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T FONT KRGV 7 2R A R R G E B 25 A AME AR AN B S S AR B R
AEARBEFRIGE IR, RIS 3 BT AS R P 4516 NAAIBA R (SUC) X K AEAS PN ZE 18 K It sz ma AL ) L ik DL & 24
FEAG KRGS 2N E S B IR | A B2 A B 2565 B A SME R, 1B A RS G B R AR 4 A K 57 77
AERAL, FEAT A E SR S AR A R 5R VAR AR B SR ARG o (R A SR A IR 2R G AT g 8 T 3 B R R A6 )N
R THF TS . S5 RER W, (DRI RN 75% LBE 30 s+0.1% HgCL12 min; () KIELFF LM E &
G IE R IR MS+1 mg-L” 6BA+0.3 mg L' NAA +30 g- L' SUC: #/F B F H & B H /N 225 S0 5
& B RN MS+2 mg- L' 6BA +0.1 mg-L"' NAA +30 g- L' SUC.MS+1 mg-L"' 6BA + 0.2 mg-L"' NAA+30g-L"
SUC.MS+ 2 mg-L"' 6BA+0.2 mg- L' NAA 430 g- L' SUC ; (3D ZEM E & EFF B M E & B 5 N
MS+1 mg- L' 6BA +0.2 mg-L'NAA+ 0.1 mg-L' KT+30 g-L" SUC , k{4 SN MS+ 0.5 mg-L"' 6BA+ 0.1 mg-L"
NAA+0.1 mg-L' KT +30 g-L"' SUC, B4 H &N MS+1.5 mg-L"' 6BA+0.3 mg-L' NAA+0.5mg-L' KT+30¢g-L"
SUC; (4) KAEEFH AL AR AL 7 4 MS+1 mg - L' IBA +0.5 mg - L' NAA +30 g- L' SUC , 22 M [ & e H: A R i
77N MS+2 mg - L' IBA +0.5 mg- L' NAA +30 g- L' SUC , &} B X% H A& A AEMRE 7 N MS+2 mg- L IBA +
0.1 mg-L'NAA+30 g-L"' SUC B B G i EAMRE 778 MS+3 mg- L' IBA +0.1 mg-L' NAA +30 gL' SUC;(5)
1.15 mg-L"' NAA.2.14 mg- L' IBA.43.71 g- L' SUC i 5. i T 06 A4 45 SR g R AR, RARAS P/ i 25 T mT 3 K Jofi i
0.746 g, BAFIRIGIF I REIE KT & 0.765 go ZRIGLE TN E A1 L) A& WATT R R SR T B2 AR 3R
EER: G E A A E A ARG E: T RS 1 W T
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Research on in vitro culture and bulblet enlargement technologies of edi-

ble and medicinal lily resources

TU Wenlong, LI Nan, YIN Jiaqi, ZHAO Jimin, MA Yanli

(College of Landscape Architecture, Changchun University, Changchun 130012, Jilin, China)

Abstract: This study systematically evaluated the effects of different disinfection methods and plant growth regulator
(PGR) concentration ratios on the in vitro regeneration of five kinds of edible and medicinal lily (Dahua Juandan, Lan-
zhou lily, Tiger lily, Longya lily, and Yixing lily) scale explants, and explored the mechanism of different concentration
combinations of NAA, IBA, and SUC on the bulblet enlargement of Dahua Juandan using single-facter experiments and
response surface methodology (RSMD. The results showed that: (1) The optimal disinfection protocal for explants was
75% ethanol for 30 s followed by 0.1% HgCl, for 12 min.(2) The optimal medium for adventitious bud induction: MS+
1 mg-L"' 6BA+0.3 mg- L' NAA+30 g- L sucrose (SUC) for Dahua Juandan and Lanzhou lily, MS+ 2 mg- L' 6BA+
0.1 mg-L"' NAA+30 g-L"' SUC for Tiger lily, MS+1 mg-L"' 6BA +0.2 mg-L"' NAA+30 g-L" SUC for Longya lily, and
MS+2 mg-L"' 6BA +0.2 mg-L"' NAA+30 g-L"' SUC for Yixing lily. (3)The optimal formula for subculture and prolifera-
tion: Lanzhou lily, Tiger lily, and Yixing lily were MS+1 mg-L"' 6BA+0.2 mg-L"' NAA +0.1 mg-L"' KT+30 g-L"' SUC,
while Dahua Juandan and Longya lily were MS+0.5 mg - L' 6BA+0.1 mg- L' NAA+0.l mg L' KT+30 g- L' SUC,
and Longya lily is MS+1.5 mg-L"' 6BA+0.3 mg-L"' NAA+0.5 mg-L"' KT+30 g-L" SUC, respectively. (4) The best for-
mula for rooting culture: MS+1 mg- L' IBA+0.5 mg- L' NAA+30 g-L"' SUC for Dahua Juandan, MS+2 mg - L' IBA+
0.5 mg-L"' NAA +30 g-L" SUC for Lanzhou lily, MS+2 mg-L"' IBA +0.1 mg-L"' NAA+30 g-L"' SUC for Tiger lily and
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Yixing lily, MS+3 mg- L' IBA+0.1 mg-L"' NAA+30 g-L"' SUC for Longya lily. (5)RSM optimization revealed that the
best combination to promote the bulblet expansion of Dahua Juandan was 1.15 mg - L' NAA, 2.14 mg- L' IBA, and

