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Abstract: [ Objective | As an economically important woody oilseed species in China, Litsea cubeba(Lour.)
Pers. faces significant bottlenecks in conventional propagation methods.This study aims to establish an efficient
somatic embryogenesis system for L. cubeba to achieve mass propagation, thereby overcoming the limitations of
traditional breeding techniques characterized by long cycles and low multiplication rates. [ Method | Somatic
embryogenesis stage: The single factor experimental method was used to explore the effect of activated carbon
concentration on somatic embryogenesis, and the embryos of L. cubeba from May to August were used as
explants, and 7 collection times were set to explore the effects of different collection times on somatic
embryogenesis. In this study, the effects of high—concentration sucrose solution immersion, sucrose and acid
hydrolyzed casein content on somatic embryogenesis were investigated by three—factor and three-level
orthogonal experiments. Besides, the effects of different concentrations of 6-BA, 2, 4-D and TAA on somatic
embryogenesis were investigated by using a three—factor and four—level orthogonal experimental method.
Secondary embryo proliferation stage: The effects of different concentrations of 6-BA, NAA, inositol and
cyclodextrin on the proliferation of secondary embryos were investigated by a four—factor three-level
experimental method. In this way, the most suitable medium and culture conditions for the somatic
embryogenesis and secondary embryogenesis of L. cubeba and its secondary embryonic proliferation were
determined. [ Result | During somatic embryogenesis (cultured at 24+2 °C in darkness for 90 days) , embryos
developed through direct or indirect pathways.The optimal collection time was 75 days after full bloom, when
seeds exhibited appropriate differentiation and stress resistance with high embryogenic potential. Activated
charcoal at 150 mg/L. showed the best effect, while higher concentrations inhibited embryogenesis.Orthogonal tests
with three factors6-BA(0.5,1.0,1.5,and 2.0 mg/L) ,2,4-D(0.2,0.4,0.6,and 0.8 mg/L.) ,and IAA(0.25,0.5,0.75,
and 1.0 mg/L.) revealed the primary—secondary order of effects as IAA > 6-BA > 2, 4-D. The optimal
induction medium was MS + 30 g/L sucrose + 7.0 g/l. agar + 700 mg/L. casein hydrolysate + 2 mg/l. 6-BA +
0.6 mg/l. 2,4-D + 0.5 mg/L. IAA, achieving a maximum somatic embryogenesis rate of 23.3%.For secondary
embryo proliferation (cultured at 24+2 °C in darkness for 30 days) , 6-BA (P<0.01) and NAA (P<0.05) were
identified as key factors.The best proliferation medium was MS + 30 g/L sucrose + 7.0 g/L. agar + 700 mg/L
casein hydrolysate + 0.1 mg/L 6-BA + 0.5 mg/LL NAA + 600 mg/L inositol + 200 mg/L cyclodextrin, yielding a
maximum proliferation rate of 20.17—fold. [ Conclusion ] This study significantly improves the efficiency of
somatic embryogenesis and secondary embryo proliferation in L. cubeba , providing a technical foundation for its
large—scale propagation.

Keywords: Litsea cubeba ; somatic embryogenesis; developmental pathway ; secondary embryo proliferation;

hormones ; organic nutrients
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AR AES 75— R T AR E A A8 B IR A0 M I ; A0 45 % A= 8 SME PR A IR 1 2 % A
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o b BRIEAAR L RE 2, 338 1 W 598 05 R M AR e A= 232 A WL U (AN oK g 6 2 1) ml 3 A
1k C/N LEHR IR PE A A SR T PR AR 1 o, S s IR R AR 8 I A 18 a2 JHIR A0 RS T T 4 X A
0 IR E AL 2 G T R A0, B oA B A 47 4 4 DR 400 B s, IR S SR A B, B S 4 ik
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RZOENTEE  FI™T 2005 451 R LA R LI R S D5 S I B 0 A S U T s AR AR R | R 2Lt
FEUE S R A e AR PR SN B AR O R IR A IR w5 S IR A A0, A0 — 5 e 7K fidt 1 2
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1.1 R

2024455 7 1 H (29884615 30 D) 28 H 1 H (Y845 120 d) , 7R VL PG AL R rh 24l (28°46'N,
115°49'E) B I 3 AN R MRk, T8 7 B9 1 H AT 1S H 5351 R4 H bR AR A DT 004 R, B R
TADF 600K . REMFNTHE TR T WYL 1 h, Z bR 44 5T S 77 F/K R KR A F 78 T K
PRSP 5 e B8 28 v TAE 5 I B, TH B8 MRl 7 14 2 BB AR 0 J7 vk 5 IO 4 R 34 5 e
FRHR TR L.

