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Optimization of Lipu taro tissue culture rapid propagation in
temporary immersion bioreactors system

DONG Wei-qing, HE Fang-lian, JIANG Wen, GAO Mei-ping, YANG Liu,
LI Xiao-quan, JIANG Hui-ping, HUANG Shi-yu, WEI Shao-long’

(Biotechnology Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China)

Abstract: [ Objective ] The rapid propagation system of Lipu taro was optimized by using temporary immersion biore-
actors system (TIBs) in order to provide technical supports for industrialized and automated production of its virus-free
plantlets. [Method] The adventitious buds induced by meristem of Lipu taro variety Guiyu 2 was used as explants, the
suitable hormone combination for multiplication and rooting of adventitious buds was screened by using TIBs, and the
effects of different subculture materials, inoculated densities and intermittent frequencies of TIBs on the multiplication
and rooting were analyzed. [Result]In TIBs, the multiplication effect of Lipu taro plantlets was enhanced effectively, and
the multiplication rate of buds reached 28.96 times, which was as 10 times as that of traditional solid culture(2.87 times) ;
and both of plantlet height and rooting number of induced plantlets were extremely higher than those of traditional solid
culture (P<0.01). The hormone combination of 4.00 mg/L 6-BA+0.05 mg/L NAA added in culture medium was the best
for multiplication and growth of Lipu taro plantlets in TIBs, and the multiplication rate of plantlet reached 32.04 times.
When the 4" sub-cultured plantlet was used as explants, 10 plantlets per liter of inoculation densities and 5 min per 6
hours of immersion frequency were found to be the best for growth and multiplication of plantlets, the multiplication rate
reached more than 30.00 times, and could shorten the germination of plantlets with well growth vigor in TIBs, and the
contamination rate of culture medium was 0. [ Conclusion] The results showed that it is of highly practicable to use TIBs
for rapid propagation of Lipu taro sub-culture plantlets, this will provide important technical supports for implementing
and promoting large-scale industrialized production of Lipu taro healthy seedling propagation.
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[#F5% & X )3 (Colocasia esculenta L.) X 44 7F
Ty LR, R KR EREE TR s T kR
ARSI R, B — PP R B S 2 A, 7E R 1E A
AL BRI S, © A 3R 4R H R L
R gk (Oh AR Besi AL IFFE T, 2010)
EIRSEAC S K BT EL R f i B SR AE ) , K Ak B
AT R G R AL AR B, XU 9 I &2 R A
FEE N, TN TR Z—, DUE™ 75 W
144, AR el 25275025, 20 T =1 Jhy Sk = 2R ek == Rl
RUREARE SR RE , HEE A 2022, R B AR IR AR A7
Kkl , AT RRER KU, 2 ] S A 35 7 i 2 — (VT
RIEHERA], 20165 5 H H 5 ,2017) o “FERYH FURSE
SE VIBRZE N Fh, B AP 1500~2250 kg, AMUFE
TR B E, BT A A I, s,
BT Z AR PR 2l St TR 20 T S B 2 ™
FIRAL, BT PTI M AR A ™ i i T R R . B
5 7T PR R, 7 I R E ZE B A R
SRR AL g iy A IR R 55 7 e KL
SEIR SR A 7= o PR, R A T R AR 1 7 Vi
LRI EAR FR LA A X5 T I R RN 1Y
Ko (AT RS HE I ] H i, B A OCT2E M 4 5%
O KEMFRHE , F 2R RN FEai ot
PRECHOR (BEEE, 20025 5K & B3 55 ,2008) o Hor R
1 50 AR 37 B SR 2R TR R S BRI Y 2 (TOU 2
ZF) 2 K BE S5 AR Y B B bR
RE AT PRAe A a0 Bt BT, SCRE T 24 AP A (i g
A, 2014 BEGIEAE, 2015, 5K AE,2017) o [A]HK
1= % A W I N 4% 2 8t (Temporary immersion bio-
reactors system, TIBs) J&— ' 7E JC & A 5% 8 21 1%
WAORME RS TR AT R I PR I s SR A TR B 7 =K
AT 20 15 A4 kLR A5 A K A 3 5 A% %K (Etienne and
Berthouly, 2002; #4155, 2010b) , X Fh#% 3% 7 X
DG R AT AR S 2 355 05 FR T 3R FER 1K
WL, ] st PRI 5% S A T 1) i) ok A 3% 2291 20 R A s Dk e
WSS FRH P AU T, DT B A R T e 2 3%
B4 184 58 %6 % (Mehrotra et al.,2007) . [ T TIBsfjfk
TSR WD TN TR R BRI T A
JAS, R [ AR A T S B 5 (A )
TR 2 | 11544 25 (Xuan et al., 2003) Sp22R
(Zhu et al., 2005) , % £ (Ikram-ul-Haq and Dahot,
2007;; ##1% ,2010a)  H J#E (Bernal et al., 2008 ; Mor-
docco et al.,2009) . F4E CGRITINAE, 2014) 54 A
FHOCHRE o [ AR FE VAR MGG AL S5 55 5 2

