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FEL R LA S B A KRBT

AT, 4T, ZEE, HANE

i RAN R 2EMR 2z B, W AR ZE % 271018)

i E. UHRGRE T2 WEEER (Crassula clavata N. E. Brown) AR T E R EA R
AT, S5 KRR DAAA 2RI AME RIS TR b, MS BE BRI IBA JER TS SRR AR T2
BB FHMAEL, £ MS+IBA0.3 mg- L' HFRIE I, dnt AR S H AR 2R i 7E4kARRE
Fedt, BtEHIRIEN MS + NAA 0.1 mg - L' + 6-BA 0.5 mg - L, S A KERVE@AIZ, HRFH
ZEOMb s IERERTIRR, 75 1/2MS RN 0.25 mg - L (& A6 3500, W0 R Ak IR A KL 75

%,
KEIE. WK PR WREEA HAERKR
FESHES: S68 kRS S: A MEHS: 0513-353X (2013) 11-2287-08

A Highly Efficient in Vitro Regeneration Protocol for Crassula clavata as
Novel Tube-flower

KANG Dong-ru, GUO Xian—feng*, LI Yuan-yuan, and HU Xiao-rong
(Colloge of Forestry, Shandong Agricultural University, Tai’an, Shandong 271018, China)

Abstract: Tube-flower is a novel form of in vitro plant products. A highly efficient in vitro
regeneration system was established for the production of succulent plant Crassula clavata N. E. Brown.
In primary culture, adventitious buds instead of adventitious roots were differentiated from the shoot
explants on MS medium supplemented with different concentrations of IBA; The highest multiplication
rate and high-quality adventitious buds were obtained on the optimal medium of MS containing 0.3
mg - L' IBA. In subculture, the medium of MS containing 0.1 mg - L' NAA and 0.5 mg - L' 6-BA was
screened out for large amounts of embryogenic callus could be significantly induced and sprouts could be
further differentiated on the callus surface. In culture for colorful decorative products, 0.25 mg - L™ edible
colourant to half strength MS medium was feasible to give pleasant visual effect without harmful or toxic
effect on the in vitro plants.

Key words: Crassula clavata N. E. Brown; micro-propagation; tube-flower; regeneration system

IR TSR P A ARG T2 7™ 1) — Pl B DB AT AR i (B 4%, 2007 R RIRE LT,
BT R AR R, SR O A TR E R R B O SO, A ) B
BB (45, 2007) . H T A 24 XM Rosa rugosa (4 81J1& 2%, 2008 ). L4 4% Tagetes patula
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GFigE %5, 2012) SEIFAEREP AT T M OCTF ST, (Bl TIFert R, ElE N mIrie s S
MEFEER, TIAEARE (XA 25, 20060, 76— @R L PRE T = N

@it (Crassula clavata N. E. Brown) %5t K#Fl Crassulaceae 740 8 )& Crassula £ £ 42 A it A
MY, MMRARRE, MR E, AR, MR H TS A AN RO IR
AARIG Hh DA AR Ry ilb AT L R85 7% AR AR 2R DL LG B IR BRI 90, USRS nT KA e ML
(PR e T IR

KT SRBHEY AR RBIR—J7 AR D T FEME, Wi+ Crassula argentea (Paterson
& Rost, 1981; Paterson, 1983). A% C. arborescens( X7k 7. %%, 2007) K71 Kalanchoe blossfeldiana
(MFHE 25,2004, 27Kk 75, 2008; Castelblanque et al., 2010; F5WFF 45, 2011). [ 53 /\ 5 Hylotelephium
sieboldii (Nakano et al., 2005) &, DURZE. ZAHAMMEE . FORERASE N EHT; 5—J710
SR P2 MM, KA 5ek Sedum amplibracteatum GEXFj, 2005) FI40 5tk Rhodiola (Eg:All,
2004; XIEF, 20065 PLASIE, 2008), FTIEANMEL TR S IL VG TE MR TFARE ARSI
FHAR AR R BB 0 AR WARIE

QY L SRS DARE

1.1 #Hl

RIT 2010—2011 4EJEAT . # kWA (Crassula clavata N. E. Brown) W4 5 111 445 28 224677 1
KA s, R, Tom diE,
12 A%

DLEA 2 ~6 N THT 1.0 ~ 2.0 om 2RI AMEAR, T8 BEVERG /KA 218 30 min, /K
Ve AN EH T0% KSR W5 10s, FH 2% KA RIEE AL EE 10 min, JoREKMYE 3 ~
5 G ERl

R TS AR EE IBA [ MS 55775 B THIMER IR (3R 1), SRR 3 AN FMiE ik,
R EL 3R )5, BRW R, B &A AN FKRE NAA Il 6-BA 4RI I, R
2 N 3 KOV, ARSI e AT P 2 B0 At MRk 3 23 5 9 L L 7, 45 I 0.5 mg - L' ¥ 6-BA X
NAA GEHKSE (R 2D, BEER 3 AIMEE, BMEEER 3 K.