1.2 BEFREREFEG

TR A MS by R RS 373 76 i R v T K T B R 37 2k pH (E A5 2 5.8, IF LA 121 °C'F K 20 min,
I3 457 ) U BA A1, 15 3R L34 R FH ML 7 - MS+EERE 30 o/L + 316 7.0 o/L +R 7K f#t % 2 11 (ACH ) 700 mg/L+
1.0 mg/L. 6-BA+0.2 mg/L. 2,4-D+0.5 mg/LIAA . B} ILEEFP SKLIIE FRT, BNEBRE R 6 UG A B =Y
PIE T (2422) CHEE R IR & AE WY BRI 35 9% 90 d, 45 30 d 4R A 100, YR A IS8 5 B BE G 15 55 30 .

1.3 REH*
1.3.1 3R 38 M R B TR R & 0 7 v

T 2024457 7 1 HRAEFN T, 2005 VeI 75 )5 B SRR T A A W] v B2 9 35 1 e (A C) By 35 57 ik
M1 b, BT 44N RRE (50,100, 150,200 me/L) #E47 B PR 2306, A0 SRR & A 1 I
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1.3.2 KR 0 A R IR A 69 %

TREAEWI)E 30~120 d, 5 15 d R 1 BT, R 7 UC, XA [R] LAY MR HEAT B DA 358
SRR R T 205 VETH 55 U A IR T MG IR AR [ I IC SR IR R A 0L
133 Z5 R 0 A 2 B LS Ix SR IR KA 6 %

KA 202447 A 15 HBYF T, LK bk e 2B PR B, 8 HOBOA 1 mol/L i 8 BERE P, T
4 CUKAR AT AL B, 40 PSR 2 IR T 45 55 2 MS+EME 30 /L +BiJli5 7.0 /L, it 8 BEMHA I
RIS (0, 12,24 h) HEHE (20,30, 40 ofL) FHR K fift B 8 11 (350,700, 1 050 mg/L) (R 1) =R E =
HKCFIEASIRS , MDA R A1 DL

F1 BEEERGNE. EEMERKEREQRENEER £ L,(3') EXIKEET
Tab.1 Effects of hypertonic sucrose immersion duration,sucrose concentration,and acid-hydrolyzed casein

concentration on somatic embryogenesis:an Lo(3") orthogonal experimental design

K 1515 VA OR VN ] /h R/ (g- L) PR 7K fift 1 3 W EE/ (mg - L)
Level Hypertonic sucrose solution immersion duration ~ Sucrose concentration ACH concentration

1 0 20 350

2 12 30 700

3 24 40 1050

134 BHRESEALSIRIER LW HA
2024 4 6 H 15 H SRR T AT1050 , B b7 v Uk T 25 J5 36 R0 T 15 97 2k MS+HERE 30 o/L + 3R
7.0 /L +PR 7K fiff I 2 R B 700 mg/L 35 IR BRI IAS [A] 9 i 6-BA (0.5, 1.0, 1.5,2.0 mg/L) .2,4-D(0.2,
0.4,0.6,0.8 mg/L) 5 1AA(0.25,0.5,0.75,1.0 mg/L) 45 (£ 2) , & it = I ZR KPR IEsC iR , 2 16 4b 3
A, 53 A [V A AMR TR AR IR & A 52
F2 HENLEFEREZEMNZML,(4)ERZREET

Tab.2 Effects of phytohormones on somatic embryogenesis in L. cubeba:an L, (4’) orthogonal experimental design

K- 6—"F RIS (mg- L) 2,4- " HNRE LR (mg-17") 5[ £, 12 (mg - 1.7")
Level 6-BA 2,4-D IAA

1 0.5 0.2 0.25

2 1.0 0.4 0.5

3 1.5 0.6 0.75

4 2.0 0.8 1.0

135 fhik R R AR FIZ R A

RS A5 B 1Y RN — B KSR AP/ NBURLIR L5 AR IR RIE IR, /N BRERZY 0.3 o 34 5) 47
TR 5 B 77 MS+EEAE 30 o/L +35A15 7.0 o/ L +FR /K il & £ 11 500 mg/L Hh , 55 5% BL S A [a) ¥k B2 1) 6-BA
(0.1,0.3,0.5 mg/L) ,NAA(0.2,0.5,0.8 mg/L) , ILEE (200,400, 600 mg/L) FIFHIHE (100,200,300 mg/L) , 15
B IR R =P (2 3) 25 3 9N b 3 |, B b PR SR 6 L, B 2 LK 120, H A 39k, W%
IFIC A GG TG O AR TS 5 0, S8 FE G R 45, 6 FHRE B2 0.001 g (9 5317 R - £ LIL24H Ji
By, S SRR LAY S A A B (Y ) o [R) IS FEAR R 8 S8 T XA IR O3 A R A T P 2 58 B 0 A
TR 3G FE AR ARG IR SR AR RS 3 A 10

