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Advances in tissue culture techniques of Magnoliaceae
HUAN Zhiqun', XU Xiaorong’, GENG Xingmin'*, TANG Ming’

(1. College of Landscape Architecture, Nanjing Forestry University, Nanjing 210037, China;
2. College of Life Sciences, Guizhou Normal University, Guiyang 550001, China )

Abstract; Magnoliaceae plants in China have a long history of cultivation and rich species of Magnoliaceae plants have
high scientific, ornamental, ecological and economic values. However, the existence of many Magnoliaceae plants is
threatened due to the limited self-reproductive capacity and habitat destruction. The traditional propagation method is
inefficient. Tissue culture technology promotes the conservation and utilization of Magnoliaceae plants. It can be applied

in the conservation of endangered resources, breeding and commercial production of clonal seedlings. There are many
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studies on the in vitro shoot propagation, and the system is relatively perfect. Some studies can achieve rooting seedlings

through this way. However, there are few studies on organogenesis, and the problems of callus induction and adventitious

bud differentiation have not been solved effectively. Also, there are few studies on the somatic embryogenesis in

China. This paper reviewed the research on different regeneration ways of Magnoliaceae plants such as in witro shoot

propagation, organogenesis and somatic embryogenesis. The influences of explant selection, medium selection, growth

regulator concentration and culture conditions on in vitro growth of Magnoliaceae plants were analyzed. Meanwhile, the

paper summarized the problems and the solutions of rooting and browning, and prospected the future research

directions. It will provide theoretical basis and technical reference for rapid propagation of Magnoliaceae plants.

Key words: Magnoliaceae, tissue culture, rooting, browning, in vitro shoot propagation

A 22 BL (Magnoliaceae ) #5 ¥ 1E Ry 2 0> Bz 25 HH
Yoy SRR R IR R A R IR S Kk A
1) SR RL, Bl WSS M (B = 5 R R 2
BV RIELIE, M SR B B E ny
M BB (B S5, 2017) 8 N T 0o 5
X B JEE B 2 Ak RN 2 Bl % b 55 5 T (R M OF
X3 ,2014) B AR RIE I Tl A1 2544 F
TR Bl (FL#% #%,2018) , A 3 ML U (8.
TR 2B 2 R GRS O &R BN AN o B,
HAEWMESZ S M ARG — , K RGERZ, HiiH
DA i K 5 2 5N B 2 2 X K A (1997)
G, AW R HZ I KRG, H5 ARk
Ragiit, tHR =R R 2B H Sy 240 ~ 300 Fi
(hEREYE) (2004) thidzh EA AR 2 RHEY)
11JE 107 #, (P EAR2EY (2004) ic#k 11 )8 178
Filt, Flora of China(2008) 2% 12 J& 112 F, K E
ARERH YR EE ER O™ SN
MR AR YRR S R R L T e X b AR
A APE I W D

FARTRE AR =R Fh S & BB AR B
P = 5 A R e, ™ E R TR 22 B P )
IR R BOLAE R AR A T A A o R (R
FMFAE,2018) o AR =R T ZAHY) A IR 45 SRR
(MBS, 2019) , JF HAETE SR 17 5 A A=
5, WP AE SRR RIS O 2 AR, 4 E AR A 21
FEA5) (1991) 1028, AR 22 R rh gl 51 oy [ o< s fR 3
MERWSEAY A 39 22 B MY h 2 2
A 2 e 22 R BE b B AR ) 2R AL
S5k - BRI (2013) 08k, AR 22 BHE Y T AE
TE5 fE(VU) 40 B B fé; (EN) 27 # B f& (CR) 9
Flt GEFE(NT) 6 Fft M IX K45 (RE) 1 Fl, A 2F
FE W) 00 A PR BB A 0 R 2 28I R iR R ke g [ A

WO B g B B A E A T e E i,
T BT AR AR RIME ( ERREE,2013 5 5K 355 ,2016)

HABEFRHEARRA LBHEY IR E X &
A RE R, vl AT B R R R E MY
PTG R, Tl it T fb 7 v b e bR AL 4R {1t
KA LA 6 B AR R IR A TR oK . AR IR E R
2= PR 1 B A% b ST fE R AR 1R 2R ) T R
/T —E Mt AR A B, &4 AT T
JARAE RS, I H AL R P AR R AL A AR N
M A0 20 2 Ak TR S R R [R) AR SO R
2 BHE Y AN [R) B A2 38 42 00 A SC I R R AT T B R,
SNGE 2 B Ak B v g A A AR A 2B AR IR A
AR5 i DA i, LA R R 2= B A W Y T
Az R ST RS LA

1 EWAENITERAE

RAKEY) H 285 F2 4 T R BT 4 A4 B R
A RAE IR R AR E AR R, BNR ZRHMEY)
LGSR D T AT R R R 2 . B
K22 )& (Magnolia) T 2 J& ( Michelia ) 1 #8453 Fh 2
e 7B AR R ERSEA R, 15 &R
B 453 1 S A AR RTS8 3 A X LA oK 7 30 ik o
HoAth i K 3% J& ( Manglietia ) . $1 ¥ £ K % )&
( Parakmeria ) S LA IR A F 58, H K Z 40 FH)
ARRB B
1.1 TEERMEL

HMEA Y BE R HUB B 1) A By S W
2O S T TR AR R S A LA B R

AR =2 B W) 1 TG TR A AT 4 — AR IR AR
A R 2 110 40 o =5 B T2 N 2 4 R S A (R
1) o BT A 20N & A 0 T LA 269 5 1
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FE F AR A5 AR A B [R]85 4 A AR 40 A Rk 20 TR ot 32
B AT A 5% T0 0 1) 2 1 25 BE 3k S8 355437 75 e 5 RN
M AR A XHIE | £ 1 A0 XT3 (Maria, 20125 4
A 2014)

AR I OB B 1] AR A R b 5 i) 25 24 455 1
PTG g MR S5 H 3% TG 5 I8 = R
TE PO B — ek UE, R = BHE Y A (78
1) WO () S B M4 A ™ 5 (B 2245, 2013) IR
I (12 3 22841 H) B i S AR TS e R 45
A FEAH N B (AR I 55, 2013 5 Maria, 2012) , T 4
BB (5 H) REMPMIMERIE S & 4 1
Jrai, J8 3R 5 5 ( Konopkova et al., 2020) .

