% YIS A AR RAE R E RIS H4E
xHF, ERa LY, RUM, BE, AFET F8, mag”

R SO R A A SRR R, W 41500; 2 Kb SRR S TR, Kb 410022; ° E &

v RLERE RS T, K¥) 410205
WE ZAMEMBAEZHEME. S IEMRUEE, (AP AR 32 6] T bRk 2
WS MTESAS . MR 2R R ARSI SR P SR, R, AR TSR 2 AR}
3 MBI £ WAEY (41 % 47 (Paeonia suffruticosa 'Hongbao'). 75 Y iii(Crassula fusca)fl i )&
# (Disocactus flagelliformis)), Bt 5t s 2500 FH P SMEARE L. NEF 0. AEHFE
MR (& ST TR ENE) R R R TR R &R, ULECR VKR ) R o 8 W 5 A
I B 5 PO ) 225 MR AT o 53 B P I B 2R A 2E L ZEAEARIB IR L 40 8 MS+3.0 mg-L™
6-BA+0.8 mg-L" NAA (iS5 %k 95%LL ). MS+4.0 mg-L" IBA+2.0 mg-L" NAA+0.4
mg-L" KT (ks 32 70 0.3 mL-L™" S206, “EMR 21k 90% LA ), 553 i FH AL 4RI
FR b =21 (vIv), BIEFIEE] 99% LA 1o 1Ak, 3 Tl AR ALK v ) R R R A
FCT A, (A REREEE RGN TS, B4 liE A R . e
B AR RS RRFAE L 1) i S FH v AR B AR R AT RA A HAT R 75 G B BoR SR it 12
SIS SRS % .

XA 54, AR, MR, AR,
;

LAY R FEN T A REY), BAMREMITENE, SELESSHES R
MB35, 2022; 101% 725, 2022; Kalicharan et al., 2023), 5y 0 & Rl 7 1) &
B EHP AR 6T B0 R UK DS MERE R M. LRIER
I8 DL AR AN 2 (R A7 S0M30 (T/ 31 55, 2022; JE e ffa%, 2023), #E LA 2 B AR b A4 7=
MR RGNS, WM R, W 2 SEWRR S, JF DI EE R, i
R AT A IR A 7 R B R SR o A S SR AN RBIX — IR B S it 7oA, HAMY
RE ST 5T 08 6 e R ORAF 5 IS i b DRBE B0, 3 M 2 el PR A 15 HE 11 57 5 X A A Ao
BT R (F 4%, 2023). SR110, 2 WAL EIT Ut i, FRE DU B R AR TR 95 3k
AR B FRAFMRR (T RS, 2014); 742 WM IR 2 R B3, M a R 2
Hoafe A S H (A meigi 4, 2023), IX 3 BUHRIE S0E 1A R B R 2R FERIE R I, F AT
KR A IS B R . ST IR A 2 SRR R B A R g A
(Marasek-Ciolakowska et al., 2021). 41k (Fradera-Soler et al., 2022) }z 4> F 4 #) 2

" iR 90 2025-08-27; #25% H : 2025-12-06
REWH: HRAREEESRTERS(No.32401931) M B4 8137 1% % B35 H (No.2021RC1013)
* JEWAEE . E-mail: yinghongtang2019@163.com; z20080849@ccsu.edu.cn
1
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(Guerrero et al., 2019; Lu et al., 2024 )fif i 4L B (K BbL ] A /> B Aial, JFRARRAS
Bifls ReBoR . RS20 KRRl AL 77 2. gt Rl 7 A B T S5 T3 98 = Bk =

5t K F}(Crassulaceae)F A £ WY I EEFHE 2 —, 7L 29U R &EN 2 1
NFME . B0, SIS 4154 (Echeveria x Sedeveria Pink Rubby’), J& /N
i, FmE it R ZARPE (TR RS, 2020; fi 4%, 2023). SR, AEANGIERR, 1E
ARIG LA R T S (R 2255, 2024), SN B JE 1977 B IR(Crassula fusca
herre’), HAMRREN, M-EHEETRIH: (55 B il gn, 2019). RECAH R THRR
Z WG IR AR RIS, (B IR RIRH SR TR R AR Z . 28 % W) Fh
Rk BA—ERZHE, Wil A %R (Cactaceae)fil s KEMEY) Al i TE #VR 8555 . AH,
AN ERHEAE VDB S R G AEY o R E R H (Guerrero et al., 2019), Tl % B
R BEAT RHUAERIAE . SR1, KK TEME S S S0 N R ARGy, IR EAE T P
Fo WRBEEESIR, R H 5, ] 4 B R B (Aporocactus  flagelliformis) (Park et al.,
2021). R, MEAINERHEYIRIA L IR R, TGS 8L R AR %5 E A
AEREENE L.

