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Abstract To a better understanding of the evolutionary mechanism between reproductive
organs and pollinators in Viburnum, this paper reports reproductive characteristics of
Viburnum macrocephalum f. keteleeri, including floral characteristics, anatomical features of
reproductive organs, pollen viability, pollen/ovule ratio (P/O), pollinators, pollen tube growth
path, breeding system, and fertilization. This species possesses a compound umbel including
fertile and infertile flowers. The fertile flower has one pistil and five stamens; each pistil has a
dry stigma and an ovary that contains one anatropous ovule. The stamens and pistils of the
infertile flower are normal initially but degenerate later during flowering; degenerated
stamens are mainly characterized by disappearance of stamens, short filaments, absence of
filaments, or different size of anthers, whereas degenerated pistils have smaller or ruptured
stigmas; occasionally, pistils and stamens become petal-like. Pollen viability of individual
flowers declined significantly 4-5 d after pollen dissemination. Within population, pollen
viability of all flowers rapidly decreased at the end of April. Pollen/ovule ratio (P/O) was
12800-18700. Pollinators for this species include bees, flies, butterflies and beetles, but bees
and butterflies are the main ones. Artificial pollination treatments demonstrated that this
species was self-incompatible and seed production depended on pollinator visits. Pollen
dissemination of fertile flowers mainly occurred during 9:00 am—4:00 pm, and the peak of
pollinator visits was 11:00 am—3:00 pm. Pollen grains usually germinated within 1 h after
pollination and pollen tubes penetrated the stigma through the papilla clearance and then
continued to grow along the transmitting tissue in center of style. Some pollen tubes reached
the ovary 18 h later and grew into the ovule through micropyle within 20 h after pollination.
In addition, formation of sterile flowers, adaptive floral structures, low production of fruits,
and growth characteristics of pollen tubes were discussed.
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HWE T IHY R EEIEViburnum macrocephalum f. keteleerif thA= 5 B 25, W HL AR5 AE W) 2 FAE R
AW IAT T I BT N S B IR BAEAE SR AIE AR 2% T AR S50 TERE 77 TER IR ZR L (P/O).
BEEHRG. B SR RBIAERE A KEBE%. S8REW: (D)BAEROAET TR EBRZE RN
BIR] AR A, TT A AEEAE SR B R, HESESHL, MESS IR, TRAEL, BT s, BIAEMER, AFIEr
MERESS AR R B RWIER, MAECIANNE L . MESSIR LRI MV 2k . T 22 4505 Bl 2R Bl 25 K/ AS
—; MMESSIRAL RN MESE AR /N ke Sk P2, I MM SE DA AE AL IR 5 o () FARSCAE T, ATETER T
PEZE BRI 45 dJE W] B TR, BB RIE HE4a 25 H28 HIF A B T . Q)M L P/OME
12800-18700, J& L FA M, BH RGN TR AT, B REAMMEY) . (4) AT 2 X Ok i 7] 2
9:00-16:00, EHUjAE IR BE A 11:00-15:00, T i DUSESRANE 2 32, R D5 E R I . (5)
B SK AR T KRB, TEMREER 51 hWAe A TTURTH &, TER 8 MK S SLI8 40 0 1) 1) B 28 AFEAT,
PSR g ALK, 18 hA AT HEN T 153, 20 hZi AT NERFLIE AR ZE . 1HE T 3B I A2 JE L A€
TREERIER . TR AR GG SR AT A KA S

KRR ik AREARE, MRS, BE RS Y, ehE K

J&3% JE Viburnum L2 2 A& FlCaprifoliaceaed e KNI g, CIH175FARANEY, | AT
JEER, AP AN 3 4 H 255 4 o0y (Morton, 1933; Donoghue, 1983; Hara, 1983), /b &
FhIEAR 23 A1 T 25 5 V.(Kern, 1951)A1F5 5% ) 1L X (Killip & Smith, 1931). 5 22 (RJiIEHE 37 H573%
3 J&E N CE HoAE AR Adoxaceae (Donoghue et al., 2004; Winkworth & Donoghue, 2004). 3%
B — AN SIS, BRI B4 ] A4k 38 2 V. dilatatum Thunb.
I HE i 22KV, tinus L) Ak 320 A6 AN AT v AR wT A (5 il ¢ 5% V. sympodiale
Graebn.. XYM 432KV, sargentii Koehne.), 2453 0 A ZIE(AnRRINZEERV. opulus L.
‘Roseum’. 5B V. macrocephalum Fort.) (Donoghue, 1982; #x4# 7, 1988; Donoghue et
al., 2003). {EAEABE YN EIAR T, BA K2 (Darwin, 1877; Richards, 1997;
Huang & Guo, 2000; Barrett, 2002), IXF 2 FFE 5 3% A A @& P0Rh e KA I fi v oAy S
I EHE M 3RAS ¥ (Barrett, 2002), HA &R REEEREAE I A AL Y B 225) )
(Grant & Grant, 1965; Bawa & Beach, 1981; Barrett, 2002). [Alit, iff 57365 J8 AL 0 45 44
FALR RGN T HR HAE A A FE AL A SR R