A AR b P 7 OR TR 2 5% i g gh 85 9% 10 25
Ho T HE s BH AT BCEE 1 R WU, AN )2 B
AP € SN A 1SN P S Y =]
ZBRATCI A IO ZE AME AR B Ja sh 3% A sh % T2
KA X IR (25855 ,2014) oAb, TRHAE
(2015 ) W55 2 B ) st A7 114 25 B A1 A 1A 358 22 it 4
O F AR vk 10 25 B, M 2F W & 2 2 il B 5
ik .

7 ZEBAMERPIE R L 0.1% HeCl, MEE,
KT R i) 22 AR 8 AN AR 1% SR B2 I [ 4 R B R
B, PRI 0T LA A9 S 44 T 25 B ) R o 1 A K
UM 14, %y P AR A T R IR ) 7 ARG T Y
(#RIE4F,2013) o X T KB RERY RN 5 g ™
AT LA S ELRH O P9 A A0 T O 0 3 R R S R vk
JE BB R = SR
1.2 BEEFR

FERERE IR BE A KRR R S o R IR
KHER R, WF 1] LIE H, MS 532 5002 K 24 R
FEY) 2RI ZE B sl 35 55 1 R Rl B 57 35 . 6-BA
{14 FH 6T 23 1 15 5 B A K ) 5 A R, AR 1R 1)
Ji B AR AR BE 6-BA Vi % 18 i 7 48 T #R b
45 ,2013) , FefE 6-BA W BE L THE SR B b e
RAERBI LB, 6-BA | HEME A A LKA E A 2 T3
#1k ( Wojtania et al., 2015) , 6-BA A& B 1 & —
MR 0.5~2 mg - L', I 5/ E A NAA(0.05~0.2
mg + L") IBA(0.05~0.2 mg - L") &/ KXW 4
(R 1), FHahdEFRd, — LR 280 68 47 75 I
EWEPE BRI A, (U 6-BA A 2 DLl 28 A=
K, AT N AGE =8 AR EE R (GA,) (0.1~2
mg * L) R FT BRI, 5 30 38 28 A0 A= 1K ( Wojtania
et al., 2019;Cui et al., 2019) , HAE SR KM T

MS #5575 i i FERE 5 A ER 19 L ( Wojtania et al. |
2015),
1.3 I EF

LAl 3 IR L A R VA Y ) [ A S 5 e g A R
TR R, MS Hi g Ho2 e 2 T AR 2R
YR R AR R AL (R 1), HE, A
R 2 R it Ao ) 3 B I B XoF R A % % R 2 g
SR J& Bk A 4R 5 PE A9 ( Konopkova et al., 2020) .
Sokolov 45 (2014 ) B 7% 3 B # FH T 4 45 55 74 256
(9 VM 5537 55 5 5 F TR I A A 45 s R 3
A ) DKW 35 77 3 G & 8y — L6 24 1Y) 1 5 2 52 1
FHEIKRTT R, 5 MS BA MMM, ZEAR =R
0 1) 386 B I B B AT IV I

H AT, fe il A A =2 BHE ) 3 56 15 77 10 240 0 4
SLFIE 6-BA N 22 PR 22 ROR 3% ot b R 2 488 5 2
HL I 2% (Parris et al., 2012; Sokolov et al., 2014) ,
HCd5 A 32 DRI L PR B g AN T T AN [m] SRy 0.25 ~
5 mg - L' ( Wojtania et al., 2015), {H/&,6-BA &
EURSOOR 22 2 AR BS A B Y B A, O
A AR . MT( meta-Topolin) /& —F1 5 6-BA 454
AEARLA) 20 B 53 24 3R, ) LAV /D AR 22 i ¢ Ann” 3% 5
AL BY P2 A2 (Parris et al., 2012) . MeAh, RIS
A5y 243 CPPU J& 6-BA )75 1Y 10~ 100 f5
H AR GR, 7 A AE Y 0 AL 35 rh a2 T AR
BEMZE AL S AR AR A (PMBE 55,2020 ), 7E A 22
BHAE Wy i ok WL T, AT 2% 085 MT AR 4 79 94
K (3 AF,2017) AR 6-BA B, N H
TR LR Y 0 3G 5 s IR 1 A B R ) 4 B
i Ak, 7 20 W 2 70 I W A Y IR 6-BA
¥ & ( Konopkova et al., 2020) H X 565 ( J& I
H5E2002) ,

AR 22 B SR A 1 3 B A ) B PR R AR
5P (Sokolov et al., 2014) , A [A] & & #Y 58 K 2= B}
) 1) 38 58 G A E By B B AN — ) 78 [A) B 1) 3 o ik
5/ KIEWHFZMHT, Z T E 2% ( Mognolia X
sallangiana) W 5 R B & F H £ 2% (M.
denudata) F145E £ % ( M. liliflora) ( ZEH655,2005) ,
MR AEAR S (M. stellata) HEZF BIBEHR T A
2% (Maria, 2012),

1.4 £iRIEFH

TEARZ B i A= AR B R # b o ad o
RICHIL 0 W B2 i 8 % JHE 7R 5% 5% 56 41 ok e ik 2E
MR, TCHLER & i HF5 S 38 58 55 3% i 1 — 2 | BT il
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A AR 3R BT R R 0 (XB 1 SCAE, 2018) o 1/2MS
R 502 H TR Z 80K 22 B ) e 25 1 2B AR 8% 57
B o AME AR A AR W T 7T BE A2 B A K 7 R A Y
/N (Sokolov et al., 2014) , H E 2 7E 1/2MS
B SRFE LA L 174M8 B F L h AR RE AR AR, DI B A
ARAFIAE AR B ZE A K (d % ,2005) .