FRgEd, UEHEETE (CiyHuNNay00Sy) MIfik i, K Hka WA m &
ARG AR IR AL | (R 3D, BRMHERN 3 AR, BNMEEES S IR,

IR EIEFIEARRE IR 12MS, HRBILL MS N FEA IR B3R 5L 7R 0 3% AT 0.6%
iflg, pHS5.8.

B BB TR IR (25 1) C. B 16 h-d' JEHIRE 2 000 Ix.

1.3 RERFRAREENE

BARE M) 13 cm x 3.5 cm F1 4.0 cm x 1.5 cm PIFRAS (21T VS INAS [5) £8 2509 72 3L 1R B 1
M, ECIRIETRA TR 5 d FICE TENEUEE T, WS SAEYIRREHE BRI A AR KA D
1.4 HIRGiHFSH

MIMGETH AT R MG 7 A FRRAERE ZFRARAENE . 2R IE R . 2K
A BT S AR SR A Pr 8 R T SPSS 19.0 Bt AT 4e it 704, KM
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/N 7EF i3 (Least Significant Difference, LSD) #4172 HILH.

21 SMERHEBERYR
XHERA 2RI DT DEIS TR], JF R AR L DR B AT B, ORI, 15 RN
1.3%; 1y HLAMEARAR HLHIE o

2.2 IBA W#MRIEFRAIF M
RIS R WoR, WA IBA RNV 5—BAEYIA K25, 1S EAR/MAFERL: AR sk
FE IBA, AMEAREHRE AN MNAELE, NEEAER, (AR IBA 3573 FAR WLAME A /> 520
MRAE R AWAEZER R AR E . i), B A AR KRG IBA IR FEEA R 25 (£ 1),
MEEFRIEHOANGIN IBA B, ZRMARATFIRAL (B 1, A, MIREE, MZERAER, AR s
25d L, 5 ARSI AT A8, S REAC, FRKA .

®1 FRFETERE 1BA MEFERIERRKRL

Table 1 Growth performance of buds induced on different medium with different concentration of IBA

1BA/ 5 2R A It fl/d A 1S2

(mg- L") Position of buds induced Time Multiple Growth performance
0 AL Leaf axis 25 8.67+3.28d 4 Strong

0.1 ZEAAKEET Shoot base 35 7.67+0.88d —ff Medium

0.2 3R T Leaf surface 45 136.00£19.2b i fg Strong

0.3 2 f] Leaf surface 45 199.67+£25.70 a i fi Strong

0.5 Ml Leaf surface 45 62.67+8.65 ¢ 1B 7E Poor

1.0 -1 Leaf surface 45 25.00 =5.20 cd #7E Poor

T MR + dsrEvideon, BR TR ER B#EE (P<0.05).

Note: Proliferation multiple is indicated by Mean + SD and the different letters in the column indicate significant level (P < 0.05) .

MIBAWKIE N 0.1 mg - LI, MAEZERAT2EAIEE (K 1, B), THME 35 d WL, %
REE, KB

MIBAWKIE N 02 ~1.0mg - LI, WAZERAEFHFRE (B 1, ©, THME45d 1.
Horf, IBA 0.3 mg - LI MR 2 KAty AR %, OB E0mE 199.67, B m THE R
e, 0 EZEARBEE, ARG, REVIME 2 Rl (B, O, ZeodEKh (K1, D).
IBA 4 0.2 mg - LI, MR K RAE, (HE5RERACT IBA 0.3 mg - L™ ALHE; 24 IBA WKRJE N
0.5~ 1.0mg- LI, MAZERIAIERAE, YIMIBES /N, 50 inm s diestr:, B
5500 B R %

AL, IBA IR E R HEE 2858, 0.3 mg - L™ 19 IBA W] 38159 Bt A AR 2 kA,
Kl MS +IBA 0.3 mg - L™ S ba A 2505 S i tE I 970 S0k IBA REH ZFMIEH K E -
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ES

B

1 FERE IBA BT AEFHIF S
A: WK B AL C. D: MK
Fig. 1 Position of buds induced by different concentration of IBA
A: Leafaxil; B: Shootbase; C, D: Leaf surface.

2.3 WMEMECETFIXIER LA AR

AAEETENS (K12, 6 R FR A vl U i 42, e @ A B e (BN TE 10
R (R 2.