— B0 S5 SRR R R A 7R AR S AR T L
R, PR, S TR FR I 0 i st R E ahik
BUBB AL 5 A T A U 35 LAY AR 7 RIS R B A
TR SIS I 2 A O TIBs#EA T
F AR A RIS 4GE o [HOLA DR 110 DG B )
) A5 E B i AR 2 5 2R i LU A
DAR B E 2 RSB, R TIBs A 741 15t E AT
58, A CH AR R Z8, DI 7 i E i 21
KTt A sk R R AR S
1 #MRl5R®
1.1 RIew

VAT PG A Mb B2 B A= W BOR W92 B i B i
H2 A BN T A E 2N IME AR B
Z: 8 Lorenzo % (2001 ) A58 11 26 2 7 3 F TIBs Y
IS BN R o SRR RO 257
3.0 L) F 8 3% 358 O 5 30.0 em, ELA215.0
cm) , RO T TR AR BE F B 1.0 L, 5557 2R
B R E R AR K R T K R
% Ho
1.2 REFHE
1.2.1 HBHBEREHRF ESTIBsE A kb 1%
38 AR RE 5 5 1 3 FE 85 57 3 MS+3.00 mg/L 6-
TR (6-BA)+0.05 mg/LZE 2.1 (NAA) +
30.00 g/LIEMH , A M5 573 HMS+0.30 mg/L NAA+
0.40 mg/L"5| W 2,12 (IBA)+30.00 g/LiEH . TIBsk;
F: R G SHN E S IR LorenzoZ (2001 ) B 7 s, 425
% BE TOBR/L, 5 B[] i % (32 /A 8K ) 5 min/6 h
TIBs}: 77 R G AR UG G EE 5730 d, A& e R 3: 57 07
ARS8 AR IR, FLBORTRIRE 3% 7 v 4 B i 4
BEASEI PR R S A AR HE BRI 52
1.2.2 AREBALESHHFTIBsARZ IR
A I T [ N T SR e 2 A AT
HIE G ARL SRR T 10RR/L, TIBsH; 35 R 4012 K
[E] B4 R 5 min/6 h, 6-BA B 4% 3 51 42.00
3.00.4.00715.00 mg/L,NAA JF ¥ J& 43 51 470.05 F11
0.10 mg/L, HuA AR 8 28 21 A X6 20 5% Vi 398 A A5 4
P S R B R BRI 2
1.2.3 REVSEARRZ F AL # il F TIBs 4 3% B %
R Fra LG BRI IR 1~84C
P SEALRE W AR B TR B 5 5L I MS+4.00 mg/L
6-BA+0.05 mg/L NAA+30.00 g/LJEHE , TIBs): 55 %
B 12 B A B K5 min/6 h, AP EE 10RK/L, HeAS
AR AR R R E 2F ) W 4L 15 P a5 A5 40 L i 2E s
EIR7 =Y A &= = N A
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1. 2.4 REEA A B H T TIBsA 3 R F 20k
EOR AN ML NP Sy R SN CX Y A i}
SO ARL, B GBS SR T R TIBsK: 95 R 45t
2 A AR SRR 1.2.3, BERP a8 40 B M5 .10,
15 20F1258K/L , LGN [R1H2 o 288 P8 %ok 2 355 1 14 A A
b3 O NN RN TN S O R Rt = 7 ANE ) A 8
1.2.5  REVZ &R BRI ot # i F TIBs 4L 3% e e
ARG Fra LG RS FR J7 E5E IR 1 55440
FH U LR T M ORL b R R M B K 57 3 [
1.2.3, TIBski % R GuiR & (B ONR AR %S min5 53
SETERT 3.6 12124 h, FLEE 5 BT AS [R) 3= 35 ] Bk 0
S OEA R Y RS RN S N TN e R