AT R AR MR D R B 5 A K b i G B AR
W, 28R P H R IAER R A A B &4
MR IBA S i T TR 2= B W AR iR i 2R K
R(FR 1), AR IBA BN TET P2 4R R 50E
5K ¥ (Kamenicka et al., 2000) , A 22 B4k 4: #BH
AR IBA FEEE KT | X R K FEAS ] 5L A
B2 [a] & AN [R] 1, & 2% i B ¢ Elizabeth” © Burgundy’
‘Spectrum’ 7E%5 45 6 mg + L' IBA Fl130 g - L' BEME Y
1/2MS 15 3% 3 A AR 2R B U ( Wojtania et al.,
2019) o XF T A AR PRHE B Fh S 00 3 ik 0 A AR R
Fr WY A A A A2 AR J7 2055 B 18t R 2 2 2R
MR (BT LT 3CFE 5.2 4R o
1.5 BHREH

DGR TR pH (B SR 1E 5 A5 A2 S AR 22 B
YIS L AN EERN R TEAR ZRHL S F
P B R R HERE Ve B pHL | B SRR T O ISR B2 A
RIS AH 22 AN K, 20 Bl 2 ERE 20~40 g - LT pH
5.6 ~ 6.7( AR ZBHE Yy b oM ) B SRR
23~28 C JEHIRE 1 000 ~3 000 Ix, 't B[R]
10~16 h - d",

AH G 5 5 AR [R) 35 732 B B 5 A [ 5k [R) A
MIAE Y A Pl 22 S A I AR S BRGS0,
WE I AR A W) 21 255 57 vh dsc i T B9 B R ( Wojtania
et al., 2019) , 1fj Kamenicka 4 (1998 ) % ¥ 4 b |
RN NP S e S SR S R ST
FOUE REME . 55 3% b R T 00 Bk R R 0 R I Bk
(FeS0,) , Ti Sokolov 45 (2015 ) HF 5% 3¢ WA ¢ & 4
NaFeEDTA #il Fe(111) AC tAEZE A 8k FeSO, - 7TH,0
FAEENT E 2 (M. grandiflora) Fl 7% K 214
eI AR B SR L v Y 2R U8 . S [R) ' BT FT Rl i 52
W A 7 51652 A 1) 3% A 3 T 552 W BB 2R KT, LT 5
WA AR R T . BT L6 AT DGR i 3
AR O IR L0 6 I AT DA b R ER A AR K (1
HEMEAE ,2016) , PRI AT D 2% I AR J 2l R0 4 5 [ Be
il IZ00, 78 AR MR B Bl P 3 ' Rz 210 ok £ A
HIEEH AR,

2 BELEEBRE

KZRHEYIZE & A B RN B i H R
FARZJE A& E G A @ 4 405 5 F
M B AN 7 2F 434 TR ME A9 ) LA 08 A 7 30 R A
e, AREBHEYIN S E KA SRR B
B A B E ZEA (248 55,2005 ) , K25
]2 88 B B A IR AR Je th AME R TE L5 41 2,
A AL AR E 2,

21 AUGHERAFS

ARERHE Y AT LGE B SR AR E (T 2B
MR AR RV A E (FEFT B JE2) F BT
HA ALK 2) , SN IR A, 45 440
Wi RW SRR, — kU, T2 A 2R B by
HRHAHHL, HaG A s ERKRRER Y, B
AN M. officinalis subsp. officinalis) AN [R] BUAE F A7 By
AT LE T RN 25 B> T 2F > A (5] e e 45
2017) ; M JEFN (M. officinalis subsp. biloba ) 4MH
TR S AETE 1A 105 20 8L g 0 R /N R T2 R =25 Bt
> S > AE B > HE S SFE > R (X iH & 5% 2008)

SRR N SON I EEAG i P
YEH ., MS 855730 BS 5 9% B i 1 TR 2= B
YRR S T (£ 2) o SCHUEW], MS Ky 57 4k
AR ZHOR LB 1 22 Fh S R 1 1 41 20
P AER, X T A SRR S an AR | T SR AR Y
o ZEBL, DL RCEE 22 & 5 ( Michelia champaca ) W) I
FRSEAME M, MS 55 3236 NH, "W BE A0, T g2
XA 2 i LR, SR T AR K, BS B
FHRFINE G H A A20E S (WM 4552013,
Shukla, 2014 ; 7% 2017)

