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W] & % = Tl & I AR R R/ AE R R BB X 100 %
1.4 FELFRENE

W IFAESE 1.2.3.4.5.6.7.8.9 K I IRAEFN G
ARACAE 3K 43 58 A U1 1T 0 3% R v 5 A 16 R -3 4
AU R B T B A A5 R Sk 2 B € 0 A R
AL B R Sk BRI, A R B R 3 R E
LR EERALERE 10 22/ME,
1.5 fEHMAXNAE

D KBEAER A, fEAREM T, EER 8 4
Ab R AE 0T I AL B AR DU R G P 1 A5 0 4
AR R SRR — HE, 7R AR R PG b 0 A O A B R
0.5 mUE B A 4 10 B, I 78 8835 A 2 1mi U A L
TR IRATTE AN 2.5 ecm X5 cm, TEEIE A AR
L EEE 1 d I SRS LA RAE R B

DU R R A, 7E LA B A RE b B AL
FEH 1.0 mX 1.5 m BMLEL/INIX (2 50 @i4E) . T
WA LWL 1 d  07:00—19:00 P46 H Y2
S UIAEAT R %, SRAE Vi AE R s Ui b R
IR e TR B OB R SR, R KRR
T AR B[] 45 P28 6 1 B2 A1 46 i 7= 2 i S
16 BHZEERSGEKRN

1) Z% 2% #8 #( (out-crossing index, OCD) 1 &,
F2 I8 Dafnit™ (AR, AR 516 S AL )T B AR AL 2T
SAF 8] 5 4 Sk T 452 109 22 1) 1 B )R] B L AR Sk S AR 2
(23 (R  B HEAT 24 SR B R A B R G A
Wi, B4R (DAL HAE<1 mmidh 0,
1~2 mmicdH 1,2~6 mm ic A 2,>>6 mm ic A 3;
(2) 625 1 4k 1] 5 4 Sk ] 432 109 22 [ fg s ] i) o )
i SO R SE #GE S 0L BERR B BGE S 15 (D RSk 51k
A e B W — @ B ok 0, 2 m 4 B e 1.
=HZHHN OCI{H., PFHABRAEN: OCI Jy 0 i, %
HRGENHEZHR ;OCL N 1 M, EFHF RGN LA
225 0CL 2N 2 iy B/ R G et A28 OCL 2y 3 1,
BH RGN AL EM, A 0T EAALRH; OCL A
4B BT RGNS AR RS TR EL .

2) 68y /R ER H (pollen-ovule ratio, P/O) | % ,
B ML 2 LR H T ik 7 L8 BEAEOIRAE 30 2 U B2
R AEZ5, ] 1. 0 mol/L HCI 60 °C F K f#t £ 4£ 2}
BELHIAR 1 mL B9 W . B 0. 01 mL £E 8 W, i
A WAUEE NG WSSOI Gt R A AR Y
Bom , A THA 8 G BOEE, T3 45 - iy 100 %
Bk A A RO AR . B 30 Ze IR AL, FH T R 90
T AERL BB TSR IREREH . P/O i

T3 ¥ Ry B o A6 0 48 B B bR DUR Bk £, R 48 Cru-
den™ W #R UE. P/O Ny 2. 7~5. 4 W, M 4E 32 K s
18.1~39.0, H3Z;31.9~396. 0,1k {3 ;244. 7~
258 8.0, MPEFAZ ;2 108. 0~195 525.0, %38,

DR R E . 755 H LA, kA KRR
EEN Y VN ERYANE -3 33 /2.0 1 i S A TR K B X (RN
K2 REMILET M, LT 7 F oy ki %
MR E : O AR EFMT A RBRERIL, A B4
(R4, TED , B B8 @ ZEREIRIE, A B4,
H A @ ERBRE R . £ M 4E (FL12 0. 42 mm),
H G K @ RBREIRIE 48, N T4 B #2 7] — &
FhHABAL T B ALK s © KBREIRAL, 48, N T4 Bl
AL ST ALK s © K BRAERAE, B R#HIT A
TR N s O L BRAEIRAE, 48 Rl iT N T8
e b 7 AL bRIC 60 N HE)P. AL
20 d. il gh s R,
1.7 HIESHHZE

HH Excel 8 3K V- Y18, J] DPS7. 05 # ) #E47
225 Hr Fl Duncan’s Z 8 3.

