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BAE AN, AT P95 T T R A TR AR 25 110,
IE TR JC R OR 25 53 TR R SR N TR+
HEATRERN, 44 W 2 T e B B B35 Bl D PRI 0
B hy BRI S B AN  HOR AR ZE e
ZEFP R T AR R PR B i, DI $E S AR A D
B ERRCE, HR B S B it 13
7 R TR ZE B ZE BT A i, T 2R
EIR 67 E N7 s 1 N LW = D B W Y Y e
RAPAE A BRI, S8 2 5 s HLAR kO AR A ™
Y e s A i A AR R R AR SEC .
WV B . B 50T 22 7K 7 LA R ot 4 34 2 i A O
ZiF R E LR R, FEI A, A
A KA R AL IR (CC), AR Y OE A 1E
FHIEAR AR AR A 06 G ImB8OR, fedF AR
RZRE, A TCEER Y sadimns 2 464 f7
AVE, UNRZEABAR , DA T 2 18 T B 2L PR 14 =
wo W E W U CCHE L 2y (Dioscorea
oppositifolia) % ZFAHY) F 20800, AT Ak, &
2 IBA Fl CC A& FH I B A2 AR LA AL
R0 30 3 T 02K PN 70 1 e SO DG TS P,
B CC Rl dt A 5r (Lycoris radiata) /Mg 25 KU,
SR BN (CSN) S Ho il 1), REAA 2503 oir 40 A 5 119
T, X TR Y . SRR AE KRB A
e EAOR B3, U HAERZENERKMET T
RIEHEBREWIEN . EEEIEE N, CSN AT H
B s P TR (TIAA) JE U TR A3, 1) 3l 24 45
M2 A K, S E PR A ZU(FAO) TR & MR B
b TARRHER AR A K50 . D488 (Solanum
tuberosum ) Y ZEIE AWIIAMT it CSN, HE 23 in bk
T Y BRI, 24 NMPHI CC B A i, o]
DI S A A R I SRR AR R T, BRI TR LS
iR B IAAR ZE A, B AR RN A 4L

A, HEHEHDCRAB AT AL 2E; B. AR

ZEMEEF; CARZEWTAAME I D. B

AR AR SR AU Hi S PR 2 0 2 T <5 FL
ARG SRR SEAN L, B S AR Y A R
] CC 1 CSN 4, i AR & A R 28 1L, JF
VLK R 55 R 0 B R MR 2R B A T A, L
25 B AN R N 0 A A B, 0P R AR B AR
U R, BN G SEWIRZER SO 2
MREEBCH R MR 25 4 7 3R % K il 2 H
PR AR LA B W FEARZE A B HL S5 SR I B
MRIEFIEERE AN

1 HH5HE

1.1 BREXTEHAEFEF T 2023412 Hit
B3 ol 35 O A P 1 XA A PR R . 7= 3R
BB 4 bk R M AR R . ARZERAERT, R bk
P O I PR R IR ZE 0 S 4 1k, T e 18 e [l S 56
FEh T . LIS ZKIZ I 10 min A EEARZE A Xt
HECK, B AR ZE T IS R R R 2 0 R CR RS
2 50% 1] 1 7)) 0.1% (wiw) VWA T 9] 48 6
I 7 10 min, B 2H 20 AR ZE SN K, SR 5 B
2 MR ZEE T (25+2) C JEMARE R Th EATHEZE
FEZER B 2 ~ 3 om B, 430 DU 26 1647 2 1 T
B S H 70%(VIV) & BEETH B 45 s, TO T K Rk
2K, BH 2% (V) WCE R AN T 1S min, JCIRK
Y S UK, ARG RS A K S A B 2F R R b
bR, B ZF K20 1 om, B B2 DDA 2 B, i T 45
FRIE AT E R SR, 7 d JE G ME A
Py ge i O o 3R AR 09 R0 AR T B 2F gk AR 1
3~ 4 T, LUIRARA S 4 ~ SIRAL I 2R 1 M B R AR
S RIIEFRARHE 1)
1.2 BEEBEMIRZFSHK
121 BABBREFFHESE KRBT A LBL
TR ZH AT IS B, TR 4 A BE ZE A AR 8

1A /|

A. Fresh rhizomes of Curcuma wenyujin in Hainan area; B. Sprouting induction of rhizomes; C. Explants of sprouted rhizomes; D. Sterile buds.