R3 HEMEVRMYX LT FRERBEM ML, (3) EXiRBigHT

Tab.3 Impact of phytohormone—organic additive combinations on secondary embryo proliferation in L. cubeba:
an Lo(3*) orthogonal array experiment

K 1-Z8 LR/ (mg L") JUUAE/ (mg- L") 6—"NE AL/ (mg- L) FMPRG/ (mg- L)
Level NAA Inositol 6-BA Cyclodextrin

1 0.2 200 0.1 100

2 0.5 400 0.3 200

3 0.8 600 0.5 300
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SE WA AL 14085 Nikon—SMZ745T WLEZ A1 105 20 21 K AR 4 MR AT 765
PRI e A 3R = (R A B MR AR+ TR 2 A B A ML IR0 1 S b AN AR £ < 100%
YR RSB AR AR (Y ) =(—~ F 5 R A e T — 2 A I U AR e o ) /e A i

2 SER545H

2.1 KRRR &I IERSHHE

W TRNR R A A AR B A A PR Je A 2 kiAo (AR AR rp LR B 4 Fp ISP i A 41 216 00
13U Ay 5T i ] (1 B €2 DA BRtR A 3 , T b 5 5T 5 102 el A U 7 0 7 AT 1l 5 T AR 5 3 R R AR
IV I A RBORCIR (] 1a~d) o AR al A ERIE IR , 4k 1M K 5 DI IR CAERIE R 3~547%)
TR FARR AR A AR B A LR T AMEMAE AL X, A 1~2 Fp 5 (P i~ o R A AR iR
AR AT T AT 530 3 A B I - 55 1B BOERIE RIS 31, 33 kU 20 O IR 7 0B T RERS 1
WEER], 5 AN R 25 00 8, O & IRV BRI 2, BE RS to m] 70 Ak (P 1e) 5 565 2 DB B
BRI, XA B BER A BRIR A AR BRI i, B 22 5 (B 10 5 58 3B B T IR (18T 1g) o

100 pm

(a) ORI 0 (b) 2 {0 P BRI A s (o) B @ IURLIR IR A 4 (d) A A BORCR R i 1
(a) Mass—like embryogenic (b) Yellow mass-like (¢) Yellow granular (d) White granular
callus embryogenic callus embryogenic callus embryogenic

e

100 wm = 100 pm
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(e) FIEIR (DR (g) Tk (h) YA IR 5H
(e) Globular (f) Heart-shaped (g) Cotyledonary (h) Secondary embryo
embryo embryo embryo proliferation

e —_—

100 pm 100 pm 100 pm g o «100 pm
. B,

(EVEULEN NQER: -2 D) (DPVEIR(EEER) (k) F-pR 45 44 (D FrtRE5 4
(i) Primary embryo (j) Primary embryo (k) Cotyledon-like structures (1) Cotyledon-like structures
(direct pathway ) (direct pathway ) (CLS) (CLS)

a~g: AR A IERAR s h YR IRIE 5 FLHE R A I8 AR s k1 RS
a—g:Indirect pathway ; h: Secondary embryo proliferation;i,j: Direct pathway ; k,1: Cotyledon—like structures.
1 s AR R A A B S RHE

Fig.1 Morphological characteristics of somatic embryogenesis in L. cubeba
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W& —J 5 1 TR G (CLS) , HARMER I - 5505 14 d BDH B, K AE A0, (R Bz R 1 1k
W, SAMER SR NG 08 kB G 280U e R 2 T AR SR (B 1k~1) .
2.2 AETEMER K EXHE IR L & R0

F 2% 4 A5, PR ZE R TE 50 mg/LiG PE R AL B (AR BE 1) T 3% 8 , 14 40.00% , B 4 3 i T oA
A FR(P<0.01) o B TG PR o vl B 38 I, 5 58 R A0 L (BT o T 0 BR A, axX R IR S5 97 2 MLy IV
JEE I M e ] AR T IR S5 R S T v VA R Y PR R T RE AR AE I RN o P T AR A R N A
2SR (P<0.05) , ANl A EAEHA T2 7 22007 , B Kruskal-Wallis S50k 56 . 45 % 51T
1, 40 18] 25 b Br i 3 (x2(4)=8.98, P=0.062) , &b B 3 B AR IR & A R b (1 %0 (10) 5 38 5 T CK A4k 3 4
(Dunn #355 , P=0.043) , A A ] T GE 1127 25 5

R4 FEMRREIEER £

Tab.4 Effect of activated carbon concentration on somatic embryogenesis

At S (mg- 1) TR 5 5/% PRI 5 2 %1%
Treatment AC concentration CLS induction rate Somatic embryonic incidence
CK - 3.33+3.33" 0£0°
1 50 40.00+5.77" 6.67+3.33"
2 100 16.67+3.33" 3.33+3.33"
3 150 16.67+3.33" 10.00+0"
4 200 10.00+5.77" 0£0°

75 SR R PR E DI 30, A [R) A B 8] 9 A [R) /NG 7 R A7 A . 35 22 573 (P<0.05)
Data are presented as mean + SE.Different lowercase letters indicate significant differences (P<0.05).

