2%
Syt b K& ( Lepisanthes fruticosa ) #t#)F 1

SR IAEAE, BUSTAM 25045 H PVS2 ¥ i
PRI T T B IS AL R B AR AR R
R 67%H &, AR RO A el
YEDIFIF () PRAF ST R W3R 2,

4 WEEYEN. BiFHARSAGEHLARE
REBREHARER
41 M

TERY 2 PN MR TR, B T W Fh s fr A
SEPR AL A (5 S, R R 5 B R A AN 58
By mEARUOY AERMRA AU RO TR T
ASAE AN [A]) B5F (8] FIAS [R] M FEAY B A2 A8 B i, 2
PRI AL SRR A T B SRR
WRORAE TR, K S AR 5 A PR A7 ) 1) 26
LR, BRI RES K b K ALK PR A7
i g%

TERAFVED LA, KARUN ZEU b5
T2 AR AR R TR RS KE 7.5%)5 , HERTE
WA T BB AR, 055 3R 15 26%~32%
Ak 2 3 K ORAE IR R AL TG 13542 3 a
PREF 25%00 1, HICERE T B8R R R
TRAF R A AT o A 3 2 T S R B oA
TANDON 25U 0 3o e T B ) B A6 7 AE Y T4 1 h
B EKE 23.3%FHRA WA ITHANRIRAE, R
17 8 a RIS S4%MIAER I &%, S5 X IaAH
Fe Ay o AR Al . A0k B AR AR A7 1 ) 32 2 4k
WIRIAENS B BVE B0 . ANILKUMAR 201
I BRAE K e SR A 2 58 42 Tl B >R 42 1 58 A6 Ry iR
IR A G 0 2 R i, A8 71.26%, MFEFFAE
AT 2 h FIFFAESE 10 h REEBIAEMR TR)G TRIE I & .
CHAUDHURY %' F5K E4 8: 00—10: 00
[B] £ 46 25 FF SERTISCAR 25 SR 5 7 R AR By I A 2 e
XFAEAS TR I8 Hiad B v UEA A0 IR AT, MR AR AT
AR RAFTROIE SR G HAT T4, RS AR AR AR
R . Z RN T 180 (T R wT ALKy
519 (33 RS IRAE R W K WA, BB IR IR AT
4 a JAER R K B3 S RN, VEENA 2517
BT AR A0S 15 R TR U E S AR
N R IR AR, YR
THeeF ] B AR R AE B 7E I R A
PRAE P AT AR R L3R 3.

42 BEiZHR
HIY BTN —FhREAE RR 100l | (R
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Tab. 2 Main steps for cryopreserving seeds and seed embryos of tropical crops
LRI S B HIE 8 TGS = B (KD =t [ EZ PN
Species Explant Preculture Cryoprotection Germination rate Reference
7 (Musa acuminata, IR TMzs S T4 2.0 h gy 80%~92% [91]
M. balbisiana ) KiE 11%~14%
#F#E (M. balbisiana ) LN RSP T S0h EE >80% [92]
K 5%~10%, FREE IR
25°C, W 55%
miME ( Coffea spp. ) ¥ MAER AR 25 CTFHER 73~81% [70]
W3, AKE 14%~24% (3D unmER )
mneE ( C. arabicaL.) i RERE T 2 &K= 20% >80% [72]
Fif i 0.3 mol/L FEMETIRE IR 18 h,  (/NEBEIEAL ) PVS3 W 100% [93]
2 mol/L T iil+0.4 mol/L j# 23 CJi/K 40 min
BEALEE 20 min
ik (Elaeis guineensis BT WAL, /R TTHE 90% [89]
Jacq.) 3d
Pi% % (Passiflora edulis i T 40 CFHE 70 min Eokg  4%~100% [95]
Sims ) 10%
M ( Cocos nucifera ) LN THE ik 8 h & Ak ik 20% 40% [86]
¥ (Cocos nuciferaL.) — Flfi 0.6 mol/L FEMR SRR BURGFR  (BIAL ) PVS3 hkAbs  20%~25% [96]
3d 16 h
WAL ( Vriesea bahiana ) ¥ WPERER BT 24 h 57k 95% [97]
B 5.9%
S RAL (Tillandsia spp. ) FlF HEE 3 h EEKE 7% 20 Fhdg 13 A4 Fp [73]
WA E=80%
FAJK ( Carica papayaL.) Fi7 T FKE 5%~30% >70% (ffRG [98]
2 mmol/L GA; &b ¥
15 min)
246 (A1) [Bletillafor- G T (BEE4L ) 2.0 mol/L Hil+  91% [81]
mosana (Hayata) Schltr.] 0.4 mol/L BEMEH K 10~
30 min, PVS2 yk I 4b#
30 min
2 (HIE2) hF (BB ) PVS2 FIR TALFE 62% [99]
(Doritis pulcherrima Lindl.) 50 min
=4 (F13) AB (BBIL) 03 moVL BEHE  (BUBILOPVS2 K LA 20 92% (friE%)  [79]
(Bletilla striata Rchb. f.) il RS 3 d
JRAAFRT 0.3 mol/L BEBFE IR E  (/NHBIRAL ) PVS2 HI T 93% (Wi#Fhr)  [100]
MEZE  3h, 2mol/L Hil+ b2 60 min 91% (KZFFHT)
i 0.4 mol/L FEHEALEE 15 min