1 BEREIRZE SR SME KB

Fig.1 Sprouting induction of Curcuma wenyujin rhizomes and sampling of explants



68 P EMFER (L) J Trop. Biol.

2026 4F

FiHE 1/2MSHNAA 0.5 mg- L™ £ F A B4, 5
A UL BN IR ZE A0, ARSI v, KA 4 4 5
RS ZE, IR A 2R B I 2 R A4t
ANAE RN AR DB, R AR K AL A
3 om M ZE Y, DABA SRR B 00 7 U 4 AR 2R
Wtk B (R DGR, 30 d 5, R RUR £
SR ARZER R RTD L R A R ATES L
R A HORAS SR, SEAT IR 2505 S 10 EAE W AE KR
AR A o

TR 2515 FoR=(15 T R 25 1 2R B0 IR 1 2
FhZEE0) < 100% o

TR ZE B LB R 5 I TR 22 880 H o
TR ZE ML EE (om) It 7 7 2 FH /KB RS 70 R
25 R IE SRS, RS R RO R AR AR 2K
TR, 0 H B T A A A AR (SR
PR LA RERR S S Hh AR Bk U, LA LR 2595
B4R 3 A HZF, B0 10 ), 2 30 SR
3, B 3G AE 1500 Ix DGR 3R, (2542) C,
75% FHXHREE A FEESR, TR,

®1 REBEBEREESEYERET LR

Tab. 1 Screening of plant growth regulators for inducing in

vitro thizomes of Curcuma wenyujin

iRk g ey
Medium Medium formula
71 1/2MS+0.5 mg'L 'NAA
Z2 1/2MS+0.5 mg-L'NAA+2.0 mg-L™' CC
Z3 1/2MS+0.5 mg'L'NAA+2.0 mg-L™" CSN
s DL RIS EIUM30 ¢ L' M. 2.3 o LM AEE
7, pH5.8,

Note: All the above media were supplemented with 30
g-L7" sucrose and 2.3 g-L' phytagel, and the pH was adjusted
to 5.8.

122 BARE BARMREFFRFEGHA T
SR X5 1 A [+ A 40 A R 8 3 750 o e SR S 4 2 5%
FE AR ZZ BRI RO G, iR AT R
A UIASTE JE R R CC(1.0, 2.0, 3.0 mg-L™")
I CSN(1.0, 2.0 . 3.0 mg-L™"), #EA7 M P 2 =K F
IEASIR G, HE— 25 X AR 25 43 1k 3% 3% L i A7 1 Ak
(F2), BigE 30 dJa, MBIARZES T8 | R
DA K A AR 25 A (mm) 45 A= K AV 285 45 A0 0800 4
1.2.1, LA F8 05 F45 A 485 2R 10 5 Fn A KR 25 20F
TR 2 fb s R St fb e £ . o, lRZA K
(em) ., AR (em) . ARZERL (mm) LATERR R UM

ZH B I GH F =R 30 d 5 2 BB R
#2 BEESEERESLIEFELOFIEMLL

Tab.2 Screening and optimization of in vitro rhizome
differentiation media for Curcuma wenyujin

IR KR ) (mg L)

Br v Plant growth regulators/(mg-L™")

Medium NAA cc CSN
F1 0.5 1.0 1.0
F2 0.5 1.0 2.0
F3 0.5 1.0 3.0
F4 0.5 2.0 1.0
F5 0.5 2.0 2.0
Fo6 0.5 2.0 3.0
F7 0.5 3.0 1.0
F8 0.5 3.0 2.0
F9 0.5 3.0 3.0

123 EBARZEBARLSEIZHGBR LI
R AR AR RE (BN 1/2MSHNAA 0.5 mg L),
P X HELE | G Hh AR 254 fb b 35 4 5 1 AR
SR LS B R B AR 2 A SRR Y 0 Ay
IR RN, BUDE R 10d. SRS, K
i E T IEROCRT RS, MR EN 8 &
el LB TOK, B A RGBS 1000 A5 A9 AT M
WERGERE 1 WK, 5596 30 RESHERR, A5 31 ~
40 K] TE AR =5 4 X A= K% AGR (mm-d ™),
5560 R LI 5 112 15 1 AR R 1 & i IORD 4y BE
(Rl BE ) AR FR B 0 (g, B S Al
MO SEARAG I . Horr, ARG =l AR A
MM REL) x100%, AGR A 10 d (19314 Hb
AR ZEFIHAR 1Y 5 (g) AR PRI