43.71 g-L"' SUC. The predicted mass gain was 0.746 g, and the actual mass gain in the verification experiment was 0.765 g.

These results provide scientific basis and technical support for the industrial seedling cultivation and development utiliza-

tion of edible Lilium resources.

Key words: Edible lily; Medicinal lily; Tissue culture; Factory seedling breeding; Response surface methodology

H A (Lilium sp.) & H & F (Liliaceae) H & J&
(Lilium) TP () S FR, 22 40 A2 ELh N 5 25 (1) FE AR
Yo DRIHC8 25 by 2 K0k Jy &40, 10 BLRevR T i %€ f5
B A H B PR SR e T RE
B AL FR N E AR BN BRI AT 2
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SPOE B . BN EESR TS ENE S
SR E PR A S R BAHE AR
JE 52 B RBR . R AU T2 B R G e A 20t
T IR 3% 8 R, MY B DR AP B B TR, 38
REHf DR IS AL RF 10 R RS AL B TR, 8 ST 1 R
AR T AR AR R R /)N B 25 iR R S DR i R
B BE T E A BT SRR AR B AR
Ha&FRE . FIFEYRER, EE SRR
BB 5N MS+ 2.0 mg- L' 6-BA+0.1 mg-L"' NAA +
30 g L' BERE+T g L Bl 3800 25 55 i FH i 7
T VE AT B 22 0N A Al 1 38 5E 5 97 2 9 MS+
125 mg-L"' 6-BA+0.2 mg-L"' NAA ; k7% T2 4" DA
22N A OARRL, TRk T SRS R R G R R
$H MS+1.0 mg- L' 6-BA+0.5 mg-L"' NAA , %
FAT LA E] 91.53 % FHFHFE LU G S E S
BE, R IE AN E ZF R 7R 5N 2 mg L' 6-BA
+0.5 mg L' NAA : BRIGER G LU F | -& AR
WL R, MS+1.0 mg- L' 6-BA +0.5 mg- L' NAA
NATE F 1 FRAES TR A, MR R mIEH] 93%,
IR ECN 743 FEFEVL N B G H RN
ZONPEEL, RBLASIN 120 g- L EREI @525 P 1 EH 4%
R, U0 0.02 mg- L' 2,4-D fef8 e ik /N 5 25 7
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1.1 #H

e A AR K el bR 2 B 5| F R 855 1) 5 A2
THESMMGE DIFRREH . 57758 MS
B At . BfE R T JL 5T Solarbio BHE AR A,
FEME (SUC) (e AralidD g T Ee v 2 A A |, R
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Table 1 Names, origins, and identification numbers of

medicinally and edibly used lilies

F5 Tl st 4 FEH
No. Botanical name or variety name Origin
1 RIEEEST RS RN ENT

(Lilium leichtlinii var. Changbaishan, Jilin Province

maximowiczii)

2 ENEE HoRraE 2= T

(Lilium davidii var. willmottiae) Lanzhou City, Gansu Province
3 BN HREKE

(Lilium lancifolium Thunb.) Changchun City, Jilin Province
4 RFHE F A KM T

(Lilium brownii var. viridulum) Yongzhou City, Hunan Province
5 HMASA LR R EH T
(Lilium lancifolium Thunb.) Yixing City, Jiangsu province
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WO, 5 A RTE G AR E FRAVNBE R HOR BT T

X B&HF 5T

6-"FFERRIENS (6-BA) v a- 28 L TR (NAA) L M| W T R
(IBA) Bz 2= (KT #4014 RE S A 0 IR 57 4
YNEIR
1.2 EFREH

WIGT 2023 4 11 HZE 2024 4 5 AEKEHEKR
= el bR e 2 5 00 N AT, 4 S SR A A
(25+1) °C,fl A A 5 1 o e b3 5 Fadk AT %
FEACEE, 6 A 104 18 h Yt lE/6 h B EE , 6 M58 R
1600~2000 pmol-m*-s™, 25 S A KR N 60%.
1.3 SMEFRLIE

AR R, o RFENE A MR, R
TEBR £ 40 =% R, B J2 6% 7 TRCE T B e
FHHEACH 20 30 min, FH BRI HE 5 min f5H
H KK 1 he