&£ 5 Kruskal-Wallis i@ ERICAR(KEELKEXR)

Tab.5 Kruskal-Wallis test results summary (Somatic embryonic incidence )

b3 FEAC R BRDE ESHIERTR Kruskal-Wallis #:5  Z 5 4 (Dunn £555)
Treatment Sample size Median Mean rank K-W test Post—hoc(Dunn Test)
CK 3 0 2.5 X*(4)=8.98 3 vs CK: P=0.043"
1 3 10 7.8 P=0.062 3 vs:4:P=0.043"
2 3 0" 5.0 £=0.043 HoAh HoAL : P=0.132
3 3 10° 10.5
4 3 0 2.5

2.3 ARE%REHBF AR SME IR X AR & A B R

5A1THZESHA 1 H M, AFRAER EERAERF 72 BILE2ESF AL TR 5 A RER
btk ISR i 39 =B IR ISP (18] 2a) |, R B | AR S BOIR, AR B AR TR R BE AR, 5 IR 234k 5
6 H 1 HBEA IR ], PR B R IR AT IR IE 156 H 15 H 7t kB od 4, 1
i W el 8 (18] 2b ) R K T e B HLOR SR8m0 0 AL TR RE 5 I ol T8 7 F08 , 1 Iy 2 38 TP g ik 8
@& 20~d) , AR B BAG TR BEHE— DN . AR e 2R 9 B 1 12 07 22 S PG R (P>0.05) , 1 — 2B X 1)
TR TR A A 2T T5 22 07 IR e s - AL PR R B 25 5 eSS H THES A 1L H 74
SRARI ), PO IR e A AR B U T IR R R 3 (3R 6) , Herh - IP IR 30 (Ab BE 4) R BUIRAE , 1A
Wi A2 A3 13.33% 5 T 8 A 1 H BUEAFR 115 5 318, 9 0% o MAARAE T8 IO P A A BRUREE S A7, Foe (A A
PR A0 0 ST 75 1T R 3% - — S VBRI 52 78, 5 7 SR AR B SR 1 DX AR B A B AN SE 4 (16 2a) , TR 5
T R T AR R T, B R B S B S BU AR AL TR K AT, OB R E T IRR (6 A ER =
)) B S R B A o3 PR B RN 4 i o AR BE T, LA ) PR s vy i e RE PR R T B , T UM 01 0T
WE2E BRI IR AR B i vy KRR RIS o IR B, OB IR 2 1 I IR S ML AR T 4
30 d 5 BV AT 5E e R A A i A A 2 B WA AR IR (P 1imj) L 51 d S R Y ) B 40 [T JOpR SR 4
(K 1a) , RS HEA B R AR A LR T T
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100 pm 100 pm 100 p.m

(a)5 115 HR4E (b)6 3 15 HR%E ()7 H 15 HRHE ()8 1 HRAE
(a) Collected on May 15 (b) Collected on June 15 (¢) Collected on July 15 (d) Collected on August 1
K2 SRR AR ] 2 5 Fp 2R 88 MBS R (5—8 A
Fig.2 Morphological changes in fruits and embryonic seeds of L. cubeba during maturation(May—August)
®6 ARREMENLEFHRERGARE SN

Tab.6 The effect of different colleting time on callus and embryogenic callus induction of L. cubeba

b3 SRAENT[R] A5 T 51% PRI E 2%

Treatment Colleting time Induction rate of callus Somatic embryonic incidence
1 5A1H 13.33+6.67" 10.00+5.77*
2 SHI5H 6.67+3.33" 3.33+£3.33°
3 67 1H 16.67+3.33" 6.67+3.33"
4 67 15H 46.67+17.64" 13.33+3.33"
5 TH1H 36.67+14.53" 3.33+£3.33°
6 7H15H 26.67+14.53" 3.33+£3.33°
7 8H1H 16.67+8.82 0+0"

7 SR EAREIE R, R [ A ] AR RN - RE R A7 7 35 24 5. (P<0.05)

Data are presented as mean + SE. Different lowercase letters indicate significant differences (P<0.05).
24 EEERRALERARBINESFIERLENFMm