1.3 BIEFITSH R Excel 2007 F 4 5f ATf:
# PR, FI ) SPSS 23.0 #3177 2250 Hr

2 HRE5HM

21 SHEHREFTAEXIMEFBRAZM K
PTG T A MEL A2 B PR AL 2H LB SR L AR A 0
Rz, W R REE SR B SMER I 3 05 1
X TR U TR SRR O
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Wk 3 FiR, IRARSARZEAE IR IR A 4535 30 d,
PR I B T 2, YIIBOHT A 28 S SN AR i1 T
WIRZE IR 2hi . B3R —J8)a, LAE7KIR L 10 min
B X6 HE AR ZE 0 2F AMELIAR 2 1/3 2 15 3L, &
0.1%(w/w) Z W R IIHFE 10 min AU ZEH 241
AR 5 G A 10% 26 47, B X IR 8 35 B AR

68.4%, HIGFRILIGHL, WA R SE . 2 gl ik
HRZ TG Qe M IR TE 28 )5 S 3R 0k LR 25
30 K, KM ASR IR E2ER, HTE 90% L
b 5 b, FH 0.1%(wiw) 2 1 R IO AR ZE 04T
10 min 7142 AL BE, A8 B 0 42 o MR 4 AR 25 W 2F
HMERIIEE TG s AR

R3 FERETMSEHZFIMEEEZHRIZM

Tab. 3 Influence of different root and stem pretreatments on disinfection effect of sprout explants
e , 15 442 /% AR/ % T
A A R A K
Contamination Bud induction L.

Types of sprouted explants rate rate Growth state of contamination-free buds
KRR ZE A B2 I 5 T A FLRS Y B ZF AR RS IR B A T
Germination of rhizomes 32.6+4.6° 93.4+5.7*  The new buds are normal; some of the buds contaminated
soaked in clear water by fungi turn brown and die quickly.

Z R FR LW BEFHH:, AR R, B IR AR
Germination of rhizomes disinfected 10.3£3.1° 91.5+3.2* The new buds are robust and growing well,

with carbendazim

and the culture medium is clear.

E: P ARG FRER R 22 IR B KF-(P<0.05), TR

Note: Different lowercase letters in the same column indicate a significant difference (P < 0.05) similarly hereinafter.

22 AEMEEWEKBETF (CSN, CC) 3¢
BMEEAMREFSHZM CSN, CCHZE
—RAEE IR T — AR R IR S
MY AER R, BA MR R LT . #Eobs
ROR LR HGE =R R BN E | B b i T g
Fias o W 2 R 4 FToR, 78 U IR NAA 1
Z1 AR IR D IR AR A 2 B A AR BT, (AR fE

fn T 2.0 mg'L" CCH 2.0 mg'L”"' CSNH Z2.
Z3 i3 b, BReE S AR 2K, R e AR i AR AR .
CCEMZEHF R LI RKMZE LERHWA R, 7
S ELER I CSN Y i 390 17.9% 1 14.3%, T
JIT CSN WU 75 £ 1 AR 25 39OH1 b /R o 8 3%, iR
fin CC i BEIE N 14.8%.

23 AEEKFETHIRENREEBEMIRZERN

B ARZE; 7E NAA B93EaE L, @b ey BSMEm A58 RM, in—& &6 CC. CSN,
A B~ C D
sProz1 a xTroz1 a 331071 b _Broz
230} 822 ~ 5 6 8272 Eio0fmz2 T mZ2 g,
IS nZz3 L% az3 £ mZ3 i 20 [ wz3
RS , £ 5 BN
3520 1 ¥ g4l & £ 20} w15t
= = R =S Q 5]
WEIST ﬁ-éy s KE10}
B 2ol R = 510} = E
?E.::és- E81 go.s :ngs-
~o0 Z§0 0 0
71 72 73 71 72 73 71 72 73 71 72 73
B 3HEMedium B 3EMedium B FEFMedium ¥ #EFEMedium

