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WE D40 AR F B JT 4% (Tagetes erecta)tt v oME M, TEAHF &4 T 15 A F o0k, RS R AT AR,
SRIEA A RIBE A G SMEARY) D720, AT B TR X 7 7526 15 A A A g el g Ja o AN [B) S 2 (g fe A B = ik AT
R, SRR, R R SR R AR B AR AR B R IMS+0.2 mg-LT! TDZ+0.5 mg-L™" IBA+8 g-L™'55/l5+40
g LT REME, FEAERIATO%, BT R ENE 6%, Hid A BN AL A N B KR 3R IMS+8 g LT BRI +30
g L HERE, K ARIK91.3% . ST T E R E M T A AR R, R T T A T A S R kb B AL I R, W

373 5 A A% D IR RRE LR D RERIT 7 B Sl

XEIR A, AR, BRI, R

EEE, FREMF, EXH, MNER, KER, KRE, MM (2020). 7545 FEE R @ L. B EHR 55,

749-759.

Ji 7% (Tagetes erecta) A % £l (Asteraceae) Jj
775 @ — AR EATEY) . HACOHE, B, AR
BRI Z, ME RS HRAEBERE S EER,
B BB 5 2508 (Vasudevan et al., 1997;
Bosma et al., 2003). H#l, AWK EEHE M
AT AR AR E P, R R AR AT E W) R 5
IR, TRAMEGITVERIAN R, AR OK I 48 5 & M A 9
{H 3 7. — A v 8RR T P A AR 2R 2 S I AR R 1Y)
BT FR (BSOS, 2002), /37356 J& 1 P A= 45 DR A P A
V), HEARRCRAER KRR Fsz B, SME A
A A AW . H AT AR 0 2 8 P EAE YR
HAIAMEAR SR SETT 1 -

AN IE I (6] 82155 5 R IR & 12 3R 159 10 5 75 % 42
MEEMK(<10%) (Bespalhok and Hattori, 1998;
Espinoza et al., 2017; Kumar et al., 2018). T H#
FEAEFHNHAENFEERS. FlW, Vanegasth
(2002) & F, 73 mg-L™" IAA+3 mg-L™ 6-BAIT
MSH; 7 5E I, B4 %1569.4%; GuptaflRahman
(2015)F R HH, 1.5 mg-L™' 6-BA55.0 mg-L™" GA;

Wk H #9: 2020-04-16; 252 H #1: 2020-08-26

MM RAERET TIRMELE, AR N66.6%;
Nuoendagula®s: (2017) K B, /i %M HE & H3
mg-L™" IAA+3-5 mg-L™" 6-BAME; I 4 |, AR RS
T70%-75% 2 [8]; #A-FWI5E(2010) LA 5K F5 %5 5
FrooEeR, KIS HS mg-LT IAA+3 mg-L™
6-BA+30 g-L 'EME+6 g L MR IIMSHE; 7Rk |
A 5E 25 0 A R 1K 97.5%, IF H L 9L 4 Bl A
B o

WK, T 2800550 EEF AN, B
MR MGt R R E6-BA+IAA. 6-BA+NAAFI6-BA+
GA; = Flr, JoH 2 Ik FE 6-BA ) il FH £ 5 mi gt 4% 5%
1k %% (Nuoendagula et al., 2017). Itt4h, 75 5%
AN SE S B AL I A, H AR AR G B AL B
o NfRRTI 5B SRR, 6-BAfEH
TR v PN AR 2 B B ™ B A A, AT BA40N AN
() 32 OR BY 1) 3 75 5 W i D AL, s A RO e
LAY, FERER T ARBERLAL S AMEAE D) 07
[i] 14 75 IR BT T 75 5 AR B sg ), ARG T T 7
FFAEM R, T L R B SR
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1 #EPs

SEUG =B E B )i 5% (Tagetes erecta L) HAR & X7
AP SEIF A8 Tl L1404 FE PR A (3R 1) o

2 EFEMSSHEFFH

21 MFHESREEHIES

396 B ) AR T, L JE KR I810 5048, 0.1% 5
IR BE 908D, TR KB 3IR, BEX107 8.
W B P TR /EMS+8 g-L "B i8+30 g-L 7w
R 7% I & % (Gupta and Rahman, 2015), 157%6
Ji . L R (25+2)°C, IR E J9800—1 000 umol-
m=2-s™, G 14N EIR /10 /N N SRR

22 EREBTHE

3230 MS+5.0 mg-L™" 6-BA+3.0 mg-L™' IAA+
3 gL kR +30 g-L7" i (Nuoendagula et al.,
2017). DIHLA0/ 75 7356 H5 DA B A K 246 ] 1) 5 AR B T
HR2-3 0 A - (fy N B, IE T R R TR RS L
FRAHE S0, RFIZI254FMEMR, SEIRE R 20K, K
FRFA 2.7 . AR E G IMER A,

23 HEHAEMIKL
U7 EL R - 3 £ A K 2406 ] 1 S 2B 1 TR 23 5% i
(/N Fr, GETH ) 8RR T R AR R R A MS
Fraed b AR E AL, AFIL104NSMER, S256
EHE2R. HEFREITRNS g- L B AI30 g-L
B, pH 5.8-6.0. 5572 564 FI2.175 . 4 Ja Guit FAE 6
6-BAFIIAALL A (£2): [H 2 6-BAMKE H3.0 mg:
L™ IAAREE 7> H91.0. 1.5, 1.8, 2.0, 2.5L0%%3.0
mg-L™", L6 ibHE.

