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Efficient Tissue Culture and Propagation Technology of Bombax ceiba
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Abstract: Bombax ceiba is a deciduous tree belonging to the Genus Bombax in the Malvaceae family. It holds signifi-
cant importance as an ornamental plant of economic, medicinal and edible value in southern China. It is the city flower
of Guangzhou and Panzhihua. The traditional propagation methods for B. ceiba are seed sowing and grafting. However,
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the seeds are difficult to preserve and easily deteriorate, leading to decreased germination rates. Grafting results in even
lower survival rates. Therefore, this experiment aimed to study the tissue culture techniques for the rapid propagation of
B. ceiba. In this study, B. ceiba seeds were used as the experimental materials, and different disinfection methods were
tested to determine the most suitable method for seed disinfection, aiming to obtain sterile seedlings. Using the sterile
seedlings as the explants, various basic culture media, combinations of shoot-inducing hormones, induction and prolif-
eration media for apical and adventitious buds, as well as rooting media, were tested and optimized. Additionally, seed-
ling acclimatization experiments were conducted to explore the optimal basic culture medium, hormone combination,
induction and proliferation medium, rooting medium, and seedling acclimatization methods. The results showed that the
optimal basic culture medium for B. ceiba tissue culture was MS medium supplemented with 30 g/L sucrose and 7.5 g/L
agar. The best disinfection method for B. ceiba seeds was 75% ethanol treatment for 1 min, followed by five rinses with
sterile water, 4-hour sterilization with a 50% H,0, solution prepared from 30% H,0,, and another five rinses with sterile
water. The optimal plant growth regulators for inducing differentiation of apical buds into young shoots were a combi-
nation of 6-benzylaminopurine (6-BA) and naphthaleneacetic acid (NAA). The best induction and proliferation medium
was MS medium supplemented with 0.5 mg/L 6-BA, 0.5 mg/L indole-3-butyric acid (IBA), 30 g/L sucrose, and 7.5 g/L
agar. The optimal rooting medium was half-strength MS medium supplemented with 0.5 mg/L IBA, 30 g/L sucrose,
7.5 g/L agar, and 0.2 g/L activated charcoal. The recommended substrate for seedling acclimatization was a mixture of
sand, peat soil, and vermiculite in a ratio of 1 : 1 : 1. Through the optimization of seed disinfection methods, culture

media selection, hormone combinations, and seedling acclimatization experiments, an efficient tissue culture system for
B. ceiba was established. This would provide technical support for the in vitro preservation of B. ceiba seedlings,
propagation of superior individuals, healthy seedling breeding, and the industrialized production of seedlings, and lay a
foundation for the genetic transformation system of B. ceiba.

Keywords: Bombax ceiba; tissue culture; disinfection; induction; rooting
DOI: 10.3969/j.issn.1000-2561.2024.06.008

AHi (Bombax celibate) N ZLTAEAR . BEhf
W, IARMEAEEYY, FE T E R,
P FIROC A M X P, AR R K, AIBALSE,
SR, JEARMUR, L, FRIFE, 16
Bk, HARGENWEMME, TR X
(AL RO AR B O (E 5 , Tf HLAEE BT
MRS T AR e, R — XA A A 25K
SOWMANZEBEAR, S FE ARSI TIE A ) R Ff
TEFRE A 2000 ZAEAAR LSS Bl

REGAE R TA HA B = LB I, M
TERIB B2 BT A2, ARARAE A 2575 ABRIE, W2
VR REEANR ALY, KBS, ARME T
RZEGE . ME LS KA AR A . AR A
Fp A 20%~25%03 4, FEBCH: Gl 23 m]
DA SR R, MR 4% i MR T BB B R
TARHE o ARSI ERFE AR 2L, AR 2T i
Bk . ARB RS TE Y, TR AR AR 2Rt R P
A BT AR

AL G Bht Jy XS AR R AR, (H
TR SR, SRR & S, BRI,
— M EESROR G AR SRR, FE SO R AL, B
B B A RER AR L RAEIR, KRAR 2
FE M, XA EH a3 T A %, A

