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Flowering Characteristics and Breeding System in
Camptotheca acuminata Decne
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Abstract; The floral morphology and flowering characteristics in Campitotheca acuminata Decne were
investigated. Breeding system was characterized by outcrossing index (OCI), pollen-ovule ratio (P/O), and the
outcome of bag test and artificial pollination experiment. The results showed that the inflorescences of C.
acuminata were cymes, each of which was composed of 4~ 6 capitula. Within a cyme, the 3~ 4 distal capitula
were composed of hermaphroditic florets, while the 1~2 proximal capitula were composed of male florets. There
were one pistil and ten stamens in each hermaphroditic floret. Each pistil possessed an inferior ovary containing an
anatropous ovule. The male florets had normal stamens, but had no pistil. The pollen vigor in a capitulum reached
its peak in the 2™ day after the pollen dispersal. The stigmatic receptivity reached its peak in 3™ and 4™ days in the
hermaphroditic florets. Stigma lost its receptivity completely on 6™ day after it reflexed outward. C. acuminata was
hemisynchronously dichogamous, and all florets of a capitulim bloomed synchronously. The male phase came
first, in which the stamen matured. Then came the female phase, in which the pistil matured. The female phase of
capitula in one order overlapped with the male phase of those in the next order in the same cyme. C. acuminata
were outcrossing, partly self-compatible, and insect-assisted during the pollination.
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HEMBEEWN TS REREE YRS, BE 8
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1.1 #E¥#r#

E W (Camptotheca acuminata Decne) 74 b K
2515 W RO VS A W B B RS R . TEAER A
Y R BRI ER, T 2003 £ 1 AR B RN AR
K1 atEBSEAE R, 2006 55— DB LIS
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DMLB ¥ B i S AR I B A

1.4 E8E S1FREE LT R AR A Tl

M7 A5 BIFEA, BR 12: 00 K4 10 AR
AL SR AE T I /NE & 10 A, A TTC(2,3.5-
triphenyl tetrazolium chloride) ¥k M & 75 ¥y B9 7% ) F
s BRRAM R TG, 8K 12: 00 RE 10 A
[FIERALI S RAE 7 B /B4 10 B, AR B 4]
R R Sk R R Bk
1.5 Z33EH(OCI) fH

R Dafni AR E ST BRER KD
AT AN E R ET RANITFH ., BAEh 5%
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1, 2~6 mmit}H 2, >6 mm ity 3 ;)L TR

V-5 A0 3k T 452 390 2 i) ek (6] P 8 , [ i e 25 56 284
LN 0, BERSERIE N 15 Q)L SRR E R L
B, FA—mEich 0, ZRHEICH 1, =FHEZHMA
OCI fH, PEHIFR#EN: OCI Ky 0 i, BF R4 AH
FEZHE; OCL 9 1 i, BH RGN L AR ;0CL
2 i, EHEREOVARM BR;0CL N 3 i, BF RA
N E IR AR T EAKE;0CL 4 I, EF A
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1.6 &¥-FEEREL I9HE

BEAL S B R T BB 2R 2= (FE 2 R FF3Y)
3£ 30 4N, AP AL R (1 BOBTR TS A
PR AR A EIRFIN BB s B R 10 mL
BRI, AF4 v YRR 2 BE (G770 T | LA B 4 Rk
ER,ERB 10 pL TMBRIER b, ABHET
G HAE P RLEL B 5 B B E R G SR B R B4
(10)F53f 100 B HBMEAM LA B, HRIE
TREFE,BULREE, RITEREE . BRIEH
P/O W RZALRIIE ) SRR AESR S H o

