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AHF AN A R R %, (Zingiber officinale ‘Guang Dong)) 1 ™4 & | (Z. officinale ‘Chu’) R ¥ 2 #7 4 F 52 4
WM S AMBREAYREFTEFTX c WIREH 1 om ZH AR E F 5 (thizome bud) L3+ 5 > &5
75% B A5 P 30 s £ > B 2K 0.6% NaOC1 74 # 15 min 3% %3444 04 mg L' 25 F S A% vZ v (6-benzylaminopurine;
BA) Z BSEf3s fh P 12wk % AL BHBRRY - HELHSmmZ ERE, it THE, anREs
F3AH 05-2.0mg L' BA # 0.1 mg L & Z & (a-naphthalene acetic acid; NAA) 2 B5 Bl f&3% % 3k 8 wk 1% »
WA AR T T A A H 4 1.8-2.6 cm L 43534 48-6.0 th - B #EA RIFIARAE 5 325 BAIRA
E4mg L' sETH mG s 2 SEERK RX > HBAZ M YHRARS LY REASE Y - AR
BH S mmZ AR ENREIZESWhkE LR BAREZIHE LRATAE0S20mg L BAREGEHT &
RE, R X HERBHAESRFEF 7678 FHTI-T3F 2 HMEL 1.2-1.3 cm o MR EIZEPTFZ
BRAEFVEN  FESTMABSKIZENSH 05mg L' BA #2 0.1 mg L' NAA % B5 Bl 832 4 4 8 wk #% >
EXEMBER A 052.0mg L' BA B4 0.1 mg L' NAA 2z fR3 - TERE ) i Urd, AEEE 5T
FEIF 492831 cm X 43 11.2-13.0 %k AR S % 4.6-52 cm Z 4135 13.3-14.9 ¥k BT k-B &
IR ATRAAEMIB YK EXH -

RAREE | B R-EIREEERE - AR - KRR

BE A 22 2 0B SRR DIE (generally recognized

— - R as safe; GRAS) (Zadeh & Kor 2014) - £

_ FE (Zingiber officinale) JRERFEEIRET  opn a1 prspcm e - BUR - 2
MAHIE > FEF Zingiberaceae) ZELE g vz yypg g LB - B 010K - 15
TEREAREY) > AL AR 4 (thizome) » R ST SRR (AL er al. 2008; Deng
R E RSN - NHAFRRMREER - & Pan 2009; Rehman et al. 2011; Mishra et al.
BBz E A &0t A BEEREL 2012; Agrahari er al. 2015) - B (RS2 2 235
% BT A8 1 2,500 4R MY IS AUJRE o (Mishra et al. g > 4 3 EUADSBOE AL ~ A8 L5 ~ FIFR T -
2012; Tsai et al. 2013; Singh et al. 2014; Agra- SRR (RS R R T ES B E R
hari et al. 2015) ; EEZY & migipfs (Food &8 FREANEMRIGE « MM - T
and Drug Administration; FDA) JREY F— & - EIFREOEER - DUEPIE ~ §L R - il

ERHE] : 201749 H 29 H 5 B2 HER 1 20184E 6 H 21 H -
TEEUER ¢ hsia@tari.gov.tw
'R AR A ETRE - &8 A .
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S EPUEZE(EH (Mishra et al. 2012; Singh
et al. 2014; Zadeh & Kor 2014; Agrahari et al.
2015) -

MER EEERANNERBEHE  H
X B B (Food and Agriculture Organization
of the United Nations 2017) - EF & &N H
1,000 ha FYRCEFHEITH > FFEELY 3 HAMW - £
HEEBAME 68 B KEE fEm
L R AEEY BERE (XAHEAEE
Zingiber officinale ‘Guang Dong’) » H X &%
THNEEN ME, (XNAKEE » Z officinale
‘Chw’) 5 {RIZE A [E 42 5 Pl B bR U 2 78 v /]
RWE - - 28 GUEER) KEE (Tsai
et al. 2013; Chen et al. 2014; Council of Agri-
culture, Executive Yuan 2017a, 2017b; Hsieh
et al. 2017) o EEFR B USRIV B IE R RS B
o PR T LB midE /DA HREE W
BEEDIER - FREZ TG (soft rot, J§
5 B Pythium myriotylum) B1EFEI% (bacterial
wilt, ¥ & B Ralstonia solanacearum) % 2
TR » [k R i 2 T F e B B R S 7
% N EFEHRERERER S &
EpBEENLE - AHELRER (root-knot
nematode, Meloidogyne incogntia) WG > &
RRIR IR A2 ol e B B T 3 83 O 258
ANERIRE& FriE a5 A R MR R A
(Han 2000; Kambaska & Santilata 2009; Ka-
vyashree 2009; Abbas et al. 2011; Sathyagowri
& Seran 2011; Tsai et al. 2013) o 45 » B
HEMHFEAS  HLREEHE AEEE =
2R o Ry B R BEEE B AR
BB