— B AR AT, 22 AR Ak B LA i 4 A

JE BB AR I BTS2 AR T g R R
SAETR R AT, HFE A WA DL R A T
J1, KPR ETE AN T R ARIR AR AR, BEASRAIC
HAE K IAARA I IR A vh S BOR PR AR T2 2K D) e
S A 7 S kg IXURG S A A R AR AT
FEE N VA AR AR B RO 20 Bk TS Ly
IR IR ORI IR 22, 76 H R0 I B0 R KR
{547 FINKLE UL o84 8% % . 10%

DMSO 5 10% PEG (¥1°8 w/V) W& R AE
IR Z R R . GNANAPRAGASAM
e VU H e 7 440 6 o P I A A7 OF 52 v o B 4
M2t 0.33 mol/L ILALEEFIE 3 3d i, NS
0.5 mol/L H. 0.5 mol/L IIZLEEFN 1.0 mol/L JE
BH IOV AR AR 7 700 B8 AR A5 = VR TR JE TG 6 . 7E
TR BT A BRI RAEDTSEF, PANIS 4511
FTH AT DMSO R AW TGRS, 4558 BR
DMSO 5 5% R ey, fELSEAl - GEORGET
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Tab. 3 Main steps for cryopreserving pollens of tropical crops

Y2 BRI (LK) 7 [ RS 278 Sk
Species Cryoprotection Germination or survival rate Reference
HEF ( Cocos nucifera L. ) FHEEGKE 7.5% 26%~32% [103]
itz (Elaeis guineensis Jacq. ) 37 C N+ 2~8 h AR [108]
T 1 h ZEHKE 23.3% 49% [104]
IR (Mangifera indica L. ) TREmP T 1h FeF M [107]
Kk JgH (Hylocereus undatus ) TP 2 h 71.26% [105]
Tk (Psidium guajava ) JeitF T4 1.78%~81.67% [109]
(7 EEREAY)
%% (Artocarpus heterophyllus ) FHE&8F T4 2 h 2 [110]
#% (Ananas spp. ) BT 6 h B E KA 25~30% 8.24%~94.25% [111]
(3 ANFEEA 10 Hr o)
FAJK (Carica papaya L. ) IR A, THERARAE 20 CHE 2h 54.33%~56.51% [112]

2120 5o 76 2 L V7 2B IR R A7 1 TG 57 4 R ot
FIAl, e AE R VR IR F = 2D MR iR 5% .
IR TR R AR AR TR PR A 24 SR T A8 R T
ﬁﬁ??@‘{}ﬁ“w'lm]o