EEE TG BEEEE R E T 75% 8
R TE 30 s, HIA 5242 SE B bt , FH JG w1 /K Bk 3
Ko M 0.1% HeCL 1 7, il it W3k 2. HH
Ik 2 52BN e M A B A 5 W BT 78 o B, W RE R
FJC R 7K R BE 3 UK, T B Ui 4R I T A1 A 2% T K
gy EHTFARIIE B &8 UI%I 8% 0.15~0.2 cm
(B I K 4%, R E MS+1 mg- L' 6-BA+0.1 mg- L'
NAA+30 g-L" SUC +EfIE [ 6.5 g- L' Befiiti 5 77 ik
b BERCE 3 AN A E AR, 3L 10 L, 3 E B
5. 30 d E MG AMERE KGN 5 R 517
THHE.

15 G Z2 /%= HME AR TG G Hu P S A 2 B
100;

FE B8/ Yo=AMEL AT T35 AN Hu/ 42 Fh AIME 1 2 3~
100.

=2 IMEKRESAEREIRIT (HgCL)
Table 2 Experimental design for the disinfection
treatment of explants (0.1% HgCl,)

Y EE M [A] Disinfection time/min
1 0
2 6
3 10
4
5

Kb Treatment

12
15

1.4 Bk

P MS N AR FRE I A R E T
6-BANAA, iR BERRRE UL (R 3) K H B A B 5 7
AWV FSMER M T a3 72 5 b, AN
3 ANAMEMAR, 10 L3 IRE R . LA 1 RS,
HEN G R R HARE 77 30 d JE MR il sk @ A 45 S
AT FREE

5 550047 5 BB R S M 100,
B EE=AE S H B IMEEAE
%3 TREIKE 6-BANAA fIMER
SO U 538 1% i
Table 3 Experimental design on the influence of different
concentrations of 6-BA and NAA on inducing explant

differentiation
Q¥ Treatment p(6-BA)/(mg-L")  p(NAA)/(mg-L™"
Y1 1 0.1
Y2 1 0.2
Y3 1 0.3
Y4 2 0.1
YS 2 0.2
Y6 2 0.3
Y7 3 0.1
Y8 3 0.2
Y9 3 0.3

1.5 EIEESF

R B8 TR KB R R/ 8 25 e RS B AN [H]
WREEH) 6-BANAA KT 55 FR B o, W ik L
JEWA 4. BH 3 MAME, I 5,3 IRER. 30d
JE G A RS

ST A = B e

#* 4 FEIRE 6-BANAA KT Xt5MEG
YA e
Table 4 Experimental design on the effect of different
concentrations of 6-BA, NAA, and KT on explant

proliferation
Ab R _ _ _
Treatment p(6-BA)/(mg-L") p(NAA)/(mg-L") p(KT)/(mg-L")
Z1 0.5 0.1 0.0
22 0.5 0.1 05
z3 0.5 0.1 0.1
Z4 1.0 0.2 0.0
z5 1.0 02 0.5
z6 1.0 0.2 0.1
z7 1.5 0.3 0.0
Z8 L5 03 05
o 1.5 0.3 0.1
1.6 HRIEFR

W K B R LT 1) /0N G 25 b T AN TR R T G 1)
IBANAA AERREEFRE A BERIRIEM R WAR 5. &
2 AN/NBEZE, 3 S L3 IRER . 30d JER AR
B
1.7 NEEER R IT
1.7.1 #H EBUS SRR KSE RN RS
PN 2 AR AR RS R BT RE9R,30 d 8%
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Table 5 Experimental design on the influence of different

2 M By

concentrations of IBA and NAA on rhizogenesis of small

bulbils

ﬁftment p(IBA)/(mg-L")  p(NAA)/(mg-L™"
S1 1 0.1
S2 1 0.5
S3 1 1.0
S4 2 0.1
S5 2 0.5
S6 2 1.0
S7 3 0.1
S8 3 0.5
S9 3 1.0
N ES N2 &N PN P

/N ZE I R 0T B =R A I R R T
AN ZE FAR=HERN 5 BAR AT BLAT
172 #RBFRIET BB R T AR
W) NAA 5 IBA B 7R %, f ] 30 g- L' SUC
CRERED Jy ARl , B AR SUC B 3rdErh,
BBt WK 6. B 3 AS/NEEZE, JL 5 R, 3 IKE
5. 35d Jalisals/ NSRRI R SRRSO .
& 6 NAA.IBA.SUC BFEFRKE KRR
Table 6 Experimental design of single-factor
concentration levels for NAA, IBA, and SUC