#% Cruden™ B4R 1E, P/O K 2.7~5.4 B, HE
BRGNP P/O 7 18.1~39.0 if, BF RA
NEHERS;P/O N 31.9~396.0 i, BF 2% N3
M H3Z;P/O N 244.7~2 588.0 i, BEH R& NFEMH:
S38;P/O 42 108.0~195 525.0 if, EF RA& N T
1.7 B4
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B AER AR, B BEH, TR BR&HE
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2R FRFIEZ A TR, RIE S ZHE,;
@M, EM L, Kl WEEZHIBR; QR L,
£, R REA F—KRIEF KBS
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ERIEFRBRAIT, B 30~90 JRTLH/ME
BT KRBT W0, TE 8GR BRIE i 3k R 46
B, H%15~2 cm, 4~ 6 M LRIEFHB—N
Betr@EmR 1), SEEK 4~6 cm, ERIE
H B AL FEAEA B, Rk . T BRI L3RM
3~SASKIRIEF B PEAE AR, Wi B &P 1~2 43k
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F1 ERFENFIEE(URTUREZFHRE)
Table 1 The chronological flowering sequence of Camptotheca acuminate in the distal capitulum

H#i Date (M/D) AEIEZA Morphology of flowers B Plate
7/4 AEIMBITT Floret petals dehisced I:3
/5 1~2 BUES B HAETES 1 ~2 stamens exserted I:4
7/6 WM EETT, 5 KR T LB Petals expanded fully, five long stamens exserted I:5
71 EMIPLIE, 5 BORMEEFELIRIT S BUREEFE L Petaks fell off. Five long stamens I:6
expanded fully,and five short stamens exserted

7/8 KGRI, 5 BUTHRR TR, HRPRBHELE, HXEBR=R, ERSMH Long stamens shed I:7
off. Five short ones expanded fully. Style emerged in the center of the floral disc. Stigma became
trilobate

79 KEER T, S Long stamens shed off. Style elongated I:8

7/10 SRR, ARGk (P, AT AEHE K 2 ~3 mm Short stamens started shedding off. Style I:9
elongated to0 2 ~3 mm long

7/11 FESKANE, T—FSK RIEFETTH, 5 tRAEMBLTT Three lobes of stigma reflexed outward. Floret petals 1: 10,11
in the next order capitula dehisced

712 RS, — SREFP/NER 1 ~2 MR E MRS Style clongated, 1 ~2 stamens of I: 12
florets in 2nd and 3rd order capitula exserted

7/13 T ERAEFHESEIT Stamens in 2nd and 3rd order capitula expanded I:13

714 WHTH Style withered I:14

715 AEAELT% Style shed off

7120 RGBT, M — =R FFHLE S Stigmas in 2nd and 3rd order capitula reflexed outward, I:17

males florets in the lowest capitulum bloomed
R AI Fruit enlarging stage
RERFH Fruit maturing stage

7/16 ~9/30
10/1 ~11/15

I:15
I: 16

PUS B RAEFF W BIRF 5 B TR FAHF] . The flowering in lower order capitula followed the same sequence.
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FE, 2~4 RAEFE 7 B 12 BFFWHFFHK,13~15 H
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FEAEE, v AR AP B ok B TR AEM, 13 B
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7 FBR GAL P T M8 7 ¢ SR i 1] bh B TS A 5
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Bk, 7 A REWMIEIFREE.
232 FEKH B2

BRI KR LAME 1 ~2 d —HAEM
ST 2,583 ~4 RSB EERS,E6
RAELB RO A, S E AR, A ik
FERNARSEYEEL, £ 7 RIELERR
af, RIARE S TE . HER T &
B EHEE, WIE R T RAE T LM 18 h B At , X AR
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2.4 FEEERGRI

1% Dafnil " F9bR7E, B SLRIEF E A2 9.00~
12,00 cm, el 3. BRI T R o RAEE 5 P
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BI¥A TR AT RE, MiEREBRAES
) L BA 585328, {BAE B iA) b 3R B AT 4 B,

100

BEMRZHREED 4, BRBRNETRENIR
32 EG BB R TR KA . KB Cruden 47
1, B EIE R BRSO 1, HAEK-JEZR L (P/0)H
BT 250003 3), ERRER T EHURK