HEERRME AN ESSE - BA
BIEERA - CHARE - AT EESE
MR EELEYE —EENER L -
H il 8 7 55 29 I I SRR AR s R pe oo i - b
MY BHEGRRE AR RERE
B B E RS R R R I EE
BB AN E R TS E2A
THEESZER  EEHAEEEEREEE
PN BE 5z (Huang et al. 2004; Luo et al. 2006;
Lincy & Sasikumar 2010; Seran 2013; David

BT 4

et al. 2016; Li 2016) - B (HBEE I % FIFH £
%5 (Han 2000; Huang et al. 2004) BfREEZE
#% (rhizome bud) (Kavyashree 2009; Abbas et
al. 2011; Ayenew et al. 2012) » EENEH R
FH 5L B IE 15 (6-benzylaminopurine; BA) Ei%s
Z % (a-naphthalene acetic acid; NAA) 4H& 2
HEEPUETHEASEEEHEE 2 EF

A BEH A "1%7(‘2 5ZH - ff%tﬁzﬁﬁﬁﬁ‘%iﬁ
BEFNE ASHRRSHFREER

L i Hjﬁ%%’iﬁ%“ TR AL ‘é"“@%@i?’é*ﬁﬁtb
E% (Han 2000; Huang ef al. 2004; Kambaska &
Santilata 2009; Abbas et al. 2011; Sathyagowri
& Seran 2011; Ayenew et al. 2012) » [ L
& RIS o] [FR T IR G RA A iR S IR
i B (Kavyashree 2009) » FE4h - i REHE & 0]
(R RGN TE R - MR A F RSB
[ RE i B AL o BV AP R 3R R A AV 4H B v
(Lincy & Sasikumar 2010) °

Auge e LB SRR T A BE - A
PR AR B RS RS I TR - R ARG
% 78 [ B 1 8 A TR - [ RE e P B s 5 =L
EENTEFEEMERE 2 BEESFREE
HMEZH  RERREL T ZERE -

MBS E
NER L ST SN P
AR BERE, BT R

ﬁfﬁjkﬁiﬂﬁéﬂaiﬁ%ZMH HYE 2 AR

LUEBERE R ARREE L& > BERERY
26CHRIE NAEFICHE - VVIERLY -2 cm
Z BERE, M E RERAETR HE
23 BB IE R IEEEG o e bl 75% HAE S
& (ethanol) JZ/HF4% 30 s » MRIZ A 0.6% X
58 (NaOCl, The Clorox Co., CA. USA) &
W BN /KF R Z2S (orbital shaker, SK-
302AB, SanKuan Co., Taichung, Taiwan) » £
)EH 80 rpm ZREHRE 15 min #ETTHFE - HUHE

DU AT 3 2 itk B &7 0.4 mg L
BA (Sigma-Aldrich Inc., St. Louis, MO, USA)
2~ B5 (Gamborg et al. 1968) [EFEEFEA - H
IDECRVA- DAk oSNt
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SEE R R BRI

BB GRS BN EH 3% - 0-4 mg
L' BA i & 0.1 mg L NAA (Sigma-Aldrich
Inc., St. Louis, MO, USA) 7 B5 [ fE & % fE
R A BRI EAIA 9 g L' £ (Dif-
co Bacto-agar, Carolina Co., Burlington, VT,
USA) i » 4 LL0.1-1 N NaOH 5 HCI f§ pH
EFE 5.7 £ 0.1 » AR ERAARIRINAESE -
HpHEMES52+£0.1 522820 121C ~ 1.05
kg cm™ 5 20 min 1% > S A -

[i] & B AR B B P I R R T A Y N &
20 mL 55 &% K 2 125-mL = /i (Erlenmeyer
flask)  [EREEF BN 26C + 2C ~ L0 14 h ~
Y% 38 pmol m” s AYEESE ; AR R IR
Fi 10 pmol m™ s™ L BE4L » HLARIR SRR (82
G REEEAEE - WERKEEEREZES - M
80 rpm ZEHETIRZEE - BRI EE
TR 3 (B HE RS - JLBEE 9 (EIHE RS -

—_

BA B E SR R S A
JBEAE R &

B TEERE, BT R AR
HUIERE » BUEARLY S mm fREESERIBIEEG - 5
BNERE BAEE 0-05-1~2-4mgL")
#10.1 mg L' NAA 7 BS BEIREERARR &R - B
& 8 wk 12 - PHE B ERERESS SIPHOR R
SRR SRE RN B RE 2 A BRIV RE T hllEC#k
B#EH EBAE (plantlet with unfolded leaves; PL Fig.
3) ~ ERORBHZ &R BEF (green shoot-bud; GS) Ji°
4E B R %k e 2E (yellowish shoot-bud; YS) fZ
VB E - = F M R EE R i e E R
DAREZF 8 RIRRAFRES 6y HEE - B
EHEERERG  BREENZEHEZES
B EE -