AT FEE T R L YA BRI St e 512 0Pk, 1688 2 DRHR 3 AN E
2 WY, ENZLS A SR BRI R %, BT FE i sl 2Rl T S MELAA T 7505 AN E 2F
AEFAMMALIE TR, KT BEH LB IR VAR R AR A B, FREAT R AR AR
PHECOEIE AR TT o BEAh, I UKVR D) ik o b AL P 2 R B I R 45 R R,
BRI S BRI I 2 . IS & 2 A I AR BRGSO RRALE, 1A 5 Y
WA HGE TR, TP 5 R BoR, HESh P T4, T SRHT T Bt B ig S i
55 s%,
1 1EFE

YRR R S R BHUAT AL 8 fh AP 415 41 (EcheveriaxSedeveria_Pink Rubby’ )17 4
e JE b B s B3 (Crassula fusca herre’) S Al N 3 L B 2 % @ i i 5RE 52 (Aporocactus
flagelliformis), ¥V 11 G 44 1 75T PHIN 22 PRI, SR ) ot 13l e SC B2 B AR W e (4
£ 111.68, 2/ 29.05)BEAT Heb Al H 7 B, B 28 m I RN A ZRRIR I 2 A BCE A X
W IR, JLEI B A R ORHE IR . AR IEFER R AR KA 2 WEY), DLALS A AR
IR AT, BRI KL 2-3 em 422 M 4.
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2 BRERSEEREFH
2.1 EFRERS

DIASE MS ASEAREJRIE, it it & 7 g L7 BUIR. MRS RE T & 8 gL
i, % 30 g-L7" EHE, pH B4 5.8, 121°C K 20 /34l E 4324
2.2 SMEKEE

fEfE TAEG b, HeKMERT] 75% OFFIRIE 30 75, HE FH 2% I ARANIR I 10 73
B, SR I ZR K PR e 3—4 R, fJa IR T AMEAR R T 7K 73« SE iR P 3R A,
K AMEAR N MS B FrdEd . 7 RIEME5 LG, IRt RTs e,
2.3 BIGALMTESF S FEAMTIE

K BIRAR 215 3 HARHBARUL A BEE A UG IR, 64T 3 IR S, HoM i i
I B2 A 2 3 A AN BE IR I T o AME B FREER AT IEAS R Lo(3Y) 11T 3 NI 3K 3 /KCF I IE TR

B, A HIAARFRIEAEFEEEMS. 1/2MS Fil 1/4MS), AFEKE 6-BA (2. 3 fil 4 mg-L™"), K
[FIWE NAA (0. 0.4 71 0.8 mg-L™"). 4 30 K4kAL 1 7K, #5397 60 KJF M BZE MU
AL TE A E ZF GO, Gt A E AN
2.4 FEFEREFEMTHE

¥ ERKHBIAR A E FRNERTE oA, 3 WER . AMREFRE R IELR
Lg(4x2*) it 1 [RIE 4 KTH1 3 N 2 AR AIIIEAS Y, 23 AR FRE IBA (0.4, 2.
4 f18mg-L™"), AREWKEE NAA (0 F1 2 mg-L™"), AR KT (0.4 14 mg-L™"), RE AR
FRHE(MS A1 1/2MS). B 30 R4KK 1 Ik, F57% 60 KRG ICFKAGETHAE F ARG, 1HE
AR,
25 KEEBH

SAE TR AE AR R 0.3 mL-L™" S206 2% 1T 76 73 4 639 4L AR R F R AT
Fr) RIS S 57 77 s AT AR AR R IR DASRAS AL o, R DS e L 235 7 07 A
BN AR BUEAR S IR 60 KRG AR KH RIFA—ZURERARH, Kk&
fHIR 26°C JTHIMRE 3 K. SRR 4 KRG, AN, FdiREEE R R, 1
50%% & R iz 15 10, FE KL BIRIT5, 20 nl# R 2 KR 3 ARG EL R 74
SRR SR 1 BERE D TE51 (W) Il BER b T=2:1 (viv); I BERE R +=1:3 (Wiv),
2 REE .. BAk 30 RIGHETHAE B S %
2.6 STA ARG HRNER

At AE g MS+4.0 mg-L™" IBA+2.0 mg-L™' NAA+0.4 mg-L™" KT 4 HikE 72 Lk 55 60
3
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RALFE B i BREE o R RSN ZL A e B0 LA R 03 3 R Akl B R B T
It DU B)Z2E PR, RN LA A 9% 60 RIS i fE 0 IR, HUB & AR 450 1
ZEgt. (RIS ARES, MEEEOREA/N T UIEIR 0.5 mm /MBS, BEEIVTR T 1% PFA [# &
W, F58 412 . 25, BREWEZ REER, BEARE TOMEN, HEERK
(ELrre, 2021) 25, A vkiEkY] ril(Leica CM1860UV)EAT UK U) F AL FE, il B
20 pm HIEER . RS, RAELLME AT gy, JELA P I dt e feJa, 7E08) & B
(Leica DM3000LED) T Wi &2 H figil 4544, 75 S b Je BE z50 MHMLIEATHA L%, e
K Image &St
2.7 BHRF Y

HEHZRE T, REEHIER26£1)°C, HXREYERFE 70%-80% . SMEARLE T AL
IR SET R AT 30 R 7R, MR A IAHLIE K. JFeE77 B, JeAN 14
ANEYEHR/0 /NG SR, JEREERE Y 2000 Lx DAERESS B o4 AR EARSE IR B, e
[FIRE 14 /NI GHR0 /N BRI, (EDGHIR R S H i 22 3000 Lx AMEHEMR RAH A .
2.8 BRGITS5 o