AL AR AR B R 2S5 AR5 s B AN IR R 70 X AR 4 B AR 25055 S A8 A ) 5
C. ANJA) A=A 13 70 X AR <5 2 MR ZE AN A2 5 D. AN[R] A= R 15 D05l AB <5 B AL E AR A 520
A. Influence of different growth regulators on the microrhizome induction rate of Curcuma wenyujin; B. Influence of different
growth regulators on the induction quantity of in vitro microrhizomes of C. wenyujin; C. Influence of different growth regulators
on the thickness of in vitro microrhizomes of C.wenyujin; D. Influence of different growth regulators on the in vitro rooting of
C. wenyujin.
B2 AEEMEKETNHESEEFERMRZFSHIZN
Fig.2 Effects of different plant growth regulators on rooting of tissue-cultured buds and rhizome induction of
Curcuma wenyujin
s ARVNG FRER IR 22 535 WK F-(P<0.05)
Note: Different lowercaseletters indicate significant difference level (P < 0.05).
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Tab. 4 Effects of sodium nitrophenolate and choline chloride at different mass concentrations and ratios on the microrhizome
differentiation of tissue-cultured plants of Curcuma wenyujin

o AR ZETE 3%/% MR 22K /om AR 254 /mm M /em HAH/mm
Bigrdk o o o
Medium Microrhizome Microrhizome Microrhizome Root Root
induction rate/% length/cm thickness/mm length/cm thickness/mm
Fl1 - - - 3.240.1% 1.120.1¢
F2 62+1.0° 1.8£0.2° 4.5+0.3° 6.5£0.3° 2.3+0.0°
F3 - - - 3.4+0.4¢ 1.3£0.1¢
F4 - - - 4.3+0.1° 0.7+0.2¢
F5 - - - 4.1£0.2% 1.1£0.2f
F6 20+2.0¢ 0.9£0.6° 3.1£0.2¢ 3.5+0.1 1.8+0.2¢
F7 46+2.6° 1.7£0.2* 6.8+0.1° 2.8+0.2° 4.5+0.2°
F8 28+0.6° 0.5+0.3¢ 2.8+0.2¢ 3.6+0.0 1.6£0.0%
F9 - - - 3.4+£0.0* 1.440.1%
T b = izl o R AR AR B R IR
Note: In the table "—" indicates that the chemical component has not been detected temporarily due to its relatively low

content, similarly hereinafter.

A 05 IRAR A AR ZE R Ak . Ryt — 2B i e
HAEE R CC il CSN Z A B MEC L, 7EJ5 1/2MS+
NAA (ARKEFRIE L, BINAFEFZE(CC. CSN) .
ASTR] TR (1.0, 2.0, 3.0 mg L") AUAE A4 K3
WHRIPEAT PR R =K IEACSE S . angk 4 Al 3

; ’ Vs
T b7

B3 FREFMFILETBRBEMIRESNFSHZMm
Fig. 3 Effects of treatments with different additives on
the induction of microrhizome differentiation in

Curcuma wenyujin
TE: F1 ~ F9, A[FAEPIAE R AT B AR 22 A 1 0L o
Note: FI-F9, Situations of microrhizome induction by different
concentrations of plant growth regulators.

B, 76 9 G SR rh, #Reis A, TR &
M, (B T AR ZE A 4 Rl R EL, HAH
HIEFESFREREE, U F2 B3RS R,
ik 62%, AR 2575 3 i BRIl F2>F7>
F8>F6; iR 25 1) 1 FroAH 3 J2 Ml i AR 25 A K I
PR CEETE AR, IR 4 AN 3 Fis, F2 {53t i
FRUE T RURZERIHK, 5 F7 KE 3k J0 i 3% 22
S, A LT F6. F8 B 3E, Wifie dhfAR 2538
FNILL F7 KR die A i, AR5 AL H A% 6.8 mm,
HYCH F2, P& ¥ 535 T F6 M F8 537 5L, J5
HELREZES ., GARMBIFTRAERLKEM
HRZE A, 4 Bl i% 3% 36475 T 2008 th R B/ IR
F7>F2>F6>F8,
Wk s PR, 856 138 LR T h iR 2515
S ST BOHE ) 43 BT 22 B, A6 Ak K P s B
T, HeE 2 MR R i 25 R(23.33>18), 520
MK EI/NA CSN>CC. $ B CSN X R 25175 - %
MISEI KT CC, JeZutfar st 2 LAURZE Ny
FE i B A AN B it LA e A 7 N T AR
M ZEFh 45 ml FE R N CSN 2 T4 F2(1.0 mg-L™!
CC. 2.0 mg'L™" CSN) K FR 5Ly B ail - #4704k,
DAHIAS B 2 A TR 25 o
24 EA/EHMCCH CSNXBEHEAEFEK
GRS AP HL L ER S e AR K R R
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F S5 CC 7 CSN MR EZFFRHFM
Tab. 5 The influence of CC and CSN on the induction rate