YR EFRAR I R
P E S A B 8 ETIBsH R R 45, 1
3 ARARIGTE R I3 451 IR (28+1)°C, DL IER
FE1500 Ix, Y8 FE A E IR 12 h/ERRE 12 h B AR e 5
S IR B (28+1)°C, EIRGRBE 1500 Ix, IR HA K
\ gT=—— =1L} ‘

IR 14 h/EERE10 h,
1.3 Sitsh

6 K R T SPSS 18.01 SNKE #1748 1 K
ZE LRI HT -

2 HRE5HMH

2.1 ZHiEFETIBsABRELR

L7 1 2 250 00 A A S 3575 5 A0 BB A9
SRR EZE I RL, R TIBsH: 77 22 48 (&) Kef%
48 RS R I T A U B R A R (R D)
7, R TIBsYE 57 22 Ge s 32415 10 7 T 20 85 1 1
PG AR 28.96 1% , L AL SRR R: F% 7 ik (2.874% )
105, 4 2 5 B3 (P<0.01, T [H) ; TIBsk: %
ARG TR B H B vk R85 16.47 em, ARSI
R FE AR I B 1 258.24 em; AL, TIBsH: 55 &
GERGFARIS A B A AR B fEtE (B 1-D) , A AR B ik
2 = TR G AR B SRR

B 1 TIBsiEFRRGIEFRENEBHTFEESR
Fig.1 Lipu taro tissue culture seedlings by TIBs system
AR AR B AP 10 dAYZEEY B 5 C 3020 dIZA R 1 s D TIBsH JRgR R AR AR
A : Tissue culture seedlings inoculated for 1 d;B: Tissue culture seedlings inoculated for 10 d;C: Tissue culture seedlings inoculated for 20 d;D: The
rooted plantlet cultivated in TIBs culture system

® 1 EREEREFSTIBERZHFAEENILER

Table I Comparison on tissue culture seedlings of Lipu taro between traditional tissue culture method and TIBs system

147770 Cultured method HATE A5 Multiplication times Fi= (cm) Plantlet height HE MRS Rooting number
15458 [ A% 5% Traditional solid culture 2.87+0.33 8.23+0.37 7.56+0.71
TIBsk% 5% 24t TIBs system 28.96+1.15%* 16.47+0.55%* 18.89+£0.28%**

IR Ry A28 5 2 (P<0.01)

** represented extremely significant difference between the different culture methods(P<0.01)

2.2 AEMEHAXHHEFTIBSAZEHIRM
FHITIBs 3 I7 2R GL A7 3 1 1 AL 5 PRSI, B

FrHE RS IIE B PR 2 R AL B B A A AR

EHE A hR2ATH, 2 NAAJ K [ E

0.055%0.10 mg/LHT, FH6-BA i 2k ik B 134 i , 20 55
BT R BB A BSR4 S B s 34 (R e 450
B AR Ak, 45 b B R] 2% S 3 AN 1B 3 (P>0.05,
), Hrf,6-BA}5.00 mg/L NAAJ0.05 mg/Lif,
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20 5 1 R I A AR 36,944, E B T HALA &
(P<0.05, F[A]) ; M7ENAA}0.10 mg/LAbF rp2H 1%
B AT /N T0.05 mg/LALHE , MRS Estd
IINAA40.05 mg/L .6-BA45.00 mg/LI, ZH 351 1Y
PR, 1530 em, B35 TFRNAA 0.10 mg/L .
6-BA 5.00 mg/LANFRAM AL 5 o tesh, A5 K
PR 24 6-BA TR 155.00 mg/LAs, AR 2H 5 1 1) 1

® 2 AREHERAENZHEFTIBAE BRI

FEA R SR B A B R B AR A H A
Hofth b B B 2%, AT RE S 6-BA TR i B A
R, 25525 FE % T A AL 1 108 5% PRI AE AR
It P[] IR AS 52 00 2H 15 e 045, 2 T SF TIBsH 37 R 40
H LA I4.00 mg/L 6-BA+0.05 mg/L NAAFRZH 55k
BROREA