WG HEiET Excel Office #BIFHEAT RGMLEEH, Pk KIAHARERHA] GraphPad
Prism 8 & {4:#l1E, A I A #1F1 F Adobe lllustrator 2020 {4347 rT 4L Ab 2 . R H SPSS
26.0 WA I EAE BEAT G b, TR HR SR 22 2 (Duncan) i Ab 3 S ) BOE AT 3
PEERNZEILE, ARNGFRERIRZE 7 5.3 (P<0.05), “*"F/R% 57 1.3 (P<0.05), “**”
FREFRWEE(P<0.01), “ns” XRERAEE(P>0.05). FRFTFHIHHEARDHIN: 15
Ge 2 (% )=15 G H i S Hx100%, EMRE (%) =AMRANE 2F 803 A E 2 #x100%,
BRI 2 (%) = (3 v 22 4 x100%
3 ER5ie
3.1 SMEFLESHS

XF 3 FhZ WY IMEAR AT ISR TG, &k 7 RIEEFE, MR A WA, 456, F
SRIBAN R I U R ML 13.89% - 16.67%FH1 5.56%, “FIIHH %A 10.90%, X%
W BT R FH VE B 7 16 RUOREF T AMEATCRDIRAS, X 3 M2 PR OV 73 ROCR Bt

|13 ML WHEYSMER RS RAE DL TR 10 R, FRIELbRER)

Table 1 Pollution situation of three succulent plants (cultivation for 10 days, means + SE)

Repeat | Repeat II Pollution rate
Sample

Number of Number of Number of Number of (%)
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inoculated  contaminated inoculated contaminated

explants explants explants explants
EcheveriaxSedeveria ‘Pink Rubby’ 54 8 54 7 13.89+0.93
Crassula fusca 54 10 54 8 16.67 £ 1.85
Aporocactus flagelliformis 54 2 54 4 5.56 + 1.85

3.2 B ZRNEYHHES R BGARMTESF
3.2.1 FERIEARMNFFHIES LT EFHIR N

R AN B 2R M T B A AR R R R R R 3 AT e 3R n, AR R, SRR
BRI AR ZE 5 . BEARKTFREL T MS, 1/2MS 2| 1/4MS Xf 3 Bl B ZE 73 AL R 1
a2, AFZEARIRIE 2 (A B A 2% % 57 (P<0.05), H MS MU ANE 2F IRCR i
(B 1A). ANFREZ 6-BA XF 3 Fli BRZE MU BCR IS — 2, AFRRE Z WS R AR 2=
5(P<0.01), #LL 3.0 mg-L™" 6-BA sk AN E ZEIIRCR Bl (] 1B). AIFIHEE NAA Xt 3
il B ZE L RCR B A — 5, B AR EEBA—FE, X8RI AU RBOR 2% BT
Ja T EERIES, XA AR R AR B ETHE (B 1C), (AR NAA IKE
Z (A HAT . 2% 72 5+ (P<0.05) . RIEHETT, 78 RIKHAE 3 A FI R TR I AN E 4 4
RE N m T HE 2 M WEY).

A B C
30( 25 25
a a
S 251 ( 20 a a 20 [ b
2 ol [
5 20 . 15 [ 15 [
o 15 b
2 a [ c 10 T a 10 c 4
510 W I ab
c a 5 a a b 5
o5; \2J-b 2/3—\’ b /T
Fo a b 0 b 0 c b a
MS 1/2MS 1/4MS 2.0 3.0 4.0 0.0 0.4 0.8
Minimal medium 6-BA (mg-L") NAA (mg-L")
~=— EcheveriaxSedeveria ‘ Pink Rubby ’ Crassula fusca Aporocactus flagelliformis

1 ARIEZEXS 3 M2 P BEE 70 AU ANE 25 52

(A)—(C) 7R FRIEAREFRIE . 6-BA Al NAA XF 70 (AN E ZF I REI; 6-BA: 6-"F 2 I IRIEIS; NAA: ZE40R.
NEVNG FRR R ZE 7 B3 (P<0.05), T M.

Figure 1 Effects of different factors on leaf/stem differentiating of adventitious buds, and adventitious
buds rooting of three succulent plants

(A)—(C) indicate the effects of minimal medium, 6-BA and NAA on differentiating of adventitious buds,
respectively. 6-BA: N-(Phenylmethyl)-9H-purin-6-amine; NAA: 1-Naphthaleneacetic acid. Different lo-

wercase letters indicate significant differences (P<0.05), the same below.
3.2.2 EAHERE. 6-BA I NAA HAXIESHEZN LA EFHFN

¥ 3 M2 PIREY) I BRI AE R AR FR . 6-BA FI NAA LA 1 9 M asdt dhidkiT
IR, 60 RIEGITAEFNE(R 2). ERER, AREER A4 BAERN (LR S1)
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(P<0.01), fEA & 2 BrdEh A M AU AE 2 AN B0R 2 s T b A & (I 48, 2023),
ML) 11 ANARE S RN EAL S 2 M 3 Bt M R E A B E T HE
He, Afih?) 28-32 MAED; REBEZRAMAS 2. 3. 5 M 7 FiFrAEP b AE 1
MR Z B LRERE R, Wotethd) 7-13 DA . K, ZRaAFBER LA E 5510
BOR, 13 3 Fh 2 PRI BEE S S G 2 (R IS8 A B 7R B N 414 2, BV MS+3.0 mg-L™
6-BA+0.8 mg-L™" NAA. 7EMEGEIIRIEFES 3 ML WML, HOEA — Bk (&
2), AL 95%LL F, ~FIIAE FAEOE 15 4. AL FRIVIN, B 20 K5, W
BT Z WY B 2R Th i S A BEE R TR T e 2 40 K, M4k
ok, BOTHSUARIE R, Rl 5 A A, HEmALZTM G ZF . 3] 1 60 K, 3
T2 WD AL A — E BRI ANE 2F . 425557 2 90 R, 3 M 2 I & Al
ML F5E i, A R BRI E ZF, 205 m a5 AN € 28 M i il ik