2 HBREH

21 AEEWNFENSMEDES

DfLAE REAEFRA 1 . LA w0 BLAT 45 Bk i 4y A
M JARAE AN 3~4 B B kR e B B
HEC ST s 5 R A R R Y R Sk s v ) AR A
HLA 375 W 04 B 0T 250 L T iy o 4 1 4 R AE O L R 24 I
BEANT ARAE L

DAEF IR . FLAE RS R A B ORI R
R T 1] 3 B AR R T, A6 55 0, A PR AR B A T
A RS S B H R 186 ~245 25, SKIRIEF
HNEER R 65~79 =, o H R FE 23~33 2,4
ARAE 32~46 Z&. AETF /NG T RN T 52 4 3
P s SN AR A 58 FE I, SR 5 = IR AR TR, A IR A
F i EIRAE 2. 65 mm. DA 1 25 HORAE TR CE R
A6 T AR & AL T T8 BT 72 L BN b 75 3] 5
12 TRAETF I T B 21 ~24 d, 4B )5 T hlcad 72, B
MEE 1 Ze T ARAE T 8 2 T A /A 238 TF i) o 72
FRTEERIN 6~7 d. mEE VHIET HAENS. 32
em, AEFSE TP 5~ 6 d J5 46 4= B (0 T 1 3% i 7%
R, A TETT B TP ARt H] Ry 20~22 d.

D HAETFHLARE . FLAEF/INIE 1 d 09 TF i [i)
9 08:00—16:00, i K45 K /4L 1E 08:00—11:00
TERC TG WA 1 AN TF A6 = 0, W /D &6 43 FEAE 14:00—
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16:00 FFJ . B K ol FR B o 46 26 FF il Bsf i) 428 S5, 24
RIFAEECE WD | IF A8 ELARE AR B A

‘DA T RAE DL R AR AR ME RS O 0 B2
G T L, — %, — IR BRI AN

SORAE P I FF AL LASE 1 2 & IR AE TR AR R FF 4
WEE 1 R, SHRMEEE WL BlERE =
A SOIRAE T B R B SRR A S ARAE AR
EORAETF AL R 92 % & A0 R 92 i 4 A p i,

TORAETF AL (B 1AL B) 55 1 Z=F 4R 4 &I
G 3~4 d, & ARACTE S 5 FF I, & AR AL TF 4B
W, ‘mEH LT L ERERZER K LT
08:00—09:00 Z 6] JF 75, I+ 48 i) ¥ €5 1) 46 5 g IT
Bl 5 AR AE B FF R AE T RAETF A 56 1 K Bk
LR AB K, KEZAEFDR
(P<C0.01) (£ 1), A2tk LB A U6 0 JF . AR
2 RIFIRBNGE 5 KA K 2 R 38 7 i T m 4 A7 IR
AR MUK (B 2A) EARFEZ IR M A

b2 5% 8% (P<<0.01),

BRI (K 1C. DL E) 55 1 2=/ AR AETT
PRGNS 3~4 K, 487 R IR AETF B TR, 78
EARAETERCAT 1 AL AEFE RN SIS A A0 e IR, SR 24 I
Fm Ak I A Sk B R S L R AL
B IR 2L FE A0 O AL SR R B L S5 SR AE
2 K ETCW B AL (P>>0.05) (£ 1), FFHEY K,
5 MU AL e 2 Ah R T, TR R Sk AR K, &
B T HESS . SRR R RIS B
SR B T e O B AR 7E B AR R
BER, il e, EZFE 2~3 d B, LB
I i L HORBOA AR A Sk T 2 R K R
KRR 25 B i (P <<0. 01) (% 1), MIFIEH
4 RIFUR A LA 1R AR 2 5 2Z 18] /9 f B 2
F(P>0.05) (F 2.% 1,

SR H WA A - A8 P T AR S a0 bl s ol 7
3, I ISR B R R

ATORAETFICR 1 K 5 BT RAETERIFI CARIETTIRIT G DAL FERTTHG EAEFHIH : F. 48 K. A:Flowering of

ray florets at the first day;B:Complete bloom of ray florets; C:Flowering of disk florets at the first day; D:Complete bloom of the ca-

pitulum; E:Section of capitulum; F:Population of *Yunque Yellow’.
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Flowering dynamics of capitulum of Tagetes patula ‘Yunque Yellow’

/ ¥ p L

ATRAE s BLAERIE s CoBRIEMER MEREEH 1~9 RAEMBSIAOALEFIFH) . A:Ray floret; B:Disk floret; C:Growth dynamics of

stamen and pistil of disk florets in 1-9 days.