HRETEM Y ¥ UROR 3P 0 &) 1) PVS2 3
B Ak V5 Y TR AR 38 1 I AR 2 7 R AR AR
17 ZEHa 0 PR PVS2 BRI 4
ELPGAE b KSR AE RIS 1 5 1 A2 17 4N i it
FrBARIR AT, RIS AL R i 5 Bl
TE 75 R 1 BN T B Ak % R B 7 A A AR R
FEAR R R 2R FH L AL BT 5 R 45 6 P 20 PVS2
B, R 27.1% M BARE RS R, N
T IR TR R AT AR IR AR AE, WET 2%
WU BERETR S 2 454 PVS2 W R4 1y )7 kAT
FBARIERTE, 2015 68.33% MG R, 2t 4 &)
I 30 min PVS3 3L W 1% R DR 4P 0 1 SRR
PR35 35 40 240 0 T 405 2H 2400 AT AR AR TR A A
TR AN 94. 7% 0, 32 W IR B2 3 W) 40 i
5 0 30 A 05 41 A B EL AT A R K RN VA R
REST,
43 RUFHER

AL R AN A B, — o R AR
PE AT A5 IR A2 R A 5 2 4] RE s PR K
kAR T A AN AR S, BB AR T
Bt s AR IR A AT LU SGE i A
HAVEF I R, BRI ok PR BE ) 3%
S . FL7E 1979 4, ULRICH 2502918 %+
AU LU IRR RIS, KR AR
147 (8% % 1E+10% DMSO+10% PEG ) fiE
AT IS AR VR o T4 s ke

HAEY 5 0.5 mol/L ILALHERE+10% DMSO ¥k
TEH RE A O L SUBIRIR PR AE TP X L, RIS
BV RO A, X nT e I A et I PR A
(R E A %, MARTINEZ-MONTERO 22854 iy
JH0.3~0.75 mol/L FEBE+10% DMSO J & A% 351
WIRAET 3 ASH BEZ S A IRt dr 1 41 21
MARTINEZ-MONTERO %52V f5 %of 1 e ik
Pl 255 5 1 PR IR A T B AR R R A, I
/N BB AL AT T 55% MG % . BRHEZ
A, B PVS2 BRI A s TR e
ARV St U3 gt e g A 40 21 20 B AR
REFERR (£ 4),

5 EMEREMKENSRZMERITLE

ZER 5 IR IR ST TC I BB A G 7 I B R 1Y
RS, AR T REAR L3R A BHS 14448
e ok AL AR S KU, (E PR HRAE i B K
TR NS R A VR 53 ) 45 200 BT >R 18 3 I 38 Y U
3%, 4 DNA AE$ith, XAtk et
TE 3 AN A R e A AR AT S R
HEAEARTT SRt A2 A PR AS I - o3 b 22

