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FRX RN BRI BR BB ERS LERN T H 2 AT AP AL ESIE FIFTAE W 5% AU 18 B IR 3E4T
THEE, FHTTHESRENMTFHRAIER. RIKASBEENEHIIBIESAK, BRAHE S BEBRAE
TEREA -3, H3AVIZ4AY, ZHERKAEMHBBEATEERHES, KAEHASMES N4 AR ESAK.
4FPFLBSIE I AR R A R4, HEREFIEABEE AL L. 4 EBENEn R RRAMHENEE
BEAE, BHECEREEXEE BEAE, PHREME(Apis cerana cerana) R I KER B R . BEREWMAK
W, BETEAASSN, HASMEHAE, MAMIAAEETFEHER, TUEERERRENHT. B4
FHBSEAEYFES. HEAHREAMAAITERNS, I T £8 BERNR RS RHLEIE BRETY
FhTE B 1 T B AP S Y

XBiF: R R, BEEREK, FEWE, WAL, Rhododendron
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Abstract: Natural hybridization mediated by pollen flow has been considered as an important factor to drive
speciation in Rhododendron, one of the largest genera within alpine plants. The diversity of Rhododendron
species is centered in southwestern China, yet the potential role of interspecific pollination in natural
hybridization has not been empirically examined in this area. Here we investigated the flowering period and
floral visitors, and conducted a series of pollination experiments to examine breeding systems and hybrid
compatibility within four Rhododendron which are frequently sympatric in Yunnan Province. Rhododendron
delavayi and R. decorum are clearly distinct by their morphological traits, but the putative hybrids R. agas-
tum and R. irroratum are morphologically between the other two species. We observed that R. delavayi flow-
ered from the beginning of March to the end of May, R. agastfum and R. irroratum flowered from the begin-
ning of March to the beginning of April, and after their flowering periods ended, R. decorum began to flower
until the end of May. The anthesis of single flowers of the four Rhododendron species was almost one week.
The floral visitors belong to the Hymenoptera and Diptera Orders, and Apis cerana cerana visited all of the
four Rhododendron species. We found that R. delavayi, R. agastum and R. decorum are self-incompatible, but
not R. irroratum. No breeding barrier between any of the four species was detected by artificial pollination,
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and the hybrid seeds were fertile. The hybrids between four species showed equivalent fitness to their par-
ents. We suggest that the role of potential interspecific pollination is essential to hybrid speciation and evolu-

tion of Rhododendron species.

Key words: floral visitors, breeding system, flowering time, species evolution

H 4R 2% A0 1T 5| AT 14 5% (K] 2 20 R 2 g 37 gk
LBk 2k, I IA A RPN B — &R, M
YAk R B AIMEH (Amold, 1996; Rieseberg,
1997, 2001; Barton, 2001). 43K A& KIFFIT 4 V4
YR TR HR A, WA (Albert et al., 1997;
Tsukaya, 2002; Ishida et al., 2003; Eriksen & Topel,
2006). A TLZ“3Z (Motley & Carr, 1998). 4> 1445
(Milne et al., 1999; Milne & Abbott, 2000; Ma et al.,
2006)55FB. AR, ZAcAEdi i FIPERUIRA 2
RIERE, B IREEZ XTI PR
18 [ KIHF 7T (Rieseberg, 1995). 1&¥ 2 Fh T ALY 5245
KILEB B, e RIS shERAREE LR E THY)
AR B SE RN A I A EC 77 3, AT 2 i J AR
P 5 X B 2 R A% AR e (B XU RN 20 A GF, 20005 3%
B4z, 2004), D, HEYIRLHERREMRENE
St E AR A3 YR T A L R — AN AR T A A
A4 (Wendt ef al., 2001).

1B J& (Rhododendron) JE A+ B8 Te B B KK &,
T HMNE SREEYX RS TRRBZ -
KEEYERESF LN AEERNMER, 51942
W, HES B KRR, BT AR S RAAS B
AT 600FY, &AL EEK. TR S EDTE
HARRAT NG Y, HIEEN TS TR R
(FHIAE, 1999; FKK T, 2003). BHEj, MTHEYIEE
SR 7% A W A T B B F AN L T Milne 45 (1999)
MilneflAbbott (2000) t#tAS{ERRododendron pon-
ticumBIEE

W £ £t 6% YV )& (Subgenus Hymenanthes) #4295
B, B 124 A, HIH 4567 FAER 3R
B, 1995). AN Jgut K ax, X, 2 1e,
MR, (FEEHD R, B AE LKW EIET (X
RFR, 1984; Bk 1A 7 B, 1994), T BT
(Rhododendron delavayi). K A6 RS (R. decorum)-
HEAKBS(R. agastum)'5 BERATEY(R. irroratum)ER)E
THARLE, K D8R TR B EA
(Subsect. Arborea), KHEAEHEY/E T = MRS LA
(Subsect. Fortunea), K NAHBEFI B ERALRS /B T FE 2K

B9 W 4H (Subsect. Irrorata) (Chamberlain, 1982;
Rk, 1984; HBKITRITTHHMH, 1994).