B2 FLEE ZEH NEMEXERIDE

Fig.2 Growth dynamics of floret and pistil of Tagetes patula ‘Yunque Yellow’
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Table 1 Growth dynamics of stamen and pistil of Tagetes patula
ST /d EHARAE Ray florets EOIRAE Disk florets
ey W K /mm HES A/ () WS K/ mm HE S A/ ()
The length of pistil The angle of stigmas The length of pistil The angle of stigmas
1 16.55+0.79 cB 0.00=£0. 00 cC 14.68+0. 25 cD 8.40+8.32 cB
2 18.18+0. 44 bA 8.60+£10.03 cC 16.224+0. 94 bC 23.47+17.20 bcAB
3 18.94+0. 89 abA 40.00410.03 bB 17.06=40. 64 bBC 16.20411. 32 bcAB
4 19.0240. 34 abA 46.80+11.30 bAB 18.13+0.51 aAB 37.00%17. 82 abAB
5 18.96+0. 62 abA 63.8048.04 aA 18.41+0. 35 aA 34,00+23. 67 abAB
6 18.52+0.69 abA 63.20E14.89 aA 18.47+0. 30 aA 46.80423.51 aA
7 19.12+1.11 aA 65.40412. 46 aA 18.64+1.48 aA 38.20+16.95 abAB
8 18.91+0. 80 abA 66.19+5. 86 aA 18.74+0.19 aA 35.40+24.63 abAB
9 — — 18.59+0. 35 aA 36.4+17.78 abAB

1) 3% AR o P S - b 22 5 R 90 B R 3 AR /D B s RS F 8RR 7E 0. 05 50 0. 01 K F 2R AR, FERF. Data are

letter) or 0. 01(Cuppercase letter) level. The same as follow.

K2 ILEEELTES

Table 2 The stigma receptivity of Tagetes patula %
TrAEE /d TR AL HARAE
Time Ray florets Disk florets

1 20.00410. 00 dCD 0.0040. 00 eC

2 76.6745.77 abAB 0.0040. 00 eC

3 83.3345.77 aA 30.00410. 00 bB
4 76.67411.55 abAB 83.3345.77 aA
5 60.00417. 32 bcAB 60.00417. 32 aA
6 46, 67411.55 cBC 20.00410. 00 beB
7 20.00410. 00 dCD 10. 00£10. 00 c¢dBC
8 10.00£10. 00 dDE 3.3345.77 deC

9 0.0040. 00 eE 3.3345.77 deC

22 ILEEHEMES
LA FEAE Ry 5 7 BAR, B I [R] 28 A6 2 B —
2z b, FFAESE 1 ~5 KRIAERIE S0l
9.73%.6.70% .4.30% .1.48% .0, JFE%E 1~2 K
5% 3~5 RAMWEA W& E R, LG 2
REAR. RS 5 R AEMIE I T &kl 0, vl fL 4
AR FF A
23 tELFEH
I I R e -1 S fb S R B FLAE R m e v
x3
Table 3

mean value® standard deviation; values followed by common letter within the same column are not significant at 0. 05 (lowercase

TRAE FE IR A8 A Sk 6 Bl I RS Ak 25 R B
(P<<0.0D) , W RAEFEFF ALY K, BRI A ] 2, 56
2~ 5 Rk 2o Ak W W I 1 O B v KT AT R M R
955 6 KU, ot AL B PE TR 58 9 RUS .
Joat A ALY IE PR (R 2) . BUIRAEHE Sk i A AL Y
TWEPETETFALSS 3 RIFM B, ZE TR AL 5 4 R 2120
5 Kbk B w7k M5 i AL SRS B D TR
24 fEMAR

D WIEAVE T . FHEE 0 3% 7 vk A D0 381 L A48 B A6 A
PRI G AN B, EAREMET ., T
B4 F R i 45 1) 25090 3 s AT A A il DR T R B 3
el b U WYL AR TR G AL M A ) .