2.5 BFBESS%E

EWMBRISHAE T AN EBERE, 2 59~ 65
oR,2~4 FAEFF/MER RN 53~58 ok, BRI
FEERL A BTN 12, BIEFAER, &
WRIEF 4 L E N 80.21% , B T 2~ 4 KALFH
67.12%, 2~4 RZAETF/MEBE L, KA KR A E
WRAES], B R B RN N B T AL 150, B
WRIET &5 LR R, BEREETFHE D, FHE
M, A RGN U &S Ak, H it
PSSR TF IRSRAE T o

2.6 ERWMBER

HiZ% 4 WA, BMEMLR, 555305 0, RHE
WA BR ; A E TR, 455K F N 0, =W
EWARER—SRIEF I BB L8 Rtk A%
NTEMEERER, WHER R B3R Mk T
HERHRRENTROSGLRET Fk B LS,
VB R BB RR BRI

3 i1

3.1 EREHESSEN
(FEEYH)ICRERMEFZE 2 ~9 SRE

LU S

RO

T

60

B

40

EHE T Pollen viability (%)

LU

20

16

ERLEREIY The distal capitelmm
WOERES The Znd-dth order capituda

DR - 2IEF The 12 proximal sapitula

i

86 120 144 168 192

HE Time (0

B2 EREmELEl
Fig. 2 Temporal variation of pollen viability in Camptotheca acuminata
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Table 3 The OCI and P/O of Camptotheca acuminata

255 Result

T R G525 Breeding system type

FEFHE 2 Capitulum diameters

WA (8] 433 Temporal separation of @ and 3
Wik 23 6] 4B Spatial separation of @ and 3
ZAZHE B Outcrossing index (OCI)

AERBL A/ Pollen size (um)
BRI EE Pollen number per floret
BRI IEEREE Ovule number per floret
8- IEER L Pollen-ovary ratio (P/O)

A= O W

7180 ~7980

EF RGNy AEM, X, TEEHE
Out-crossing, partly self-compatible, requiring pollinator

7180 ~7980

LERAL Out-crossing

®4 EWNEERGEHBN
Table 4 The breeding system of Camptotheca acuminata

FEFEEH Number iz ¥ Number LR (%)
of capitula Total florets of fruits Fruit setting
LHEFE 4R Isolation after emasculation 10 478 0 0
AEHEFELR Isolation without emasculation 10 493 0 0
ANTF#k A Arificial autogamy 10 501 459 91.62
ALFRFRIEE Atificial xenogamy 10 513 457 85.08
B A $8H} Natural pollination 10 490 372 75.92

FFH BB . B ANER CRIEF 89 T O T
Fe AT, LT B ot B SR FE P B So AL, R UG 4K
YA B9 7L 7 TF I, B T i 3L RAE 7 B 5 I
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NH 2 ~9 KRIEFHBREREAF ENE S

EWAERER 7 N PIHEAE , B PR i B S
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P BARGANEE 1~2 A SCRIEFF B HEAE A R, X 2
B 7 7E BT #4) B B 7, T BB TR 22 bE B R R
20~30 d, XUEEBE R BT HME, EWNAFTE
WEPEAE , P EAE A5 ) 338 B T A8 Fr O MEAE o
HAIR BT R , Brig i MEFE S0 W P AL 1) E
PR o

3.2 EREERGERE

HARF A3 B R BB YRR, RE
TP A 2 I R BUR 15K L B9 258 3 AR
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R R EELKE, M- WEBR B R H %
BARENETURZ, ZAMERA T E—B P/O
(B 52 AR ML A B DR (B IE A M A X R, %
32 AR BUR IR IAE W B9 F VT A3 DL T R AR K
B EAT, BT —8 LSS el 4 R

RIEEREETE, Fn, AkBEALRL)E,
EWRBRA LR, XU BN REGRR B3R
. Hik, EWEE R B XMRIIFHIR
BREE

3.3 ERHEHRARN

W T BRI S e i R A g4
SCRIEFF o BT A AR HE SR [R) i 3, 2R B e A
I3, B G BL , AR5 MERR A 58 tH RSk, SR L e A
W3 TXTEEASTERF R, b FGRIEF S TT L,
THREEFF LA 5 ~7 d RESETF I 3 MEE 57
G RER R F —CRIEF A B SCH9E AL,
BIAFIER —SRIEFF I /N TE] B AL ek, B4R
BH—PELX—HRR . BEREERITNERT
WG [ — S RIEF WA —/MEN Y B3, BRI —
RAALF LI SORIEF MBS T —
FERRIE P M BA R E &, B I TGk 4 [F—
REIEF WA R SRIERF BB 8, DL RBRNA
[FIEFF IRV 120