Vosil p(NAA)/ || kb3 p(SUC)/ | 4bEE p(IBA)/
Treatment (mg-L") | Treatment (g-L') | Treatment (mg-L")
N1 0.1 Tl 15 I1 0.5
N2 0.5 T2 30 12 1.0
N3 1.0 T3 45 13 1.5
N4 1.5 T4 60 14 2.0
N5 2.0 TS 90 I5 2.5

1.7.3 vk @ikt DA/NEEZE R38Ok T & e
RifE , N(NAA) JI(IBA) .S( SUC) K JE N 5 48 & ik
A7m J37 i TR 356, 487 P Box-Behnken T 024 J5 B
HEAT RIS BT, 3 17 AR50 (3R 7)o 8 i B T 43
WL AT A BT, FF AT 300
1.8 BUESH

K H Excel 2016 #E 17 F¥m id 5% BB {FH
SPSS 27 AT B kb BN 2 S B PE 0 s R
Design Expert 13 5eGge st VR EN A 704 o

2 RS0

2.1 AEIHFAIETIMEFRIF D
M1 8 WK, AL B 1 V5 QeI AE 90% LA I,

<172

%7 Box-Behnken N 57 EE % 1T
Table 7 Box-Behnken response surface design

# KT Factor levels

g ik
Treatment p(NAA)/  p(IBA)/ p(SUC)/ Mass/g
(mg-L" (mg-L" (g'L')
1 1.5 1 45 0.22+0.01 hi
2 1.0 2 45 0.73+0.04 ab
3 0.5 1 45 0.19+0.01 i
4 1.0 2 45 0.73+0.04 ab
5 1.0 1 30 0.25+0.02 gh
6 1.0 2 45 0.76+0.04 a
7 1.0 3 60 0.33+£0.04 f
8 1.5 2 60 0.52+0.02 d
9 1.0 2 45 0.71+£0.02 b
10 1.5 2 30 0.60+0.02 ¢
11 0.5 3 45 0.33+£0.03 f
12 1.0 2 45 0.73+0.04 ab
13 0.5 2 60 0.35+0.02 f
14 1.0 1 60 0.27+£0.01 g
15 0.5 2 30 0.46+0.02 ¢
16 1.5 3 45 0.514+0.02 d
17 1.0 3 30 0.35+0.04 f

T AFVNG P RERIRAE 0.05 K P EREE
Note: Different lowercase letters indicate significant differences at
0.05 level.

Hp 2N EAMEMEEHRERRIEE T 100%.
BE A 0.1% HgCl, Ak B i 1] (738 1, ¥5 By 28 35 [
Ko KALEBH BFHRRSF 5 A A3 4 FIALEE S 1)
TG R B E AT HARAC A . 220 S AR TR 3.
AbFE 4 FIKLER 5 H Y5 Je B A B N B H RIS 7R
FEALFE (AL FE 4 FIALFE 5) R, V5 e AT 4R 40 Xt
L=

KACE ST 22N A AL FE 3 AETs R e, N
76.00%-80.00%, &1 o F 6 E S H G EALEE 4
A7 IS 2 R 3 T AR AR 3, 43 R 90.00% -
68.00%-88.00% (5K 9). MEEMEHKE , LbHE 3 F1
AHE 4 735 3R e, O FE 1 FNALEE 5 A7 3 i
BAR. ZREH BTG YR AEIE R, P 4(30 s 75%
ZBE+12 min 0.1% HgCl) AU R i 4f , BEREA 20H 5
NAEXHEY A LE it 2 075, TR R FFRUIKTS
R [FI, BB PR R = A TS 2
2.2 EIRE 6-BANAA XHMERIESHISNT

a A AV G ARG B, 4
M55 1 )G, e BI85 48 BT R 9%, 758
HEZE A T AN 6 7 AR R €, 15~20 d )
HMEAR G AT 06 A 2F Rk, S8 G AT AR K
K Do KBS Y3 MFES R e, N
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Table 8 Effects of different surface sterilization treatments on contamination rates %
4b5 NG AL ey LI EOREE
Treatment Lilium le_tchtllml“ Ll‘lmm dgvzdu var. Lilium lancifolium Lllmm l_:rowmz Lilium lancifolium
var. maximowiczii willmottiae Thunb. var. viridulum Thunb.

1 92.00+13.04 a 100.00+0.00 a 98.00+4.47 a 98.00+4.47 a 100.00+0.00 a
2 83.33+8.17 a 88.33+4.08 a 88.33+4.08 a 86.67+5.16 a 86.67+5.16 b
3 32.00+8.37b 56.00+11.40 b 42.00+17.89 b 60.00+12.25 b 36.00+11.40 ¢
4 8.00+8.37 ¢ 50.00+15.81 b 8.00+8.37 ¢ 46.00+11.40 ¢ 10.00+7.07 d
5 6.00+5.48 ¢ 42.00+21.68 b 6.00+5.48 ¢ 36.00+19.49 ¢ 10.00+0.00 d

1 FAVEER 5 A F/NG FRERRAE 0.05 KFZEREE. TR
Note: Different lowercase letters after the same column indicate significant differences at 0.05 level. The same below.
R9 TRSMEFKHELENFERNFM
Table 9 Effects of different surface sterilization treatments on survival rates %
st B “MES o RFARE EXEE
Treatment Lilium le'zchthfm” Lz!mm dqudzz var. Lilium lancifolium Lzlmm {)rownzz Lilium lancifolium
var. maximowiczii willmottiae Thunb. var. viridulum Thunb.