Table 2  Effects of different hormone combinations on Lipu taro tissue culture seedlings in TIBs system

Qb3 S (mg/L) Hormone concentration TR P (em) T,
Treatment 6-BA NAA Multiplication times Plantlet height Number of leaves
1 2.00 0.05 22.82+0.80e 10.24+0.40e 7.00+0.84ab

2 3.00 0.05 27.96+1.35¢ 10.31+0.32de 7.22+0.65ab

3 4.00 0.05 32.04+1.14b 11.51+0.25b 7.61+0.70a

4 5.00 0.05 36.94+1.39a 15.30+0.28a 7.22+0.73ab

5 2.00 0.10 17.41+0.89¢g 10.33+0.25de 6.83+1.04ab

6 3.00 0.10 19.59+1.47f 10.53+0.24cd 6.72+0.83b

7 4.00 0.10 24.81+1.43d 10.72+0.32¢ 6.94+0.99ab

8 5.00 0.10 31.78+1.57b 15.26+0.31a 6.89+0.83ab

[FIFV S A AR NS TREROR2E 7 B35 (P<0.05) . K3~ 5]

Different lowercase letters in the same column represented significant difference(P<0.05). The same was applied in Table 3-Table 5

2.3 AR B 5 F TIBsAE i HI 200

H1 370 %0, 78 LATIBs 1% 9% 2R G b A7 7 1 - 41
E DR B A R, AN R 75 0 2 B AR AU R
X B EGAE AV E KA A e 22 5 . DASR 1~
258 T 4 21 B O FE b R RE IR R SR A RO
100015 2247 5 565 3~TA R AL 15 1 o 8 FE A0 4035 1 2 =y
T 1~240 A B ARACEOA R0 7 2 TIBsZH B i

R 3 AEGRMEIX 5 EFTIBsAE E AR

R ZF 0 [R] B e L R B R A AR B 25 5
LR 3TR bR, LASE AR R R i) A 5
BOREAME . AR R T, 5 1~SAR ARG T 5 ek
B s e M7 A 5 B TS 4 30 518 16.29%
F18.61%. KL, 7E R UEZS AL 35 A R e bk
HA R HIEG LT, B PR S 4R R i 1N
TIBsk; % R G 4R AR

Table 3  Effects of different subcultured materials on Lipu taro tissue culture seedlings in TIBs system

ELAWA JEFENTRL HIZFIR ] (d) P (em) AR 159 (%)

Subculture number Multiplication times Germination time Plantlet height Number of leaves Pollution rate
1 9.79+0.38¢g 3.7740.22cd 10.18+0.29d 7.06+0.73¢ 0Oc

2 10.37+0.56f 3.94+0.30¢ 10.46+0.16¢ 7.11+0.68bc 0Oc

3 31.59+0.66e 3.69+0.34d 11.57+0.19b 7.56+0.92abc Oc

4 32.67+0.57d 3.68+0.13d 11.78+0.27a 7.50+0.92abc 0Oc

5 35.26+0.94b 4.17+0.37b 12.02+0.38a 7.83+0.79ab 0Oc

6 36.29+0.85a 4.61+0.24a 11.86+0.35a 7.89+0.83a 16.29+0.74b
7 34.51+1.10c 4.60+0.19a 11.94+0.34a 7.78+0.73abc 18.61+0.67a

2.4 AEEMZEXNZEFTIBsAEEZNME

HY 2R AT H, 70 TF = 20 85 1 1 5 5 A5 Bt e e %
JEE PR 1 St S48 i 5 ek D B AR Ak A, HL e L4 Rh
B B A TOFT LS IR /L IS 1) 386 B 55 SR de X6 o7 ) 484 1L
FEE 532,17 /132,864 o ALKE 1 (105 28 iof [] 45
A I B 42 A % T T G T 2 A e A SRR N S
FR/LE A A 2R 8] (6.23 d) 8 K T HAb A i
T 422 0 535 B S 15~25 KR/L FR B 2 I ) 25 SR I 35
NG WO A E R Ry =N W S IO AL
AN (LB R b 2 P B, B LTS e R B

R 2R B BN 25 BR/LINE 0 75 T R 15 36.54%
R, 256 25 R 85 B I3 A 8 AR 1 B S
YRR , i 5 LA 1ORR/L AR b 28 38 i B
2.5 AREEREEERNEINZBHFTIBsHEHHN
=20