B RSk, X5 R B BB R e M T
Kt BRAOFEIED 20 ZHERSE5TE
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1. B 4 PRREF AR RAEAERF; Bar=9 mm
2. AL PR NS LIRIEF; Bar=1 mm
3. FEMBF; Bar=3 mm

4. 1~2 BUEF O H; Bar=4 mm

5. 5h5g 5 MR SE2/RIT; Bar=4 mm

6. 10 BUHERS R IF; Bar=4 mm

7. 5ht 5 BUEB T HRILYE; Bar=4 mm

8. {UEIA%E 5 tMEE; Bar=5 mm

9. {NFRIFEREHE L RSM; Bar=4 mm

10. H3L4M8; Bar=5 mm

11. R TR L IRIEFFF I, Bar=14 mm
12.2.3 LT 1~2 U HEH; Bar=13 mm
13. 2.3 FAEFFIEMIPLIE; Bar= 15 mm

14, B TOSRAE AL T A, Bar=15 mm

15. B RHIRE; Bar=8 mm

16. BRI, Bar=15 mm

17. BOR MR F TN Bar=12 mm

18. MEFSFFH, Bk M REEH; Bar=1 mm

19. BEBHIEE, BB X T HH. Bar=1 mm

BRI

- FERBOK, AEMREH; Bar=15 pm

. AEZRYNE, /R 4 DEMEE; Bar=15 pm

. EHUNH, A TAT B AR ER; Bar=4 mm
. TERME AR FH A KRR, Bar=13 pm

- AEAERUIE, 5= B4EAEE; Bar=12 wm

6. ALY, RAR R FH TS5 Bar=20 pm

7. BEPREEFEBR K. Bar=10 pm

Explanation of plates

Plate I

WMo W N e

. Cyme is composed of 4 capitula; Bar=9 mm

. The proximal capitulum of a cyme; Bar=1 mm

. Petals dehisced; Bar=3 mm

. 1~2 stamens exserted; Bar=4 mm

. The outer whorl of stamens expands fully; Bar=4 mm

. 10 stamens expand; Bar=4 mm

. The outer whorl began to drop; Bar=4 mm

. The capitulum, only leaving the inner whorl of stamens; Bar=5 mm
. Lobes of stigma didn't reflex; Bar=4 mm

O 0 N R WN e
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10. Lobes of stigma reflexed; Bar=5 mm Plate I
11. The cyme which the secondary capitulum began to bloom; Bar= 1. An amplificatory floral disc, showing structure of the nectary;
14 mm Bar =15 pm
12. 1~2 stamens of the 2™ and 3™ capitula exserted; Bar=13 mm 2. The cross section of the anther; Bar=15 pum
13. Petals of the 2% and 3™ capitula fell off; Bar=15 mm 3. The longitudinal section of a floret, showing the inferior ovary
14. Stigmas of the distal capitulum fade; Bar=15 mm and the floral disc; Bar=4 mm
15. The inflated fruit; Bar=8 mm 4. The inferior ovule and the inner embryo sac; Bar=13 pm
16. The matured fruit; Bar=15 mm 5. The cross section of stigma, showing style canal, Bar=12 pm
17. The male capitulum dehisced; Bar=12 mm 6. The longitudinal section of a male floret, showing undeveloped
18. Stamens expanded and stigmas didn’ t emerge; Bar=1 mm ovule; Bar=20 pm
19. Stamens fell off and the pistil matured fully. Bar=1 mm 7. An amplificatory undeveloped ovule of the male floret. Bar=10 pm

ERBEEI

WANG Cui-cui et al.: Plate I
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-cui et al
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