B -EREmIEERIE R EH RIS EEIEE
HERCVEE

FIARE FICR [E BA B IREET B S
2R EIFE R R E RS - A Elin B
BEARBENANE 100 mL EEREEE 2~ 500-mL
FE{CHE (Orchid Flask, Taiwan Glass Ind. Corp.,
Taipei, Taiwan) 1 « 2B H B 475 0.5 mg L

BA #10.1 mg L' NAA 2 BS [ERERF &AL » £
& 8 wk 1% » o A8 E 88 P A 2 i B B B
&5 LEAER BHE S HE R D gE s
P T L -
B ST AT DA

Kb 7E £% H 52 & 2 1% 5% 51 (completely
randomized design; CRD) #1Ts0Es - s\ 5 Fr
FHEEBEE BILHIER > AASAEEREH
HETTHT ° £8 SAS Enterprise Guide 7.1 (SAS
Institute Inc., Cary, NC, USA) EEE 45215747
RS I TS 7 047 (analysis of variance; ANO-
VA) > FHpREEZREE (P <0.05) APl
N = B IES (least significant difference
test; LSD) PEER & R P (E M 2 25 -

fER
SRR RREEE R

AW AESY 1-2 cm 'BEHRE, HAER
“oFEe (B 1A~ 1B) B Rt #HER 2-3 g i
% 0 DL 75% RS EL 0.6% X ARS8 K HETT
WISEOH B - 2 B BFENREH 04 mg L
BA 7 B5 828 A > 4 wk 2RI 0] 85 28k 5 ([
1C) © [ & 5 /)N e B S AH B 4 il 2 W e R s
B &8 wk g n I BRIy A (E
1D) : "E, ZEEAREE > JRDL R ARE
1L (BRARA) -

EREEE T BA EEHEHIBRIEIEM
TRYFE

HHKL S mm 2 TERE, B TE, 4
BEfREE > BB A 0.5-2.0 mg L' BA $10.1
mg L' NAA 7 BS [HFERE# HL 5% 8 wk 1% >
W LA A BE R O N R . FERE R
I TEES 4.8-6.0 FRAHIEH  ®WiE 4R 1.3-2.6
cm (£ 1) © {275 BA JEEE 4 mg L HEr 341
H 8 W iE sy RS 7.2 B 7.7 PRAE RS
BEESAASREE 58 1.3 8 1.8
cm ° 77 BIIRAH Y HiE s AT S o o RIEE2.2
B13.2 cm > HEHH10.5-1.0 mg L' BA B
U2 ERART o (HHARERS 2-4 mg L' BA jEH
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1. EIr TEERE ) AHAUEEOIUEE o BT ARSI R 5 HH 2 AR % (A, Bar = 5 cm; B, Bar =2
cm) ; ARFESEBEEHN S 0.4 mg L' BA 2 BS [ERERIEAL 4 wk 18 > AR ZIHF (C, Bar = 1 cm) 5 I
IR SRS R BN A R 2 [ERE R B R 8 wk 1% » AU JEEL A & H)P (D, Bar =1 cm) ©

Fig. 1. Establishment of in vitro culture of Zingiber officinale ‘Guang Dong’. New rhizome bud germinated on rhi-
zome derived from field (A, Bar = 5 cm; B, Bar = 2 cm), in vitro shoot grew while rhizome bud cultured on BS me-
dium supplemented with 0.4 mg L™ 6-benzylaminopurine (BA) for 4 wk (C, Bar = 1 cm), and multiple shoots were
induced after in vitro shoot cultured on the same fresh medium for another 8 wk of culture (D, Bar = 1 cm).

HD o FEREEREE RS 4.4 B 4.1 PREERE
i (F 1) o B HIRHBIE BAREREE 2
REII TR BT (18 2)

MU EENS 0 BEHRE R 8.1% %
TE4H 4H 5% 1 /& FY 4 em 4b > 2 0.5-2.0 mg L™
BA R G T 2t B Es/h R
2 cm MY EEEAY By 32.6-43.5% > T = /A 2-4
em F 4 B 56.5-67.4% ; 4 mg L' BA & B 2
HREE DR 2 em IVEER G > 2 71.2% (F
1) "rE, &REUR 0 BA RE 2 HBE K
ZA T 2-4 em > [EFRL Ry 67.9-80.1% ; $H1E
M RAIDIORN 4 em B S EERE S - i
50.0% (1) »

RAEIEE T BA EEHEMIEEILIEHE
TRYEFE

B EKL S mm FEHRE, B 1THE, HiE
MREERZE A2 0.0-4.0 mg L' BA#10.1 mg L™
NAA 7 B5 jRAEEE A » &35 8E 8 wk 1&FT
BHESCFRBER I ERE > sl hER EH
i (PL, [E 3A2) ~ #E R K2 & EF (GS,
3B3) Rk EBIF (YS, [E 3A4) » HpEaRm
SEBLR O /NS L em QIR FEC8% - &
WE, 8 E, SEEEE S RERS 7.6-7.8
HEEL7.1-73 5 WEE 1.2-1.3 em (F22
3) B BAEERSE4mg L HE > [l BEHE,
Frfstg iR KRB 2 s FELR E S o )
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Table 1.
Dong’ and ‘Chu™.
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BA RIEAEIRER S N A HPTE) ARnieEE e R -