ZTRIIAAH & (£3): ZTH 4371 90.3. 0.6711.8
mg-L™", IAAVKEE > 51505, 1.0F12.0 mg-L™", 394
hFE,

TDZ+IBAH &1 (£4): TDZIKE 5 5)80.5. 1.0
1.5 mg-L™", IBAWKEZ > %1°50.3. 0.5711.0 mg-L™",
9N b,

TDZ+IBA41 42 (£5): fETDZ+IBAZL & 11 5 fi
b, TDZW 4 M ¥ B 90.1. 0.2, 0.3F10.4 mg-L™",
IBAVK i 43 53 50.25F10.5 mg-L™", L84 b3 .

24 NHEBAXAEFBENEE

B2 dE 09 MS+0.2 mg-L™' TDZ+0.5 mg-L™" IBA+3
g LG +30 g-L T ERE . RHUERERG- Bk K
2416 JE F0 S A2 1 T 234 B (R /N, e )
D), SRAFEFBA LN, LA AN xR, IR T
) R TR R, A E A M, FI154 SME I,
SEIGE 3R BEFRAMFI2ANT . 4R ES AR

25 BRI AEFEFBENRE

DR FE A% - 3 0 A2 K 206 8 1 2 A 1 T 23X B
(/NI e, TR THT ) 420 7 R s AN () B ] 4 741
(s IR 5L b, MY E R AR B 430 3. 4.5, 6
gL' &7, 8. 9. 10g-L7", HFELTRM0.2 mg-L™
TDZ. 0.5 mg-L™" IBAFI30 g-L7"jiE ¥, pH5.8-6.0. 45
HE G4, R0 IMER, SCIGE R 3R, %
PERI2.475 . 4J )G Geit AR AR AL %

2.6 FEEXNAEFHBENTEM

DV FE A% - 35 0 A2 K 206 J 1 92 AR 1 T 23X B i
(/N e, T T R 2 T 4R R A ) 3 R T
(20. 30. 40150 g-L™)yHssRdt b, Badtiin
0.2mg-L™" TDZ. 0.5 mg-L™" IBAFI8 g-L™"55)ig, pH
5.8-6.0. fEEE 4N, FFIM10MMEM, LIREES
Ko BEFRZAF2.479T . 4J J5 ot PR A R AN B b 26

2.7 FEFMHK

I HAEMAEZE, BAGMPKRFRIEE, BIMS1-
MS6 (#%7). MS1: LB EINIMSE; 3, MS2: MS+
0.1 mg-L”" TDZ (15K /5 &k 40.01 mg-L™" TDZ);
MS3: MS+0.3 mg-L™" 6-BA+1.0 mg-L™" NAA; MS4:
MS+0.6 mg-L™" 6-BA+1.0 mg-L™' NAA; MS5: MS+
0.9 mg-L™" 6-BA+1.0 mg-L™" NAA; MS6: MS+0.2
mg-L™" 6-BA+0.6 mg-L™" NAA, £33 iins
g LB AR AN30 g LT RERE . 15K 4k1R17K, 30K 5 Gt
NREFMER, HEAMSIR R E 7%, 16K )5
Uit P AR RIS, FERHEH: B A AR B R R AR

2.8 BUERSH

K HMicrosoft Excel 2010%/FiE47 $E 7, K
SAS 9.2 AT 5 ZE 43 M1, N TukeyskDuncan’s
WEWEF T 2 B, A R IE % e (R

© 0000 Chinese Bulletin of Botany



P B S BOE XFEAR, sin-1V ), FEHEAT 7 22 00H7
I P A SR =702 A T 5 26 0 AME PR AN B M A A

SN H)%x100%;

AN T R B AR = (BB Ak 1R 58 ZEANBUAS A
SMA%)*x100%;

K=K 22 om 1) FME R AN B/ R o E
4% 100%;

AR R = (AR AR A RS Bl B A e AR A
#)x100%

3 HZR5ITR

3.1 FRERBHBENE
AR AME AR B IR R, O BRI KO A
MY 2/ )G, MR EHLR O ATER, A IS

R/L NIFTIA5 2 R B T A 28 (P (A v 22)