DUIER A, TEFLAE R =8 B R il ok 3
B A6 & JE A 10 AxFp, B2 B H (Hymenop-
tera) .M H (Lepidoptera) . %3# H (Diptera) M
M H (Coleoptera) B L, AN [A] 28 B B Uiy 5 48 i (7]
Z [ (P<C0. 01) Fl— Pt B o 7E AN [w] Bsf 8] 9 U5 46 45 %%
EHAEAEW 25 5 (P<<0. 01 (R 3),

B RiENRE

Insects activity frequencies

it 5] Time W Apis cerana H R Pieris rapae B Musca domestica HoAth Others
07:00—08:00 0.3341.15 hG 2.0040. 60 fEF 4.3340. 35 ¢dCDE 5.3340.89 cD
08:00—09:00 2.00£2.00 ghFG 5.00£0. 61 deDE 6.33£0.34 bBC 6.33+0.70 cCD
09:00—10:00 4,00£2.00 fgEF 10.67+2.51 bcAB 13+0. 34 aA 6.00+0.62 cD
10:00—11:00 13.33£6.11 dC 13.33%1.40 aA 12.67=+0. 89 aA 6.337+0.36 cCD
11:00—12:00 28.67+6.11 aA 12.67+0.71 abAB 4.00+£0.00 dDE 2.00£0.00 dE
12:00—13:00 14.33+1.15 cdC 2.00+1.05 {EF 0.33%+0. 34 {F 1.0040. 60 dE
13:00—14:00 9.33+1.15 eD 0.67+0. 34 {F 1.0040. 00 efF 1.0040. 00 dE
14:00—15:00 16.0040. 00 cC 2.67=%0. 35 efDEF 1.67=+0. 68 efF 5.3340.35 cD
15:00—16:00 22.334+1.15 bB 6.00=+0.00 dCD 5.67=+1.41 beBCD 10.00£1.05 bB
16:00—17:00 22.334+1.15 bB 9.3341.26 cBC 1340. 36 aA 14.00+£1.21 aA
17:00—18:00 6.00+2.00 {DE 10.67+0. 59 abcAB 6.67+0.35 bE 6.00=0.70 bBC
18:00—19:00 1.00+£2. 00 hFG 3.337+0. 35 defDEF 2.33740. 34 eEF 6.00+1.09 cD
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I W K B, B (A pis cerana )= FLAE B B
FEM VAR B, Ui R &, 1 d Fr Ui e e
[B#F 10:00—17.00 Z 8], 7F L 11:00—12:00 F1
T 15:00—17:00 ik KAE  H b4 P5 48 R 24k
R BE AL 22 s B AE — 4B A5 B8 A B[R] R S 5~
20 s, U SRR MY S JBRE RN R PR T
AT IS AAE o B, ok BIAE &N EIRAAEZ
(] @ By , £ fi Al 3] 457 bR A6 e 285 A% 3K s 46 4 5T 3
B H A YA Sk b (AT B /N A 22 B AH B2

H A ME (Pieris rapae) W 52 FL 48 B 1B 8045 ¥
B E 1F) .1 d i AERFE7E 08:00—18:00 £
Z I #E B4 11.00—12:00 A F 4 15:00—17:00
INBl KM, b P Uifb = 2R N . 7TE4E)7 2R
K I T R R R A K, 7E AR P OB BRI, 33
JE% 4 2y ik il 3] A5 AR A6 B R AT S L SR AR K L S AN (R
1) /NG Z TR AH B AZ A

B (Musca domestica )t F& Ui 16 50 R 458 & 19
.1 d v AL [E] 7E 08:00 —18:00 Z [A], 7
10:00—11:00 A F 4 16:00—17:00 ik F| It KA,
Hrrvitesm 28R . WALy i, i
AETE L0 53 W)« 5 B R B AN L T R R T AR
WA — VR BSR4 0 0 o B