Effect of BA in the solid medium on plantlet proliferation and growth of in vitro Zingiber officinale ‘Guang

Plant growth regulator

Percent of plantlet height (%)

BA (mgL") No. of plantlets Plantlet height (cm) <2cm 24 cm >4cm
‘Guang Dong’
0.0 44+04c¢ 22+0.1a 342+£112b  57.6+175a 8.1+21a
0.5 5.6+0.7 be 1.8+02b 326+12.6b  674+126a 0.0b
1.0 5.4+ 1.1bc 1.8+02b 435+188b 565+188a 0.0b
2.0 6.0+0.5ab 1.8+0.1b 338+11.7b  662+11.7a 0.0b
4.0 72+05a 13+02¢ 71.2+106a  288+10.6b 0.0b
‘Chuw’
0.0 4.1+04c¢ 32+03a 19.6 £8.2 ab 304+93b 500+1.1a
0.5 4.8+0.4 bc 26+03b 133+3.1b 80.1+6.8a 6.7+1.7b
1.0 49+0.2bc 22+0.2bc 22.8+£5.0ab 772+ 64a 0.0c
2.0 6.0+0.6b 2.14+0.1cd 27.0+8.4 ab 73.0+84a 0.0c
4.0 77+18a 1.8+0.1d 32.1+8.1a 679+8.1a 0.0c

* Explants were cultured on B5 medium containing various concentrations of 6-benzylaminopurine (BA) and 0.1 mg L' o-naphtha-
leneaceticacid (NAA) for 8 wk. Nine explants were used in each treatment.
* For each variety, means in the same column followed by different letters are significantly different at the 5% level by least signifi-

cant difference (LSD) test.

on e AT BE R B v L Ak R L R BB BA
RERESMED - HEREOFHAEZ 5
ol BAREH N RGP ED ERE,
W PTEE WEE > ATE(EBA> 1 mg L RHE T -
RE I 2 EER i 80% (£ 2)
R-EREm P RIS S E RIS mIREEE A
Re&E

W bt TREERE, B ITE FORERERTERT
BaER BHE - OB EOT 2 E LT
BE - AESE RIS EN S 0.5 mg L
BA 51 0.1 mg L' NAA 7 BS [#fERZE A 8 wk
% > ZHIFRII TR AR AER B (8 4)
AN THE, & TERE, 5 fiETH
L 4H B i T 2H £ AT 2 100.0% > [ 12 & DL 4.0
mg L' BA FRHf# 55.6% (k- Hék BAE
H 2 S IR AH 7 B R R  66.7-88.9% 2
i (F3) - £3IEEEBER > JFH 0.5-2.0mg L
BA R~ BEHRE, 0J{F 11.2-13.0 15 > &
HIRHEMG 102 B2 MEHAEER > BHEL
F52.8-3.1 cm > HIRA 2 4.1 em K > R

H 4.0 mg L' BA Ji& B 2 8 05 B (K 7 E At
BA FRFH4H - "TEL, 455N 0 JRE 0.0-4.0
mg L' BA R 7 8 0 SR 2 B E
11.2-149 &2/ » MFEHE 4.0 mg L' BA
2 H o B (R Hofh BA JRERAH > {HAy ] %
#74.2 cm (F23) »

ERE]

BHSEEMAZME RS - WHEAR
AR = e s = = e DR e R =
» BRI BHHE IR A E o B
AW K E LK (mercuric chloride; HgCl,)
R A HEEER] - Wy B A R A
(fungicide) Z(#i4 2 (antibiotic) ve ik B EF 5
HHERF 5 - {H R IC 26 1 BE A 7 RE 22 BOM 35
B (Deng & Pan 2009; Kambaska & Santilata
2009; Kavyashree 2009; Abbas et al. 2011;
Sathyagowri & Seran 2011; Seran 2013; David
et al. 2016; Li 2016) = BRI R 2 KT
= B BN o BN
BREEENNESNRATZ— - B
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2. BAEERESSRE T R, 8
SRS B B 0.0 ~ 0.5 ~

4H
1.0-20-40mg L' BA({KF B ABBETF 1
mg L g-naphthalene acetic acid (NAA) -7 B5 [&EAEESE AL 8 wk 1% 7t s Bar=2cm ©

HEERERAERZEY o ERE (A B TTE, (B)

v2:34-5ficA 0.1

Fig. 2. Effect of 6-benzylaminopurine (BA) concentration in the solid medium on plantlet proliferation and growth
of in vitro Zingiber officinale Guang Dong’ (A) and ‘Chu’ (B). Explants cultured on BS solid medlum supplemented
with 0.0, 0.5, 1.0, 2.0, and 4.0 mg L' BA (1, 2, 3, 4, and 5 in A and B, respectively) and 0.1 mg L™ a-naphthaleneacetic

acid (NAA) for 8 wk of culture. Bar = 2 cm.