R T A K 9 5 750 Ak B A 45 2 GG i S R AT
2R JFHBS B @ASRIEE AR
85 R0, 126 A6 I A4 K R R0 o 2 R LT B ) AN [R) T
A (] R ¥ 45 ,2010) , 2,4-D(1~5 mg - L) Al
6-BA(1~5 mg - L") EARZFHEY AL S
e A 2R (£ 2) . WHEHEEN 2,4-D
ol 6-BA 1755 A 105 41 8T 7 B[R] S L A 45 4 41
KB4 (B 445 2013 ; Shukla, 2014) , 6-BA 5
2,4-D 5 KT [A] {6 FH 8 45 5 175 3 5 R A 45 4 40
T, B TESEAF (2010) X 55 K 22 AR [A] SME R
WATR A LS, NIESF R MG ROk E,
2,4-D4 mg - L'+6-BA 1 mg - L' S T A
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Table 1  In vitro shoot propagation in tissue culture of Magnoliaceae plants
i S i HME AR BB B B IRE S WifrgE R EE PN
Species and cultivar Explant Culture stage ~ Medium (mg + L") Result Reference
A 22J& Magnolia
HE% PRIR ZF I.p MS+6-BA 0.5+NAA 0.05 RR 80% %% ,2005
M. denudata Dormant bud R 1/2MS+IBA 0.2 TR 90%
T JEE A - 4BV (Rotten soil : Fine river
sand)=3: 1
- WFZEBL L.p MS+6-BA 1+NAA 0.1 PC 1.53 Fifi 75 7 45, 2009
M. liliflora Stem with bud R MS+NAA 2+6-BA 0.1 58557 RR 35%
(Dark culture)20 d Ja#E A 1/2MS
®E T2 M2 I MS+6-BA 0.1~1 +KT 0.1~1 PC 4.02 JEIRAE A 2002
M. liliflora Terminal bud, P MS+6-BA 2 + TAA 0.1 RR 90%
axillary bud R 1/2MS+IBA 2 + NAA 0.2 TR 85%
T [P River sand
Rk INEN I.p B5+6-BA 0.5+IBA 0.3 IR 72% kXU 45, 2006
M. sieboldii Juvenile stem R 1/4MS+IBA 1+NAA 0.5 RR 70%
T B HE 45 (Moss : Vermiculite)=1 ¢ 1 TR 85%
BAEAR Toi 2§ I LS+6-BA 0.7+NAA 1+GA, 0.1+ PC 10.7 Maria, 2012
M. stellata Terminal bud ASA 5+Vitamin RR 90%
p MS+6-BA 0.5+Miller vitamin
R 1/2MS+LS vitamin+GA, 0.1+IBA 4
SREZ ik 2 I.P S+IBA 0.07+NAA 0.03 RR 96.2% Kamenicka %,
Magnolia X soulangiana  Axillary bud R 1/2MS+IBA 0.02~0.1 TR 90% 2000
T ¥ K (Sand : Peat)=2: 1
A AT R EB I MS+6-BA 2+IAA 0.01+KT 1 PAFAE 2 F A5, 2009
M. delavayt Shoot tip, stem P MS+6-BA 0.5 +NAA 0.01 Obtaining
adventitious
buds
JTE P ENE I 1/2MS+ZT 3 +NAA 0.2 IR 92% KIS 2017
M. grandiflora Juvenile stem P 1/2MS+6-BA 1 +NAA 0.1 PC 3
R 1/2MS+IBA 0.5 TR 100%
T Tes : B
(Peat : Perlite)=3 : 1
JEAR 2 I.P 1/2MS+6-BA 1+NAA 0.5 RR 65% ST |
M. officinalis Axillary bud R 1/2MS+NAA 1 E1 UL
2018
TR
Michelia
Ik JE B T3 1 MS+6-BA 1+NAA 0.2 RR 78% PRt A
M. wilsonii Terminal bud P MS+6-BA 0.3+NAA 0.3 e N
R 1/2MS+ NAA 0.5+ IBA 0.5 2007
T & ENE O 1 1/3MS+6-BA 0.2+NAA 0.02 RR 93.2% ZEAAE 2005
M. macclurei Stem, shoot tip p 1/3MS+6-BA 0.3+NAA 0.2 TR 97.6%
1/3MS+AC 300
R 1/4MS+IBA 2+NAA 3
T Vb fRHE - ekt (Sand :
Coconut bran : Peat)=2:2: 1
REER iR I.P MS+6-BA 1+IBA 0.1 2 H #E55,2007
M. chapensis Stem with bud R 1/2MS+6-BA 0.4+IBA 0.6+NAA 0.8 RR 50%
ViR WA EB I.P MS+6-BA 0.5+IBA 0.1 PC 3.5 REAELSE,2009
M. crassipes Stem with bud R 1/2MS+NAA 3 +6-BA 0.1 I £ F7 ( Dark RR 33%
T culture) 15 d, JF A 1/2MS TR 85%

Jem : B © MK (Peat :
Rice chaff ash)=3:2: 1

Perlite :
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gR1
. . e I s ot
i K2 b HME K H IR B Medi HIRai R 275 3Lk
A . edium
Species and cultivar Explant Culture stage 4 Result Reference
(mg - L7)
TR R S I MS+6-BA 0.5~2+NAA 0.1~0.3 PC 3.2 HRIEAE, 2013
M. ynnnanensis Winter bud p MS+6-BA 2+NAA 0.1
Vin] MS+6-BA 1 +NAA 0.3
Strong seedling
VAT E35 I 1/2MS+6-BA 1+NAA 0.1 IR 79.6% HRETIE 2017
M. shiluensis Stem
KIEE Manglietia
AEARGE WFZEBL | MS+6-BA 1.5+IBA 0.1~0.2 TEMELLTE 5 JLiE4F,2019
M. decidua Stem with bud Buds are difficult
to induce
IRAFE i = NEy I MS+6-BA 0.5+NAA 0.1 IR 89.3% A 2013
M. glauca Stem with bud P MS+6-BA 0.3+NAA 0.05+KT 1 PC 2.7
R 1/2MS+NAA 2 RR 58.3%
FAYEAR 228 Kmeria
FPEA 2F2EBL I MS+6-BA 2+KT 2+2,4-D 0.5 IR 70% WifEsE, 2017
K. septentrionalis Stem with bud
PUEREAR 228 Parakmeria
PSR VR Y N HAFZER I MS+6-BA 0.5 +2, 4-D 0.1 +KT  FREAEH HEE4F,2010
P. yunnanensis Stem with bud P 0.5 1/2 MS+6-BA 0.5 +NAA 0.1 + Obtaining
GA, 0.1 adventitious
buds
SR B ESARGHE = =1 I MS+6-BA 2 +IAA 0.01+KT 1 RR 80% 5 45,2005
P. yunnanensis Shoot tip, stem p MS+6-BA 0.5+NAA 0.01 TR 80%
with bud R 1/2MS+NAA 0.5+IBA 3
T 124 Vermiculite
SRR AR 22 2B I MS+6-BA 0.2+IBA 0.05 PR EL T %2015
P. lotungensis Stem with bud Obtaining
adventitious
buds
dh A Cultivar
‘Ann’ i 2 I.P MS+6-BA 0.09 PC 3.2 Parris %5, 2012
Axillary bud R 1/2MS+IBA 0.1+AC 1 000 RR 16%
‘ Vulean’ i =Nt I MS+6-BA 1 RR 91.3% Kim %, 2020
Stem with bud P MS+6-BA 0.5 TR 87.5%
R MS+IBA 6

T FIRBr B L P RUT 2001008 30 95 AR FEAR Y BESCARS 5 AR X RL Y 3 77 45

AR BRI AR AT

IR \PC . RR.TR 45 05 5% H7H 2450,

Note; Culture stages I, P, R and T are the abbreviations of initiation, proliferation, rooting and transplanting, respectively; the corresponding

results IR, PC, RR and TR are the induction rate, proliferation coefficient, rooting rate and transplanting survival rate, respectively.