H T2t fe e Pk, HET4 K254
LAY 2250 AR IR PR AT R BB A8 ZE+7 R A7 B IR
LR E PEP P71, AGRAWAL 2% i A% i
R4 )5 ) 75 42 Sommarani Monthan( AAB J& K[ % )
TEREAR AR VP R A5 F2 8 PEAG I, IF9E 3R I
B 1 BRPAEAR R SR B B T a4, HARAE AR 5 X
HEAH B 2R B0 [R) 9 A= 4 A = s e i 5 TR B g
SSR Jr Fhmic ATt L ke YER N OT ok R L Z 3
PER . AGRAWAL 213 3 o 7 2 [ i) 1%
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Tab. 4 Main steps for cryopreserving cell suspensions and callus of tropical crops
Wb 2 FR It R4 EE kg FE r = B (KD =t B Z: 2% 3CIk
Species Explant Preculture Cryoprotection Survival rate Reference
lifs (Elaeis guineensis) B 7F4HL 0.3 mol/L BEMETRRESR 12 h PVS2 7K EALBE 5 min 68% [89]
H#E (Saccharum sp. ) BRI 0.33 mol/L INALEEFRTFE 3d 0.5 mol/L Hif+0.5 mol/L 115 92% [118]
fiE+1 mol/L FEMHR VRIAY" 1 h
#F# (Musa spp. ) BFA X Hil A 5% DMSO IRG WL % 64% [119]
A
0.13 mol/L FEFES 0.39 mol/L i FHA DMSO, (HAER £EH [120]
REME T 55 KK 15min,  7.5%2 %43 30 min
0.5 mol/L BEFHTIREFE 30 min
7 25% PVS2 FidALHE 30 min, 90%Z: A7 (3 {3 [121]
100% PVS2 VK - 4b#H 5 min AAA SR
BRI )
FHEL BIFM 0.4 mol/L INAUEETIEF 2d  PVS2 ¥K LALFE 15~20 min 27.1% [122]
( Litchi chinensis Sonn. )
28 (Mangifera indica L. 2F410 T PVS3 4b3 30 min, BEHHifE 94.7% [123]
var Zi-hua ) BRI
& ( Saccharum sp. ) MOGHE N6 B IR 10~15d 0.5 mol/L 1 ZLHEEE+10% 97% [127]
DMSO 4t ¥ 30~45 min
0.2 mol/L J##5+3.8 umol/L i PVS2 ¥k - Ab2H 20~40 min 55% [128]
KRR TG FE 3 d
# &t ( Hevea brasiliensis MIfGZH41  5%EHRE+5%DMSO Fii 3% 3d PVS2 yK b ALBE 40 min TL.7% [130]
Muell. Arg. )
JeHR ( Dimocarpus longan {GZ4HZY 20 g/L FEMETIRESE 12d PVS2 7K L 4b¥E 60 min 13.5%~43.6%  [131]
Lour. ) (2 NMI-AHA
A1)
o254 ROIZHL 20 g/L BEME+5% DMSO 5 'CF PVS2 7K _EALEE 40 min 78.61% [133]
( Litchi chinensis Sonn. ) iR FE 2 d
2 WE W RZE AR BAGR ARG AR SSR S FARCHIA, s TR, R R K AR
I SSR 4r FAMCHHT s (e R R, JF AR % SfUs. SISUNANDAR ZEUPHAST 4 ANHET- & Fh
PRI ORAF AT R AT Ofe 178 SR B . 6 3 85 A E’JA%%T HATBARIRIRAT , RS 15 B AR

=23 ( Dioscorea deltoidea ) )i Fl4r F4%
ORI T 5 A% A2 MR DN [ 2 B 3 38 A v i
RGIR PR A7 1A 2R BB (R 8 IR 0 A R L 8,
SR AE H R v A 9 3R W 25 QB AR PR AF AR5 1Y
AR SRR e R I A 22 5, Horh LA
I NG 57-024 AR %5 R P 98.5% M K —
H:, HAARZ5 LA PVS2 BB Z )5, 1M
HAPih ‘Hf@%lﬁﬂ Halaii 5 H83-6179 H AR A5
@J DNA Z 751!
JR T A A 2 40 B’ﬁ%‘?ﬁélf WA e izt A%
] B2 LHL U SfC T v 1 A SRR ), R o
TR H AR PR A7 5 st A fa e GANTAIT
2O IR B R R I PRI 0 2 IR A R IR
175, B RAPD Fl ISSR \ﬁmaﬂﬁﬁu%
g e, KRekMEZEMLAH . WELEWANNI
2 UVt M 1 6 7 75 S P 45 1 R v i 403 4 407
TR S Tist A AR e e PEAS , T 11

TR S PRAFRT S BRI T XS L, AR R AR
G AR E RS W SSR 7 FARICHIE 41
FR AL KT A R AR ¢ IR A I 1 2

SR R AR U DR A7 2o 78 v 30 A P 2 25 2H 4L
keFRMis KL, HALEA —E /Y n]
PN AT RE S Xt A AR IR 7 A S e Y P e
P EM BT L 43 Z . ADU-GYAMEFT %14
#En] A ( Theobroma cacao L.) b HIAfF5E & BHHAA
IR AR IR A 5 7 B A AR RO 5 R A2
HZAE S FMIEAL KPR 5%, (AR AL
Syl gk BATIR, BAREAUR A U] A
TRAF ORI 18 A 728 57 K R e ) ML A5 72
AETHRADITR .