RIEHEBEEAREZFRFERE  HEF
FEFEE T R 2 S Y (Seran 2013) 5 —fi%
ME » BHLLS5-10 mm REZFRGE L S HEH IS
(Kavyashree 2009; Seran 2013) ;5 i ] A #5 /]\
FEFEAS (0.3-0.5 mm) » A HE GR35 20V
& (Han 2000) - A9 LLEUE HE 2 TEHRE,
(B 1) 81 W8, MRELERE  FEiisy
ENREF R RIS » DUBE B R &R 85 )
T B OB TR RLY 70% GERIART) -
RUREARBE TS ZMAEF B MEF£5E
Nt HEERRSREZHFERINE -
BT & Z Y R R AR R Y
FEALERAFEEYE B EBEHSYE
TERARHE BN T (Seran 2013) - E 2 ¥ THEBL

REEZFREN A & BA Z AN » AR S
IFRE o [ERERIN BA R BN AT {2 (2 Ae A 2%
HUR BA BEFESEEE 2 E R (Deng & Pan
2009; Kambaska & Santilata 2009; Kavyashree
2009) - Han (2000) | 0.3-0.5 mm "EEHE

HIH WENEAE2mg L' BAB 0.1 mg L
NAA 7 BS 558 5 90 d (493 mo) 1% » & {H
HTH T 1547 5.5 {f Zf f& - Huang et al. (2004)
#0.4-0.5 mm TTE, A ER BENREE2
mg L' BA B 1 mg L' NAA > MS (Murashige
& Skoog 1962) R WHEMERREH3S
ZE o Ayenew et al. (2012) DL 15 mm KZE[Lon
# (Ethiopian) fREEZEEE » 2B R &A 2 mg L
BA Ei 1 mg L™ kinetin > MS 5234 6 wk 1% »
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3. BAREFORAEEFE M BREL B T S EEBA R IEY o ERE, (A) B TTE (B)
ZAAEHR RS RN S5 0.0 05 1.0 2.0~ 40mg L' BA({RF B ABLBEF 2 12345 & 0.1
mg L' g-naphthalene acetic acid (NAA) 7 B5 JEEEREEEL 8 wk 18P Uk > 5 RS (PL, A2) » DI EER fH
Z&REEE (GS, B3) BLj% s (0 2F (YS, A4) 5 Bar=2cm »

Fig. 3. Effect of 6-benzylaminopurine (BA) concentration in the liquid medium on plantlet proliferation and growth
of in vitro Zingiber officinale ‘Guang Dong’ (A) and ‘Chu’ (B). Plantlets with unfolded leaves (PL, A2), green shoot-
bud (GS, B3), and yellowish shoot-bud (YS, A4) were obtained from the in vifro rthizome explant cultured on B5 lig-

uid medium supplemented with 0.0, 0.5, 1.0, 2.0, and 4.0 mg L'BA (1,2,3,4, and 5 in A and B, respectively) and 0.1
mg L' a-naphthaleneacetic acid (NAA) for 8 wk. Bar =2 cm.

APRET 7 tREEER T > HS el mniE (‘Yali® B2
‘Boziab’) AHHBILINVEE R - #52 K& (Egypt) 1R
EHFREBEENEH 45 mg L' BA 2 MS #13%&
H 12 wk % (4 wk time™', 3 times) » ALK &Y
8 Ik 4H 5% &5 (Abbas et al. 2011) - Kavyashree
(2009) FJA 5-10 mm F[1 [ B (‘Varada’) R &
TERE . BEENEE 17.76 uM (494 mg L) BA
2 LS (Linsmaier & Skoog 1965) £5&E A 4 wk
% > TFRGIEIERE 4 - 7G DSR4 R
o AR BREIR B BRI 2-4 mg L BA
T 54 wk Z RIS TER T R R 1.8-3.5
ZFEL2.7-4.7 2F > DL F IS A A A S B N 2
B 180 T8 RN I B 5228 - Han (2000) B2 Huang

et al. (2004) Sy RILL EEHE, B 7TE, #TH
HITHR > S HFRENER TR 1.8 2FH 3.5
IF o REFZELL REHE ) MEFEEEERE
o RSN A% 0.4 mg L' BA 2 B5 [#
FEREE A 4 wk BETTEHE A E - MBRILEF
Bl 2 (OB S RH (R AHL R 2 Jr e i e 0k 8 wk % -
EEEL 345 JREIE 4 wk 2 5 K&
L0-1.1 2 (CBERARF] - 2%[E 1) > #1 BA &
FEHNEFENER s REEHEPE - It
G HNEE TEHRE, B TTE, REFEY
REFEZ ST 4R > R DB BA &
FEFEFERE A R1% > LIRS BA BE#E
17 SF B i B 1 B TR
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F 2. BARUEFRAEEFE T TERE, B T AREN AR R -
Table 2. Effect of BA in the liquid medium on plantlet proliferation and growth of in vitro Zingiber officinale ‘Guang

Dong’ and ‘Chu™.