B At Viburnum macrocephalum Fort. f. keteleeri (Carr.) Rehd. Jy 3% 3% J& - ef e AR, I
FEJF 2 v I 8 2 K AR AN i A R v ) TE /NI ] 24 20 i) < s A6 P (BRI P, 1988), 1
JErr s, RLEELL, WL, MmO E. B B A TUL IR . WL, %
BOPEE . VLR PEALA S HL (TR 5, 1988). KIHLLK, Bifede AR T A E5E 4 A
M, T BORAE TG k(S ME5E, 2005). BT AT 3 B A i AL Ry i BE ANV RE AR =)
Tl A A7 SR AN A 2538 N L] (Haring et al., 1990; X445, 1999; Li et al., 2001), [F]i it
Re MR R B 1A 2505 B(P R SR, 2003; Sun et al., 2003). ASHFFTHT H 15 R:
DAEFBEE R ARl R DL K ARy 303 55 T TR IR I B2 K T 58 Mo B4 AT P AR BB s D i)
25 2)MACKNTE 7 ARR I CA S AR B AR S5 T T R R B0 I e B A6 A T AR FE )
T
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1 #RFAEE

1.1 EY

PR RLR 14 MM K 2 A 2 Bt B4 T 58 1] P 7841 1 2B A HE e L R4 T AR R (M B Ak
BAERIRR. PN AL B HL IR, IS 20-304EANEE, A7 T-370 0 53 IX) [ % 4 A 2 KUt
X P (119°30" E, 32°20' N).
1.2 MRS EER

W DAL AL I AT e 5 AN Z T R B T Leica i W AT N ST HEY, Mgk
BT LA SR B 22 5, B Z e . SR S5 BRI
1.3 fRE|IFME

WIFAEHT G ARZAe S a4y, [ AEFAAS T, 154 C4F T IR 17 (Teng et al,
2005)0 Z0%2 [CHAKEREAR YA 12 h, H AR VLS R, VIR JERES-10 pum, HPHER i
B fr, fEOlympus BH-280 5% BT PSR, WF9T LU e B AR (] 2 AR AN 22 46) 1)
TEAB LR i, MRS . L2 FMESEIAE Sk 5= IRERIIEA A U5
g5k
1.4 TEHHEEDBNE(TTCHE) ST#/IEEK L (P/O)EE

200544 H18H &5 H2 H IR : (1) 4 H 18 HIE Rl — 2 A6 MHUKY B3 Wi 52 (1 by 2 hy
3h. 4h, 8h, 1d. 2d. 3d. 4d. 5d. 6d. 7d. 8d. 9d. 10 d)EALKIME, 1025
) BRI (11:30-12:30)BEALIE Ja N A FAEBRAS R AR 2= ekl e, 5. 16k
FEME THIY B, IN1-21%50.5% TTCREFHR, a3 h 55 135 CHiRAA T 15 min,
AL . FEAN B WBES A LETE, GEiH 100004547, YRt LLO ekt b a s
1, WA TORE ORI AN S, RIS a2 R, EE3K, B,

M20PRAE IR L BEALE HCRLKE TP AL T (L 25 R TTRE) 202 (BRI UK 2%), [il5E T
FAAT % . WBEaede EIOANMETE, RITFEIEDT T i 4£245(51), H1.0 mL/L HCl#k 4k
TEBE, fRFIEY, KRB N — M ZI B S0, AFANEUAE 2B, B 7R )
THUEB WA B LE, EAETR2 mL, G FIRG60 s, SISk RLEIER, HMEEFE
A2 pLAER T O b, AR R MRS g Ak A, B3I, B {E R
10005t REAS FRLALTE IOAE R R B (D8RS, 2005). Het B LT 7 B T A E
TR N RRRIF RS, SRR B 2R ARk R L (pollen ovule ratio, P/O)H
AR IR AR B B DAL A 1 Dy I IR ER B T kgt
15 BIMFREBRUESHEE REHRN

200444 H8H-30H 12200544 H 6 H-5 H 10 H #5470 % X] 18 58 4= 2 R X 54
FEHL(50X 50 m) 3L 10 B o R (AR AN B EERIAR IC, SR BE TR AE R I Je HA
R, X AESHE AT BARRAS, MR, fet ol B ARRE N R HUSER R
o BHRGWIT, BATLUNRE: () ZHEELS, O ZHEES, Q) FIRFIEN T80,
DFEFAEN THZR, (5) ARTFZH . MAAEERHLIERE 102576, H A ORRARAUES 48,
WA a2, Bk eacsiin,
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1.6 FHEBENEHLRAEMEEK

W BAE A AR B0 i eSS . AN eSS, AT 2.5% 18 I R 1% Bk IR A [ 52,
2:0.1 mol/LIRZEM e A EIARE (50%—70%—80%—90%—95%—100%) it /K « ik 5+
DR E e UGS g AFERIE 45, B T XL30ESEMIM B H 14l Bt T, MLERE S 1)
K DDA H 42, DAIRBE &2 ATk i@t
1.7 RAEBRMBENZEMIALNENEEKEEZ