(1B REMHIR VLIS [] 3% 5 B PR VA T3 R B /K Ak I 2 10 VAR B XA IR A 2 i S 25 SR L3R 7, 4b B 3 L
A e TR EE A A TR (16.67% ) FIMA IR % A 2R (13.33%) 5 B 22431 Sl 7w , 76 AN % 1E 58 HAE LAY L
T BRI FE U VR A TREARE IR 7K M 15 A 1 R 2 EMHR A B ply T AR i A R A ANl 2 Ty 25
PERE S (P<0.05) , AN & B4 AT 2007 2250 B, Rt fd HH Kruskal-Wallis E S 80K 50 . 45 R s (%
8) , 4[] 22 SR IR GE 2 1 3K (P=0.085) , {H AL FEZH 3 4 P A7 850 (10) R4 {8 Bk (23.8) i, HLAUW =
&=0.19 4878 Al RR A 7R SE PR 25 57
25 ARAHMEAAFERELZENTM

PR 2024 4F 6 F 15 H REM LG A7, 2847 =R Z UK L, (4) IESIR K, M3 HE, A
RGBT T RGBSR AR L AR 9, R, {5 7E CK(XTHRZL) AbHE 1,
AbER 2 KbBE3 ALERS AbEES KbBE 12 AbFH 14 A 1S MR BR IR & AR, Hooh Ab B 1S PR IR K A R
iR, 15 23.3% 0 X L, (47) IEASIREG (AN e A R EE R UEA T 25 0087, 45 SRR W FEAN 5 188 HAE Y1
LT A PRI R TAA (6-BA F12,4-D AR & A S L2405 A4B3C2, B 2.0 mg/L 6-BA+0.6 mg/L
2,4-D+0.5 mg/L TAA . MR AE B e J7 25 SR PR3 (P>0.05) , i — 25X Ll 5 1 Fh - A IR & 2E
AT I 2200 (3R 10) , 5 R A K R IAA DL B3, PH 7 0.099, % 22 550 M f 5 2200 R A K &
TAA B IS PRI R A R R R &
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Tab.7 Impact of hypertonic sucrose soaking,sucrose,and acid—hydrolyzed casein levels on somatic embryogenesis

S R AL BN PR 7K fifk Wi 25 1/ . PRI A 1%
;| - TR/ (g 1) " TR 55 %% ) ,
Hypertonic sucrose (mg-L™") Somatic embryonic
Treatment Sucrose CLS induction rate
soaking treatment ACH incidence
1 0 20 350 10.00+5.77 0+0
2 0 30 1050 10.00+0 0+0
3 0 40 700 16.67+8.82 13.33+3.33
4 12 20 1050 3.33+£3.33 0+0
5 12 30 700 0+0 6.67+3.33
6 12 40 350 6.67+£3.33 3.33+£3.33
7 24 20 700 10.00+5.77 0+0
8 24 30 350 0+0 3.33+3.33
9 24 40 1050 0+0 0+0
KT K1
4.44 1.11 2.22
Average level K1’
IR {E K2
2.22 0 5.55
Average level K2’
JKFHIME K3’
222 7.78 1.11
Average level K3’
% 2= R Range R 2.22 7.78 4.44
&8 Kruskal-Wallis #3645 R0 2 (AR R & &)
Tab.8 Kruskal-Wallis test results summary (Somatic embryonic incidence)
Ab ¥ HFAa e R &R YIERL Kruskal-Wallis 76 5 B
Treatment Factors(A/B/C/D) e Median Mean rank K-W Test Significance
1 1/1/1/1 3 0 9.5 x*=13.86 a
2 1/2/3/2 3 0 9.5 P=0.085 a
3 1/3/2/3 3 10 23.8 £=0.19 b
4 2/1/3/3 3 0 9.5 a
5 2/2/2/1 3 0 9.5 a
6 2/3/1/2 3 0 16.3 ab
7 3/172/2 3 0 13.2 ab
8 3/2/1/3 3 0 9.5 a
9 3/3/3/1 3 0 13.2 ab