1 50.00+7.07 b 48.00+4.47 ¢ 54.00+11.40 ¢ 28.00+8.37 ¢ 48.00+8.37 ¢

2 65.00+5.48 a 66.67+8.17 b 70.00+8.94 b 51.67+7.53 b 65.00+5.48 b

3 76.00+15.17 a 80.00+12.25 a 74.00+11.40 b 56.00+5.48 b 68.00+8.37 b

4 46.00+8.94 be 64.00+15.17 b 90.00+10.00 a 68.00+8.37 a 88.00+8.37 a

5 34.00+11.40 ¢ 46.00+8.94 ¢ 56.00+5.48 ¢ 34.00+5.48 ¢ 50.00+12.25 ¢

93.60%; =M A & VEMEATE Y5 W E SR
15 43 N 95.60%-95.71%; o 8 FH A E Y2 ARFRF
PR A =, N 86.20%; B FHE Y4 MBI G %
B, N 83.20% (% 10).

KAEEFPHE Y3 LR S A5 50 = N 5.00,
B IK o 4k B S5 AR 3E K TG P IR 4 2R A KR Y
fi. ZMBEEEEMAGTE YS ABMFEFEER
W BN 11.75.10.00. B 5B F | &5 BAE
Y4 Y2 B REHERS GR 1D . 5 ER,
KAEEFF AN E B Y3 M FRE R &S S
REFESEH,Y4.Y2 M YS BT, il fodE &4
FH T EEVEM A G/ NSRS
2.3 A[EIRE 6-BANAA KT Xt 4ME R 1458 AU 52
1]

/i 2R AR KB ERZE N 0.2~0.3 em B, ¥ H )
AN N 2K B AP G A R L |, 18~22.d H
DU 21 B 36 58 (P 2D 5 350 43 /0N 5 25 2 2 30 348 B 45
IRk b, I ZE A T UGB #  , 15~20 d #a L AT
T BFMEMEARE Z1.22 A1 Z3 LFE R, /M
A BE T D™, 5 A5 A A 0.34.0.54
0.60 11 0.30.0.46.0.58. AN[FEEAC LT 258 HH
HHMERETEAAAE R 2 R (R 12 . RIEEFHE
Z3 RhF R SR T A B, O 2,70, WX A AL P i
REMR R KAEE PSR T s Z6 F1 27 AbBE 1A 3 5
EHURAR, 7354 0.60 1 0.40. MWK EHKE,
KZHSFAE 26 A FE T B I H 1 s (1) 3 8 %

B, 2MBAE BT HE EME AL Z6 A
NHBESE R4 N 4.70.2.72.1.54.2.92,
2.4 A[ERE IBANAA S/ 524 IR AV

HE IR ZE RN — BRI /) B 25 0 B A AR R R
H,10~15 d /N ZE BT 46 Kt 1 ETR , 12~
15 d J5 ZUAR IT 4638 B A K, AR 25390 , it (A e e A
NEkt, K 3. HEE 13 A1, BFHRE M H AT
S4 AP N AR L 4 A 4.4 SRR 5.0 Sk RAE
HPHE ST B T AREUR S, v 44 % 2MEE
e F A4 BIAE S5 1 S7 M BE R AR Bid s, A
4.6 %.6.8 %o SMEZAHEA AL S AFE T HFRIM
T BRI AR, R 14 WL 2N E S BT
MEMXAAESS LETITRKEK, 8241,
2.82.3.22 ecm; KALE PRI H A 5 BIAE S2.87
AP IR KK, 4 2.75.2.55 cm.
2.5 =FERXNEEER KA
251 FREFRBESN KRIEESH NGS5
BRI FIRIZ I NAA 5 IBA 5973 1, £ NAA
RN N3 AEFE (1.0 mg- L' NAA) [ KA T ER =R
AR RN LB R B E /), 8 0.196 g: N1
AP ERZE /N, N 0.135 cm. 7E SUC AbFE R, T3
AEBE(45 g- L' SUC) B KAEAS FHFIER 25 7 B 35 8
K, T1 LB 5 &A1 TS A B ER 258/, 2 5 A
0.088 g 1 0.031 ecm. f£ IBA 4 ¥~ , 13 4b #
(1.5 mg L' IBAPM RIS EAIREEA RN (E 15) .
DRl b, AR H B R 207 0% 45 S IE B 0.5~1.5 mg - L
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Note: A. Lilium leichtlinii var. maximowiczii scales; B. Lilium davidii var. willmottiae scales; C. Lilium lancifolium Thunb. scales; D. Lilium

brownii var. viridulum scales; E. Lilium lancifolium Thunb. scales.