Percent of shoot-bud (%)

BA(mgL") No.of plantlets Plantlet height (cm) Plantlet with unfolded leaves (%) Green shoot-bud ~ Yellowish shoot-bud

‘Guang Dong’
0.0 6.1+02b" 14+0.1a
0.5 78+0.2a 13+£02a
1.0 7.6+£05a 1.3+03a
2.0 7.6+04a 12+0.0a
4.0 63+09b -
‘Chu’
0.0 6.7+1.0a 1.6+04a
0.5 7.1+02a 1.3+0.1a
1.0 72+06a 1.3+02a
2.0 73+06a 1.2+0.1a
4.0 78+13a 1.3+03a

29.0+113a 32.8+10.1a 38.1+44c¢
254+188a 229+ 68a 51.7+20.6 ¢
6.2+4.7ab 13.6+ 9.8a 80.3+17.1be
59+2.1bc 74+ 95a 86.6 + 12.2 ab
00+95¢ 49+ 46a 95.1+46a
542+77a 237+11.7a 22.1+43c¢
48.8+18.8a 29.7+19a 21.6+£169c
43.9+4.7 ab 229+65a 332+ 11.3bc
274+2.1bc 247+9.1a 47.9 + 8.0 ab
99+95¢ 246+9.6a 655+14.0a

“ Explants were cultured on BS medium containing various concentration of 6-benzylaminopurine (BA) and 0.1 mg L™ g-naphthale-
neacetic acid (NAA) for 8 wk. Nine explants were used in each treatment.
* For each variety, means in the same column followed by different letters are significantly different at the 5% level by least signifi-

cant difference (LSD) test.
*No buds with unfolded leaves.

B mE A A -5 mg L' BAR
4 0.1-2 mg L' NAA 2 MS B2 5 > I 4%
AIEAEFRGIE M 2 FEERCR - H BA L&
NAA ji 3 35 2F 8 1 78 S5 3 B (B s BE A i
BA (Deng & Pan 2009; Kambaska & Santilata
2009; Seran 2013) = Li (2016) 1 (L5 E R &
RN A 1.5 mg L' BAB 0.5 mg L
NAA 7 MS B2&5L 30 d & » ZERSINNE R 3.5
fiz o FIEEE ‘Suprava’ 81 ‘Suruchi’ AYRFFE4E R
R BH 1 om fREFREFENEH 2 mg L
BA fit & 0.5 mg L' NAA 2 MS K% # £ 6 wk
% FHEHREL 6.2 cm ZAHHE TS H A
¥ BABEIRE % 2.5-3 mg L' Alg &
SR 4% B R (E S ¥ & (Kambaska & Santilata
2009) « AWFFEEERER > 1255 BARE £ 4.0
mg L™ BT {E M0 - B S EE R
BEAh > ARBFGE P 2.0-4.0 mg L BA 2
FRE TRERE, B TE WoRIP ORGSR
IR FFHOR Y 2 Bl G - Bt U A [E]
B 45 5 L R R AT R 2 o A ] 72 SR P i
bjz o

Seran (2013) ZFfimeR el - BEAHE S
REEmER AR BARE ZHEE S A
Hih RS ZH - N EFRELE
V1% 0 SRR AF SR BARE BRI
REZFR% A GE R Fs4H 5% 1 - Han (2000)

TERE, KRS EMEED > HFEEmEZ
SFRENG SAE I AR ACE - AR SRR AR
BHEH 1 mg L' NAA 2 MS B8 K heg
R e WTE, (Huang ef al. 2004) EEXKEL
i E (Ayenew et al. 2012) F| A= & B R 5516
BE 2 I FC4E SN SRR SB (R R ELEE IR
P B 4 BE Al Fy 4H 5% & - Sathyagowri & Seran
(2011) F]FHHTE R FE Local ~ ‘Chinese’
‘Ragoon’ HY W52 &5 R BIR » 4HEEEH Y B
R E W E P B Sl 5 mm fREEFIG TR
PEH 5mg L' BAELO.S mg L' NAA 2 MS
BEE 6 wk 1% » S EIFIE AL 0 1R
ER#EEFIVI%  SBRIEERAEAE 3 mg L
BA 81 0.5 mg L' NAA 2 MS &k » i
SRS R BRI B B AE B T - EIFEE (Kam-
baska & Santilata 2009) ~ 2 & E (Abbas et al.
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4. JREAFE BARRIRARTE 2 FRHRE B TE, FOR-EWRPE S SR EEE A R 2B o TR
B (A BTE ) (B) Z 4SRN &7 0.0 0.5 41.0 ~2.0 ~4.0mg L' BA (X7 ABBE 2 1223 4~
5)BCE 0.1 mg L' NAA 2~ BS JRARRFE PR 8 wk 1% - ERECUIEI 2 BER BB - SR ROk SO B
AP EH 0.5 mg L' BA 810.1 mg L' NAA 7 BS EISERAEH 8 wk (& i RHEIY ¢ Bar=1cm -
Fig. 4. Effect of 6-benzylaminopurine (BA) and liquid-solid two-stage culture on plantlet proliferation and growth
of in vitro Zingiber officinale ‘Guang Dong’ (A) and ‘Chu’ (B). Uncut explants were derived from B5 liquid medium
containing 0.0, 0.5, 1.0, 2.0, and 4.0 mg L' BA (1, 2, 3, 4, and 5 in A and B, respectively) and 0.1 mg L a-naphthale-
neacetic acid (NAA) for 8 wk of culture before subculturing on the B5 solid medium containing 0.5 mg L™ BA and 0.1