7EMS +6-BA 0.1 (mg- L', T +NAA 1.0 fl MS + 6-BA 0.5 + NAA 1.0 B 555 |, Gh&k
WAZFEREE, X h iGN En AR ER D EHEEIKESBWAIET K. e MS +
6-BA 0.1 + NAA 0.5, MS+ 6-BA 0.5+ NAA 0.5 fl MS + 6-BA 1.0 + NAA 0.5 iX 3 Rl 7R3 |, s
WIHZERAT B A EARAD D RCF I, REFRAR SRR AR E s e L4k
KEAGHN, XE@GALER, SMEENE, BERaALRE, RINEE SRR, 8T 58
ARZR, ISR, G IEE R WA .

MS + 6-BA 0.5 + NAA 0.1 F 7L (1) @ AR5 SRRy, B9 R ek . v 8597
FER Iy B S T U A AL (B 2, A, RN EE SRS (B 2, B), MGEES
AN, IFEW MG KEAE D, A FHIHE MR (8 2, OO0 R P EEG 423 0%
JE AT IR IR F AT AR IR, MR @ VA e, ARG, i HL @A 2 i 1 2R k4l
SUREMIFRE, B ARBEAEE W (B2, D). B R FR AL

B2 g5 MS+NAAOLmMg: L +6-BA0.5S mg - L™ X FREtER{GHLAME SR
A: BUPAGURA TR R B: WHEEGALL: C: @SR T T L B A 5 28
D: JEPERAG GRS TR PO U KA E 5
Fig. 2 Occurrence of embryogenic callus induced by the optimum medium MS + NAAO.1mg - L +6-BA0.5 mg - L™

A: The callus was induced on the leaf surface; B: Embryogenic callus; C: Adventitious buds initially
differentiated from the callus; D: Adventitious buds abundant in the
subculture of the embrogenic callus.
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F2 TFE NAA M 6-BA REMBGAREFEFHZM
Table 2 Effects of different concentration of NAA and 6-BA on the induction of callus and buds

6-BA/ NAA/ syt i E AR i
(mg-L™M (mg-L™") Callus type Callus position Bud type Bud quality

0.1 0.5 il Ordinary 2% Shoot i ZF Axillary bud - Poor

0.1 1.0 il Ordinary M Leaf J& None

0.5 0.1 &1 Embryogenic I Leaf A5E 2f Adventitious bud 5 Strong

0.5 0.5 38 Ordinary 2% Shoot Wi 2F Axillary bud 11 Medium

0.5 1.0 i Ordinary 2% Shoot J& None

1.0 0.5 it Ordinary ZX Shoot M Axillary bud —ff Poor

24 RAGRREMNENEGIEFHINE

RO TR R E LT R R — A AR AR R A O 3T . 3k 3w, RS
(C37H34N,NayOoS3) IR bR 1Y JE AR ORI Hy, 3RO e R S IEAG, KR = 0.75
mg - LI, SREHCNEE, MR, HAREAD, EKZE . HIEZ R, 4IRS N 025 mg - LTI,
WOTH A5 A A PR, (RS IR ZE S AR, i HU RS PR A KA IHIR IEH s eah, MkETR
PR s B IE . I, SR B T I R B R A KR BIRES, A5 AR
(R IREE N 12MS + (12 025 mg - L7,

M 3 IERT G, BRI ER N, AR REAL, SRR FIKE N 0.25 mg - L
I, AR S RC R 2R

®3 FRGRKEXMFEEKNTM

Table 3 Effects of different concentrations of colourant on growth status of shoots

WY/ (mg- L HhH 55 K3 AR/ %
Concentration Proliferation multiple Growth performance Rooting percentage
0 777+134a 5 Strong 48.00+0.05 a

0.25 5.57+1.27 ab 5 Strong 40.00 + 0.06 ab
0.50 5.50+0.50 ab B Medium 32.00+£0.05b

0.75 3.75+£0.75b B Medium 12.00+£0.05 ¢

1.00 2.50+0.53b —J§ Poor 8.00+0.05¢

e WA BOT T £ ARERER, RRVNSPEREROR 0.05 KT B EEZE S

Note: Proliferation multiple is indicated by mean + SD and the different letters in the column indicate significance level of 0.05.