B 1 RERE 6-BANAA FLL TAMEKBESIER

Fig. 1 Induction of explants under different concentrations of 6-BA and NAA mixtures

#£10 TRERE 6-BANAA L THIESE

Table 10 Induction rates of different concentration ratios of 6-BA and NAA %
e RAEES ZHEE Lt PR HMEHA
Treatment Lilium leichtlinii Lilium davidii var. Lilium lancifolium Lilium brownii Lilium lancifolium

var. maximowiczii willmottiae Thunb. var. viridulum Thunb.

Y1 52.80+2.86 f 66.40+4.16 cd 69.60+2.89 b 38.00+5.70 d 37.50+9.57 ¢
Y2 60.80+3.96 ¢ 84.80+2.78 ab 48.20+6.06 d 86.20+4.15 a 48.00+13.04 de
Y3 93.60+2.51 a 92.80+3.11 a 61.00+5.10 ¢ 67.00+£5.70 b 50.00+8.17 d
Y4 67.20+7.29 cd 75.20+2.49 be 83.20+6.14 a 56.00+6.52 ¢ 74.00+5.48 be
Y5 86.20+5.17 b 95.60+4.56 a 68.00+4.69 b 33.80+3.83 d 95.71+£5.35a
Y6 72.60+8.38 ¢ 66.00+7.34 cd 46.60+8.26 d 49.40+6.58 ¢ 72.00+13.04 be
Y7 67.80+2.39 cd 65.20+6.14 cd 27.80+4.87 ¢ 34.00+15.57d 82.00+8.37b
Y8 62.00+7.04 de 56.00+6.52 d 19.80+2.59 f 24.00+6.52 f 72.50+9.57 be
Y9 44.00+4.85 g 56.00+6.52 d 14.00+3.54 f 25.00+3.54 f 70.00+8.17 ¢

NAA.1~3 mg-L"'IBA.30~60 g- L' SUC 471 b [fj
A
252 EEH FEBUG /N ZE T K i B
(1) 3 AR BEAT B BT B DA/NE 2238 0 i)
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HEATARAL RS » £ H Box-Behnken H 0 241 & J5i 3
BT RIS W, FE it 17 AR58, W 56 B Al 56
R IEK 7. N Design-Expert 13 BA4EXT £ 7
(56 45 SR AT e v 81 E 43 A, 15 36 K i & (V)
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EAEVE] EitpaR

Y= -2.180 92+0.866 367N+ 1236 34/+
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Table 11 Induction multiplicity of different concentration ratios of 6-BA and NAA
i 5 KRR SHES AN EFEE EXER
Lilium leichtlinii Lilium davidii var. Lilium lancifolium Lilium brownii Lilium lancifolium

Treatment var. maximowiczii willmottiae Thunb. var. viridulum Thunb.
Y1 1.40+0.55 ¢ 5.00+1.25 fg 4.80+£1.30 b 2.20+0.84 bc 2.67+£1.03 d
Y2 2.20+0.84 be 5.00+1.22 fg 1.80+0.84 ef 5.80+0.84 a 4.55+1.51 cd
Y3 5.00+1.00 a 10.25+0.46 b 2.80+0.84 cde 2.60+0.55 be 3.00+1.41d
Y4 1.60+0.55 ¢ 6.50+1.52d 7.80+1.30 a 2.00+1.00 be 3.75+0.96 d
Y5 2.40+1.14 be 11.75£1.49 a 3.00+1.22 cd 3.20+0.84 b 10.00+£2.45 a
Y6 2.40+0.55 be 7.78+1.48 ¢ 3.80+0.84 be 2.60+1.52 be 6.25+0.87 be
Y7 2.20£1.10 be 5174147 f 2.80+0.84 cde 2.40+0.90 be 6.67£2.46 b
Y8 2.80+1.10 b 4.00+0.89 g 2.60+0.55 de 1.60+0.89 ¢ 4.50+0.71 cd
Y9 2.20+0.84 be 4.14+0.90 fg 1.40+0.55 £ 3.00£1.58 b 7.63£1.6 b

TE: A KAEG TN B

VRN = YO SR RN = S Ny W ERE N

i
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Note: A. Small Bulbils in Lilium leichtlinii var. maximowiczii scales; B. Small Bulbils in Lilium davidii var. willmottiae scales; C. small bulbils

in Lilium lancifolium Thunb. scales; D. small bulbils in Lilium brownii var. viridulum scales; E. small bulbils in Lilium lancifolium Thunb. scales.