AN U546 A 45 L BB (Coccinella sep-
tem punctata) & B (Oxya chinesis) . Wk ( Arane-
ae) fli% 2 (Pentatomidae) &5 HiA B dv , ‘& 176 £ P
BUAE PR b 32 R AL R A A, R TR R R
S A AR R AT AR P T S 0y [E B 6 T AR
W XA — s R BIE A . Ui B B[R] A & 5 L H 2 7E
i R H A BH O A s 0 % B A, 1 48 A0 22 Y I BRI

25 AHEERS

LR REFR WL P ER 3. 32 cm,
IRAEAETE T E 9. 89 mm, KF 11. 82 mm, BARAE H
44 4. 89 mm, [A]— 465 o, 5 R 46 0 e L 4R
A6 5 2 T M B8 R AR Sk R R A 5. 25
mm , BV ME e B 2 D) 43 B, FLOE RE Y 2% 5 4 4K
(OCD AT 4, HEHE Dafnit ™ 48 1 0945 v, FL4E 510
BH RGNS o ASCEM B .

Gt R IR LA R R4 R AR AE - 3
FEM I 3 6875 AL TR HA 1 ek, L P/O
{65 3 687.5, ¥ Cruden™ WbrifE . FLEET)E T
SAEE R .

E5o W7 NP o S I RS oV @ SRS R i
(F O GERFAR TR MDA
B2 R G HE Q) T AR AL 1 25 50 % 1 25 5 T oA Ab 3,
Ho EBRERAE ARELE A mEH GEEO) FARAE
[ 285 5236 h 6. 46 Y0 o 25 £ W 48 (b B D)) it 11 4K
QL PRO) 45 525N 0. 00, F W FL4E BRAETE T
G A gE O 2 R AR HEAT MUBEAL #Y , i B R s T
VERER A . B48 AR R AR IEAT AN T2
Ky Chb B D), & AR AE A AR AE 1 25 52 5 4 R
15. 16 % 1 15. 12 %, @ F LT F AR A MF T 4 50 %
D) . X AT RESE B R 6 7 A R AR 1 e B LA
ARAETF ST ) A B FF S A6 24 FnAE Sk i 07 & s IS
S0 . AR RIES T & RAETF i, B
HEARAE 2. 65 mm BORAETF AL Y KL IE S s
e Sk K o i R BBOA A A6 A I 452 4 R S T AR A R
S T 52 1 50 8 1) A0 e T AR AE BB IR AE L R LA B
A DL B AE T 25 /INAE 1 v B 25 S 0 fE I S5 8 1 o

x4 BHEFERFEEXER

Table 4 Sexual breeding system seed setting rate %

fib #

Treatment

FAR AL %

Seed setting rate

N LT
Seed setting rate

of ray florets of disk florets

@ HMHIEHR Free pollination

@  EHERAE AL, A Remove disk florets, unbagged, free pollination
ZEREIRAE . EM A, A B £ #H Remove disk florets, bagged with screen mesh, free