2.6 ZEETFERXEREEESRE

PRI 58 15 S 00 1 e o i - ot TS B A A A, B3 1L AT 0, FEAR P 1 A HE 6 Kb 8 AT S
PR A IR B KA IG5, P AEAL B 6 38 5 A5 B0 7 L 35 20.17 £5 (Y3) , TEARF B BAE G OL T, IR+
TIPSR 6-BA NAA FINLBEARIRG . Jr 220 Brdh 8 (3 12) BRI 6-BA I NAA Xk A= IR 5
FLAT 2 (P<0.05) , Horh 6-BA XU A IRIEFH 52 i iR 27K F-(P<0.01) . R A Duncan 7%} 6-BA Fll
NAA B ARNE K A 04T 28 L (R 13) 25 SRR I AIK/K (0.1 mg/L) 19 6-BA 5 35 48 i Uk A A ) 38
B, 1 NAATE 0.5 mg/L /KR XA RS G AR e o Uk A IR 8 38 T 4k AR I 309 2490 30 d (18 3) ,30 d
P BE AR A I 1 v, (A AT €, P TR €0 40T 728 i 1 €, R AR T B AT 5 B SRt [l it 14>
TR ARG A Sy B AR (5 AL, FLE B R R 3 1 U AR IR R 8 SRR RN i AR BT .
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Tab.9 Effects of plant growth regulators on somatic embryogenesis in L. cubeba

6— NG/ 24-TFRHE LT WL ‘ AR 2 4 5 1%
b o ) L TURRE A% )
(mg-L™) (mg-L™) (mg-L™") . . Somatic embryonic
Treatment CLS induction rate
6-BA 2,4-D TAA incidence
1 0.5 0.2 0.25 33.33+11.55 10.00£0
2 0.5 0.4 0.5 23.33+20.82 6.67+5.77
3 0.5 0.6 0.75 30.00+17.32 6.67+11.55
4 0.5 0.8 1 30+30.00 0+0
5 1 0.2 0.5 20.00+10.00 13.33+5.77
6 1 0.4 0.25 26.67+11.55 0+0
7 1 0.6 1 0+0 0+0
8 1 0.8 0.75 20.00+17.32 6.67+11.55
9 1.5 0.2 0.75 23.33+20.82 0+0
10 1.5 0.4 1 0+0 0+0
11 1.5 0.6 0.25 16.67+11.55 0+0
12 1.5 0.8 0.5 6.67+11.55 3.33+5.77
13 2 0.2 1 33.33+£15.28 0+0
14 2 0.4 0.75 26.67+5.77 3.33+5.77
15 2 0.6 0.5 20.00+17.32 23.33+5.77
16 2 0.8 0.25 26.67+11.55 0+0
AKF-E{E K1Y
5.84 5.83 2.50
Average level K1’
IR {E K2
5.00 2.50 11.67
Average level K2’
KT K3
0.83 7.50 4.17
Average level K3’
IKFEI{E K4!
6.67 2.50 0
Average level K4’
2 R Range R 5.84 5.00 11.67

F10 HEXNLUBFEELEERNTENTER

Tab.10 Analysis of variance results of hormones on the somatic embryo incidence of L. cubeba

B S 2575 Fl A ¥or FIH P{H
Sources of influence Sum of squares Il Degrees of freedom  The mean square F value P value
6-BA 80.569 3 26.856 0.879 0.503
2,4-D 74.992 3 24.997 0.818 0.529
IAA 302.681 3 100.894 3.303 0.099
P2 Error 183.3 6 30.55

it Total 977.622 16
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Tab.11 Effects of hormones and organic additives on secondary embryo proliferation

g 1-ZR 1 U, e—WEE  FRRIR/ g
Treatment (mg-L)  (mg:L")  (mg-L")  (mg-L") Proliferation ratio
NAA Inositol 6-BA Cyclodextrin Y1 Y2 Y3

1 0.2 200 0.1 100 0.32 432 11.14

2 0.2 400 0.5 200 2.79 4.17 5.14

3 0.2 600 0.3 300 0.89 1.95 2.23

4 0.5 200 0.5 300 3.12 4.25 5.16

5 0.5 400 0.3 100 4.14 5.24 8.40

6 0.5 600 0.1 200 421 1252 20.17

7 0.8 200 0.3 200 1.02 1.08 2.05

8 0.8 400 0.1 300 6.28 6.12 7.29

9 0.8 600 0.5 100 0.89 3.15 2.06
IR BAE KT Total level K1 10.98 10.82 24.12 13.22
7Kl K2 Total level K2 2241 12.52 9.00 17.71
IR BE K3 Total level K3 9.97 16.02 10.24 12.43
K- K1 Average level K1’ 3.66 3.61 8.04 4.41
JKF-HE K2 Average level K2/ 7.47 5.51 3.00 5.90
TKEXIME K3 Average level K3/ 3.32 5.34 3.41 4.14
2% R Range R 4.15 1.90 5.04 1.76

Y1.Y2H1Y3 2y 3 U A2 i 6 ) M FR A7 K
Y1.Y2 and Y3 represent the prolifteration rations from three replicates.