AL B H AR AR Y AR R MR 22 ( Magnolia
dealbata) M i AN AR FE MS+2,4-D 1.5 mg - L'+
KT 1.5 mg - LAY 3E [ R4k BUR A
2021 ( Dominguez et al., 2010) ,

TERE TR B b B G R O R A
F T — K 22 B W 1) A s B A A K
W5 5% N 89 H A JEAN (M. obovata ) TH ZF SME AR L
JEREFRAEE T A A2, BLAE AR R )N, s
A2 Y HOR T OL R IR (AT = 55 ,2009) .

i P8 v JEERIN T 2 A AR 1Y) 473 4 21355 5% L
JCREZEAE T B2 A 09 0 L BUR S S5 M 84T,
AR CAMTZMmEYRNRE, ZHEY
Jo R B SR A T = A B Ak 2 RN P A R )
[T, T B MERSE T (i B5 #5455 ,2010)
22 AGALANBESK

K 2EBHEYI B H R L R E (% 2)
TR Z HMERIE S 00 15 20 20 )5 1 b 3 3848 1k ™
0 IR ZORBE T . R AR W A s 4 e
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B 2R T, ST AR R R A X, 2
H MR (2001) LH T MS MS’ [1/2MS [ GS
B 2 X IR B & % ( Michelia chapensis ) W R @4 41
ZUH s 25 S SR MS” SR L R A 41
AR B E ST O

WUTHA R Z M HESERKER
WRE S L2, GA 248 105 41 2145k ok 25
A BOETE, % 50 %% 6-BA 2,4-D KT FRLH
ffiffl, 7£ MS+6-BA 0.6 mg - L'+GA, 0.5 mg - L
Rigi It b RAAK 22 (Magnolia sieboldii) il 25 R 3
LAUKoAk 8 2E (PN IS 55 ,2012) 5 7E MS” +6-
BA Img - L'+ GA; 2 mg - L%%%%J:,/’%Elé\%
R 0 2H 2 53 A B Y b R A e (R ) e
XA ,2001)

XS T A 22 BHAE W) 0 2H 2153k TR X 1Y
] L, N 24 4R R 22 T 37 5 45 21 4L A 1R
TP, RIS T A s A 2L B Ak o DR A5 2
PR AL 280t B4, 0T B Ak, i N o —
PR FEA KGR 5L 5 A KR X 45 41 21 4 Ak
P AN

3 K4 IR B SR

] AL RS 4S 200 J IR 15 5 % 3% 9 AH DG BIE 5 A2
N 238 T 3 bk ( Liriodendron X sinoamericanum )
A4 R 3 55 A B9 DL TR0 . R4 25 (2003) LA
AACHGE MK IR Ry SME A, LURERE 8 38 0 42 &
BIBIE E MS+1~4 mg - LR 3# 3% EARGAE S H
AN, AR AT N 0.1 mg - L7 AYA% AR
2R (PSK) AT LA$R i o AR B4 I 23 A6 30 51 BE AT AL
RO B R AN B R 45 50.5 mg - LA PSK BE %1
HE VR A 20 2R TR IR B (R 4 5, 2013)
1 pmol « LB 5 Fi R FH B (MeJA) AT DLR 5 24 58
HE WA R IR & A 28 R0 G| R IR R IR k2R
#,2 mg - L ABA RERSIE5E MeJA 9 B IR (AL
Yled,2017)

[ 0 A 22 Rk rh R 2% S A 0 IR A 17 85 55
FEMXT IR Z o Sl JR AR 22 b AR ) 3 F A AR R e A
AN, 3555 JE WK 22 ( Magnolia virginiana) &€
RAR2E (M. fraseri ) Rk AR % (M. acuminata) .4
T E 2% (M. pyramata) F1db 3 KK 22 (M.
macrophylla) ETTRFR LA % | F AR 3% 6
% ( Michelia champaca ) #8358 1 A 55 24 Fh - B8 2y 175

S R0 i iR ( Merkle & Wiecko, 1990; Merkle &
Watson, 1993, 1994; Rosas et al., 2006; Kim et
al., 2007; Armiyanti, 2012; Park et al., 2012;
Cortazar et al., 2020) .

BLPRIAY R IR BRI 0 AR O 5 o A 40 i
WA A ORI 3R, TR0 R 5 B 77— e 4
FEW N —E WS 2,4-D(0.01~1 mg - L) 1Y WPM
Ri 3% 3 I #E47 ( Armiyanti, 2012; Cortazar et al.,
2020) . A BRI I A 22 B AR 5 T 5 1Y
EIRW T, I AR K ) A ST M s I =
SR IR R BN f A R B I R O 4B S
3~4 Ji 5 B 37 B P U RE R L TS 4 pE B A
P20 B IR R T B, FEWE B J5c 35 S N 2 3% (Kim et
al., 2007) ,

BRI 75 T 8 A 20 B IR A AT 5 A8 B TR )
Br e R ARSI K U B2 A SR AN IR AE MS
Rige 3k bW & %N 34% ( Armiyanti, 2012), H A
JEAMA MR AE 1/2MS 553923 F i % R AE 80% LU
b, IR RAE F A A A FIAR (Park et al. | 2012)