BE [E A BY 16 % 5K Cox(1994) A1 Chamberlain
(2003)HR 4 LA HH 2k A MBS AT AE & B 4ER K H
TEA B H AR ALAS T, {H B A E S X Ff ) By 1 1
57, BERMEY 2 SRR RS W A IR, HEE
LA SCRRSE HE 2 B AR AR U RT Re T . FRACHT
& T20tH A 8OFEANH A HE AT N LA R 3 F
R, RIMGEBIE KOS REB T AL, J A
IR TZRAC TR RS &5 th ol B KR 7 Ok K4
1998). AL 5 K e At RS 5 B B X JIE e
5 REs. Bl et bE, B8N KL
i, KA AaE®RM 6, XALEHI AN
FoH 2z, AKOE, BERARS AR A HA,
BERaatBE L. A EENERLE, S2E
BEAHH B OER, RHRMES KAEMERA
AT B, MEAMBEEE ORZREY, M TS
Ble 5 K A{e By B (R4, 1986; SABK IS
B, 1994). @It EFSNREE, S, KEIErEY.
A BN FE BRAL RS EHb B S0 A LS, K
FERALBY O] RE R 2k A ALY H AR Z A WA B it F2
HRIRA L —, AR BRAEE KOS 5
—A BRI

KB BB, RAMEY. BRI A AT
FEESIX4FIAE Y R B] 22 A FO AT Redk, BATEAT T 1%
MY R R EAR R TR 2R TN
WA, HRE T AT ERERIRFNFHEE), H
IR TR RE: (1) X4FMHBESTERE R RS2
2?2 (2) FrIAIZEATHISRFIME AT 2 A TR AT LA
[ ARIAZ? 3) HERAMU, FHRN L
UEEE AT ? BEEH HBAENE?

1 #R57%

1.1 Rt S B ABR

AT ST B A1 82 R0 S 50 Hb s R AE = R A Ui
FEE L. A TUTFaEARW, T
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2,000-4,000 m, tIEAMRIELE, X4FPHRGTE
AXBES, FESEEEEEY. 5 RhE
YR EZEEH (Pinus yunnanensis)KAHFEA . 20054F
FI2006F3 H¥IZS HIK, #66 F WkEUH RS IE AR )
JEREAT AL MRS R

1.2 #ARAZE

1.2.1 FEYMERINER

20054 F1200653-5 H, SIHEHL A &3 mEL b
FEAS T B TF NG 00 B S AR T AR R R AT SR . i
Fo PRCERERT IR R, 7 AR ik
R EMN MR H LRI MBI RE, AR
(AL, 1997).

122 EHEHME

TEANF AL RS TR A8 T B8, A AT RS TR 43 3l ik
HUSHR DA B ARBEAT AR 12, MR E7:00% 1 -
20:00, ELEME 1, idFEMNETF T 16 B R
K, MEARRER T BRIERER. REME
BB ERBITAREE.

123 EERGEMR

A TR WXARMHBSENES 2L, BRIIE
B S 55 F2005-2006 F E SE W E#AT T A T#
ML, WETWFINEHA, FETH45EE(H
F-aFp AL RS TE E 0 T AE TR )T, R CAAR 7 B qr i
fTAb B, & AbFE R S-104N 16, BT H 1520
Z5): (DERNE, SETMLEE, HERZRE
A QA EZHEIIEATEL, BRE® BT HEN,
QYT ZEAELE, AW EEFERERER
¥y, REX BRI, OALTHERBE, £
1, £45, ¥ERTHLRAM, G)FEFMFHRAL
Bk, (6)F R A LM, BEOUSEI N ER,
BERAAES . PRAFEERK BEMAS HRXAK, @LL
FBERATLRS N BEAR, DB AEKAMHBEARE, @
CARK A MBSO REAR, I 470 F0 BR BRATBY O RK,
@UAK BIEFAY A A, SHIEHAES A, (7)
EHEEW, BE S FENESH(EMALE,
1997; Wendt et al., 2001).