of microrhizomes

TR ZiES R/
NunﬁZing cC CSN Transfjfmla:i}(z;ifﬁ/cincy/%

F1 1.0 1.0 -

F2 1.0 2.0 62+1.0°

F3 1.0 3.0 -

F4 2.0 1.0 -

F5 2.0 2.0 -

F6 2.0 3.0 20+2.0¢

F7 3.0 1.0 46+2.6°

F8 3.0 2.0 28+0.6°

F9 3.0 3.0 -

K1 62 46

K2 20 90

K3 74 20

k1 20.67 15.33

k2 6.67 30

k3 24.67  6.67

R 18 23.33

T : KR IR=E T 5 R A4 R AN R AR BKF- R Y
SB35 RS HREETS TR I 22 v 2% Xt h 5
ARE PR EEPREDR o

Note: K and k represent the total value and the average
value of the range of the induction rate of microrhizomes at
different treatment levels of each factor, respectively; R
represents the range of the induction rate of microrhizomes.
Each figure in the table is the average value + standard error
of each treatment.

FELEAR EARS: , AH ELAR HE Y OC R, [RIR, AT g PR %
PR AACHEA MR A SRR R . K 6
7R, U A ] v B FTC HE A9 CSN AT CC, TR 4
Tw AR 2ZHIW . FERZEE SR 50, 7EE
ME IR 5 1/2 MS+NAA 0.5 mg- L™ i 3&aE |, CC
AEFFAE 1.0 mg- L™ AHXHIRHR BE B, B CSN Wk
M 1.0 mg-L™" £ 3.0 mg-L™" B3, JoR 2F 3630 4=
BT 25 5L e TG B, £ CC 1.0 mg-L'/CSN 2.0
mg L B, ZEREAR WA B 2 B Aok, SR 2RI
SRR — B CCHEFRETE 2.0 mg'L, F % CSN
W BE i 3, JC TR ZF AL AR & R ZETE R W] CSN
v BE [A]JC  # 25 75 1E CC 4ERFTE 3.0 mg-L,
Rt CSN Joi st ik B2 Y 3B 3, Jo w28 Wi Ak o ik 3% 22
5, AZER BB W AN 55, CSN % 1.0 mg L' B,
ZEURALL, SR SROR — 30 W R BE s
CSN & 1.0 mg-L™" F1 2.0 mg-L™" i}, B9[] JC i &
Z 5, H 3.0 mg-L™" B il 28 50l ol HoAE K 4
5. %451, fE 1/2 MS+NAA 0.5 mg- L (AR 15 37
FEHELAE b, B CC 1.0 mg-L™', CSN 2.0 mg-L™
(F2 ¥ 5600 H) 5% CC 3.0 mg-L ™', CSN 1.0 mg-L™
(F7 $5 32 20 L) B, R T IRAR 4 AR 22 19175 = 43
1k, IFREAERF R A —E R SRR .

25 BARMREZ=ESEMESAEEEFELEK
B MY AN BT W A | P
i) A A OG22, AR ZE T 1 9 A ) LT B Y R

R 6 RMARRESHEHAS U ABREXTIRER S T F 2 G R0

Tab. 6 Effects of supplement of sodium nitrophenolate and choline chloride at different concentrations on the proliferation of

contamination-free buds of Curcuma wenyujin

Btk LT B FHEROIR
Medium  Proliferation coefficient The growth state of the buds

o s AR, 156

T The buds are growing normally and the leaves are green.
. sl o0 S CIHERE, HUH: e

R The buds are growing vigorously and are robust; the leaves are dark green.
o 4000 S, KH 2, ek

T The buds are small and have a poor growth trend; the leaves are light green.
iy 10205 SFIET, A K R T

R The buds are normal and growing well, and the leaves are green.
Fs 3.940.9 2N R R

R The buds are small but growing well, and the leaves are green.

e ZRIEH, AR R i@
F6 4.8+0.5 .
Buds are normal and growing well; leaves are green.