A 24 0 JVR 5 % A7 T 1 o) 2 AR IR 45 5 S5 R 4
AU AR AR, IF Hse 275 5 th A 14 4t g e v
A A Y —ER I SR AN B L B N Y I TE IR (Merkle
& Wiecko, 1990; Merkle & Watson, 1993, 1994,
Kim et al., 2007) , 7E 4 J5 B BF 5 v ik i ik — 20

4 JEEF

ARZFHEVIIREE TR R Z IR, BT
B Rz %) b R T B AN 2 1S, TR G 482 iy o0 200 1)
EREz . S KRBT AR T A A R 5 b R Rz
(AT, ST R R 0 73 e R AR (R A 4R
2008) , 0.1% HgCl, i Wk FF & % (M. macclurei)
FIIE 6~9 min, fEFFS 60% ~65% o1 H 1 5 %& )
AMER (XL, 2021) . KA LR TR 75%0
15 30 s+NaClO 10 min K 18 &5 5 4, 7716 R i
48% ( TH178,2016)

FEREA TG IR L BE R 7 1, BS 3G R BL M id
H, HEANRERFRER Ca> K5 KEITTREM
T 2 (AL RUE 45,2006 5 T8 4%, 2016) , 7644
Yy R T A SR B T, 6-BA IR 35 52 25 Y 1
Bl ,6-BA Fl NAA # ZT KT .IBA .2,4-D IAA ¥ i
HHAEZYE AR R A R R, KRR
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Table 2 Organogenesis in tissue culture of Magnoliaceae plants
T e it b HMER IR b B IRt gk 27 IR
Species and cultivar Explant Culture stage ~ Medium (mg + L") Result Reference
A 22J& Magnolia
R K= IS C MS+ZT 0.4+2,4-D 2.5 IR 78% VRIS 55,2012
M. sieboldii Juvenile stem B MS+GA, 0.5+BA 0.6 DR 64%
R 1/3MS+IBA 0.6+0.8 DA-6 0.5+NAA 0.5 RR 78%
I H-2F c MS+2,4-D 4.5 + NAA 3+ 6-BA 1.2 + IR 100% HETF 4, 2003
M. grandiflora Vegetative bud AC 800
JTE2 AEFE 2 C MS+2,4-D 4+6-BA 1+NAA 4 IR 100% LA 2001
M. grandiflora Torus, vegetative bud
[1r] - JEE A e C B5+2,4-D 2+6-BA 1 IR 91.7% A, 2017
M. officinalis Stem
subsp. biloba
JEEAR LI C B5+6-BA 3+2,4-D 3 IR 70.7% TR F A, 2013
M. officinalis Juvenile stem
YIRS oy N 7 Ny g C MS+2,4-D 1.5+KT 1.5 IR 95% Dominguez 5% ,
M. dealbata Young leaf B MS+TDZ 1.5+AC 250 2010
R MS+IAA 0.5
£x= L AL C MS+6-BA1+NAA 0.5 IR 31.1% BAARIEE 2009
M. liliflora Tender petal
HE 1y C MS+6-BA 1+NAA 3 HEEOHEA  BHSSE 2013
M. denudata Anther Obtalnlng callus
B Michelia
AT R R C MS+2,4-D 2+BA 3+NAA 0.2 IR 95% B AR 4, 2000
M. maudiae Epicotyl, hypocotyl B MS+BA 2+NAA 0.2 DR 40%
R 1/2MS+NAA 0.5
T RILIR  FREE : 30 ¥ ( Plastic foam : TR 92%
Coconut bran : River sand)=2:2: 1
R S g C 1/2MS+NAA 0.5 IR 96.7% = e
M. chapensis Young leaf B MS+GA, 2+6-BA 1+1AA 0.1 DR 71% R ,2001
REBER E 324 C MS+6-BA 1.5+NAA 0.5+PVP 250 IR 50% W %4, 2005
M. chapensis Stem
nHEE5 o C MS+6-BA 1+NAA 0.1 IR 60% X375 ,2011
M. yunnanensis Young leaf
LA -4 C 1/2MS+2,4-D 0~1.1+6-BA 0.02~0.2 FEEIhoghiE A Lai & Lee, 1994
M. champaca Rachis Oblammg callus
LR ] C B5+2,4-D 8 IR 38% Shukla, 2014
M. champaca Petiole
EL/‘%’% M2 C MS+IAA 0.1+2,4-D 0.1 BEl@iHS Abdelmageed 45,
M. champaca Axillary bud Obtaining callus 2012
KE S Manglietia
HEARE I C MS+6-BA 1.5+IBA 0.15 IR 38% JeiE4,2019
M. decidua Leaf

B3R B C B R.T 235 @i 2204k EMR AR BB SCAR S AT L A9 B SR 4558 TR DR \RR TR 4331 5 3 /0 1k
Eﬁdﬁ%ﬁ%ﬁﬁkﬁ%ﬂ’w&i%‘%o

Note: Culture stages C, B, R and T are the abbreviations of callus induction, bud differentiation, rooting and transplanting, respectively; the

corresponding results IR, DR, RR and TR are the induction rate, differentiation rate, rooting rate and transplanting survival rate, respectively.