mg L' NAA for another 8 wk of culture. Bar = 1 cm.

2011) RIS E (Li 2016) M ATHIHML 2 4H 5%
w =L B RS » IR DlEL S BA B E
BURIDE 0 1% B R 4 A 'R R IR
BA RIS 2 g A Rl A (g 4 oF A8 i R B 3%
PRI B Ry TR e
JR1M Kavyashree (2009) JAENEE “Varada®
HIWtFeia - IREFREENRAH 17.76 uM
(4 mg L") BA 2 LS 85 &K 4 wk 1% > W 4E
FREPRK - FRECHE 2-3 RN EEHBEEE
B DA AR v SR - At
FRAE R IR A BN 2 H 0.4 mg L
BAZ BSEEA2 R L 12 wk Z &R
RIS E & 34 oF HE R 2 4088 (@ 1C -
ID) - fy RHEHFEZTE » A [E 2 5HHE 4G B BA
REGPBEANEEHEIAE  LAERE
ARG o R A IF ST FE L = S AR {8 P B A
RERK R8BS B A AR KPS R Ry B RS

RIEZF ISR 7 S R M Al - 2R i2 = BA JRIE
AlEr & F e R 38 - WA REREE
AR BA RS Z g A o #5 DR (5 2F g i
REER - RS FRANTTREEC/MEZ
REELHS > NILRABEHRAES © Al » &
B AR bzt EEAHSS - HIEER A8 F5 R
FEES DRV 5 1T L 7 2 9 {08 P8 B A e R B YA
BT - AITTRE 2 il 22 5250 BA JR S S Py
YNGR > ISR B 2R E N RIS TE
)Eﬁ o

Seran (2013) MY Em+E - EAVF AR
BNEH 1-5mg L' BAfit & 0.0-0.5 mg L
NAA 7 MS B5i& 5k » 0] [6] 15 0 JE oF 58 B 25 1R
ik - David et al. (2016) ¥ 5-10 mm 2k
7o o H# ‘Tambunan’ fREEZFHE > ENEH 3
mg L' BA 811 mg L' NAA > MS 2% £
10 wk 1% » A[fE1F 6.14 #REFM4H B - Lincy
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3. JREARFEBAREIRR

BT 4

ik R B PTEE ) R A I RE R R AL T A R R A R

Table 3. Effect of explants derived from various BA concentrations in the liquid medium on plantlet proliferation
and growth after subculturing in the solid medium of Zingiber officinale ‘Guang Dong’ and ‘Chu”.

BA (mgL™") No. of plantlets Plantlet height (cm) Plantlet formation (%)
‘Guang Dong’
0.0 10.2 + 1.4 ab” 41+06a 889+19.2a
0.5 125+29a 28+03b 889+19.2a
1.0 13.0+45a 3.1+£03b 66.7 +0.0 ab
2.0 11.2+15a 2.8+04b 889+192a
4.0 39+£53b 24+08b 55.6+£19.2b
‘Chu’
0.0 112+12a 6.1+£0.6a 100.0 a
0.5 149+33a 52+09ab 100.0 a
1.0 135+13a 5.0+0.3 be 100.0 a
2.0 133+25a 4.6+£0.2 be 100.0 a
4.0 149+20a 42+03c¢ 100.0 a

“ Explants derived from B5 liquid medium containing 0—4 mg L™ 6-benzylaminopurine (BA) and 0.1 mg L' a-naphthaleneacetic
acid (NAA) for 8 wk of culture, and the explants without cutting were subcultured on the B5 solid medium supplemented with 0.5
mg L' BA and 0.1 mg L NAA for another 8 wk of culture. Nine explants were used in each treatment.

” For each variety, means in the same column followed by different letters are significantly different at the 5% level by least signifi-

cant difference (LSD) test.