Table 1 Regeneration efficiency of different marigold genotypes (meanstSD)

FWEEE: IR AR RRES L 751

oAk, Home e fudi 2 5 — i ) BRG . H52-4 )
NASTE ZEPGE T B B, 48 JE AN 8 SR T RE
RGPS R, JI A5 5L R BT 73 o8 5 4R (250%)
HHEE A2 (30%—50%) MEFF A2 (1%—30%) FIAS g AR
(0-1%) 450K, HAEBCRWEMA-DE/R. &R
M, M AR 2R RN -
(54.21%) A1 B R R - 85 16,(51.44%) . —FH B AR L
BER, HEERIHEHAE R e, HES R
o DR bk £ AR - 38 O IR AR IR R Y, I R S 42
[ P AR AR R LA 7L o 4L, Tukey 75 22 53 41 J
2 E LA R oR, TR T3 75 46 T A= 1R 5 i
#(P<0.001), NFEFERAFHAEZZIE, EE4GH
oy SETRV R TE il ok i AR (2 B - ) . ERAR40
ANERAMFAREGHEZ R, BYERAE L E
BeHEk .

No. Genotype Phenotype Regeneration rate (%) Source Regeneration type

1 Perfect-Golden Short-height plant, yellow-oran- 54.21+12.11 a Chunhe Easy
ge color, double petal Gardening (F1)

2 Milestone-Yellow Short-height plant, yellow color, 51.44+8.29 ab Sainuo Easy
double petal Gardening (F1)

3 Proud-Orange-yellow Short-height plant, yellow-oran- 41.47+6.12 abc Dannuo Moderate
ge color, double petal Gardening (F1)

4 Chrysanthemum Short-height plant, orange co- 36.23+11.95 abcd Huaxianzi Moderate

marigold-Orange lor, double petal Gardening (F1)

5 Xunlei-Yellow Short-height plant, yellow color, 33.48+13.73 abcde Chunhe Moderate
double petal Gardening (F+)

6 Galore-Yellow Medium-height plant, yellow co-  31.95+18.22 abcdef = Hongyue Moderate
lor, double petal Gardening (F+)

7 Proud-Golden Short-height plant, yellow-oran- 30.50+10.33 abcdef = Dannuo Moderate
ge color, double petal Gardening (F1)

8 Double marigold- Medium-height plant, yellow co- 22.01+14.56 bcdefg  Jingiu Difficult

Light beige lor, double petal Gardening (F1)

9 DC Short-height plant, orange co- 21.33+13.66 cdefgh  Self breeding Difficult
lor, double petal (inbred line) *

10  Youyi-Yellow Short-height plant, yellow color, 18.00+1.83 cdefgh Chunhe Difficult
double petal Gardening (F+)

11 Miracle-Yellow Short-height plant, yellow color, 13.29+9.62 cdefghi Huaxianzi Difficult
double petal Gardening (F+)

12 Old Inka-Orange Medium-height plant, orange co- 13.241+10.50 defghij  Hongyue Difficult
lor, double petal Gardening (F+)

13  Liberty-Yellow Short-height plant, yellow color, 12.95+8.82 defghij Huaxianzi Difficult
double petal Gardening (F+)

14 6210 Medium-height plant, yellow-oran- 10.00+11.08 fghij Self breeding Difficult
ge color, double petal (inbred line) *

15 F8 Medium-height plant, orange co- 9.3315.96 efghij Self breeding Difficult

lor, simple petal

(inbred line) *
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®1 (&)

Table 1 (continued)

No. Genotype

Phenotype

Regeneration rate (%)

Source

Regeneration type

16  Fengsheng-Orange

17 AJ

18  Inka-Orange-yellow

19 S3

20 S12
21 S5

22 SWw2
23  Hawaii
24 6170

25 Jindun-Yellow

26 GFR
27 DH
28 Vanilla

29  Double Chrysanthe-
mum marigold-Orange

30 6155

31 9905

32  Antigua-Orange
33  Discovery-Orange
34  Double cut flower

marigold-Lemon
35  Double mari-

gold-Golden
36  Marigold-Deep
orange
37 MB

38 New Feng-
sheng-Yellow

39 S13

40  Yingtai-Golden

Short-height plant, yellow-oran-
ge color, double petal

Short-height plant, yellow-oran-
ge color, double petal

Short-height plant, yellow-oran-
ge color, double petal

Medium-height plant, yellow co-
lor, simple petal

Short-height plant, yellow color,
simple petal

Short-height plant, yellow-oran-
ge color, simple petal

Medium-height plant, yellow co-
lor, double petal

Medium-height plant, yellow-oran-
ge color, double petal

Medium-height plant, yellow-oran-
ge color, double petal

Short-height plant, yellow color,
double petal

Medium-height plant, orange co-
lor, double petal

Short-height plant, yellow color,
double petal

Medium-height plant, yellow-w-
hite color, double petal
Short-height plant, yellow-oran-
ge color, double petal
Medium-height plant, yellow co-
lor, double petal