L) I B AR B 7 ) o 3 1 A B 9 KR 2 B5+6-BA 2
mg - L'+NAA 0.04 mg - L'+IBA 0.5 mg - L' +AC
1g- L', 8058 280 3.6( K5 FE%,2008) .,

A T SR AN ) B 57 3 MS+6-BA 2.5 mg - L
+NAA 0.5 mg - L HFH R BT 6 6.2 (o 424
2014) . AR Y A B 2P & E K
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Z H5 BB AL, N UL 7E B 3= JE AR AR A AC
(BEiFHEHE % ,2008) 5 4~8 g - LAY 2 I AL g
il (PVP) il HoAg Ak (X3, 2021)

TR 22 B P il 8 B IR AR B 35 K PR IR
FER TR F (4 B R AR PR 8 R OK 2% B
Yy AR5 30 B R BE IR B B S AR R, H T
UL 42 3E & Sokolov %5 (2014) Xf )~ F 4 il — 7%
2L PBEFE, B 0 A0 2 S A 2 RRAL B 30
d F190 d J5 P AT B AR 8E %, FoAh 7 B R B R
A MS+6-BA 0.5 mg - L', i Z Mtk A K BRI, )2
FRAL B 5 A D76 B AR ST 1Y & 25 58 R0 B TR 2%
BT HAERE

5 HAHEEA

5.1 Bk

WAL AE AR 22 B AR W 60 20 15 2 72 v 3 0l AE AE
HMER A AL I T 22 FhOR 22 BHE Y 2 0 0 &
A H ) 39 58 5 Al (R 2490 F0 5 B R 2007
Xt &4 2008) , BRI SCR A E, RS T
2035 VR B %) A 7 (T HE A 2008 5 TR
2012) , XFFAR BRI ) 46 4k 0 1a) &, i A ik
HMERERIBERE SR A2 BB | A IR T Ak B
BB | G R S 2 R vk m LA
IFHUS T BRI ROR .

(1) FMERZEBIGERE . i T W AME R T 2 5
SRR (PPO) 5y 2K 4 5, L B4 PPO
T P AT M 288 5 A 0 SR R T A 80 R AR A b R
B MR Lo AR 22 B 2RV SR AMEAR B LR R 2
FCA A AR (#4045 ,2008 5 EREF,2012)

(2) R AFZET R AW AE A [F) 2245 ARG
A S, PPO BTG HA BT A E , 40 A E 22 SME R
TEF AW ZEEUE PPO 15 Mk 55 R H 48 1k R B
(A HEZE 2008 ; F W4 ,2012)

(3) AME AR T3 AL 3 77 2 . H2 R0 % T Ak 2 4
F5 15 7 A R 5 0 30 T AL L, G A 3 K R i 12
h DL b (EA74E,2009) fE 1 g - L'4EER C(VC)
B PVP MW TR 4 ~6 h( TR, 2012; T A5
,2017) 4 CARIEFALFE 5 ~7 d(REHLE,
2009) .8 °C K I s 55 3% 4 d (X3 ) A5 B A
2007 ) &R ] LA RO e AL

(4) BERE % . LIS B8 v] LA PPO (1036
BRI — 2 B[] % g 85 5% W DR I 4 1 2% ()

N HE %5 2008 ; F A%, 2012)

(5) BEFRIL A, B 3R 5 NH, " ¥k B ik i ]
e FEE L, W AHES T = W NH, "9 MS B 5%
B, BS BE IR ELREAR T K Lo A 22 A 1A 1 48 1k R
(EX4E,2012)

(6) A KA 7). 6-BA KT 4540 Jf 43 54 %
REREAE 2 M 2 Tk & W i & B, LRE L PPO By TE
P, 6-BA XF F% E 2L ZErp i 2 B e A B
PER , BEE 6-BA YRIEMTHS (0.2~1 mg - L),
By 2Ky o i 5t T3 (Wojtania et al., 2015) .

(7) Bt S A7) W B 7 e B R I b s
T ELHR BE T AR [ AP AER (CA) \VC TSR R
(AgNO,) 1B B 570 (G PVP  AC) BEA &30 1 48
b, CA iEITFEA POD JEMEsk 45 & 5 3R b i 4
J& B4 PPO (T 1, By 1k A2 45 75 5 AgNO, il
TEBEAR MS K533 ) 5 | B 2 7= A= 1) NH,
FAM M AE M AC  PVP W) 2 38 i W fff A0 Al A4 7=
Az A BRZE Y BRI 48 48 . 3 B A oA fb ) R
PRI 70 5 A R o 288 ) S [ T S ( A 55,2017 ),
U Na,S,0, . CA XF I & 2% SME A 4 3048 %R 4 T
PVP VC( AN #i%5,2008) , ifif PVP VC % K4k
2 HMEARBTE A RCR JV T A ( EAREE, 20125 4L
R4 2017) . 5 T A 2% ( Magnolia sinostellata ) W
R AETT B AL F) Sl AgNO, , T4 25 25 B F AR 36 14
PR AR CA( FAEFSE,2017) . H T id s
WREER) PVP A AC 25910 i 25 19 3 4 A AR 14 T2 A%
(Parris et al., 2012) , K 75 BHR R P AL ) 7 33
BB, — M VC i H Y Bl W D 500 mg -
L', PVP & W%~ 1 000~1 500 mg - L, CA %
TEWREE N 300 mg - L' (M 40EE4E,2017) ,AC W JE
PL0.5% Mt (B RE 42000, 7 45 ,2008)

H AT, A 22 B Y 4L 55 (0 48 Ak 7] 81 3 22 3 1o
FEREFREL PO AR AL Sk A B T A B F
P RE LA, LA AR — 2 P A R | L-2F
MR | H 88 B T A AR R LN TR 22 BHE Y
ML ATAE ARk I SE g 223K, ILAh , A& F 2
TEPY R 48 (EDTA ) Al B R A R 5 £ B A
TRBESE IR AT B A Wl /0 13 A S AR A FE 5 P AL 3100 46 571
2% Kk Bl W-2-JBF B2 ( 2-aminoindane-2-phosphonic
acid, AIP ) AT DL o 0 R 9 20 08 A= 9 & Bk s 2
#3575 (Jones & Saxena, 2013) ; REE T ILEKEEK
B FIRER (EGCG) o] LA o 40 i PPO LA il 4 A%
(Saeleaw et al., 2017) ; = 7l 2 B 44 K e mT LA B 1k
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BRI . AR 22 BHE Y 2 S SR HOR W 57 o e 1989