U SR A W EAM TN TR T . ATA
XA T ST LD, TR rp AR B AL
AR T VR A PP Y, A R
R HEMIE AR L . AR UAMF T 4R,
JUE R SMEA, TR ik | ERR IR
FHIWMRASG . BTG | R IR
F0 7 18 e o v, ST SO AR A B PR B EOR
PRZ, ARKRR B ARORAE  O0 R SRR 5 i
FEM T BE T E R AR SR

1 #MR57EE

1.1 ##

A A BT AR TR T EILEET
EF NG
12 Fik

1.2.1  SMLARE 7 ok IO o i AR AR Fh
FHCE TR, HAPERF KRN 10 min, K
Yk 30 min, BT REERAIES FHICHE/KYE 3 #,
T 75%Z BT 1 min, JCEEZKMPE 5 WK,
T BERE 30% H,0,, B S0%AWIRIE 3. 4.
5h; 4% NaClO %=1 20, 40, 60 min, H)q
FHICH K whye 5 % (£ 1), H H,0, Fl NaClO A~
[ R AL B AT I R, S G Kbt S
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W, TAETCEELR LW TR+ K53, Friefb,

DI MS A FRAL, BHNEERE MS+REME
30 g/L+RAIR 7.5 /L Fl BS+IERE 30 g/L+ KR
7.5¢/L 11, pH 5.9, BACFEFRN 20 i, & 3
Kifh 7, B 3K, VIIARERSE, BAE B
AbEE, RE 25 °C | JEREEREE 3000 Ix SR TR E
TR SR, FERREE 3 KA 7 RMEIF L s_I5
T RidEM AR, it sdH R k.
1.2.2  RABIMHARE F 7% AMF R
7d EAFFERE A, 15 d KGR AR 25 TC
FHT, PR ICE T A AR, $FD
FIRINASTR S E A MS B3 dkrh (22) , MS
X REEE SR I | BRFPEE IR LA 10 R, BHIEFR 5
AHMER, BT 25~28 CE&IF NS R, 4%
B LED 4] JGE 10~12 h/d, G IE5E B 1000~1200 1x,
25~28 CHMATHFE, 25 d /FAEiHAES %K.

F1 ABHFRRBEEFE

Tab. 1 Different disinfection methods for B. ceiba seeds
oS Jr ik
Treatment Method
CK 75% . BEE T 1 min> TS HKIFBE 5 1K
Al 75%Z BN T 1 min—>TCEKIHTE 5 tk—
50% H,0, I I TEEE 3 h— LR /KIEPE 5 Ik
A 75% L BETHBE 1 miga)ﬁ%?ﬁ‘%‘lﬁ'ﬁ 5K—
50% H0, IR TH 7 4 h—JE /K VE 5 I
A, 75%Z. T 1 min—>CHE /KL 5 IK—
50% H,O, I IRIH 7 Sh—> G /KIETE 5 WK
A 75%Z, BN EE 1 min— TG KB 5 k—
4% NaClO 45 20 min—JCH K ik 5 %
As 75% . BEHEE 1 min—JC KB BE 5 Ik—
4% NaClO 147 40 min—TCH K IEE 5 Ik
N 75%Z BN T 1 min—>TCEKIHTE 5 tk—

4% NaClO {47 60 min— oKL 5 1K

R2 FAMAREMEKATHOKRRNFESERE
Tab. 2 Top bud induction medium of B. ceiba with differ-
ent plant growth regulators

R aei Y By
Induction
. Formula
medium
CK MSHEHE 30 g/L+KHiE 7.5 g/L
B, MS+6-BA 1.0 mg/L+1EH% 30 g/L+RHLE 7.5 g/L
B, MS+6-BA 1.0 mg/L+NAA 0.5 mg/L+3EHE 30 g/L+
R 7.5 g/L
B; MS+6-BA 1.0 mg/L+IBA 0.5 mg/L+#EHE 30 g/L+
KRB 7.5 g/L
B, MS+6-BA 1.0 mg/L+IAA 0.5 mg/L+HERE 30 g/L+
R 7.5 g/L
Bs MS+6-BA 1.0 mg/L+2, 4-D 0.5 mg/L+5EHE 30 g/L+
Kk 7.5 g/L