R T IR T Zfedeqs, N LR a i T B8 e, M ALRERE v] 2246 T SR EUR
BEAE 253047 N LFeH o $on 2 e eSS #2 M J5 1 hy 2hy 4hy 8h. 10h. 12h. 14h. 16 h,
18h. 20 hy 22 h. 24 h. 26 h. 2d. 3 dJLISAEY Bow BHEURE, R30S, ZFBRAEi
R, FAAR]E 5 B T4 CORAFRFI . IEZI S AR BB AL 20, FHO. 1% 0 (LK 3
PERNEUE S 0, SRR R B H e 7 J5 B 1350400 nmiRAME R, 2806 BN 5 F 5%
R, WEACR LTI R ACH B AE AT S D I AR K R A0 DL R AR B 108 N IR ER I B (1]
(Kandasamy et al., 1994; X455, 1998; Teng et al., 2005, 2006).

2 RIS

2.1 IRTERNTEERYSIE

LA AWISeE, AR, 1Pt IRE SRR Z L BT,
oA fea b A KIS HWIRZE . Abafek A, AZes nf e 6 4= T334
T b, BINSH, REAET BN 8A, W4 125-19025(E1); (L Sk, MESE
S AHAETAOEE A, SRR A (K2), {2y BB 3), JHBI e, M
SN ACAHUE, A b de g PO IUIRE, 34894, BER TG R I C R 4, FESk B LA
Zrta ok (K2, 4, 6), DECh S, IR AR LR — R .

MR I, AR IMERE S 4 K 2 8Ok BB A . HESSBALRI N fE 22584 (K
4), Bifeeqir . KEA— A (El6), HESE WD WRBIL(EIS); 16259040
HRANA—(E6). SRR N #ESEA8 /NS ITR(El6, 7), DECA T e M S5 353
A Ay W T (PRI 8) B FE I, At 7 2—-3%E (F19); I Sl ik S5 3B A TV 25 15 AT Z 4 [ M e 85 1F 5 T
AL, DX . A BB Z AT, FAMIE R MERESS, HICIe N TR Al
HARENT, BIARRLE S, RWAZAL O A HEEF ERI MRS .
2.2 TLIBREMREILE
221 W RILHEERRENGEN NIRRT R A e AT 1 ) ) nT g 2, eSS
BEOL SRS, B AR 4N TE TR I 25 B (E10, 11). FHI1E 20 BE (ha 2 25/ 41 R,
ANARRRE, 2 NEERIE, 2 ROk B2 (B, 12); JE
Bz iy e 2w K, HE R MARE, 1E25 % M REgn M RE A iR A S E,
BN A4S, SRR E AT AR Ak, S5 IAR LR R AR B, ORG24 I SRS 2 41 4
B1L, TEZHOR, S ORE )2 T4 B 13); A AR AR BEAT H A 1R A ML 11 2 Wy
TF, FERRIECH o 2500 B 2B 4R R RE A M AL . fe 22 ST B, Behb— 23R %,
PR RN I, TPy N R (8 14) .
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B1-9 BUERAIESAIERS 1 eiEET. 20 WATEER. 3. WAElE 5162, 4-9. ANqE. 4 TELL
%o 5. MESEMEAL. 6. (LKA, 6,7, FELTFRL, 8. MEMESEWIE . 9. TS,

Figs. 1-9. The morphology of fertile and infertile flowers of Viburnum macrocephalum f. keteleeri. 1. A complete
inflorescence. 2. The morphology of a fertile flower. 3. The anthers and filaments of a fertile flower. 4-9. Infertile flowers.
4, Stamens without filaments. 5. Petal-like stamens. 6. Anthers of different sizes in stature. 6, 7. A pistil with ruptured
stigmas. 8. Abnormal shapes of pistils and stamens. 9. Flowers with multiple-whorled petals.

Scale bars: 1, 3 cm; 2-4, 6-8, 0.5 mm; 5, 9, 3 mm.

222 FREWESMREE AN DN (B15) 57K, SRR FL R 40
i, LR AR AR T R BT AR L A AR, AR R B AR
FEIAT R0, 1 MAIBTB A W] 2 AR Sk o T2 AT HE e s A AETE, O 5 7
(SEUPEAE o FERE A SR IR AR LB Rk, IR SR 4 M R B HE A, AL EE, 4h
REDNJE . A0 M TR I, R 40 A i (1 16) 0 IX SRR A1 M A0 LS 4R TR, B b
[RDRE AT LS B0 R DI, FA 5 A0 5 (0 40 S A SRR HE A, TR LR A SR (B 17),
REETE AR AL R I EAE T R PR AN I A 51 P A2, MEMES R 7 IR g O
JRER L A — E Bk (B 18) . TR AL A — KU s 4 e, 4 k)5, L5 IRk
R MAABUZAMIRRTT, A EERL(E19). MESEMMN RIS, BHERAT R b5, 3
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WER, FhEE KM, WERE 755Dy ~ I, ZRFLVEACERW, hE AR, Bl E(&
20).