R B

7

& 2 ANFEBERAGR 3 F0 2 WD EZE A E SR TR 60 K, “PHELbRHER)

Table 2 Effects of different factor combinations on leaf/stem differentiating of adventitious buds of three

succulent plants (cultivation for 60 days, means * SE)

The number of adventitious buds

Minimal 6-BA NAA
Group i p . EcheveriaxSedeveria o
medium  (mg-L")  (mg-L") Crassula fusca  Aporocactus flagelliformis
'Pink Rubby'

1 MS 2 0 1.00+£0.25d 2.00£1.00c 4.00+£0.50c

2 MS 3 0.8 10.75+0.25a 2750+ 1.50 a 1250+ 1.00 a

3 MS 4 0.4 550+050b 32.00+2.00 a 7.00 £ 1.00 abc

4 1/2MS 2 0.4 1.25+0.25¢ 12.50+£2.50 b 6.00 £ 1.00 bc

5 1/2MS 3 0 1.25+0.25¢ 13.00£2.00 b 10.00 £ 0.50 ab

6 1/2MS 4 0.8 1.00£0.00d 225+0.25¢c 3.50+1.00c

7 1/4MS 2 0.8 1.25+0.25¢ 10.50+£0.50 b 8.00 £ 1.00 ab

8 1/4MS 3 0.4 2.00£1.00c 4.00+£1.00c 4.00+£1.00c

9 1/4MS 4 0 225+1.25¢ 3.75+1.25¢ 2.00+1.00d

ANA/NG 7R R 257 8 2% (P<0.05). 6-BA F1 NAA [HE 1,

Different lowercase letters indicate significant differences (P<0.05). 6-BA and NAA are shown in Figure 1.
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Aporocactus flagelliformis

B 2 3 Fi 2 PAE Y B ZE T R 5 AL RN 5 ZE 1 0
(A) 454, (B) 7R, (C) KB (A1)-(C1) 157 20 K; (A2)-(C2) }57% 40 K; (A3)—(C3) 153% 60 K;
(A4)—(C4) £57% 90 K. Bars=1cm

Figure 2 Formation of callus tissue and adventitious buds of leaf/stem of three succulent plants

(A) EcheveriaxSedeveria ‘Pink Rubby’; (B) Crassula fusca; (C) Aporocactus flagelliformis; (A1)—(C1) 20
days of culture; (A2)—(C2) 40 days of culture; (A3)—(C3) 60 days of culture; (A4)—(C4) 90 days of culture.
Bars=1cm

3.3 BESHEUTAEFER
3.3.1 ARIERMFSFFEFERBFA

K 3 T2 AN 2 2 A AE B A R DR SR LR B IR S R AT AN S8 27 AR ARG 97, 4
REIRAFR B RN FEFAE F AR AR AR TR IBA AFRKF-Z X 3 F%
IR 8 2 AR AR T i 35 7 57 (3R S2) (P>0.05); NAA A [EZKSEZ G 3 Fh % RIFEA)AS 2
PRI MR 22 57 (P<0.01), Hia%—8, H2EE NAA WREZRIEIAEREE LHE
#, 2.0 mgL NAA AR (B BA); AR KT AN ZKCP 2 [ 215 A1 AN SE 2
AERRTC G 2257, HXS R T B B AN E SR AR AT B2 22 57 (P<0.05), His AR A E 3
— (& 3B), % KT WREMFEAERE TR, LL04mgL™ KT MARRER, EARFRK
& NAA FIKT BT, bR 5 AR s T At A 2 ) .
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—=— EcheveriaxSedeveria ‘ Pink Rubby ’
Crassula fusca

Aporocactus flagelliformis

100 a 100
~ 90 90 -
X
E 80 80
© 70 70 a
260 60 a a
8 50 50 p—*\—T
® 40 b 40

30 ‘

0.0 2.0 30 0.4 4.0
NAA (mg-L") KT (mg-L™)

3 AFERIFERT 3 Fh 2 AHEYIA E 2 AR R
(A), (B) 73777~ NAA R KT X ANE ZF MM . NAA: 2541, KT: @R . AR/ FREORZER

.

Figure 1 Effects of different factors on adventitious buds rooting of three succulent plants
(A) , (B) indicate the effects of NAA and KT on adventitious buds rooting, respectively. NAA: 1-Napht-

haleneacetic acid; KT: Kinetin. Different lowercase letters indicate significant differences.