WAL IS (WA, 2017 ), X BEAS [R] B £k 570 X
e Ak A SR K SR AR AT I IS 25
5.2 £REX

RAKE Y 21 22 855 37 35 38 A7 76 A MR FR wfe ) T
R AL & 22 ( Michelia crassipes ) 4 35 1 A AR R ALA
33% (ARFEAREF ,2009) , 55 F LA R B AL R AR
HRALA 35% (Fili 755 45%,2009) , £ 2% 5 Ff ¢ Ann”
A A AR HA 16% ( Parris et al., 2012) , i 4 L6 Fh
FEFITCPAEAR , RREIEAT 23 58 15 7% B B (4587
%, 2017 ; i 55,2017 ; L4, 2019)

SEPRITR B | B % AR S AR NT BE SR 5
AR R R Fi A o M A AR R R 0 A
AR 5 AR AR R it ke A2 AR AR R R R
HP ) A K R 1 00 Rl S R e B A T DA 1 AR AR
Xof DA AR MR A 24 R ¢ 8 5 nT DL ol BRI R
MR R R RERIH B (20 g - L) SBAEHEA RUE
R ( Wojtania et al., 2019) ; YSINRHE BEBY AC AT AR
FEAEAR SR (MR 4 RNt 25 2%, 2002 ; Parris et al. ,
2012) ; A E B AR AR R Qg B A ) 76 PR R DA-6
AR T R A R 22 485 0 A AR (PR IS 45, 2012)
Xif AR AR i 5 A MR R (1 — S K 2L B ) U %
AL CRIBEIRSE 2014) , A] LLE 24 0 % 5% 7 3 i
Oy T A 412, AR 2F R 2 AR A T 1
AR AR 3, AR A AME R IR AR R L R R
AR IR AR, F IR A5 (2008 ) F AT Ah A AR
W 2 AC G MK AL B T A AR AR R AR i = 83.3%, ik
A A1 BRR B S 97 R G0 R 3 A Ok KRRk 1) —
FRRE A SR 35 R G, 2 AL e [ ik 8% 3%, B
B R s H SRR R
A A (SR AN ZE,2020) |, F) G 2R 4t 5 Al 4R E
R,

6 HREZE

FEFR R 22 B A 1 L2 8 R 5 b, JE R
FERCHH R AR Y P A R 2R B AN 58 35, KT
JA Bl BETE A AR A R SR 5 AR A T R A R R
A REWTSE AR TR MR A IR, T2E 5B
T HALSME A 5 T 245 B S R, 0w
BT E AR = RHE Y A SR 1 3 2 A
AR, 7% B B 22 B I R e Y B A e o BT
RN BT

B R A R AR AR R e AR A AR IR ST AT X

WK f B R AE IR AR T B Y SR A S LA R
kY b e T T35 S B L 2L i 0 PR 4
fRiniE LF = @4, O HLAAUE B0 B Rl 28 R 5
LICPTE S EARE R o S N1 N 00N e SR e e e ES
fif A RIS, IF HAF AR IR 5 5 25 0 43 Ak B R AR
(IR, e Ah , A == Bh A P 20 85 b 35 ik A7 7 45 1L
55 A AR ME Y B R XE T, H AT AR AR I A5 2
fig e 3t R A T 2 B T B R R

BEXT B3 ], OR R AR 22 LA W 1 2H 4L 5
7 BISE LA T JUAS 7 T 8 iR T SE . (1) 2 TR
o N s NGV R/ EE BV E RSB S 1P N
J& e LA RIS i A 2H 8 i R T B, IR
P75 2 5 i WAL £ 1) B A o B B8 05 X T E S T
AR B SR AT E— P A AR IR R 4R
FHERCR USTT ERZWH., (2)RREL
PP S B S A B B AR A | SRR MERE  AE
PERE FEFE . 7 b5 AR AR S5 AN DL Y S0 A A Ao
Jeo (3) BT MY FE R0 8 AR A9 1) AL, AT L i
AT 1 B 9 1] PN 905 3R 1) 72 A R 1 3 1% AR R
PR W S C L, JF 25 PR BR8P 7 40 i B A O IR
X IEFEAIFE . (4) XTI B BRAR T S 4
A5 BORE I | A BT AN R 2R Y Bt 4Rk
FR) R R0 X8 T A 1 0 RACR A1 L 45 W 2R )
J5T \PPO S5 AH SR BTG PRI A | 45 58 48 4k S L Y I
Y, I A G o IR AL 3 — 2P 8 R
Fey A AL DA T 308 ok A 7 A 5 R DA ) 2 K MR 98
WA, (5) X5 T A AR PRI ME R] R, R LA s ek
AR IR 0 AR e AR AR By O RS N i
R A AR R ke £ 1 AR AR I 0 A AR i) 20 % i A A
AR ARIEAT AT, #E BL IRy 1 R A7 Mg ) 24 UL 2%, A
WA MRS SR AEARBLIE . (6) A4 Al A Jif 5 57
VER AR i AR 22—, T DAl A= AR PR e ) 1) 22 L
TE [ N AT BIETE WA R AR IR 1 A

PEZH B BRI J7 T, R 22 R ) v B
Wi 10 b 2R AR 22, A BORD I TR 22 ((Magnolia
sinostellata) &R ( Manglietia decidua ) %5 B 2H 21
Bigw AT W1 20 0F 58 (A5 AR, 20175 69 A
2019) , LA B 45 4 W T B 38 A HOR AR R PR A7
‘ Ashei’ K %2 ( Magnolia macrophylla var. ashei) &5
RZEISH ) F ( Folgado & Panis, 2019) , {H A =%}
T 22 1) W i ) e 8 e B 5 S A AR 8 R IR
FE o AR ZERprp— SO S SN R M i JEE A S B A
B2 F (R, 2 U5 57 R 7 Al i R Y
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SR R FE AR 22 B ) 2 R D RE SR I | A Bl R
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