Medium-height plant, yellow-oran-
ge color, double petal

Short-height plant, yellow-oran-
ge color, double petal

Short-height plant, orange color,
double petal

Tall-height plant, yellow color,
double petal

Medium-height plant, yellow co-
lor, double petal

Tall-height plant, orange color,
double petal

Short-height plant, yellow color,
double petal

Short-height plant, yellow color,
double petal

Medium-height plant, yellow co-
lor, double petal

Medium-height plant, yellow co-
lor, double petal

7.11%7.70 ghij
7.02+13.41 ghij
5.11+7.87 ghij
4.92+2.75 ghij
4.67+10.43 hij
4.67+5.06 ghij
4.67+10.43 hij
4.22+5 .87 ghij
2.89+1.62 ghij
2.71+4.36 hij
1.9241.75 hij
1.33+1.83 ij
0.91+2.03 j
0.71%1.60 ij
0.00%0.00
0.00£0.00
0.00£0.00
0.00£0.00
0.00£0.00
0.00£0.00
0.00+0.00
0.00+0.00
0.00+0.00
0.00+0.00

0.00+0.00 j

Shijie seed (F+)

Self breeding
(inbred line) *
Chunhe
Gardening (F+)
Self breeding
(inbred line) *
Self breeding
(inbred line) *
Self breeding
(inbred line) *
Self breeding
(inbred line) *

Thailand (F1)

Self breeding
(inbred line) *
Sainuo
Gardening (F+)

Self breeding
(inbred line) *

Self breeding
(inbred line) *

Thailand (F)

Jingiu
Gardening (F+)
Self breeding
(inbred line) *

Self breeding
(inbred line) *

Huaxianzi
Gardening (F+)

Sainuo
Gardening (F+)
Jingiu
Gardening (F+)
Jingiu
Gardening (F+)
Jingiu
Gardening (F+)

Self breeding
(inbred line) *

Sainuo
Gardening (F+)

Self breeding
(inbred line) *

Shijie seed (F+)

Difficult

Difficult

Difficult

Difficult

Difficult

Difficult

Difficult

Difficult

Difficult

Difficult

Difficult

Difficult

Unable

Unable

Unable

Unable

Unable

Unable

Unable

Unable

Unable

Unable

Unable

Unable

Unable

AR A6, FIFIRE NG R EP<0.05 K F 2 R 1 %

* The inbred line was self cross in six generation. Different lowercase letters in the same column indicate significant differences

at P<0.05 level.
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Bl GAEFNW DR

(A) GFEAEERA: BEM- 5, (B) PEFARKNE: A BHMR,; (C) MHAERRS: Hik %, (D) NaEFARNE: %
PR (E) A KTEMS+3 mg-L™" 6-BA+3 mg-L™" IAA+3 g-L WIS +30 g-L " HERERE R B () AR B - 3t s (F) ZEKAE
MS+0.3 mg-L™" ZT+2.0 mg-L™" IAA+3 g-L ™"l ¥k iz +30 g- L~ BB 37 56 10 LA - B s (G) A KAEMS+0.6 mg-L™" ZT+0.5
mg-L™" IAA+3 g-L A +30 g- L HERE R 37 5 10 AR R - B (0 Ay (H) £ K AEMS+0.2 mg-L™" TDZ+0.5 mg-L™" IBA+3 g-L™'#8
WIEE R +30 g- L7 e bE R g5 3 0 LR B (1) 4B KAEMS+0.2 mg L™ TDZ+0.5 mg-L™" IBA+8 g-L™'5fi5+30 g L' REmERE 3%
LR EARME- B B (3) ZEKAEMS+0.2 mg-L™"' TDZ+0.5 mg-L™" IBA+8 g-L™'Biflg+40 g-L ™" Fe bl 5 35 S 0 LR AR - 3 it 3 (K)
TEMSTRE IR EARRNURC I AR T, (L) BB uid i AR Rk . (A)—(K) Bars=1 cm; (L) Bar=2 cm