3.3.2 EAEFE, IBA. NAA f1 KT BE MBS EFERIEN
¥ 3 Fh 2 AEYIAS & P A ph R A B 7205 . IBA. NAA Al KT 2041 8 Fliks 32 3k gk

ITHEMEEFE, 60 RIGGITAE FIERR (R 3). SRER, AR ZEZ A4 AR
RAFET AL E A E F AR S TP (255, 2023) (8 S2), fE4HE 1. 2. 4 Al 6 H53a5k,
AREANEFRIHEEMAERE, BEHGHTEEZER, FMREREE 70%-100%2
[f]; 2HE 1. 4. 6 A1 8 55 7R B vh 7R BINANTE 2F (I AE AR B0 m HA R ELAN 35 0, AR R 200
55%—-90%; (EHERME, fE45 6 M8 K7k, MEEAEFMAERBEAME S, HAH
HRTEEFEZESR, FREEE 94%-100%, X —AEMRRHE & T HMA RPN ER
o Pk, e A EEERAILHAG R URCR TS 3 M2 W YA E 2 A AR ) f i 8 F 15 57
KM L 6, Bl MS+4.0 mg-L™" IBA+2.0 mg-L™" NAA+0.4 mg-L™"' KT, ZEitEFEdhiES 3
B2 PRI E ZFAER, 5597 60 RIWAEMRAE AL 90% LA F, HAl AR, LFAFIRR

YR P il S5 i g e A (K 4A-C).

R 3 ARFFAEX 3 L YA E F BRI (IR 60 K, FRIELbRHER)

Table 3 Effects of different factor combinations on adventitious buds rooting of three succulent plants

(cultivation for 60 days, means + SE)

Rooting rate (%)

Minimal IBA NAA KT

Group . 4 4 4 EcheveriaxSedev Aporocactus

medium  (mg-L”) (mgL”) (mg-L”) Crassula fusca
eria 'Pink Rubby' flagelliformis
1 1/2MS 0.4 0 0.4 70.00+10.00 abc 55.00+9.00 abc 85.00+3.00 b
2 MS 0.4 2 4 80.00+4.00 ab 50.00+0.00 bc 83.00+3.00 b
3 MS 2 0 0.4 40.00+1.00 bc 45.00+5.00 bc 84.00+4.00 b
4 1/2MS 2 2 4 100.00+£10.00 a 70.00+12.00 ab 81.00+1.00 b
5 1/2MS 4 0 4 20.00+2.00 ¢ 25.00+5.00 ¢ 72.00+2.00 ¢

8
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6 MS 4 2 0.4 100.00+0.00 a 90.00+10.00 a 100+0.00 a

7 MS 8 0 4 40.00+4.00 bc 20.00+10.00 ¢ 71.00+1.00 c

8 1/2MS 8 2 0.4 40.00£20.00 bc 80.00+10.00 ab 94.00+4.00 a
IBA: WIWET L. NAA I KT [ 3. AF/NGFERERRZE T T3 (P<0.05),
IBA: 3-indolebutyric acid. NAA and KT are the same shown in Figure 3. Different lowercase letters

indicate significant differences (P<0.05).

& 4 3 FhZ PR E S AR A2 85 T RS AR 1B U
(A)—(C) M AFRAEA . FRIBMBBEREFEWR,; (D)-(F) »HFRBHEEIE 70 RGHAEA. 7
WA B . Bars=1cm

Figure 4 Rooting of adventitious buds and transplantation of tissue culture plantlets of three succulent

plants

(A)—(C) Represent the rooting of adventitious buds of Echeveria x Sedeveria ‘Pink Rubby’, Crassula
fusca and Aporocactus flagelliformis, respectively; (D)—(F) Represent the seedlings of Echeveria x
Sedeveria ‘Pink Rubby’, Crassula fusca and Aporocactus flagelliformis after 70 days of transplanted
culture, respectively. Bars=1 cm

3.4 FREIEREEX S AEYAEREBRBENTE

ZORER(E 5), LFALE 3 MEPRIBIERAG REER, AR5 PRI
A ey AR IR B FEAE 3 A o o ) R RO R 22 S o AE LR S VDAL I
7 70 RJa, A 5507 3 Fh 2 PILERE B 1) s 23508 3] 99% LA b, BB E & T
G AR5 T (1Y) 89%), HAKHE N (K 4D-F). R &5 )8, iR tb 1=2:1
(VIV)TED 3 7 2 PR fi i LR I AE AR T, O HLadk PO TR R R 57 5 s 2L B v AT
BHo

B Cc
120 120+
s 100 100
2 80 - 80 -
[
E 60 60 —
g 40 _ 40 —
: .0 0 2 sl sl ,
| Il | Il 1l | I 1]
[ Open-ended tissue culture Substrate combination [J Traditional tissue culture
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&l 5 3 Fh % WY B B R MBS T L (B 9% 70 R)

(A) 454, (B) AR, (C) REX. I BEAE =51 (viv); II: Fik+:vb=2:1 (viv); lll: BEA TR+
=1:3 (viv). * P<0.05; ** P<0.01; ns: ZH AN 53

Figure 5 Transplantation survival of tissue culture plantlets of three succulent plants (cultivation for 70
days)

(A) Echeveria x Sedeveria ‘Pink Rubby’; (B) Crassula fusca; (C) Aporocactus flagelliformis; 1. Perlite:
Sand=5:1 (v/v); ll: Grass charcoal soil: sand=2:1 (v/v); lll: Perlite: grass charcoal soil =1:3 (v/v). *P<0.05;

**P<0.01; ns: No significant

3.5 (A FNSCAE B S RIS HALL R

B 6 T, RS 6AF). 205 (B 6G-L)FIR R ok( 6M-R)ZLH i 559k
R S5 BRI T B R YRS I, AR ARG R R AL, H 3 B2 IR A S i )
R AR S E PR ZE R (GR 4). 215 A AR TR BE v 1) B3R 57 R R 35 B I T 5k
B, (B4R R IARTE 35 25 5 0 B B A B 250 ER RS . S AR 4L R A )
BEAT LA, MAh, RRBEAR A R AT N TSR v, (RS R AR