123 A REFAETE  YIHORMIZHE S
A 2R 25 B, ARG A SR (R 3)
REFPIG RIS 10 i, BRSNS AMIMEK, BT
LED MRRHIT IR 10~12 h/d, YEIRHEEE 1000~1200 Ix,
IR 25~28 'C; 25d J5geitss

124 KAGLALITHRARIERAGHiE  VIHUKRK
TZEA AN E 2R 2R 25 B, AR FIE RS
Fo (% 4) , WRPEERILEERN 10 0, IR S
ASHMEAR, BT LED BEXTEIR 10~12 h/d, Sl
FE 1000~1200 Ix, JREE 25~28 °C; 25d J54iit4h

Fx 3 AEIRE 6-BA MARBAEHIGEELESFRE
Tab. 3 Different concentrations of 6-BA of tissue culture
shoots of B. ceiba proliferation medium

A wn
Multiplication
. Formula
medium
Ci MS+6-BA 0.2 mg/L+IBA 0.5 mg/L+FE4H
30 g/L+RHifiE 7.5 ¢/L
C, MS+6-BA 0.5 mg/L+IBA 0.5 mg/L+ A
30 g/L+RHiJiE 7.5 /L
G MS+6-BA 1.0 mg/L+IBA 0.5 mg/L+REAH
30 g/L+RHifiK 7.5 ¢/L
(on MS+6-BA 2.0 mg/L+IBA 0.5 mg/L+REHE

30 g/L+RHifiE 7.5 g/L

R4 KARABRHFSEMERERS
Tab. 4 Basic medium for induction of tissue
culture shoots of B. ceiba

LAk 57 3 Basic Bic 77
culture medium Formula
D, MS+6-BA 1.0 mg/L+IBA 0.5 mg/L+EAH
30 g/L+RHiiK 7.5 g/L
D, B5+6-BA 1.0 mg/L+IBA 0.5 mg/L+HEHE

30 g/L+RHIfik 7.5 g/L

12,5 REFAMRFT F AR ftm
DN ZEH UV IO P B [R) AR AR B 3 Jrp (3%
5) , BEANALEER 10, AHHAER 2 B, BT
26~28 CAMFHEREF: 7d, FET LED WRELT
R 16h/d, JERESEFE 1000~1200 1x , & JE
26~28 CEAMFTHFE, 30 d JESitAMmE,

12,6 “xGHEGHE PEET 3~5cm, I
ek, WAKIKMARFAEREE, NAHAE RS
Z S R E R, AR 7 d; SRR EE
I 173, BCE 3 d; BJERR ISl RE 3d
&, PR ERREE, ek aRgt, Bk
MR EANFENEEME (£ 6) , BRI
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x5 ARHEBEHAREREFRELT
Tab. 5 Different rooting medium formulations for tissue
culture shoots of B. ceiba

Mﬁlm%L By
Rooting
. Formula
medium
CK 1/2 MS+EERE 30 g/L+ R 7.5 g/L+0.2 g/L i P
E, 1/2 MS+NAA 0.5 mg/L+E4E 30 g/L+FRHie 7.5 g/L+
WEPES 0.2 g/L
Ex 1/2 MS+NAA 1.0 mg/L+1EH% 30 g/L+RHifg 7.5 g/L+
PSR 0.2 g/L
E; 1/2 MS+IBA 0.5 mg/L+J#HE 30 g/L+FRHifg 7.5 g/L+
TEMEA 0.2 g/L
E, 1/2 MS+IBA 1.0mg/L+7HE 30 g/L+ R 7.5 ¢/L+
PR 0.2 g/L