Figure 1 Leaves regenerations process of marigold

(A) An easy regeneration genotype: Milestone-Yellow; (B) A moderate regeneration genotype: Proud-Orange-yellow; (C) A
difficult regeneration genotype: Miracle-Yellow; (D) An unregenerable genotype: Antigua-Orange; (E) The leaves of Mile-
stone-Yellow on the MS medium supplied with 3 mg-L™" 6-BA, 3 mg-L™" IAA, 3 g-L™" phytagel, and 30 g-L™" sucrose; (F) The
leaves of Milestone-Yellow on the MS medium supplied with 0.3 mg-L™" ZT, 2.0 mg-L™" I1AA, 3 g-L™" phytagel, and 30 g-L™
sucrose; (G) The leaves of Milestone-Yellow on the MS medium supplied with 0.6 mg-L™" ZT, 0.5 mg-L™" IAA, 3 g-L™ phytagel,
and 30 g-L™" sucrose; (H) The leaves of Milestone-Yellow on the MS medium supplied with 0.2 mg-L™" TDZ, 0.5 mg-L™" IBA, 3
g-L™" phytagel, and 30 g-L™" sucrose; (I) The leaves of Milestone-Yellow on the MS medium supplied with 0.2 mg-L™* TDZ, 0.5
mg-L™" IBA, 8 g-L™" agar, and 30 g-L™" sucrose; (J) The leaves of Milestone-Yellow on the MS medium supplied with 0.2 mg-L™
TDZ, 0.5 mg-L™" IBA, 8 g-L™" agar, and 40 g-L™" sucrose; (K) Regenerated shoot extension and rooting culture on MS1 medium;
(L) A living regenerating transplanted plants. (A)—(K) Bars=1 cm; (L) Bar=2 cm
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32 FRFFREEXNAFEFHENTIY

3.21 6-BAFMIAAXMAEFBEENRID

F T W0 6 T 25 B 9% 56 b 41 i 43 24 32 2 W B (B-BA) K
FE(5 mg-L7')id n, 23 b S AR S 3L (Kataeva et
al., 1991; FRIm5e2%, 2011) I 5 W 8t 4 5 4k 20 %
(Nuoendagula et al., 2017). [H I, ¥6-BAWKE RN
3mg-L™", HEARFEREFIAA. FIE20 51, B IAA
W g hn, A IR R R E R, Hp3 mg-LT
6-BA+3 mg-L™" IAAZL & BLRR I - 8 €0 (1) .4 2R3k
65%, MM RER S, HIFER/DN, Ay ™ i
(EI1E).

+®2  6-BARIAAXT T A5 EAZER - 3¢ (i FEAE 520
Table 2 Effect of 6-BA and IAA on leaf regeneration of
marigold Milestone-Yellow

No. 6-8,61 IAA_1 Regeneration
(mg:L™) (mg-L™) rate (%)

1 3 1.0 37.50£15.00 b
2 3 1.5 40.00+14.14 b
3 3 1.8 35.00£5.77 b
4 3 2.0 52.5045.00 ab
5 3 25 47.50+17.08 ab
6 3 3.0 65.00£12.91 a

[ FIA /NG FRERIRTEP<0.05/KF EH B & .
Different lowercase letters in the same column indicate sig-
nificant differences at P<0.05 level.

3.22 ZTRMIAAXM AEFBEENR

A3, AN EWE I ZTANAALL & X B AT - 3% (0
HF AR BB . MZTIREE 0.3 mg-L7'i, b
AR EAR, HARMKT40% (KI1F). HZTIRERN
0.6f11.8 mg-L7'if, FA%E EH e, H10.6 mg:
L™ ZT+0.5 mg-L™" IAA N4 A, FiERIA67.5%.
ZA G BRI R AR IH = 5, HAME A $A
R, HPEAERAREZER, BIERHRE, WD (K
1G).

3.2.3 TDZMIBAXM AFHBEMEMN

FHRAFIRS AT [, AN[FEHFE I TDZANBALL & Xt B2
- F A W . RAEIR, HETDZHK
FERII N, FA R M LI60%EHT 4K £130%, H i
WRIETDZHE 5 S 8UN & B msAk, 1WA [FKR 5 IBAXS
Ji 5 AR B3 . NIRRT &

M HTDZIR AL . 5 41, % m0.5 mg-L™
IBAFGAE 2373 &5 7-0.25 mg-L™" IBA, H.24[# 5E IBAK
0.5 mg-LT i, BE% TDZUR BE ik, i A Ak
B S N FE R I0E %, 0.2 mg-L™" TDZ A&k
f. 0.2mg-L™' TDZ+0.5 mg-L™" IBA A4,

H #%5562.5%. AHE0.6 mg-L™' ZT+0.5 mg-L™" IAA
HE, ZHAEAEFK, @, EWRED(EMH).

3 ZTHNAAXS T3 755 BLFE RS 38 €t v {48 s

Table 3 Effect of ZT and IAA on the leaf regeneration of
marigold Milestone-Yellow

No.  ZT(mgL™) IAA (mg-L™") Re?aetge(f,zt)ion
1 0.3 0.5 37.50£9.57 be
2 0.3 1.0 35.00410.00 be
3 0.3 2.0 22.50412.58 ¢
4 0.6 0.5 67.50£9.57 a
5 0.6 1.0 40.00£8.16 be
6 0.6 2.0 55.00410.00 ab
7 18 0.5 52.50415.00 ab
8 18 1.0 55.00£19.15 ab
9 18 2.0 275042217 ¢

ZT: TKFE. FFIAFR/NG FERREP<0.05/K T £ 7 B .
ZT: Zeatin. Different lowercase letters in the same colu-
mn indicate significant differences at P<0.05 level.