& Sasikumar (2010) & 1.0-1.5 cm EJ & E i§
HRS BN S 1.0 mg L FAE (thid-
iazuron, TDZ) fi & 0.5 81 1.0 mg L™ ng[iE T
fi# (indole butyric acid; IBA) Z MS g R
2 mo 1% > Wi/ mfE Jamaica’® B ‘Varada’ 473 Hl| %
8.8-12.9 {[HZf 1 6.8-8.1 iR 1R - A58 &5 F 5
S50 0.5-2.0 mg L' BA it & 0.1 mg L' NAA
R GEEERETHEENSS-0 By
1.82.6cm (£ 1); &5 BA EEFE 4.0 mg L
BERTHEINE B HE S EERR k2 H
Wz s S HEEAEER) &
1) 5 BEAh - 1F 3G T P B 4H 3% 2F 88 9 7T (5]
SRR (B 2) » AR RFHEE
% BA FRH TS 4H R o 2 IREEIR & - &6
MRS RES - ERCHEBSEN A H
EAIE R (BA B TDZ) B4 R R (NAA
B1IBA) RBEHE 7 EH > At B A RETE
iﬁE R RV - AR ERE
BTE HREHERSE S RER 0 i
ﬁ’%ﬁ%ﬁ’\fzﬂzzﬂiﬁ%%ﬁ%ﬁ%‘ HEF# 8L 0.5
mg L' BA R4 E 2R > [HE BAE
HEAWS Y BTEHERREREN 2

FE ~ R R ERSCR - BT A 0.5 mg L
BA fit & 0.1 mg L' NAA Z BS 2 & 5 fEh
B m o BREEE -

Luo et al. (2006) FJF 30 mL [&E RS &R
BB EA FAII/DE 10 mL /RS &R
FHREREREE T > BT HERE, A5
HEENT  ERBURERR R R R T
AAEFEE | mo 1% 2 SR I 2 100% » {H
B R AR R 2 AH S EEE R K HAE R Ry
f#t - Lincy & Sasikumar (2010) F/H 1.0-1.5
cm EIJEE Jamaica’ B ‘Varada® #f [ Z{ERS »
EENHEHE TDZ EEREER » A5
FRHE /D BERLZHFRE - HLUREREE
_J%E%TE'ET%‘%‘@'@ S I 1R R B AR S RS B

EZNEH 1 mg L TDZEEAOST‘IOmgL
IBA 7 MS R A 3 wk 12 > ZFRE P& H.
HIRM O OEEY  MEHBETESH 4-5
EBATERIGERE  HENEHE 1 mg L'
BA 11 mg L' NAA 2 MS B fEf & b 4y
45 d 12 > BRI 3R R4 HY &k g AR 4H 5

B o BEZAHEES TP ARTE RO RR I E R (A
- [ PR B B8 U7 = EL A (I A AR BT v b JE B
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Effect of Plant Growth Regulator and Two-Stage
Culture on Proliferation and Growth of
In Vitro Ginger Plantlets

Uei-Chern Chen', Chin-Yi Tsao', Tzu-Ying Wu’, and Chi-Ni Hsia®"

Abstract

Chen, U. C., C.Y. Tsao, T. Y. Wu, and C. N. Hsia. 2018. Effect of plant growth regulator and
two-stage culture on proliferation and growth of in vitro ginger plantlets. J. Taiwan Agric. Res.
67(4):401-413.

Efficient protocols for in vitro multiplication of Zingiber officinale ‘Guang Dong’ and ‘Chu’
were established in this study. Newly germinated rhizome buds (about 1 cm) were treated with 75%
alcohol for 30 s, followed by 0.6% NaOCI for 15 min, before cultured on a B5 basal medium con-
taining 0.4 mg L 6-benzyladeninepurine (BA) for 12 wk to establish in vitro culture. Proliferation
of 4.8-6.0 plantlets per explant with 1.8-2.6 cm in height were obtained by using 5 mm rhizome
explants culturing on a B5 solid medium containing 0.5-2.0 mg L™ BA and 0.1 mg L o-naphthalene
acetic acid (NAA) for ‘Guang Dong’ and ‘Chu’. Good rooting was found for all plantlets derived from
all treatments. Although more plantlets were obtained in the 4.0 mg L' BA treatment, shorter plantlets
were observed. On the contrary, higher plantlets with less numbers were found from the control. Pro-
liferation of 7.6-7.8 and 7.1-7.3 plantlets per explant were obtained for ‘Guang Dong’ and ‘Chu’, re-
spectively, by using 5 mm rhizome explants culturing on the liquid medium containing 0.5-2.0 mg L™
BA for 8 wk. However, plantlets with unfolded leaves of 1.2—1.3 cm in height were observed for both
varieties. Uncut explants of plantlets with unfolded leaves, green shoot-buds, and yellowish shoot-
buds derived from the liquid culture were subcultured onto the fresh solid BS medium containing 0.5
mg L' BA and 0.1 mg L' NAA for another 8 wk. Proliferation of 11.2—13.0 plantlets per explant with
2.8-3.1 cm in height and 13.3-14.9 plantlets per explant with 4.6-5.2 cm in height were obtained for
‘Guang Dong’ and ‘Chu’, respectively. This result indicated that using liquid-solid two-stage culture
could be beneficial on in vitro multiplication of Z. officinale.

Key words: Zingiber officinale, Liquid-solid culture, 6-benzylaminopurine, Mass propagation.
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