P
R4 HEE TN IR T o B AR 45 A 1 LU (P 2AME £ bRtk k)
Table 4 Comparison of anatomic structure of leaf and stem between tissue culture plantlets and wild

seedlings (means + SE)

Sample Tissue Wild seedlings Tissue culture plantlet

Aporocactus Epidermal thickness (um) 8.49+0.27 a 8.56+0.28 b

flagelliformis Vessel area (um?) 8667.47+1303.37 a 318.69+31.44 b
Vascular bundle area (um?) 20338.25+2390.55 a 944.044+124.29 b

Echeveria x Sedeveria Epidermal thickness (um) 24.694+0.90 a 19.03+0.68 b

‘Pink Rubby’ Vascular bundle area (um?) 57025.16+30640.48 a 23425.47+15480.99 a

Crassula fusca Epidermal thickness (um) 23.25+0.89 a 27.57+0.72 b
Vascular bundle area (um?) 10838.90+4190.73 a 1547.67+278.14 a

RIFVING 7 % 5 .2 (P<0.05).

10

Different lowercase letters indicate significant differences (P<0.05).
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5 —Ep

500 um gz

Vb 500 ym - y 200pm __ ¢ 100 pm
— . —_— . ‘
M N7 (o)
Vb ) Vb y
ol
Ep AR
500 pm 200 ym IS 100 pm -~
P Q { R
E 2 . .
= < 4 R Vb r.
gt - ?
* : \
/ T “——Fp 3
Vb 500 pm 200 ym 200 pm

6 ZHLBE RS AR I B R AR S E A

(A)—(C) MEHESLA:T, B A1 C N A fRIFY K (D)(F) MBI, E A F 2 D KR EY KE; (G)-
(1) oA SR, HA LA G RS KB (N)-L) 4% A48T, KRL A J RS KE; (M)—(0) &
RIS A T, N RO 9 MR 89K (P)—(R) 7R RIRZLET BT, Q FIR N P IR E K. Vb: 4B 3 Ep:
ot 953

Figure 6 Anatomical structure comparison of leaf and stem between tissue culture and wild seedlings
(A)—(C) Aporocactus flagelliformis wild seedlings, B and C are local expansions picture of A; (D)—(F)
Aporocactus flagelliformis tissue culture plantlet, E and F are local expansions picture of D; (G)—(l)
EcheveriaxSedeveria ‘Pink Rubby’ wild seedlings, H and | are local expansions picture of G; (J)—(L)
EcheveriaxSedeveria ‘Pink Rubby’ tissue culture plantlet, K and L are local expansions picture of J; (M)—
(O) Crassula fusca wild seedlings, N and O are local expansions picture of M; (P)—(R) Crassula fusca
tissue culture plantlet, Q and R are local expansions picture of P; Vb: Vascular bundle; Ep: Epidermal

thickness
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3.6 it

AMEFAI T2 2 WAL IR TR AL BRI OGP IR, & W EE RN CBE . GRS
THREW S R KEE . CEEBOE W, H—BS AR AR & . TR & A
JRARTE, TEEERCRIRGF, EXPREEA AL B AR BEAT AL 2, AT R 2 8% R AN AT
BRI (B IRAT 25, 2019; FRIGSE, 2021). IRERRME A SRAYE, WEERE 98, (H 0T
OBV BBOR, R PEGF FR EEAE RE 1], K282 WHEYIAMERR A 2% SIRENH 75
10 738 B RCR B (F) e 4%, 2020). AHEFEK 2% R RE 10 20 Bh Al fiE 3 Fh 2
T PS5 e B 2K ZE 10%, T 75 RUR BT -

A TR B K AR BRI (ZRIHE S, 2022). BRI BT 5k, DAk
PR AR BE, 3R AME (AE (TS, 2018). I i 45 (2007) & BT B2 )5 1 25 (Aloe
saponaria)JME AR BRI FEAT I 55 TR0 HH)  0 H ZA RO B AL e A B DG IOAE F - AHIE SR
R R S A H S BT 30 REEATREERE 77, ORI 1 @A) LB (=
2, 2022), /N TR AT RETE . 4615 42%5(2018) K BIL 2B £ 7 (Echeveria ‘Black Prince’)H:
Jr B oA RE ) B SR B 55 23 ) D FEFR > S THRR, AR HIE S BORE v gl it s AR Dy S A
BB AL, IRIE ARGy R BT, 5 AT s R — 2