HH 2R ST AT, B A i T8 1] BT 28 AR B AT, 25 Tl =
TIBsZH K5 1 0438 58 A5 502 Je 14 I s /b 1 A8 4k
B IR A BIORIA K5 min/6 hil, 2H 5 B A IS T A%
B e (32.4248%) , 1 3 i T HoAth 22 1 [A] BN % b
P, AN [ 95 ) B 3R Ak BERG 2 5 A B 255 i AN
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Table 4 Effects of different inoculation densities on Lipu taro tissue culture seedlings in TIBs system

PR BZ (FR/L) WBHAEEL WIZFEmf) (d) s (em) LIPS 15 94(%)
Inoculation density (plantlet/L ) Multiplication times Germination time Plantlet height Number of leaves Pollution rate
5 25.28+0.33¢ 6.23+0.48a 11.16+0.38 7.05£1.11 od

10 32.17+0.95a 3.59+0.30b 11.50+0.46 7.56+1.15 od

15 32.86+0.66a 3.16+0.32¢ 11.26+0.48 7.56+1.34 7.31£0.86¢
20 26.25+1.72b 3.25+0.26¢ 11.27+0.45 7.56+£1.47 18.06+0.93b
25 26.56+1.64b 3.07+0.38¢ 11.0620.40 7.001.41 36.54+1.09a
R 5 AEIRKEESNEITFHE F TIBsAIEE R0

Table 5 Effects of different immersion frequencies on Lipu taro tissue culture seedlings in TIBs system

ERRETT S ST BRI bR (om) AERVB B B (om)  T9R%(%)
Immersion frequency ~ Multiplication times ~Germination time  Plantlet height ~ Number of roots(root/plantlet)  Root length ~ Pollution rate
5min/l h 28.42+1.72¢ 3.73+0.29 8.17+0.81e 10.11+2.63d 7.16+0.55d 0Oc

5 min/3 h 29.60+1.59b 3.48+0.39 9.41+£0.71d 13.00+2.00¢ 8.55+0.60¢ 0Oc

5 min/6 h 32.42+1.96a 3.48+0.51 11.41x1.11¢c 14.501.69b 9.78+1.14b 0Oc

5 min/12 h 24.11+1.66d 3.20+0.48 15.87+1.23b 17.06+1.31a 10.32+0.91b  11.38+0.69b
5 min/24 h 18.43+0.96e 3.16+0.46 17.45+1.47a 17.27+1.49a 11.09+0.97a  17.62+1.42a

T2 AR R AE3.50 dZEAT s AL B bk AR AR
B R P 2 T[] BT 23 g R TG T 2 a1 A 3, >4
2T A R % R 5 min/24 hisf, 20 15 1 bk ik 17.45
em, AARECH 17 2740k R A 11.09 om, {H 5 1 [F]
Fef 5% 5% 5k A7 15 gL i KU #5597 3k 05 L H ik
17.62% PFIIL , Z56 75 1 = 4135 1 1 4k Q3 5
AR e 55 32 B V5 Y i 0, TIBs 37 2 4t 3= 1% i) &k
HERLAS min/6 h KB .
3 Tt

I A 300 5 07 28 32045 000 I ke B o 7 R RLASE
LI R E B BRI T A 1 T SR 0 B R
WA, AR, TETIBs}: 55 & 5o th 75 i 2 4 15
B A A A5 A 15289648 , Y RALSE R AR EE 37 5 1
(10455 , LB PR . — 7 2 TIBs I 75 2 40w 2H 5 41k
4 JEV IR SR B 7 A A ) T T A 3 7 AR ol o
2t 2R KA ; 5 — 7 T, K SRR RE R4 ik
TR KRG SR | oA I X678 95 0 2 R 03 2% 1
W, TTTAIE SE I ZE 1658 (5K TR 45, 2014) . BLAb, 78
TIBsKE R R G0 AR K 77 302 DL B BR 1A 1 25 <0
1A 2 1 % 4 85 B a7 IR B [8] B =U 8 37 (Lorenzo
et al.,2001) , PREERE FRIL A A2 1Y S, TR
R BTG K (5 MRS ,2006)