25 X EEAIHEEINNE A

KI5 B A R IR0 T, BT R A AR P ORI AR 2Rt i, BPAT TR
BT I 2y A2 7 o AR B ZEARALRN KN, RS R T PRI I A8, KITEOES 13 cm x 3.5
em AR (K3, A, /NEBGES 4.0 cm x 1.5 cm ik (K 3, B), HAMMME= AT LL4E& (K 3,
e

WAL LE R G R WAALE DL P M OAS B B 2 g R ta B e vp AR Ko, WS RURIr . HRR
Pk FEHAREEN, WEOSRSE, HIRENEE YRR, BLUEARIRIE, (4D, kg, 5T,
Rgeiir, AR gE, WEINKE 4~6 NMH, BAAWRMISHER I B MMED A BTG 25,

TERVE IR, RERR ST A, (HAEMR 5 15 SR 2R 22 /0 LA AN 5 0 0 B 1 R A7 308 B T
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3 ERIREEFRR
A: 77 (13em x3.5cm); B: 77t (4.0cmx 1.5em); C: PR HS A7~ b4l & .
Fig. 3 Products of tube flower of Crassula clavata plants

A: Products (13 cm x3.5c¢cm); B: Products (4.0 cm x 1.5 cm); C: Combination of two sizes of products.

3 e

3.1 WEFNSMERTER— IBA IR T AO4E R S N7 K H kX RN

DAZEAR A SN AR AR TR RIS, RS AT BA IALE, Bl g 25 00 BePfE MS +
6-BA2mg - L' +1AA2 mg - L' 3955 EEA A FASE 1044 (Madani et al., 2013). SRRHEA K
JUETE 1/2MS + NAA 1.0 mg - L'+ 6-BA 1.0 mg - L™ #5595 E ] B8Ok A E % (Nakano et al.,
2005), AU AR R RBHEY A AE/MA (Villadia batesii) PR RIN KB, UH IBA K, A
REARHE L AR, 3G B IR BE 1K TBA T (R 8k AR ZE (0 R A, TR AR 9T P e TR TR R R I
SRR R — R KT IBA BT AEZEE S, 4 RRTERAX IBA RN5 A6/ MAHLL,
0.1 ~ 1 mg- L") IBA &bFEIN, AMEAREE AT WAEZE, 03 mg- L7 1 IBA Al{EE KR A AL
LRI AL o WERA R (16 /A SN AR B — TBA (R R IR S N, B 76 SRR S R e — D 5T

VR 2R A 25 P T 1 0 TG T 25 2R Bl B o e A A 2E 1 05979 MS + IBA 0.3 mg - L7
e, DU S AR A, HEW 2RI DAY R, ARy E R AR S A
K HBEA MR RGBT A5 K A e R RS E ok )7 SR g AR, iX
X BN EE (Kalanchoe tomentosa) 5T GRUE 55, 2009) 38 L, HEW A ] Gg 205
TR AT AL TCTE IR S AR 22 AR, K I o AR A IR P AR e o iR, i T 4k
FRIF RIS WA R AR AR K IR BSR4, TR R Reok JL A R
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32 BN EMHEARRELEHNER

AT TE T, W SeRRBHEYBI A B )\ E (Nakano et al., 2005). K& (BAEH 2, 2007)
RIEAEMS ORI =, BIRAR KRR BRMNAIT NAA 1 BA w1 TASE M m 4, Bk
TEARIG I GRAREE TR, SR 6-BA Rl NAA AR BELL G LAFS S @A 414U AR B 4k, DAHTIA
BE SR IR KRG 10 H (1

AR SE H, 6-BA FINAA [FIREA S, 2 NAA N 1.0 mg - LTI, A5E 28 & A 58 i
Hl: 4 NAA N 0.5~ 1.0mg- LI, WAUE 30 i o HisvEIRAS: 24 NAA 4 0.1 mg - L™ i,
T R P A —— 128 A AL R R T A AR S I B 2R A R b, SFE R B0, I 2R 44
FEt . RIS NAA R WA S AL S 7 . AERRME B vee YRR, sk I
A R R A IR RS, ARHER (0.1 mg - LD WG R TSGR, &4, 5K
RIS E (Crassula) AHA A IEVE BTG 41230 % AL ARGE,  WERA BRTE At A s S I %
WK A SAE IR B A A A 4. TSR A, R Ik A 0 A R 3 T B o AL S RAT A 5 5
FALT IARA, (HZ A ARG MR, WEEBE, 75 AU E T 7 25 0E
33 WEMRERFAFMAIZNRE

MR AE AT o BUE PR R R A% o AR % . AR R ROR (05 95 3 AW Boh Bl o5
RS I % . BRAh, ARACHE IR TS M B O R IR, B R K S 59 1 4L T B R A T B
MS }igedt BREFR, DMEHEAE A K . ARBFTU I AR ARG 75 . dRARES IR RIRE (15 9% 1) dee
By, I HEREADER T HARE 70, R BHORtE, WH AL 4 ~ 6 N5 b4,
RZFBI. KFGfe. fLEFEIFRMY), AW T BT emEBUD®, ik T 4E7 . %Ak
PR 58 4 FH T W R W SR A5 T 7 T I A P
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