6 EBZE
B 5 1] 0] R o o 2 4 R AT ) T LA
ML ARS TARR T, MR A R AR E
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I BAREAIOIE B L it o 1) 22 42 DR AT AR AR L N B
B V2 Rk B A B AR BT A R 2 PRk
AU 2T AR B IR A AR AR A7 A, L
Il DA SR IR R A BN I T B Pl AR
Yy 55 3 AR A BT v PR TR A2 PR 2,
AR PR A7 AR 2R S S R B B A
ERMTRATRENR, B BCATIE, 2
T CHE . RSO S N B R
T Je e R PR A B AR TR . e A

ZLRBACIR A E RN PVS2 8 TR ik it
TR T, IRE G/ NEB R . SRRk
EPGE S VR — R R T B R RAT o 2RI R
AR Z2 RO R 0 117 25 2R FN 25 Br Al UG R A
RCE 2), BARTEF LMD SAVEY) ARG,
AfEH R . REEFEEMPGTIEY LIEF A,
ARk | AT A] R P S A BT AR AR W A AR IR R A
TAE B T i 5 o i 4 288 A P A TR X Y O 1)

Bl
L0 mm

[ Ex | TR
!

| I m SIS (BRER)

A: ZER (FNFRER, ANAREER); B: FHEMT (b1 AFEMIL); C: FHEMM: D FRMEMLEITFER; E: REZER
PVS2 U RY; F: ARBEZEIO/NHBEE OB AGR AT TN RE s G: WIRER AR GRE T HE# KR
H: AR I RAE I A0 A i A AERE ;s 1 PG TR R W) ARl R AR R R A 7 TRk %

A: Shoot tip of banana(on the left) and cassava(on the right); B and b1: Seed and embryo of Musa sp.; C: Pollens of Musa sp.; D: Embryo-
genic cell suspensions of Musa sp.; E: Cassava shoot tips treated for cryoprotection; F: The cryotubes used in droplet vitrification technique
for cassava shoot tip cryopreservation; G: Cryotubes transferred to cryobox before long-term cryopreservation; H: A liquid nitrogen tank for

conserving biological samples; I: A flow chart of method selection for cryopreserving various tropical plant materials.

B2 #EEDHRZFRBREREMERES T RERF

Fig. 2 The explants and techniques applied for cryopreservation of tropical crops

ARG L PR A 2 R A 0 480 2R o 5 BRI A
RAFRIME—T-Be, O A A4 b1~ R4 708 R R
I, AEAE TR AR RIBC AT 4 i A AR R AT
V2R R R BERS I 2 L 2= R
R PRAT o HFPIRTGH: B TR, TS M2
IO7 B AT W HEA T v R DR AT o [ TR A AR L
RAFBR C AL | AR B S Ay L sr,

TERRIES . A ] A S A AR A AR K ) 22 R AT
A= e 7 D NSRS 1 S L 26 3
TR PR AT RIAE HOBUR AR B R B SR EOR, LAf i iR
ifp R BRI A G

AR IRL PR A7 38 o] BT T Sl A AE R . etk
BRI R SE E A S A A R PR AT
P AR AR T B T R R A, BRAR R
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Do Ry T RPE A G BRI A Y
FEAR IR RAT A v VR PR AP I WA T I K T (18
2) WRPER Ui 4 2AFE R R R B AR ARAF AR T
TERF . HIE . R e bl sy, n]
R AR b 3 BRI T AR A 5 A 22 53 RS 7 e )
R, A H A R P A AR RO BT S

Zi LRTIR, EARIELRAT R BAR T EARYE A
[l bR SR L AN [R] 0 75 St A A, (ER R
S e f A AR o B IR DR AT T B B
XA Ry Ak A ) 2 R KO SR i X, AL
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