E10-26 LifeA A BRI 458 10-20. mI4qk. 21-26. b, 10. nZAAE e BN .. 11, RBCGATEZiRED)
Mo HiRfbZiiE. 12, REELHYII . FoRI1e2i8E, 13, 9iEZ TRk, SRk Zgi. 14, i,
WIRUEE A, 15, FIZATEAEEADIN. 16, FEREPDIH. Fians [ SHL 17, TR, Pk gl AU, Findt
BN, 18, JBREEL. SRR, 19, RER. SRfOEANN . 20, B EIEIRER . RN, 20 AZRTEIREIE
ko 22,23, HEEIRAL. SORAHIWIIHESS . 24, 25, WIBAEZY, fERTERIL. 26. RIRIKE, ThHEAD. Himkk.
Figs. 10-26. The anatomical structure of reproductive organs of Viburnum macrocephalum f. keteleeri. 10-20. Fertile
flowers. 21-26. Infertile flowers. 10. The transverse section of a fertile flower bud. 11. The transverse section of an
immature anther. Arrow indicates an anther wall. 12. The longitudinal section of an immature anther. Arrow indicates an
anther wall. 13. Degenerated tapetum. Arrow indicates a remnant middle layer. 14. The transverse section of a filament.
Arrow indicates a vascular bundle. 15. The longitudinal section of a fertile flower bud. 16. The longitudinal section of a
style. Arrow indicates the transmitting tissue. 17. The transverse section of a style. Arrow indicates the vascular bundle. 18.
Ovule primordium. Arrow indicates the integument. 19. Ovule. Arrow indicates the archesporial primordium. 20. Mature
anatropous ovule. Arrow indicates the funiculus. 21. The abnormal ovule of an infertile flower. 22, 23. Degenerated
stamens. Arrows indicate abnormal stamens. 24, 25. The abnormal anthers with degenerated pollen sacs. 26. The abortive
ovule with small locules. Arrow indicates the ovule.

Scale bars: 10-18, 22, 23, 0.2 mm; 19-21, 24-26, 0.1 mm.
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223 ABWMRNGEH  NOTEHE AZAEY) P nl B SIS A RESERAL IS, SR
TR E B RS G . RSB R IUNHESE W e feee kg, My, 12
iR W (EI22-25) HRMANEE, Tekrkid; MESSIBACRBUNTERERA . 13 B8N
JRERIETEICE (8121, 26) . D E(20%-30%) - 3I(11-12 7)) (K5 AN Z AL HE e SE AR 1 5 F HEAS 7
WIEH, A=A ek, HASkh R tiAT 51 AR, FUEREEAeHIN, A THnEHnRik.
2.3 FFIEIRREHE H MBS TS ML L (P/O)

HIZR AT A0, BAEAE R I BRI (1-8 hyJCIA A4k, FE2R P IR AFE82% LA
., BISEIRATHUE FBE, H4-5KIGWIE PR, T-8KIF5EaREE T, alFN KD 1E
S IAERIG I E4 18 H-24 H T RE4EFFES0% LA I, Bl J5 K ¥% ) WIS FI%, 425 H I
Y RHRIIAER R BT T o 1K SR S BB IR IR TR ARAE, A5G e M 525 H
ZJa, JLFEATH A A e 4R BT

R BAEACRE AL

Table1l Temporal variation of pollen viability in Viburnum macrocephalum f. keteleeri

[F] — 2 A Bk J5 AN [T T R 20 ) AR R )
Pollen viability in the same flower at different time after Pollen viability at different flowering dates
pollen dissemination
ok S5 I 1) TEITH R (%) 4 WEHEE (%)
Time after pollen Pollen viability (%) Date Pollen viability (%)
dissemination
1h 91.1 18 April 92.3
2h 935 19 April 93.6
3h 92.2 20 April 91.0
4h 92.4 21 April 92.8
8h 91.2 22 April 87.5
1d 86.5 23 April 81.3
2d 82.6 24 April 80.8
3d 67.9 25 April 62.4
4d 54.1 26 April 51.0
5d 26.3 27 April 42.8
6d 12.1 28 April 27.1
7d 7.9 29 April 19.4
8d 2.3 30 April 13.0
9d 0 1 May 8.7
10d 0 2 May 6.3

B BAE (AR BOP A VG Bl b 1280018700, PRIAFZS Ay 1 5540 g Bss . FARER, 4
SRR IR ERELOME A 1. R, BRIk 2R LEP/OAH 24 1280018700
24 HEWMEBERSG. AW ERMEREHITA

2RI 4N, B LSS . AN L EES R RAE N TIZM AR, 255044 40, H,
FHAE N HAE T I ATk, RSB IS, RHEIEAEE B IS A
TRl RTINS TSR AR N AR N I 45 5 N 24.2%, X — &5 FUESE T S84 5L
TER K A RBE IR, TR A N T30k 45 55 i 1 BRI M 45 55 2%.(17.9%), idF
—RWHIRE S KGR 2 e iY), X5 PO & .