R4 TDZHMIBAXT /37540 FLALRE - B (ot Fy /A2 ) 2
Table 4 Effect of TDZ and IBA on the leaf regeneration
of marigold Milestone-Yellow

No. TDZ(mgL™") IBA (mgL™) Re?a(etz(e(zzt)ion
1 05 03 62.50+12.58 ab
2 05 05 55.00£17.32 ab
3 05 1.0 67.50+15.00 a
4 1.0 03 40.00+14.14 bed
5 1.0 05 57.50+20.62 ab
6 1.0 1.0 47.509.57 abcd
7 1.5 03 32.50+12.58 cd
8 15 05 52.509.57 abc
9 1.5 1.0 27.509.57 d

TDZ: WEXKFE; IBA: BN TER. RIFIANFE/NSFERRIEP<
0.05/KFZE 57 23

TDZ: Thidiazuron; IBA: Indolebutyric acid. Different lower-
case letters in the same column indicate significant diffe-
rences at P<0.05 level.
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3.3 /NHEAIXAEFEHBERRE

ORI, /0N P AR 0 /0 P 1) P A 230 TG ) X 22
535 966.67%H163.49%, &3 m T L E /AN AR
#(29.84%) . HFIM A MWIIEILE 0 N, B4/
L SN A RN AN 8 B A KA B ARAE
VIS, ZRa 2508, Lla/hE ok,

5 TDZHIBAXS 7 75 4G B ARTH - 3 (5 Fy FEAE [ 520

Table 5 Effect of TDZ and IBA on the leaf regeneration of
marigold Milestone-Yellow

No. TDZ(mgL”) IBA (mgL") Ref’a‘ige(f,zt)'on
1 0.1 0.25 22.50£15.00 ¢
2 0.1 0.50 40.00£8.16 ab
3 0.2 0.25 35.00412.91 ab
4 0.2 0.50 62.50+12.58 a
5 0.3 0.25 35.00412.91 ab
6 0.3 0.50 47.50412.58 ab
7 0.4 0.25 35.00412.91 ab
8 0.4 0.50 32.50417.08 ab
TDZAIBARIZA4. SIS T BF 05 (EP<0.05/K T2 5
w3,

TDZ and IBA see Table 4. Different lowercase letters in the
same column indicate significant differences at P<0.05 level.

80 a
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3.4 EFINH A BEMBEIRLCHRNE

HIIE2A, BRIAI, AN[RIZRAY K B A ] AL 1006 5 73 4
R AR SR AN TR, (EN AN 8 2 R A 3 5
Wi o A A2 R B I R R AR ATG, B3R A B G ™ o
ERE I S 5 S AN S P AL . BRI N8
gL', JIARAG AR SRR, 1565%, (RIS 2
IR E41.55% . HAEFRPIRELF, Wik,
FRAERSE (1)

+6  NHERALNT ST AR AR I R
Table 6 Effect of lobular parts on the leaf regeneration of
marigold

Leaflet Regeneration Status

segment rate (%)

Whole 66.67+11.55 a Callus and buds differentiated
leaflet at the incision

Basal 63.49+8.64 a Callus were differentiated at
segment both end incisions, but only

adventitious buds were diffe-
rentiated in basal wound
Top 29.84+11.75 b Callus and buds differentiated
segment at the incision

[FFIA R NG = BERREP<0.057K F 2 7t B
Different lowercase letters in the same column indicate sig-
nificant differences at P<0.05 level.

120
a

100 + { a
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b
il
0
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B2 A7) [ A R HE X 75 75 4 BRI - 34 (I A SR B B 4 2R 1 2 i
(A), (B) IR A 52T R ik BE(T1: 3 g- L MR T2: 4.5 g-L MR T3: 6 g- L Htie; T4: 7 g-L '35 i, T5: 8 g-L '35
Jig; T6: 9 g-L"Bitfig; T7: 10 g-L7'5ifi8); (C), (D) ANFRIBEMERSE . A[F/ING 7R RIRIEP<0.05/K F 2 57 5.3

Figure 2 Effects of different curing agents and sucrose on the leaf regeneration and vitrification of marigold Milestone-Yellow
(A), (B) Different types and concentrations of curing agent (T1: 3 g-L™' phytagel; T2: 4.5 g-L™" phytagel; T3: 6 g-L™" phytagel;
T4:7 g-L™" agar; T5: 8 g-.L™" agar; T6: 9 g-L™" agar; T7: 10 g-L™" agar); (C), (D) Different sucrose concentrations. Different lo-

wercase letters indicate significant differences at P<0.05 level.
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3.5 FEFEXMM R BEMEELAZD

K2C, Dion, AN[AHRFE RE BT 5 45 45 AR R TE W] 1B
FoM, R[] A B T (R 58 2E B B AL R A
Spo Bl REPEIREEMOREN, HAEREM L TG T
#ady, £E40 g-L7 A S5 K (70%). T 334k 2R e
G WV (K58 T B M R AIG, 40 g-LT T RER I A 2
IR FRRE16.07%, I H2F Kt (&1J).