x6 ARGEER

Tab. 6 Different substrate for shoots training medium

YT BeJs
Seedling-training medium Formula
F W
F, e s+
F; U A
F4 W dREE CEA=1101

BRFRAaiEaR, OCHRETE 12 hvd, FRid s, )
BRI T, BERMIK 2~3 1K,

2 HEREHW
21 ARESFIREERENRIEHFES
VSX: W40k Al

26 7 A0, ERES 3 RATIR (CK) 154
KE] 80%, 2 7 RIGYLEN 100%, ARI5HHH A
Foh0; AbFE AL 3 RIGYFE N 10%, 7 KI5
YU 30%, ARTGHHTRFEN 87%; AL A, % 3
KIGYRN 8%, 2 7 KIGYLRN 20%, KI5
RN 85%; AbBE A5 3 KisgeR R0, 57
KIGYEN 19%, RI5YH LR A 70%; A Ay
B3 RIGYRN 75%, 55 7 RIGYRN 95%, K
V5L KRR 60%; AbB AsER 3 KI5 YR N 60%,
57 RIGYLRN 75%, RIGUHTEFER 50%; Ab
T Ag 55 3 RIGYLZ N 60%, 55 7 KI5 YLE N 70%,
K1Y KRN 20%; L5EA15 YR MM T & %
BRIl A E N KRR T BT #5572 H,0,, NaClo 1R
SR EE A5 e 25, [R] B A5 e F - R
CK HY75 Qe H B35 100%, Fitl, Zeat 2Rtk 4h
R, AMFFIHRERERTEN Ay 75%15K
CHEHETE 1 min—REKER 5 IR—H,0, : K=
1: 1{HT 4 h—RREKIEE SR, 587 KigjeR

x7 ARESFIRESHETRIBHHF
HERBELER
Tab. 7 Seed disinfection and germination of B. ceiba under
different disinfectants and disinfection time

g SATIRE  TAIRE g
Treatment 3 d pollution pollution pollution rate/%
rate/% rate/%

CK 80 100 0

A, 10 30 87

A, 8 20 85

A, 0 19 70

Ay 75 95 60

As 60 75 50

As 60 70 20

H20%, ARI5YH K FEH 85%,
22 AREMERKBATANAKBRFFESH
=AU

% 8 Al , 55 5L By: MS+6-BA 1.0 mg/L+
IBA 0.5 mg/L+JEHE 30 g/L+FRH0iK 7.5 ¢/L H¥E
KT H 6-BA+HIBA 5 G AR A AR R 1 02
BRI, b2 3 LR, gh 3 Kfder:
Ky, kMt FgitRst (K 1D) ; X
MS Ao kg2 (K 1A) 5 i35 B: MS+6-BA
1.0 mg/L+EHE 30 g/L+RHifE 7.5 /L F HESmM
6-BA — A KT A 2R, R, A
(B 1B) ; #5353 By: MS+6-BA 1.0 mg/L+NAA
0.5 mg/L+JERE 30 g/L+RPifE 7.5 /L P EEsH L
1~3 N2, ZE RS 1C ); 1597 3 B4 : MS+6-BA
1.0 mg/L+IAA 0.5 mg/L+REERE 30 g/L+ R
7.5 gL ARG, mieghzE A, MO (B 1E) ;
Hi##5 Bs: MS+6-BA 1.0 mg/L+2, 4-D 0.5 mg/L+
FERE 30 g/L+RPIIE 7.5 /L B MR Ad, R4
2F, ESHEERES AR (K 1F) , JHit,

x8 AREWEKATHTARHMFENFESHERL
Tab. 8 Induction of apical buds of B. ceiba seedlings under
the same plant growth regulators

PR
Induction
medium

AR B

Growth situation

CK TiTer i, TUFERTCE

B, TR, A0 Mal, bz,

B, TR, Afth, 7246 1~3 D2F, 2R

B; DRI R, Ehd, e 3 ALLELZE, 2R
A, KAGE 0k

B, Bl ofeshzEd, MERRiE

Bs TR, Az
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2SETS VTN 1171

A~F 5535550

%28 CK. Bi. Ba. Bs. Bs. Bso

A-F medium is CK, By, B,, B3, By, Bs.
Bl ABMFEAREFREFSHE
Fig. 1 Induction diagram of B. ceiba apical buds in different media