BACANEA A KL H, rh ] e ek 5K, TedmR A 8RN  Bide ALt
IR R A SR W 5 | U A . AR BARAAE N, T e HAT B2 A A 5l 1 e
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2 BUEAIF AL B 45 SR
Table2  The seed set of Viburnum macrocephalum f. keteleeri under different treatments

ST T T 5 T I LT LE 9
Treatments S R S8 (%)
The average number of The average number The seed set per
fertile flowers per of seeds per inflorescence
inflorescence inflorescence (%)
FEEALE Tsolation after emasculation 20.1 0 0
ANEHEELE Isolation without emasculation 156.3 0 0
IR AN T 420 Artificial geitonogamy 50.0 0 0
SR FN T Artificial xenogamy 153.2 37.1 242
HAR4Z ) Natural pollination 144.8 25.9 17.9

B BKEIICR SRS RSk, 280 R AT b5 B AR B B fuh B0 76 2 Rk sk (1A
27-35).

AJ KO I H) 299:00-16:00, KB 7&Ky F HLvs € s e B 9 11:00-15:00. £
E SRR SR %58, BifE LV R G158, RS H 12k ER3). ek i
BRI 2F, VI RE, AEMERl. RUERL, BRUERL. SRR, SRk, R, Sk
Bl

3 HULFEVERRAF
Table 3 The main visiting insects of Viburnum macrocephalum f. keteleeri
%388 Hymenoptera W E Diptera
iRl Apidae JRIEFE} Sarcophagidae
F 1% Apis mellifica L. ikl Sarcophaga peregrine Robineau
fEl% Rl Bombidae JRiEFEL Drosophilidae
&% Bombus festivus Smith i Drosophila melanogaster Meigen
ICEL Formicidae ifiEElL Syrphidae
Z I Monomorium minimum Buckley i Episyrphus sp.
#3 B Lepidoptera PRICRl Chironomidae
RUEEL Papilionidae FEi52% Chironomus sp.
Ty R Papilio polytes L. $§3 8 Coleoptera

B Ak Byasa alcinous Klug
T A Graphium sarpedon L.
FhAES RS Achillides bianor Cramer

H-HE} Chrysomelidae
A - HPlagiodera versicolora Laicharting
164 f0Fl Cetoniidae

FEIER]L Hesperiidae
HEHES5 R Parnara guttata Bremer & Gray

B £ 41 Oxycetonia bealiae Gory & Percheron
F$H Hemiptera
ZEFL Coreidae
125 Cletus sp.

K135 43 B SRR SK FE R ARG, LR IR SO o) e ) B e LA, L A
i R T PR A T PR O G 0, A0 P O e PR L ZERS R, ViR
e LUK KB WL, I — M B [ AR, S0 1A LR -
JURS, AELEFAERIRTHR . RIFHEIT VA, A e R AR E Tt . W%
et e B S LK & A (FE29-32).
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E27-35 e B R 27, i, 28. fEME. 20, TR 30. MU, 31, PR, 32. HAURET
I, 33, fraFl. 34, Ji. 35. .

Figs. 27-35. The main visiting insects of Viburnum macrocephalum f. keteleeri. 27. Apis mellifica. 28. Bombus festivus.
29. Papilio polytes. 30. Byasa alcinous. 31. Achillides bianor. 32. Parnara guttata. 33. Episyrphus sp. 34. Drosophila
melanogaster. 35. Cletus sp.

25 TEMEBEAIMEMENEKRER

251 TEMRIEHLREMNBAINEREEKEEE SUelSEmE3e6, 3HMAL
BN E22 he 3 d (B138, 39) MR LB 2R, HEKI AT AN TI8 5 e Z R AN
B o MRSk H3 M, B AT Y, R e FLoS 4, JoR - (E37). e
(FIAE R P18 TR [ T 5K A, ARTRDWCR =24 BT, AhaE HL ] 0 RIS, HR
JEARAFIN, KAA—, B =40k, W, Kk mitk, Kunfide, 181 RAG 15K
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E36-44  BifLAES ACR R R S B 36, BORETROHEEAS(h k314837, Mk R FL 540 - 38, 39.
TR G RS AR . 40, FERPRIA I . 41, FERPRIBA AR B NI R AL o 42, T80 & T 41 )
B AKESk . 43. RSk S WAL AE R RO AR BRES e B ATIE N5 S AL RAERYE . 44, TERIIEN
FSkJm, FEMBEAN PR ) ARG, FiRTER .

GA, Wi RAL; Pa, FLIUNM; Po, fERYRL; PT, TEME; St, Mk

Figs. 36-44. The stigma and pollen grains of Viburnum macrocephalum f. keteleeri viewed with a scanning electronic
microscope. 36. The morphology of a stigma before pollination (3 shallow split in the center). 37. The papillae on the
surface of a stigma. 38, 39. The morphology of a stigma after pollination. 40. The polar view of a pollen grain. 41. The
morphology of pollen grains and pollen tubes growing out from germination apertures. 42. Pollen tubes penetrated the
stigma through the space among the papillae. 43. Pollen tubes at the sunken center of a stigma entered into the transmitting
tissue along the epidermis of a stigma after germination. Arrow indicates a pollen tube. 44. Pollen tubes penetrated the
surface of a stigma and then grew transversely toward the center of the stigma along the parenchyma cells. Arrow indicates
a pollen tube.

GA, germination aperture; Pa, papilla; Po, pollen grain; PT, pollen tube; St, stigma.