YR A K & B IR &5 W
HET M (2354 ,2017) . ETIBsE; 37 240
R T2 S VR ARG SR B o, AR A L
RO A AU IR 4 B B RN R 5 AR R
SE ITE I A U ER IS R G Lol 200 5 43 Ak S
ARG YE VR (BS54, 2016, 256555, 2016) .
G EAE(QQ012) MR R, BRI RS
MR A K R A 7T B FAMEIR - AE AR 2 2F

A S IR, ot 6-BAR 2R et R & T
A W IHE T . ARRFoE 45 5 R, 1A FH TIBs
Br 9% R GE AT 7 T A AL B A D B e R e, LA
4.00 mg/L 6-BA+0.05 mg/L NAARLE N I aE 4
IR AR T . TETIBsH; 9% R 40 P A A4k AL
R PG RO AR . Quialas (2012) 5
R, LIS 240 2 AR A A TIBs K SR bk | g
SR A A A K BE 1 AT s AN A5 (2010a) AFFSE
R, DS TR B A AR R 3G TR bR A
T A KA BRSO R . AR S R T
TIBs$5 57 RGE TN PR IEZ, W E 4 B A R PR H.
SR A B LT E PR 4R B 1R R
YRR L. BLAN  FETIBs K 37 &R 48 A M
A 11 B 8 6 20 K5 T A Y R R . M A
(2010a) 5% K B, 7ETIBs K5 37 R Ge Fh 4% AP 2 M 10
R/ IS 30 £ B A 2 55 T 0140 A AR B 5 (H 2 o
JE 10~ SHR/LI , H 2 55 1 190 A R A sk 2 e
R MIAE,2011) . =355 (2016) WS R, H27
W5 BE A VORR/L ISt 2K Ty 21 355 7 109 2 < R 448 B 00 A
e, HIG YR R0, ARBFFE45 LW, A TIBs k1T
7 E AL T RS IR I, I N #45 H B 4 e 23
PITORR/L A E, W mT 4 il 15 5 S5 e, Rl fig i 2
Brmas A K
ST TIBsIN 85 )7 X I2 B ) B 77, 485
TEBA B R R W AT RE S IR =4, 1A B
Fr FIZ BRI ) AT i TR R ORI R
XTI B o3 A A R R A 2 sl o £ FH Rl 8%
2013), R AR IE TIBsH 37 RS0 — 4 B 2
SR, BER AL B R A A AR (R [FIVE R
BB BT R SR RO TR] . Pérez %% (2013 ) 5T
FEW AT T 1 min/12 hifR B A B3, 1 min/6 h
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501 min/4 hit)i= I (A1 32 i 2 15 s B2 AR A 4
R ZH 28 ) B0 AN 5 Valdez-Tapia 5 (2014 ) iF 5%
S, IR A BT N 5 min/24 h#R5 min/12 bl
JIE BB P B R o A B, AR AR A R R IR
[ BIAIR RS min/6 hEH5AT T 75 T 2 4L 55 v i 1
FEANA A, [A]  BUARE 1o 12 0% (] BROUR A ) 1 R AIG
B IR HE G P XU B BRI A R — 2D ARSE .

4 Zig

FETIBsHE 3% RGEH 3 B A% T 2 A 35 w1 ok A=
KA R F2 8 R 414 H4.00 mg/L 6-BA+0.05 mg/L
NAA, TE LB AR R S AR BEA T 1 % EFD
A 10BK/L G2 B A #3325 min/6 hit) 5545 T,
2 B B R AR A SO 7E30.004% LA, BB 1) FH TIBs
IR RGN T AR A B T B A I B AT AT
PR, AT S RS W E AR EF R LTk
A PRI R SRR

S k.

FEHE 2002, FE (Colocasia esculenta L. Schott) 7R P24k R
AR LA 8 OB SR AT FE (D ). Bt B sl
K. [Cui J. 2002. Study on construction micropropaga-
tion system of virus-free taro(Colocasia esculenta L.
Schott) and on sugar-free tissue culture[ D]. Nanjing: Nan-
jing Agricultural University. |

1o G, PGSR, KBt VT3, T35 45, M, 544 0. 2016. F
FHTR) IR 1 3 A ) S L s AT 26 20 1 T AT 5 [T .
iR 242 ,29(11) : 2704-2708. [Gao M P,Lin Z C,
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