R12 ORERIEEKI AT E ST (EEE A HRLE)

Tab.12 Analysis of variance for secondary embryo proliferation experiment(test for intersubjective effects)

SRS MES L e )y Pt Pl
Sources of influence Sum of squares Il Degrees of freedom Mean square F value P value
NAA 95.254 2 47.627 4.142 0.033
JILE Tnositol 19.951 2 9.975 0.868 0.437
6-BA 140.972 2 70.486 6.130 0.009
MK Cyclodextrin 16.264 2 8.132 0.707 0.506
P2 Error 206.982 18 11.499

R13 6-BAFINAA AR TR EREIGIEEHA) Duncan £ E L&
Tab.13 Duncan multiple comparison of secondary embryo proliferation multiples
under 6-BA and NAA treatments

NAA 6-BA
KF : : : \
Level S/ (mg - 1.7") BT A YA % R/ (mg- L") BT AR IE %
Mass concentration Average proliferation ratio Mass concentration Average proliferation ratio
1 0.2 3.66+3.23" 0.1 8.04+5.83"
2 0.5 7.47+5.58" 0.3 3.00+2.50"
3 0.8 3.33+2.54 0.5 3.41+1.42"

[RIBAS [ B R rR 25 57 8. 3% (P<0.05) o

Different letters in the same column indicate significant dfferences (P<0.05).
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a: 5370 dsb: HiFE 21 dse: 537 30 d d B BRUAE IR R 48085557 21 d.
a:Initial culture(Day 0) ;b: Culture at Day 21;c: Culture at Day 30;d: Culture after 21 days post—secondary embryo removal.
B3 AR

Fig.3 Secondary embryo proliferation culture

3 iR SR
3.1 itig

ARHFTEAE R KW TE 6-BA [ 2,4-D FITAA 3FER AL I T, R K R TAA X L5 1 1A W 4 2E 1Y 5 0] fie
Ko BTSSR K R IR MR AR 1 DGR 5 i 3 R 2, AT S5 AME M R BARROE A KRG
RARFE YUCH AR 3 IR TAA FHER KR i i 25 A TR ™7, DT A1 AR VR 2 220 AR 50 i 4 o )
il AR AR IR & AR R AR BT ) Sy 6 H v ) RRAEIBIS 75 d) |, ILET 9 F 2 8 B B R O JE ik - it i
B30, 3 5 KU A B AR B 52— B B BRI R PO R s, ELAA BRI S T
BRI AT 1915 TR, H R 0] B8 2 DL B SRR Ak A K R BRI, N TR A K ZE KO 8 B0
1B, A R TR & A o 15 1 2 i 05 T 6 /ML 1R R T30 1 T 2 0 o, el e 4 A I 2, X060 4 SR 38 W 0 ek e
V18 W2 56 4 EL A L T) 2 < VRV B2 (150 mg/L) 1T 335 o3 48 £ 100 46 400 , T v R 32 R R AR 38 (T TAA) Bl
HEFYIR, FEOE SRR TR, M5 IR B, 6 M e X TAA B 0 B i 55 H ) o 52 IR A O, FLIR
B i 1 328 2 T X6 2,4-D fY W BR300, DR AR IR 2 A i R A A LR A . ARG b, B A TR
T2 940 A BRI 7K A7 1 B 3 VS ORIV 22 A B 5 M AN S8 355 BE TR 0 B[] JE G, i S s ORI R IR 2 A %
VTG, JHC D R AT B2 25 R TR B SR B S TR R R VA R TP A I R vt s ] K S SO ME R K T
PERAREE Z A0 T DRI, 76 AT 300 750 58 T A I8 000 b T , A oA A S e B g o 2 32 YL I ), 3 fn AR A 3
FIREARS Wi Jm S5 9% . (HARE R AR, )7 2200 & Duncan 2 5 FUAS S SR s, 0 vk JE R AN b 2 (e it
IR KA (P<0.01) , PR R 7K P BERE (40 /L) UM AL 3 3 .6 .9 34 SRR & A4E | Ul R B i 92 3 A
FF 0L FE A0 B AL s SRR 7t 2 B, 3 Ao v R 32 10 18 18 TR ORISR AN AR K 3R T A (R
TG AL A R M R s B8 5 1 95 08 8 KRR 0 40 M P9 T A e B M B B I R 1 i, W A
LR A RE T, AT A2 SE P S A AL U B e Ak ASBIFIE 38 AR 3], 7 R B D RS R 441 T
BRIV 3508 2 M A Ak, HE 2 TIPS RE TP 400 A6 VR s R P i 4 2H 27, A K ol s 3 i v 9% 5 6 110 d /K i Ak
AT BEAR L [ AR B R (R 7K A B AR AL, 2 T K6 A SR R o A IR /K ) 35 R e vp R IR 41 i
PR 2l /) T R 2 0, X6 40 B %) 43 A HL A R X 5 T TR L PEG F R 1B 1 % L A5 ihan
PR 1] A RIS B A F 5 45 SR AR 5 s ARBIFIE & B0, 1L IV 1 A0 i 3 300 i b A 4 2 i o i
IPTIEME , JE T3 — i, FEAR R & A A oAb B B, ol il il i B 4 5% (AN 2078 9% (B i Tk K 4k A
() AL 5 ) R R 0 o R R A i A Y DT i v R e i 3%