. 43200 A KRS, B sk

T The buds are growing vigorously and are thick and strong. The leaves are deep green.
s el K2, i RS

T There are many buds, and their growth is average; the leaves are dark green.
F9 4.2+0.6 2L IR

The buds are thin and weak; the leaves are light green.
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W SR HIRE 1, Bl gl b BR565 7 406 ORI s 4%
Bk = MR AR A HEAR ZE R AR, R T A
K4 frs, 55 IR0 4 w0 ML AR MR 2 B A L, HAR
250 2 5 A AR v RE U] e LR RO LA KA
(7 Fof 30 ) A R 3, 5508 R L ZH B 2R AR P R AR L

FARZEA R 0TS R AR R | S BER, B
I 7 BRI AR S AR 25 0 1) o 3 R S 36.4%
112.5%. 83.0%. 103.9% Fil 83.2%. % L, HARZE
PR 255 A AR B BB A A AT A 2 85 B A B AR AN 2 2
2RI

®7 AELEBEERASEBRERKBR

Tab. 7 Growth status of transplanted Curcuma wenyujin plants after different Treatments

TR SUES " X 90 dH ZE R (g
e PEaRES Etm_% SVEEN A SR Hh T~ AR 71))’4 et/ (gt
EESS % f(mm:d") Number of Newly emerged )
Plant type Survival Growth rate . Y g Underground rhizomes and
tillers leaves
rate tuberous roots after 90 days
WA AR R
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Note: The tissue-cultured plants with rhizomes refer to those cultured on medium F7.
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A. Tissue-cultured and rooted tube plants of Curcuma wenyujin (i is the control normal rooted plant, and ii is the tissue-cultured and rooted plant with
microrhizomes, similarly hereinafter); B. Root or rhizome differentiation of rooted plants in the tube; C. Plant morphology of tissue-cultured plants of C.
wenyujin 60 days after potting; D. Growth and morphology of underground roots and rhizomes of tissue-cultured plants 90 days after potting.
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Fig. 4 Effects of in vitro microrhizomes on the growth vigor of tissue-cultured plants of Curcuma wenyujin
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In vitro induction of microrhizome in Curcuma wenyujin

Wang Kaixuan'*, Guo Jiaxin'?, Chen Jianmiao'*’, Zeng Jinsong®>, Liang Jing'?, Li Ying'"?
(1. School of Tropical Agriculture and Forestry, Hainan University, Danzhou, Hainan 571737, China; 2. Sanya Institute of
Breeding and Multiplication, Hainan University, Sanya, Hainan 572025, China; 3. Hainan Bikai Pharmaceutical Co., Ltd.,

Haikou, Hainan 570216, China)

Abstract: In order to improve the propagation efficiency of Curcuma wenyujin plants, tissue cultured plants of C. wenyujin was
cultured on in vitro rooting medium (1/2MS + NAA 0.5 mg-L™) supplemented with broad spectrum plant growth regulators,
choline chloride (CC) and compound sodium nitrophenolate (CSN), at different mass concentrations and ratios to induce the
differentiation of their microrhizomes, and the growth status of the tissue-cultured plants after transplantation was observed. The
results showed that the tissue cultured plants cultured on the medium supplemented with a combination of CC at 1.0 mg-L™" and
CSN at 2.0 mg-L™" were induced to form microrhizomes obviously, with an inducing rate of 62%. In the medium supplemented
with a combination of CC at 3.0 mg-L™" and CSN at 1.0 mg-L"', the induction rate was 46%, but the swelling and thickening of
microrhizomes were the most obvious, with a transverse diameter of about 6.8 mm. There was no significant difference in the
length of microrhizomes between the two groups. All the tissue-cultured rooted plants with microrhizomes survived after
transplantation, and their survival rate, growth rate, tiller number, number of new leaves, and the weights of tuberous roots and
rhizomes increased by 36.4%, 112.5%, 83.0%, 103.9%, and 83.2%, respectively compared with the control tissue-cultured rooted
plants.

Keywords: Curcuma wenyujin; microrhizome; induction and formation; transplantation efficiency; rhizome
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