T WEE(2016) K FH 32 HE L 77 9 MS+0.7 mg-L™' NAA+2.0 g-L™" AC+2.4 mg-L™
6-BA X5t KB £ WY I H (Graptosedum ‘Bronze’). ¥ %45 (Sedum morganianum var.
burrito)~ 412 F(Sedum x rubrotinctum)if)i% 52537118 100%. 91.7%H1 83.3%, ilFSLiX
Tofr s FRIEICT7 0 DAL 22 A D RO B B A — B O PTHRAE P A A SE T, B E R Z A
EHIRLAE S, NAA A1 6-BA SEHEH) AR T 77IC Lot @ i AL 2R S BOR R 8E, 72 )5 22t
B, AR X e S R R R R A A KR R L, R ORI N 5L AR 4
1. Z4%(2016) L 5 R BHE Y425 (Echeveria ‘Huthspinke’). 4L} (Graptoveria ‘Titubans’).
%3 N (Pachyveria ‘Pachyphytoides’)t i oW AMEER, SRIGREAE FIFFEFREG — N
MS+ 3.0 mg-L™" 6-BA+ 1.0 mg-L™" NAA+ 1.0 mg-L™" ZT, {HiX 3 Fh st R RHE L R 77 5
G — AEFER IR, R S0 NAA 2154028 (2= 55, 2022). R, 4
W T FEE I A RIS AR IR NN 6-BA FIIGKEE NAA BEATIH BRI S0k, BFFCai )
7R, 7E MS+3.0 mg-L™' 6-BA+0.8 mg-L™ NAA B FRIEALME T, L0501, 7f AR R % 3
Tt 22 PUREAD IR B2 A0 R AN S8 2R RCR IR AR, 5 38 ik 95%, T IHEIRIL 15 MANE ZF,
SFAREELE, AH LR 55 (2021) %0 41 5 A1 191753 %2.(83.3%) S a1, AH LU A HE S5 (2016) 5t R
BHZ) 9 ). #Ra4R(Cotyledon orbiculata var. oblonga) (58/N75, 2017) (4] 8 AN )& T 1A & 2
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B Z G, MZEM(2016)FTH 6-BA K3, fECA T FLEEA b, FOTE— Bk 175
FRIEMTT, AR TR B . YT 6-BA A H T A & R i (Haworthia
retusa x cooperi ‘Variegata') @ HZIBAT A FE AR B S (E#ESE, 2017), AR RS
HA =3, AR A E FRCTT 2 d & A ARSI ER 2 WEDE) s A F
BE— BB TE . BRAEACIH IO, St R AR I 7 — DN E I Z (Chen et al., 2019).
AW NG A AR TR IR S5 144 ML 2000 Lx £ %1 3000 Lx, 415 A AR TR R i Fr i 2 )%
NBH T, XG2S (2020)0 2L 5 A BT AL 4 IR — Bl AW A BRI AN 2 2 A R A i i
F5 3238 MS+4.0 mg-L™" IBA+2.0 mg-L™" NAA+0.4 mg-L™" KT, 4RZE A% 90%L) |,
X HKE D CHRERAEREIFREEA 2, HILEWH TR RANE i 2 R B AR B IR RS A
RN, 2016; #K/NF5, 2018; Miflids, 2021), HIELHRHLSE(2021)8F 8 205 41 15 9%
40 RAMEKR 70%, HRELF.

PR R M2 2 WH A S35 IR K e Ja b By, ORBE 22 PR DRid B8 7 30T AR A PR
MG 2, (RN AR5 A A, R R R A b 7 B i E R (B % 4R, 2022). H T,
Xof A ARG T BRI 58 30 6 A FE AR A A 7R B TE B A AL 2 55 3 A Re e B, TR
W T ZBARTE A = ARV TR N (B TH A S, 2022). [RItk, AN 7T R FH T 2] 25 757
FAAE T BT R AR A W R B IR BOR, KR T AR IR R IR, EORIE S =R RGOS
F(LF 99%), @ THEFRRBBMAGEE, W77 /K(Sedum clavatum) 90% (X754,
2016). A3 K (Sedum nicaeense) 94% (H1FE %, 2014). L1541 75% (Mifti%k, 2021).
BB R 2 (U KA £ B (Bowiea volubilis) 85%) (755, 2020)%), [FIBS FEAK T 2 RIAEY)
DR B F% B0 B2 A RSAS (P I 2B 3R 0 7 il i L 2K ), DRAIEIZFOR BERE 7E P A A=
P HES G

AW FEA VKR YD H0R, AT LAA R4 7 A 21 55 5 2Ry P =25 ) e ) 5 R R ALE
HARRAEME, &G ERENI A, BAERT 2 WHEYUKET I, %R I RN
(S8 & Ik foe ) HOB S A R B D) By, A S K AR OCT QB FEEAT VKR T /T,
oK JE S OCT Y] BURZE AR, (HE KN A AR ST {3 (0] Al
WK, 2021). R BAEAMEMARIRINE, (AP RZINAAERIRE, HAEEH 554
A R IA T 22 e 3, AR B K AL T 32 45 P B T AR I, HUE AR LIS,
BULR RS, AN, SEA B ROR RS R I A SIS i, HSRAE BRI
FEY B2 T AR, 5241 (Bambusa emeiensis) T4 1 Yo PRI 3E B BE 36 55 f 3o 72 A et
Jr 38 R A5 R — S (s AR, 2023). 4R ORI N Bk K oy M SRR E BEAE K, A
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FAERETN G Th B, ARG WAL T LA R ECE 2 . AR IRA L, T RER RN 4L BE
A KI BN R A& B, Ko Rt e, B AU 2 2 B4k (58 5 53 4%,
2021). JEIEXFAS [FRES 2 1F T 2 IGE R AT 1 (Dendrocalamus  brandisii)i Fr fif ] 45 F4 (9
£, RS VB PIETRE 09, DA R Y A RERE AR, IR BT DI A AR L st e 2
YU 25 R TR T N R BRI PR (G i A, 2023). BTRA, A ZI0E I MR R AR = 2 AR 2
BR DO AM SRS G R, DA BB A R s 2 H