Scale bars: 36, 100 um; 37, 39, 43, 44, 50 pum; 38, 200 um; 40, 5 um; 41, 42, 20 pm.

FL(KI40, 41) o WA IR E W ACALAT Y, LSS0 A TR e AT Sk (K42), Ja 2k
R 240 M X 1% 0 ) B N 5 A28 RSk b SR (R R A S 7 A R U LR A
PR TR Ak R 1) 5 P AL SV (B43), AL SRS IKAERhE, F A IR & e AE &
B T AR AN IRl B b R i AR I B ARE S PR, KRS A AR (E44).
252 WHMEERBTOCEMNER  BUHEIIOBRL X AER & 2818 0.1% KW V2R 1l e
e, ERINFOCWREE N M BIR RS, fER RO, fekrE hstiie, 16
B 8 ) A R T DL T s oK e ASSEG oM S 2K K EARL T, FE Sk EAER i AR
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B (45), ARk A1 Wik, (AR ARk b A, HAS B ARk B R,
RAEMSLRENAN, N EARHERE80 CRM AL, TENIRLSD MAESK %, 1 7E & 1H ¥
e R (El46) . BA 2 hE BRI, BN, Z2HAEME A F A LR
I, FEkyE SEmm Ao (47, (AR BT o IS A0k B A K ER, #5284 hift,
KZI80%AF it AL i BIATEAE 1340 22 47 (48), 6 hil KL 75%FE i CLik A K FE (1)
3/4(1K149), BbJE ek A Kag R B W9k ZZ (K150) . $281 18 hitl K Z160% A% S ALk i 21k 1
FIGER, H.OA /D EACHE BIE TR . $2H20 hith, W8 E/DBORE 5 148K B MR ER 2R
FLALTEEN, AEK SR o My 45 B AE 7 D5 0, A DS KA i 8 e Ae A AT 1 (B
51,52). b4k, ASCHIEE R 25408 B 2E NRER(EI57, 58) IRF IR L o

S0 AR B BT SRS S 1 e AR 8 9 (Teng et al., 2005), 7
T KB — e KRG, AMEESOGIES, &bl LG 21K & 8] W 30 B 2 10 19 It ZE (1]
53, 54, 56). FZRr18 hitf, FEH AR TTRRMENCA S AR R >, 98645, Tk,
BRI o WS AR A PSS AE N 5 0 A A ok Rt v A BERGR, TSR RO E I, 2
B ROV NG, BUAE K B8 54), SXREIAER B AEAERE I b2 o th IR AS4%
Z(K51).

BRI RAERE Sk BRI 2, (B S 5 e B A E A K. ek s
55) HL. TR RS, W TGV AFE SR SRR S EE B RA T S AR AC T
AbINE, R 2 AR BT AR, Aoy e K R BRI AL (BI51). & UM S 312
ZACA B REMNIRALARHE N (B152), Bl G K2 Bk A5 1 2R K 3080 o W R IR R A BR AL Ak
A BIAER BN R I05E A (E59).

3 Wig

31 RIEARBIERIFAK

TR R B R IE S A AR 28 1 AT AT A, AR B Ui AEAT A SO G I B
Z 4 (Stebbins, 1974; HHA4%E, 1999; Huang & Guo, 2000), 11462 FEPE & B & Y
FERY A 1 22 FEVE T HEAk (Real, 1983; Huang & Guo, 2000), B {467 P i ] Ze e i /s, &
WRIRIR, ATk JCIEHE 1) (28, AN 2 DA S| S HR 5 0 o RIS (R RBURR P, e b I v e B
Feb RBUARZAEW 5 1ok, AT 26 K5 AR WA A B U AR BRI (R A7), A P A
R BR A2 53 TAR R 2 5 i (AR R, X AL T 0 R ) A v d A R S R LR )
HISIRFE T 1 D) fiE(Mani & Saravanan, 1999), {15 324167 AEALR 72 HH TE Al — AN 244
BRI, BAEAN A P I, AEAE T IsORE X SN H, M3 T ek 2 it s |, ffifk
k& AR AU AEARAG B . AR DL T, RN SR AR Al B 14,
H T A R e AL 1 JE A R B 6k = T B A (Darwin, 1862, 1876), i3 Bidb A= 5 1)
SERAN T BT B AL EL 2 RIAR AR 35280, A 58 4 At B E R ALt
A, AR I I (1) 56 4% e AL AR Ry R 1k S A8 20 ) &8 AR I T 3K A, L v (1) P/OEL A
BRI A FEE ) _ETF(Cruden, 1977).