Bl 2 AEIKRE 6-BANAA KT BCEE TOMERIEEIER

# 12 AREIRE 6-BANAA KT Lt THE5E 5
Table 12 Proliferation multiples at different concentration ratios of 6-BA, NAA, and KT

Fig. 2 Proliferation of explants under different concentrations of 6-BA, NAA, and KT mixtures

e KAEES ZEHEE v A EE HMHEE
Treatment Lilium leichtlinii Lilium davidii var. Lilium lancifolium Lilium brownii Lilium lancifolium
var. maximowiczii willmottiae Thunb. var. viridulum Thunb.
Z1 0.62+0.18 f 1.60+0.55 ¢ 0.34+0.09 g 0.60+0.55 ¢ 0.30+0.12 f
72 2.08+0.46 be 2.20+0.84 de 0.54+0.06 f 1.28+0.18 cd 0.46+0.05 f
Z3 2.70+0.14 a 2.40+0.55d 0.60+0.07 ef 1.52+0.18 ¢ 0.58+0.04 f
74 2.00£0.07 cd 2.80+0.83 cd 1.86+0.22 ¢ 0.56+0.05 ¢ 1.32+0.45 ¢
Z5 2.26+0.30 b 2.60+0.55d 2.36+0.13 b 1.1240.11d 1.80+0.27 cd
Z6 0.60+0.17 f 4.70+0.27 a 2.72+0.16 a 1.54+0.36 ¢ 2.9240.20 a
z7 0.40+0.12 f 3.40+0.42 be 0.76+0.13 ¢ 2224030 b 2.30+0.25 b
Z8 0.98+0.13 ¢ 2.60+0.55d 1.06+0.15d 3.30+0.27 a 1.62+0.33 de
Z9 1.82+0.13d 3.70+0.27 b 1.70+0.28 ¢ 2.30+0.27 b 1.96+0.36 ¢

Rl & 2 (A7 — € I3 EAE T, /N8 25 1 KA1 B
KAE. M IBA 5 SUC Wi 5 il Al %1, 24 IBA — 5%
I, B SUC ¥R (P38 i, /)N 25 7 38 n , {H 2

TR e /N ZE T T B, 10 IE B SUC R EEXT /N
i 25 2 KA (R R, il FE U 2 9k (B 4> . 7
NAA 5 SUC BIZZ HH, 2 NAA WK — e i, /)M
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Note: A. Small Bulbils in Lilium leichtlinii var. maximowiczii scales; B. Small Bulbils in Lilium davidii var. willmottiae scales; C. Small bulbils

in Lilium lancifolium Thunb. scales; D. Small bulbils in Lilium brownii var. viridulum scales; E. Small bulbils in Lilium lancifolium Thunb. scales.

3 T ELRE IBA.NAA Bibt T/ ZE4 4R 1E)

Fig. 3 Rooting of small bulbils under different concentrations of IBA and NAA mixtures

% 13 NELRE IBANAA T4 R

Table 13 Number of roots in small bulbs under different concentrations of IBA and NAA

e KRAEEST ZMEE &t HFEE HMAA
Treatment Lilium leichtlinii Lilium davidii var. Lilium lancifolium Lilium brownii Lilium lancifolium
var. maximowiczii willmottiae Thunb. var. viridulum Thunb.
S1 44+230a 1.6+0.90 bed 1.0£0.61 e 1.24+0.84 f 1.440.55 cd
S2 3.8+1.30 ab 2.0+0.71 bed 2.1+0.24 cd 2.2+0.84 ef 2.4+1.34 be
S3 3.0£0.71 abc 1.2+1.30 cd 2.4+0.55 be 3.4+1.34 cde 2.4+1.14 be
S4 1.4+0.55 ¢ 2.0+0.71 bed 44+1.14 a 2.6+1.52 def 5.0£1.00 a
S5 2.84+0.84 abc 4.6+1.52a 3.0£1.00 b 5.0+1.87b 3.4+0.55b
S6 2.6+1.52 be 2.6+1.51 b 2.0+0.71 cd 4.6+1.67 be 1.2+0.84 d
S7 2.6+1.51 be 2.2+0.83 be 2.2+0.84 bed 6.840.84 a 1.8+0.84 cd
S8 2.24+0.84 be 1.440.55 bed 1.540.36 de 3.8+0.84 bed 1.840.84 cd
S9 1.3+0.45 ¢ 0.840.45 d 1.0+0.61 ¢ 1.840.83 f 0.8+0.83 d
* 14 TEIRE IBANAA TNBZEERRK
Table 14 Root length of small bulbils at different concentrations of IBA and NAA cm
KAEEST =JMEE &I FEE HMAE
AbFE Treatment Lilium leichtlinii Lilium davidii var. Lilium lancifolium Lilium brownii Lilium lancifolium
var. maximowiczii willmottiae Thunb. var. viridulum Thunb.
S1 1.70+0.18 be 0.16+0.15 ¢ 1.04+0.34 f 0.16+0.15 f 0.86+0.30 ¢
S2 2.75+0.44 a 0.60+0.19 d 1.50£0.35 ¢ 0.48+0.08 ¢ 1.56+0.36 b
S3 1.9540.63 b 1.00+0.35 ¢ 2.16+0.31 be 0.78+0.26 ¢ 1.84+0.28 b
S4 0.96+0.29 de 1.76+0.24 b 2.54+0.36 ab 1.1240.11d 2.92+0.29 a
S5 1.90£0.59 b 2.4140.54 a 2.8240.48 a 1.6240.16 ¢ 3.22+0.27 a
S6 1.2540.75 cd 1.5440.46 b 1.9240.19 cd 2.00+0.071 b 1.82+0.22 ¢
S7 1.1240.59 d 0.84+0.19 cd 1.56+0.05 de 2.55+0.55 a 1.56+0.23 ¢
S8 0.51+0.24 ef 0.76+0.24 cd 1.5240.50 ¢ 2.10+£0.23 b 1.70+0.67 ¢
S9 0.30+0.06 0.14+0.13 ¢ 0.76+0.24 f 1.4840.39 ¢ 0.68+0.43 ¢