3.6 AEFMKER

HIZRTATA, H 57 2 v AR DA [R] AR X A 3 2
A WL I HIE R o AT DIE (TR FMS 1 5 95 2
I ANE S, MRS, TR %E4-5 cmi
(EI1K). H K 224-5 em KR i # S AG IE TR
FIMS1E IR HEAT AR, EMRAFIUL100%. FAMR2)
M A BT R AR AR, W 5 B, EARMEEE, HAE
IEHIFAE(EL).

3.7 g

FAEAR 2R SN AR ) PR ST | B AL A A AN o B
PR ORAP BA B S AR AN [ R ) A e
AR K2 R (EM RS, 2018). Tl (2005) K54
ANE R LA H (Tagetes patula)H F 2 F0 7EMS+
1.5 mg-L”™" NAA+1.0 mg-L™" BAK: 24 |, RILEA]
HIANTE ZF A2 3 22 5%, 216145 R i 151 985%
ik £3%%5(2007) LLIE FR(Linum  usitatissimum) 84N
RN R 9 SR BEAT MR B AT A, I B
AEFFH R KT e MFh, 1£98.5%. AT Fi
F7 540N FE R B () B AR W SRR B, AN [ ik A
AN EAERNEREE. WA, JIHEFHERLR
)R AR AR AR, AIRERH T AR 2R AL
AR, RSB0 B AR T .

w7 RRIBEFREEXS TR A 2 S KISE IR

FE DA 7R 2 B T HE 3R 35 A 2 21
g BHil, CHMRZ KT ARKERERA S HE
VI RIE, — R AR R KRG —
SEWBIHE, A A BEEIEHL . A E BRI
7S (X F4E, 2004; Pal, 2019). 6-BA. ZTAITDZZ
W I3 YR i R R B, AR HEAN M o1k, 5
SAEFMERAETE . Hord, 6-BATEREYI RN 1#
BPEZE, A EAE AL B R BRTE; ZTR — MR IR 4
Moy g, WEPESR, BRI/, nTRAEY) B B A,
B o, H 5 S MEAENR; TDZEA M
= AR R, (B EIREE N TDZ A 5 T S 2H 55 1 30
HAERK o . AT ANBIIRIE S, T35 26 P AE B R 4
4 K% N6-BA+IAA (Vanegas et al., 2002; &1,
2010; Nuoendagula et al., 2017; #§=, 2018).
6-BA+NAA (Vanegas et al., 2002; & 7K, 2010;
Kumar et al., 2018)f16-BA+GA; (i& T NI, 2010;
Gupta and Rahman, 2015)=Fl. AHF5IRR 733
A A S (6-BA+HIAA. ZT+HIAAFITDZ+IBA)XT /5
HH M, K3 mg-L” IAA+3 mg-L™" 6-BA
H6-BAHAABL F H A 1 & IR E, 5 Vanegas®s
(2002). M -FNI%(2010)FINuoendagulaZs (2017) it
Basie—%, H5BME2018) M4 k@2 mgL™”
IAA+3 mg-L™" 6-BA)ANIA], it BAAH A4 AN [F (R
TR Sof L A A KR 7 7 %) 75 SR DA R S B FE AR 72 o AR T
FEW, 53 mg-L™ IAA+3 mg-L™" 6-BAKALL, 0.6
mg-L™" ZT+0.5 mg-L™" IAAZE & 5 35 58 55 10 7T 5556
HANORTE L, AEF R B4R, HES KRG
L AL AR, X 5ZTIEES ). 0.2 mgL™
TDZ+0.5 mg-L™" IBAZL & 7E 2 s AL R p e |,
PRI T AN E ZF /N 55 RS, (F LA B B,
NG HEAR, RHERBMEAS.