BEAh, ABFFEFER) 3 R 2 WHEMZRAL, W R 2 MR 3ANE. 3 MR ZA AR
JERh . FARANEEEA ., HAIZE, BIZLEAO SRR LB A AL A 2 Y, K&ZE
TR B HE HRAL, RN FRBE B R REAL WEY), HKHE, BFrse, &
MRt A NERHR R HO RS M K AR RS a5 5 B i, 2019), X
BE— AT ACHIE FE B N7 ) i SR 3 FH B 9 5 R S e 3 AN 4T

L5 LR, ARBEFUESL T 2 AR 3ANE KIS R RRE AU IR A R, AME AR
R ZANE 10%, BN 6-BA FIMKIKE NAA 135 IR F 00 M BT AN E 2RI 15 5 2
Eiik 95%, AEMRIEIREEAAEMRETTIA 90% LA I, HEFRAEAE A W FOoE S6 At EARE) TR
Huttl, (ER AR FUAE 5 8 AR RGN SE sk BE AT NAA, T U5 NAA ARG I &
B “BEE NAA MK INAER R R IURRSE T3 o YIRS B IR 4R 15 B A R0
H @A R, RN RN @A H R B L ae ), AR FRADEIR S AF M 2000 Lx #
2 3000 Lx, A Xt WREYIMR A AR E . A0TSR AT H AR IR H
Fe i e K B, RG] T RS AT T AR AR AL RS W RE IR DR, BRI T O RUASIRE 3% 1 M B R R AR,
FEORAIE S R R 22 (15 99%), et 1 AZBORAE RV AL P P HET (AT AW T SL R
VKGR DI BOARK A oK G, AR AR TR0 EL 5 e, 235 5 SR v Bk A e )
ZERRFAE R 20 M7 tAIE S 1 0 50 X I R B o 22 PR D AL 0 A SR B R S, DL
PR R RIS R H 1. 2810, 2 WRELE >R ESRJE 100 REH 10 000 R A, AHBFFLL
A Rt 2 B 3AN B SIS R BEE F H AU IR IR R, TRk, J5 2R AR 7 g o7 18
L TRAR R TPBGRAL GG Fr 5 IR SR L B AR EE 22 1 22 PR ot R S e

{F& T mk A ER
A A SRR AR SR BRI IR G IR0 R S O G SR SR AN RO A b
ol 3 ST SR, KRG SRR ISR, PHE SRR E SR, BRER: RS
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Establishment of a Universal Tissue Culture System and Anatomical

Structure Characteristics of Succulent Plants
Mengqi Wen', Yinghong Tang" ", Cancai Zhao', Min Wu', Yigian Zheng', Lu Luo’, Jianrong
Chen®

7Co/lque of Life and Environmental Science, Hunan University of Arts and Science, Changde 415000,
China; “College of Biological and Chemical Engineering, Changsha University, Changsha 410022, China;
3Institute of Bast Fiber Crops, Chinese Academy of Agricultural Sciences, Changsha 410205, China

INTRODUCTION: Succulent plants have morphological diversity, high added value, and strong stress
resistance. However, the industrialization of these plants encounters obstacles such as the challenge of
isolating propagation ftraits, sluggish proliferation rates, marked interspecific variations, and the

intricacies involved in generalizing tissue culture parameters across different groups.

RATIONALE: Therefore, the three succulent plants (EcheveriaxSedeveria 'Pink Rubby', Crassula fusca,
and Aporocactus flagelliformis) from two families and three genera were selected as experimental
materials in this study. The investigation of the universal tissue culture system has been conducted,
including procedures for disinfecting leaf/stem explants, differentiating adventitious buds, rooting
adventitious buds (using traditional and open tissue culture methods), and transplanting. The anatomical
structure characteristics of leaf/stem in tissue culture plantlets and potted seedlings were analyzed by

frozen section method.

RESULTS: The result revealed that the optimal medium for leaf/stem differentiation adventitious bud was
MS supplemented with 3.0 mg-L'1 6-BAand 0.8 mg-L'1 NAA, achieving an induction rate of over 95%. For
adventitious bud rooting, the optimal medium of MS with 4.0 mg-L'1 IBA, 2.0 mg-L'1 NAA, and 0.4 mg-L'1
KT, further enhanced with an additional 0.3 mg-L'1 S206 in open tissue culture, resulted in a rooting rate
exceeding 90%. The optimal universal transplanting substrate was a mix of grass charcoal soil and sand
at a ratio of 2:1 by volume, resulting in a survival rate exceeding 99%. In addition, the epidermal
thickness of tissue cultured plantlets of three succulent plants were significantly thinner than that of wild
seedlings. Only the vascular bundle area of Aporocactus flagelliformis was much smaller than that of wild
seedlings, but the number of vascular bundles of tissue cultured plantlets was significantly higher than

that of wild seedlings.

. -
EcheveriaxSedeveria ‘ Pink Rubby’  Crassula fusca herre Aporocactus flagelliformis

Tissue culture plantlet and their anatomical structure of three succulent plants.
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CONCLUSION: These findings offer theoretical underpinning and practical guidance for establishing an
efficient cross-group propagation system leveraging physiological structural traits, advancing
cost-effective pollution prevention and control solutions, and facilitating industrial advancement.

Key words Echeveria x Sedeveria 'Pink Rubby'; Crassula fusca; Aporocactus flagelliformis; tissue

culture; anatomical structure
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