SRR I SUC ¥R EE A3 in 2 5638 K5 ks
FEas (B 5). 7 NAA 5 IBA I3 H A, 24 NAA

AT, A RER, BRI RN R EWE 7 Fow,p
(NAA=1.15mg L', p(UIBA)=2.14 mg- L', p(SUC)=

WL — S I, /N ZE N BT B AR IBA W 36 m
IR IE RN S (E 6) .
254 MBARIEKXIE N Design-Expertl3 #47
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Table 15 Effects of different hormones on the swelling of small bulbils L. leichtlinii var. maximowiczii
ﬁjiment it Mass/g  BRZX Bulbil/cm ”ﬁefiment Ji & Mass/g BRZE Bulbil/cm "ﬁjiment JiiE: Mass/g  BkZ Bulbil/cm
N1 0.196+0.09 ¢ 0.135+0.04 d Tl 0.088+0.07 b 0.093+0.03 ¢ 11 0.448+0.03b  0.276+0.02 b
N2 0.357+0.04b  0.210+0.02 b T2 0.206+0.12 ab  0.139+0.04 ab 12 0.243+0.09¢c  0.219+0.01 ¢
N3 0.675+0.05a  0.288+0.04 a T3 0.257£0.09 a 0.166+0.03 a 13 0.703+0.11 a 0.453+0.03 a
N4 0.245+0.07 ¢ 0.172+0.03 ¢ T4 0.150+0.13 ab  0.105+0.07 be 14 0.470+0.08 b 0.307+0.03 b
NS5 0.358+0.11b  0.157+0.03 d T5 0.089+0.13 b 0.031+0.01 d 15 0.420+0.02b  0.260+0.02 b
x16 MNEEVTHIEZRBEEMRE
Table 16 Significance test of coefficients in the response surface regression equation

Ti 2R ST DF ¥o7 FAH P1H wENE
Source of variance Sum of squares Degrees of freedom Mean square F-value P-value Significance
R Model 0.647 4 9 0.071 9 31.97 <0.000 1 o

N 0.0329 1 0.0329 14.64 0.006 5 K

1 0.043 1 1 0.043 1 19.15 0.003 3 ok

S 0.004 4 1 0.004 4 1.94 0.206 6

NI 0.005 7 1 0.005 7 2.51 0.156 9

NS 0.000 2 1 0.000 2 0.1085 0.7515

18 0.000 3 1 0.000 3 0.1361 0.723 1

N? 0.057 6 1 0.057 6 25.58 0.001 5 ok

12 0.386 5 1 0.386 5 171.77 <0.000 1 ok

S? 0.071 3 1 0.071 3 31.69 0.000 8 ok

Increased mass of small bulbs/g

TR RORAE 0. 01 KT EZFR S 7 FRIRAE 0. 05 K1 EEFEE.

Note: “**” indicates a extremely significant difference at 0.01 level; “*” indicates a significant difference at 0.05 level.
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Fig. 4 Response surface of the interactive effect of IBA

concentration and SUC concentration on the enlargement

of small bulbils
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Fig. 5 Response surface of the interactive effect of NAA

concentration and SUC concentration on the enlargement
of small bulbils
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Fig. 6 Response surface of the interactive effect of NAA
and IBA concentrations on the enlargement of small bulbils
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Fig. 7 Optimal values of each factor
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