Table 7 Effects of different media on the elongation of marigold adventitious buds

Code Treatment Ex'\rl)cl)e-mt Elrg?eg?:/:)c))n Status

MS1 No hormone 46 91.30 Strong; elongate 4—5 cm
MS2 0.1 mg-L™" TDZ; chang to 0.01 mg-L™' TDZ after 15 days 60 65.00 Healthy; elongate 3-4 cm
MS3 0.3 mg-L™" 6-BA+1.0 mg-L™" NAA 53 30.19 Weak; elongate 0—2 cm
MS4 0.6 mg-L™" 6-BA+1.0 mg-L™" NAA 55 18.18 Weak; elongate 0—1 cm
MS5 0.9 mg-L™" 6-BA+1.0 mg-L™' NAA 57 12.28 Weak; elongate 0—1 cm
MS6 0.2 mg-L™" 6-BA+0.6 mg-L™' NAA 45 33.33 Weak; elongate 0—-2 cm

TDZ: WEZ[%; NAA: 2528 TDZ: Thidiazuron; NAA: 1-naphthylacetic acid
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AH [ESMEARAS [F] A7 1) AR e AN R . 1 A
FL(TRAERLEE, 2000; Z4E 25, 2018)% M, M A
2 oKk F )1 R FLB I (1) e BE 4 Y 23 Ak, R P IR 2R
SO HUE TR Lo & IR B FE B g 0, vl e
R ANE RO AR RE TAFEE R IR Z — . BT
(Diospyros lotus)r v 2 &6 1) F A= e 77 ok, H AR
TR B A 7 27 B 5 B3 v 1 TAR 45 2L e 0 Ar (i A
55, 2008), KumarZs(2019) kB, Ji 745 /N FE0
B AR R AP 2R 50 = T/ R, 5 AN S A
R RUFTEY], T35 AME AR R4/
AR, 5V EE SR, B BN B A
R, ARERH T /L, ESEZHA
TEE, R AR

1R Z M YA H LB TR 78 b 2 7 AR B AL I R
U1 41 77 (Dianthus  cargophyllus) (5K 21 A1 £ 77 #,
2008). %j{t(Dendranthema morifolium) (#\JK#&E%%,
2009). HE P IK H (Mesemb-ryanthemum crystalli-
num) (855, 2016) L0 K #%(Populous suaveolens)
(AZE AR % 2017)0 BP0 e AME AR K/
JEHR L IRE . B ORISR AR AR S
RY 2B IR (F S5 5655, 2011). Hrfy, AR
Y oy 2R PR AL AR B TR A O (B Z g A g,
2016). HiI AN CAH KT 52455 S AR AP B A 15 3
FEALTT T BT 7T (204, 2013; RIS 4F, 2020). &
THERRSL 775 TR AR R R, BRIE AN R
WEEZ A, RER T [ T2 B RN FE R R A FEE of
FiAF AR, L8 g L BIEMA0 gL e
A B, TR TRISE(2010)% (2K 7 75 56 F- A (1
FLERER, 6 g L EYBHR KA R AR, X
EARRE T 22 5 o3& B 11 [0 751 R BB W] (i ik i
A2 kDA 8 B AL R A o AE B R B A g e FH
W2, bR FREKRE, R TR RO, X R AEA
Fl; FEREMR K m 2 FEOE RS Rl w, AR
T %M A

I B il — P R G, A AT e 4k
IR . AWFTORIL, K755 AR
ANGE R BARINEE IMSEE 72 58, KR &
B, WINEE A E FHIE MHIES, S5Vane-
gas%:(2002) }2 GuptafiiRahman (2015) ) 5 45 &
— . FIREAEF LA BAANIAR T RESNE
W, WO B BN gk SRR L8, DL B4R
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The Establishment and Optimization of a Regeneration
System for Marigold (Tagetes erecta)

Yagqin Wang" 2, Ludan Wei', Wenjing Wang', Baojun Liu', Chunling Zhang'
Junwei Zhang', Yanhong He"
"Key Laboratory of Horticultural Plant Biology, Ministry of Education, College of Horticulture and Forestry Sciences,
Huazhong Agricultural University, Wuhan 430070, China; 2Wuhan Hanyang Municipal
Construction Group Co, Ltd, Wuhan 430050, China

Abstract In this study, marigold (Tagetes erecta) leaves of 40 different genotypes were used as explants to induce
adventitious buds formation to select the best regenerating genotype. In addition, main factors impacting the selected
genotype’s regeneration and vitrification were analyzed, including hormone combinations, the way of explant incision,
curing agent and sucrose, etc. Finally, different types of elongation medium were explored. The best regenerated
genotype was marigold Milestone-Yellow. The best regeneration medium was MS media supplied with 0.2 mg-L~' TDZ,
0.5 mg-L~" IBA, 8 g-L~" agar, and 40 g-L~" sucrose, in which the regeneration rate was 70% and the vitrification rate was
reduced to 16%. Whole leaflet was the most suitable explant among different leaflet segments; the best performing
elongation medium was MS media supplied with 8 g-L~! agar and 30 g-L~" sucrose, and the elongation rate was 91.3%.
This study establishes an efficient and stable regeneration system of marigold, and solved the serious vitrification problem
commonly found during regeneration. It laid a foundation for marigold genetic improvement and gene function research.

Key words marigold (Tagetes erecta), regeneration, genotype, vitrification
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