RERRN K R ZAE A S A K BT R R A e s (B 78, 32 5SS IR IR, o T i
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R M3 AR AR BRI R BN = LG, SR AN AR ME R SE M MO IR KRR B | 5 X Fh
ME PR L. 1IEWBrown (2002)F5 HAREE, A6IL52 e — A9 4584 (compromise
structure), %ﬁiﬁ%}ﬁf%EPXﬂL%ﬁ’%‘%ﬁﬂﬁ%ﬁﬁgfj}%%oi‘i%%%ﬁ%, RE VI
(VAN L 355 ) T AR AR AR G A AN IE S, v Z e el, JURAE TR G A4 )
Ak, X5 % B MELE I PEAEAE AL 3 B R AR I A W3 X ) (Hams et al., 1991,
Harris, 1995; 5, $0X4x, 2006)FIRFAEARSREL, HHAR BB A AN A6 di ] 246
Aok, nIRELE R IHIEA IR I A% 52 A K 2 (R e 6 R 0 Rt s PR R e, bl 45 S 9 B
B AR Ry AN G5 S () A TR B A5
32 IMEIBEMIENEX S EBEHLEEL

BT AR I 5| T 5 2 Ak #, IACIE I T A 2 R A R Ry & 2R ALz
ALK R 4 (generalized pollination system). AHX T LA LR A RAADIPE AR B B0/ INMEEY
fIE(Waser et al., 1996), ZfEXFIEas B T HORINBERE, Wik K, Ao Nefig B2 5%
FRAE  BAE A TR Sk, AN bde s, o T4 R B Pr A M SRt B R A2 Ui LA Hh
[’ (Heinrich & Raven, 1972), R T #& mifehn 4 th O SRmG . X 5 3ietbky R, eyl
DAAEA Ay D8 0] G (1) B S SR 45 AR AT o A U T ml DU B SR 1K &= 1™ U
PRI TEZLIS A MY, X Fh G5 K0T 3 B I ARk R Bk A B VR, DAORRN A Sk e 43
WA Sfe 2S5 A (1) 6 B i 0 PR R A

FeF S AL R HORERE, 38 W] PR AR < 5 46 17 b AR S IR FE 21 1T 15 2R DN 9 (Wyatt,
1982; Moller & Eriksson, 1995), A6 12840 Jg A6 - ALk T #2025 A Age, & L )i
Ao ] B W AR P AR, X TBU X RIS R A 2, 25 2 W 5 [ U 46 (Pijl,
1960). B ] A AEMACLTEO I, A6 A8 s (L SO BORAR I Rk, AR
NG TR R RUR T R Ve . DR, TR E S0 4 R AN N e 0 e —Fh el — 2%

—
BE45-59  HITEAEMRIAT AL Sk RANIEM ETEMESS AR 45, RS IH k. 46. B8 1 WS A ST, FEM kAT
BRI . BN R 47, FERR2 h, AR E HBURRIEN . 48, B R4 WAL, BEAIEAELB4E. 49. R
B IF6 hIOTER S, HEATERES/44L. 50. SERMIFS b, EMAFETERE IO KA BL, 51, BEHIR20 b, KIRAERF 1 1
TEHEL T IAS AL 2. BERA20 h, 1AAER T AERILIEA . 53, 54. 1E4E LA M M IUBF RN R, 168
HARKZIME]. 55, B E6 h, MM ERS A KIS . 56 Lk B T IPIACRZE . R DEIRIZE. 57. #2052 d,
25AC B ENRER . B2k . 58. KN IE3 d, 25AERY B HE A IR ERIN TR A . Hi7R24E 8 . 59, SR IIRY
JAER. HinAek B RSB R5E R

C, FMRIT; Fu, ZRAE; Mi, ZR4L; Ou, JIEEK; Pa, FLIEHHI; Po, {E¥IKL; PT, {e¥%; St, #:k.

Figs. 45-59. Pollen grains germinated on the stigmas and pollen tubes grew in the pistils of Viburnum macrocephalum f.
keteleeri. 45. The stigma after pollination. 46. A pollen grain and some remanent bright points on the surface of a stigma at
an hour after pollination. Arrow indicates the bright point. 47. Many pollen tubes had a sharp top at 2 hours after
pollination. 48. Many pollen tubes reached 1/3 of the style length at 4 hours after pollination. 49. Many pollen tubes
reached 3/4 of the style length at 6 hours after pollination. 50. The morphology of pollen tubes in the style at 8 hours after
pollination. 51. Many pollen tubes rested on the boundary between the style and the ovary at 20 hours after pollination. 52.
One pollen tube grew into an ovule through the micropyle at 20 hours after pollination. 53, 54. Callose was deposited in
pollen tubes in the upside of style and the pollen tube growth was arrested. 55. Some pollen grains developed into spiral
tubes at 6 hours after pollination. 56. Callose plugs in pollen tubes. Arrow indicates a callose plug. 57. Two pollen tubes
penetrated the same ovule at 2 days after pollination. Arrows indicate two pollen tubes. 58. Two pollen tubes penetrated the
same ovule at 3 days after pollination. Arrows indicate two pollen tubes. 59. The ovule at the later stage after pollination.
Arrows indicate the remanent bright points of pollen tubes.

C, callose; Fu, funiculus; Mi, micropyle; Ou, ovule; Pa, papilla; Po, pollen grain; PT, pollen tube; St, stigma.