BEOE AR AN BT 02595 2 e gl 2R I AE 4
AR 6-BA+NAA A&
23 ARREEHEKATR 6-BA XARIBH
B A 1 5 O B2 M
3R 9 A, RIR4IZFIAESRMIME 6-BA
WSS AR R, P R AR, (HOY R
i E A IS T YRR, R R A
RN TR, el G AR ) 2R 38 58 1 55 57
C,:MS+6-BA 1.0 mg/L+IBA 0.5 mg/L+HEHE 30 g/L+
KR 7.5 ¢/L, FHEFHEHN 97%, WIHRECH 5.5,
24 AREMBFREMNABHFFESHZIT
2 10 7], MS AR E T 5 AR 4)

x99 ARREEWERKATN 6-BAT
KRR A IS H R R

Tab. 9 The proliferation of tissue culture seedlings of
B. ceiba under different concentrations of plant

growth regulators 6-BA

WEE TR SR WA Py o
. . . ERS )
Multiplication Induction Coefficient of S
. o . . Growth situation
medium rate/%  proliferation
C 91 3.5 Wl AZEf | sk
USRS
C 92 4.2 wm . L R
D
Cs 97 5.5 LS VITANELIN & 2 i [
AT
Cy 80 2.8 WU Z A IR,
IAZF S B

FES, BRGERE L, N ek,
M RIE (B 2A) 5 RARSIZEAE Bs B FR 5L L 2F
Z 2R MRS R R IE, EN AR
Ko WE (E 2B) , RiEA1EM AT
B
25 AERE NAA 1 IBA W ARFRAEEER
E;ur-]
R 11 AT, ARAR S 7EXT IR CK: 1/2 MS

£ 10 AEAEMEFRETABHFFEERL
Tab. 10  Shoot induction of B. ceiba in different
basal medium

FEah 4% 77 Fk He KA
Basic culture . .
. Growth situation
medium
D, wm . W Z, D sk,
R R IT
D, i MEAEE 1~2 A, RikkE . A
i ¥ 25 5y it

A MS HFRELZE; B: Bs HRHEELIZE.
A: Shoots of MS medium; B: Shoots of Bs medium.
B2 AEEMEFESHFILE
Fig. 2 Bud differentiation diagram of different basal media
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ARG FREPAKMR; £ B 1/2MS+NAA
0.5 mg/L+JEHH 30 g/L+RHiiE 7.5 g/L+0.2 g/L i1
WIEFRIFEFERE 65%, EMRKEIW A, FH%
$0.53 25 M LSS AS 5 0 5 #E Ea: 1/2 MSH
NAA 1.0 mg/LATEWE 30 g/L+ P 7.5 g/LATH 1t 5%
0.2 g/L AR 85%, WAL, FIH%L 0.63 %%,
M BT PSS N 5 UG fE Es: 12 MS+IBA
0.5 mg/L+ B 30 g/L+ R fL e 7.5 g/L+1% P
0.2 g/L i3t AR IR 95%; FHIMREL 3.15, it
F sk, wifdot:; 78 E4: 1/2 MS+IBA 1.0 mg/L+Ji
W30 g/L+RHR 7.5 g/LHH AR 0.2 /L K535 3
MR IK 85%; F-IIMI%ER 2.05, MR fmak . Hifd
At B, BOE SRR B AR R N
IBA, M, FHURAHBZE, sk,
B T NAA XPARMAE W ARKE, H
D, B R R . RS AR  RARABE E
(LEARBEFR 3R Es: 1/2 MS+IBA 0.5 mg/L+JE 0
30 g/L+RHR 7.5 g/L+HIH PR 0.2 /L,

xR 11 FEIRE NAA F1 IBA TARIBAE S ERIBR
Tab. 11 Rooting of tissue culture seedlings of B. ceiba
under different concentrations of NAA and IBA

i~ PR
A MR R Ak Average SR AR AR He KA

Rooting rooting Average root- Growth situation
medium rate/% ing number
CK 0 0 Tt . JeRA
E, 65 0.53 Wk, i 0~2 %,
ML SR BN
D I
E, 85 0.63 AL . MR 0~2 4
MR TR AN
0 %
E; 95 3.15 WA . RZ 0~5
., MR dwgk . BER:
E, 85 2.05 AL . AR 0~4