pollination

ment paper,artificial pollination with the same cultivar

parchment paper,artificial pollination with another cultivar

ment paper,no artificial pollination

ment paper,no artificial pollination

LA ARAE 48, N T8 By 42 18] & AP 4E ¥ Remove disk florets, bagged with parch-

RBRE R, B8, AN T4 B 82 2 Ab & #h #E 8 Remove disk florets, bagged with

EBRERAE, B, AT N T B B2 ¥ Remove disk florets, bagged with parch-

AREBEE R, BN, AT AT #EH Unremove disk florets, bagged with parch-

24.7643.75 bBC
6.46£5.54 dD

33.37x5.03 aA

0.0040.00 eE

40.79£3.58 aA

32.7146.46 aAB

0.00£0.00 eE

15.16£2.79 cC 15.1242.87 bB
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P IEATRIAE T A ACFE Ry . 25 SR I e 25 S 3R I L fL
ERNEFTRERE VSRS T S5FEAT AL
HHEMIRG SRR RS,
3 it
LA A B B 3 0 AR A T R AR B R R Rl
o7&y A o A1 S0 A 4 =2 ) ) M AE e, FL R
(14 18 2 DA K 2 B A6 B L B4 A BN Ak T RT B2 Y
LM ET#E. Cruden 2870 A SH K& 146 B . B
(1 P/ O {E A F T 42 #F 558, FL A48 B4R A6 A6 #y B0
K.P/OMH N 3 687. 5, HLHEEE 55 1 M 48 L 24, 168
FHaAK L IFE)G 3 d ERTE ) B3 N R LA
TS . Ak AT R REAEAR KRR EE LA B
FEAL ¥ F TFAEAS [6] B B 1) A2 3 1 D) 256 45 b A% 2
oA X M AR, AL R EORAEZE T AE R
R AT 2, EAE Sk TR R g e ) KL 5 IR AR A
S S R SR AEAE AP R S R TR B2 R
T J T b EL A AT 52 e Ak o B A s ) R R R Y
Gy AT BTk B AR R R R Xt T U
BALEE SR T S AL A . XU K IR Ui (3=
FURRR A ARG EEEN  ILE R LR
HON AL R WA B A AR By L 1L e R R
SR LA AT AR S Y 2 AR AE K L B R
MR B AR R /N A 2 RS R AR T A5 AL R L
FAE I T JCRE S5 R AR TR 51 T K o i A5 8 . AT
PEIET S AEZ B B B2 8 . A A T P AL B 1A R A
LTSS 3 AN MR B A ST 45 R R I, LA R R
R SR EY . A, OCLLP/O, B4R K 3
For kRl B ML E R BT RGN EA 3
SAC AT A AE R AL S Ry . OCTLP/O fE A HE
WEERGEWNIE RS HFES T Z M A
AF 5 U UE B B AT T LA R s 6t A 000 8 6 90 1)
X AERE R E R M T DR AR A
I S BT 4 L o R A AR DG B 9 5 Y T R R
B RHETTHB LA BRI SR AE ST, /NAE R AR 1) N B
I s A5 AN B B /N AR AT A TS R 45 At A AT
it Hh & A [ A8 P R, e TR = A
LR L P BRSO E 3=k 3
RS2 FE AL 7 F 28 A IR & e R 58, 5 9L
AR, FRAERHET e R - R
e AT B TE Y A 38 B [ A 5 46 B2 R R S A
NEMERZRG . BARAS R ST Fh IS 0 5283 L AH

%

[F) L2 PR A 5 2 % 5, 6 7 ) B 7 A A L
IRANTR] o B0V T R 80 A7 BR T 10 — PR AR e
ANERER Y A A J7 30 BUZ Y AR T e A
Y, BREET R AR RAME A RGEARTY . =k BE
L S EE S ARMAE RIS S S A SRR R
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Flowering characteristics and breeding system of Tagetes patula
HE Yan-hong' DONG Miao'? MA Shuang' PAN Chen' Al Ye' ZHANG Hong-yi' BAO Man-zhu'

1. Key Laboratory of Horticultural Plant Biology ,Ministry of Education/College of
Horticulture and Forestry Sciences , Huazhong Agricultural University ,Wuhan 430070,China;
2.College of Forestry ,South China Agricultural University ,Guangzhou 510642 ,China
Abstract The morphologies of flower organs,flowering dynamics, pollen viability,stigma receptivi-
ty.pollination methods,out-crossing index., pollen-ovule ratio, pollination and bagging effects were inves-
tigated with observation in the outside to determine the breeding system of Tagetes patula. The results
showed that heterotypic inflorescence of Tagetes patula was composed of female ray florets and bisexual
disk florets. The flowering duration of a single inflorescence was 20-22 d. The flowering process of the
inflorescence was classified into four stages including flowering of ray florets, flowering of disk florets.,
development of achene and maturity of achene. Pollen vitality only sustained 2-3 days after flowering,
with the maximum values within the first and second days. The highest stigma receptivity of ray florets
was kept from the second day to the fifth day after flowering, while that of the disk florets was kept from
the forth day to the f{ifth day. Insect pollination was the major pollination method and bees and butter-
flies were the main insects. The combination of the out-crossing index, pollen-ovule ratio and hybridiza-
tion experiment showed that the breeding system of Tagetes patula was belonged to cross pollination
system and pollinators were required. The self-pollination could occur in same inflorescence via the

spreading of pollens during the process of stigma elongation.
Key words Tagetes patula; flowering characteristics; pollen viability; stigma receptivity; out-

crossing index; pollen-ovule ratio; breeding system
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