Scale bars: 45, 50, 51, 100 pm; 4649, 52-59, 20 um.
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T @ N ISR, T N A% 2 MRS (R AT AR M 5 S A T ORI #6550 T I EAL &
NI o n] LATIUZR, SXFP A SRR LR A DR P40 o OB e B BN T4 T, R
SIS AR el A B 2 H AT, Sk JE I RR ZREV. plicatum Thunb.
f. tomentosum (Thunb.) Miq.. &5li3€3 . K H BE{EV. sargentii Koehne var. calvescens Rehd.
AT LB B AT B 2 (WA 2 et 2 IR B I 3IE (Donoghue, 1982, 1983).
33 IRTEMEEEE

EARIRET, BHEMAER R I A2 V) 0 &, —RICEmE AR MINS, HAL
Ky o SRS AR Ry B w] REPEBOR, RIAE B AR B R 1 &5 S AT SR AR ARG, 1R
17.9% . #73 J5 R A] fig & BRAE AN HAT IR SE L — Bk 2, L0V 46 8 iR A
G HD UG AT LUK B (R A0 R AR 18 2 AR R 1946 L, BRAK T B3k [F A ARt 46 L
w2 AR SR AN RS . ORIk AN SR A Sk, BRI
FIRM A2 Ly i BN, T BASANER, B G e R AN BE R ) 45 5t el it
FERE KRS T7 S PLAN R ALK B A5 B P (Bertin & Kerwin, 1998; Bertin & Gwisc,
2002), AN [F]Fi A )= [ R AL Ky 2 GE B AL A6 K w5 A 1 R B R e A8 g1 A A s AR ot i
(Campbell, 1985; BEXUAEE, 1999), ASIH N TR REHE 45 5 56 11 45 B 0B T 45 51
K2 B T IX AR B H (pollen limitation) 52 M. LKk, AI 2/ N EE AR, — 7 HIHER4)>
NTE] RE A WAk i BB AERy B, TR o /INE R RE RIS R, T B & AN R4S
S(Teng et al., 2006); 75— J7 HI/NMEREER IEA GRS AR rED e LR, &
PAZALHE I PR B TR RN, DR B2 B B R R s 4, Al DL o
ZE SRR T BRI E (Bertin & Kerwin, 1998; Bertin & Gwisc, 2002), Eifefzhr 5 14E
J7 b n] 852 TR R BRI R A I IS
34 TEMEEHLNEHPERKEZINER

BRAE A AR SRR, A FUBE T LS BIA (] I AR R0 1 [ 5 AL &I 0, e A& i
T A S R THRELRE 1) FL 54 B 5 A A R SR 1 " 10 ) X AR S0 o o AR ) 42 fuk R B, P LAAE
Ky BEFIRE SK SR T R IR BUOR RS T 7K &, ACk & 140 H A L i, 2ot Lo a
M) B e AN SR (K142) . fetn B f i ekt fa, Bl sl Bk 1 5 S ARAE S SR I, 48K 240
TEM B A KA 5 1k, RIAESRAR & AR T Bk o R e B i e AR R BRI, 45
ANHERPURR, HETT T B DEIRZE, TR e O G o 2 55 A0k A5 10 2B K A5 i % DA DK (Teng et
al., 2005, 2006). HR/DFBI Ok E REK RERIAL, B2 U 1255400 8 BE A ERALALEN
IWHE, BEJG K2 Ee & s b A, LD ] GeJe i o A K I Aekn 5 2k 25 T S AR 4
B SL(HFORAR S, 1998), 458 1A K AT DAY AN b B A R BE SR 9% o

A e I e A R ), R H G A & W | 4 K ALKy & Ui A, TR n]
PLG A SR RIS AE R, AT Sk B4Rk ¥ B LU By o AN SEI WL BB AL R 74T
Sk BB KA BRFIERYE A KAT W BNER, (HEEAUH 125 2IAERL, KGR
AR AEAE A BN I 64, S (R0 ) B2 AR A (%) I () RN sE e, 177 5 2% 1) AR 4
ST W T AEAE e AR K P 4 R . AP UE R PR, KEARE 2L 15
EJEAEA AR I B2 52 21 T A R BR PSRN IR 1%, d5e 28 VA D Bk & W ERFLARE NI
o AL, RZHFTUERIK M AEAA R T 0L 3408 & 5 T 32 = EVE IS & B2 (Lankinen
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& Skogsmyr, 2001), I LML, Tk 38 S UE R AERE  FLAG X A3 LA 5, 35X
T REAERIT LE 2R N O — oA 2 T-Be, T REES 31 B AR 4 S A SR O 1 8 Y A AR 1
T b A REAS AL (KI5 R DX S 1E 4 4 A A BELAR IR VR P LA AT e 2 — 2B IR AT

2

t

N

LE LPTIR, AWK B R E AR UiedT h . B RGNk &L KA D)
R AL AR BAT A RA R BN 0 T A B T RS B s A VARG L A & R R A it
IR AR, RN A BHER ST B R Fdeft— @ BT T, I AR R
GEHRT TR BEBTRS .

B AXIFR T AHRRLELKRFELFREFEFLOFFHE, HMNRKFEDEK
FIRGR S 24, TR T R LRFIL ST 34 TA4E, % E State University of New
YorkAE#FH5F % #9Zhongchun JIANG#AZ x4 35 X AF-Z- AT T 1520, 4F b3
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