Z, MR gk . T

26 ARERXIAKBAEHGHK M

e 12 Al YRR EARE . BERAL,
KT AR B B ER . 5
KL WA, R AR AR AL T RS R iR AR
B, AREOUREE . BAASEE . KT
FFRYSF o Pkt A= 11 R AR
TERIBE] 87%, PRAKMEL . AEPBK. AEEA
PR L B, P, BGOSR AR AL RS
METCATF « Wkt A= 1: 1,

®12 ARERTABAEEGEER
Tab. 12 Tissue culture seedlings of B. ceiba
in different media

AL

PRITHERT

. . HARAF N
Tissue culture Survival Growth situation
shoots-making rate/%
F, 65 PROKPERSF . EFRAR . 5
F, 53 R HARARL . HSRAR
F; 0 WEARER, HEEEIURRE ., BA
ZilEE . HKBET:
F, 87 PRARPELF . ANGBUK . B
gt
3 g

TE VAN [R]H BE 77 S B B[R] A AR 7 1
B M & B, CK R 75% B B 1 min,
T KIEDE 5 EEFE] MS i3k, 27 K
TGYRIRE] 100%, T594%E; R H0, 1E AH
B, HBEAFEES 7 KIGYRN 19%~30%,
KIGYLH KRN 70%~87%; K NaClO 1 K i
B, WHREAFREZE 7 Ri55ER 70%~95%,
KVGYL KRN 20%~60%. "TH, HEEH H,0,
BIEBAE AR FIHEER, DL HO0p HTHEEN,
FFIE 3 AREIR AL RS , PR A R A, B9T5
YRR, (HE A2 HFE T ERTS Y Fh 11y
W R R, B, fikhEE A IH R T E R
As: 75%75 K Z R 1 min— EE K IHUE 5 k—
H,0, : /K=1: 1 4% 4 h— KR KEWE S K, 67
KGN 20%, AT5 Yl KR K 85%.

T i V638 A S AR 2 15 JE T 8% 2 L 0 1 7
H, KL Bs 3557 HON G 38 VR A AR 20 85 Rl G 5
5, BsAENERIG IR D, 89, Timk
BT, MS BRI FR IR b 2E % |
At mak, Ht, MS &S 1E A 45 Il b
Ik,

FETT TS A AN L) 255 T A G B SR B R
ot R, LA s e AR R A R A g
BUR, TE A RIATER Mk BEARZE A 35 R 2
i 1 B A AR S AR AR 401 2 A RS Al PR
6-BA Fll IBA HZia, BWEEMIEEFRIEN Co:
MS+6-BA 1.0 mg/L+IBA 0.5 mg/L+AEHE 30 g/L+
RS 7.5 ¢/L, HFEK 97%, WIHFRE 5.5,

IR AR A ARG R HR A
2, YU MY A IR TR A LI ) AR R
S AR P 20 B P A ZR i S EA T T
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KRAKEY), AW ERAEE R, WRESWA,
MR A TE B o ARG L)L 1/2 MS Ry A M LR 1 55
3, JFRE NAA Fil IBA PR AR RIVREER) 4 FhA:
MR FRIL, 2501, E;: 1/2 MS+IBA 0.5 mg/L+
HEME 30 g/L+RPifie 7.5 g/L+HIEPER 0.2 g/L A
YRR AR L35 B AR AR IR 0, (ER AR AL 35 1 Y
ERBEIEAR L, AR RE] 95%, (T
MRECER 3.15, 645 M 525 # v ml A28 g
BFK. FAEEMIMYL S IBA K& H 2L
2, TN A AN [R] 20 5 55 35 6 AR 41 5 i AR AR
iopsA e

A A R P S TR A [ 25 I3 A TR L Yo 2 85
PR RS R0, BT R BE  AEAREE AN
Z, FRERZW TR P BUE 2, B R X
K 87%, AL B L U T - Rk
+oodEf=1 0101, BUIER K 87%,

S % 3Tk
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