TEAR I e A 75 3 B B, I WL 3] I AR G5 1) 1) v W & 2 Sk Rt i) 22 HH IR AE S S LD, B 0 )
ol (A, FLARFRUPGHE R AR, B o] 4R AR (R BEA TE I 5 R 1, a4 R 7 b8, 3 T U R R e
1Ak 77 A P i A5 SR S , (R 22 0 i 2 AR A ) AN I 1 AT A RE 5 A R B 2B Al sl A0 T, X R
SV RN LE  RFRR e 2 | 5 AMI AR 1 R 8 HLE AR TC B e ), I R W R 28 5 43
it —2 kB INEE R X AR AN IO/ 5 R AR DX 2 A B R . 7 IR 25 44 10 R 2 Ak 19 B 0 BT
RSV PR 05 A5 -, DRI, s R ISR 1 175 0 300 0T ik O8RS A 40375 5 R I O
RIZEY, e A R IR R AE BT, 28 R 45 4 B8 B0 A A R A5 358 e T, et o LR
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A5 T IR B AR IR X SRS AR D REIER B2 T & IR 5 BLUE B B Bt (BRI IR OB R £
TIREENTBE) o SR, B T IX R E5 A0 S5 IR A A AR AS 5 22 57, i S Wi 8 AL A e JE 7 i, TR 20
HORE , AN P AR SR G0 Y 3 8 R B AR AL L8 R & AR IR R AR AL TR A5 7 1), i) 2
Sy IR RA LR 155 T R R AL T S A HOR L

FE L T IR A IR 58 o B, BRIE IR B B A A R 2 B HE A 5o () A B 7, X 5 B /N IH S5 g 1F 98 485 2
— 30 SMNVECR 2B B AR BAT JEE PR, Hh NAA FT6-BA YA [ e J32 A B I) 71 8. 25 22 5
X — &t S 55 3 S5 K A A ) PO A 5T 2598 — B0 IR SRR B NAA (P<0.05) 5 6-BA (P<0.01) U R 41
HA R T RAMIETE . e33R R ULA 7 T BT 2 30 d Ay smcidi 464 QR 0, i ot Sl S sl B g 0 5
FEACIC IR A IR 2 28 Ty W 00 0 e 2 el R < 0 Pl VR (L 2 O B0 €0, (8] 3, Tl MERR AR R & TR BB T,
S A 53 AR TV AT i 2 % % 1L P % B TV 240 i A 4 238 5 (T 3d) o I R B BSOB B il 2 J5
FEAE MR B 18] AN W7 7= A Uk AR I, R I, 7 O A R348 5 By BEER I IR LD IR | I s 258 4 RS (] Fsf A7 7
(& 1h) , HARNWRRAE & B AT i — DR .
32 #ig

LA TR VR 2R B B AE (2422) CHRLVE L FR I 254 T 45597 90 d il g6 45 SR R W] B )5 75 d (- IH IR
I ) 2 e AR AR ST ] SIS A VR i A 5 0 o e 5 203 B A M 0 Wk B2 A 150 mg/L s S AR J A 3 e
9 MS+30 g/L FERE+7.0 o/ L IR +700 me/L 7K ff I £ F1+2 mg/L 6-BA+0.6 mg/L 2,4-D+0.5 mg/L TAA , {& R
RAHEFRIN23.3% WA IRIETE I BAE (24+2) ClR . RIS S50F T 3557 30 d, i85 R s « e AR iR
B BEFR IR MS+30 o/L JHEHE+7.0 /L EIE+700 mg/L /K fift fi% 25 F1+600 mg/L HLEE+200 mg/L FFIRE+0.5 mg/L
NAA+0.1 mg/L 6-BA , 5 i 8 58 15 K003k 20.17 4%, 6-BA (P<0.01) Fll NAA (P<0.05 ) &A1 Uk AF IR I8 5 (1) 54
SHEFZ A R, ASBIFGY B S 3L A A 20 B IV ) = SO Ab 2 7, O J A o P A SRS BB R
TAEER R S

Bigt : VLG MOl B R BIFSE L 35 (2020CXZX07-2020-01-03) . 75 B 44 20 & T RHA R 98 2 4 00 H (2025)1520) FTL P
A 2024 AERTFT B £ T4 30 H (YC2024-S33 1) [Al i XFASBFSE 45 T 1 9e il , TS0 7
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