BTN LB ERFRBNHTEATR
TR P IR R F — & RO R ] 12 b, ok
HEERE 42,000 1x, {&F K20°C), BEATRFHER 5L
%, 8R40 BT ST R %, 3IREE, 45813
REFR A

2 H#R

2.1 AFMERSTERY FF LR

Tt 3 X AR AL RS AL P B T W82, R
WA FFIEAN R F43 T e MR A . 5
BT K, KAMNIBYIZESHK. #EHH
BY 5k AR PR L SRS e, KA M3 AT H
FHER4B . KEOIEFES I FFTERs 5, MS
RAAIZESHIKE6 B ¥, 2k AABSFI S BRATBS 116181
HEA-H, —HEERAEHBMNITRHAREES
(El1). X4FhAEBS L) AL TR AL R R ERTE LA B L
EAFRELEREIN12 L2 RAHRSE
B, TETFEIE2-4 4, HEhBE S, ek R4
RECH, BRE;, RIS &5, Bk, 1o
W EERTEEHY; e —BAA, HLIHHEE,
Te e ivE, MESS W IR IRTE, OEAEHEAETE
AR, EUETRNRN GBI ERAMBEREAE
TR AR T IR AT S SE AR AR R B (B2).
22 EMEHAWMBRLER

ATFLRS AR VT T B B AR T 624 dNE
% . Uik B AES SR, BREOKRA B 0 58 B B
&, PRI N EFR00E P 123044, F
F13:00-15:00, AXFSGE e V16 B R, BT
TA16:00FH G BT R ERSTS, BRNIFHEES), H
2% F19:00KF% 1. IR RSJLTFRB LB B SR

Xof AN [B) A PR A B T B AT 12 R B U5 T AE R
KHHE FHAR, (AELEEH fXG8 H B &
RE, BN E R PHREYE4pis cerana
cerana). 53 E W& (Colletes sp.). T=i{HFE & (Bombus

2005

LBIE R delavayi
K AALES R agastum
BERALRY R irroratum
KEIEHBY R decorum [,
2006

LRI R delavayi
RAFLES R agastum
BIEHEE R irroratum
KEITEELES R. decorum

February March April May June

o . ot

—

1 POFpitESTER AL
Fig. 1 Flowering periods of the four Rhododendron species
studied
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B2 DEIE(A)FIE AALES(B)FF LRI KRS FHECT IR
)

Fig.2 Protogyny in (A) Rhododendron delavayi and (B) R. agastum.
The stigma is extruding from corolla.

E3 SETEA). EAEEB). BERAEL(C)FIA B RS
D)feH R MK

Fig. 3 Floral visitors of (A) R. delavayi, (B) R. agastum, (C)
R. irroratum and (D) R. decorum.

montivolans) BYFiE(Sericomyia sp.). 34 IFE L&
(Vespa velutina) « ML (Psilocephala sp.) 1 W
(Parasarcophaga sp.). EAUIAEFTR IR K1k
HAeH, SHERETRIENRS, ERRRME
¥k . Hrhrh B LEARD RS dE B AR LR E L&
3), or iR A RS A R ER AL BY T A MRk B R
AR, REFUR. SRR SR, BRIREI h K
TS EHERD-
23 HFERZESWTFH%
INNTEBHEGNSERETBRIMM TR
FRMF2FR. OERNE, 4MHETEE B8R 4%
TR SR ET6.4%0L . HAP R AHES BRRE
L RFIL100%, 7B A R BEE, 1654.0%
b KEAEABHE R EHE90.5%. QBEEE
%, AARKRMEOESSE, HMFEAE—EME
RE, HRIMEEALEE..G)REAELR, 4 ALAEY

fe#lfe b L, (HEKRPFE TR, 7250.0%,
mHREIEED, NEHEHBHRESEDEMNF
(B9 R = 1582.0%), H K 3AFh I ALRY 168 A F
Fo WANTHIEZMAE R BEHARYDREEL,
HMFHRERILTI.0%. S)FAFFRATENE
B, 4FhALES AR R PR bk 2 A B R RE 45 55, 455K
BERLET0.0% LA L, T KR H =1A85.0%LL L.
(O)XT X AR AL B AL AT RN T R4 L, UG
BIEHBEAR, DARRAALEY. K E1EAt B R0 BB Bk ALY
AL, 18 B ) 458 5 5l h 76.9%, 76.6% F
84.4%, XL IERKIMFHER —EH KX,
435 4934.0%, 89.5%F129.7%; LAk AkEEY N REA,
DL B GRERAL B R A, BB LR BE
F, 95 89.5% F185.0%, H R FEA K KA
89.0%F195.5%; UAFEERALRY HREA, TEBEfERIE A
FLEY A A, BB A LHE N91.3%H192.0%, HFp
TR HEHT5.5%K168.0%; LLAHILHEY N EEA,
BRBIEHNRAE, HEIHELE NI 1%, MK
HH94.5%(H TR AFLBS A SR B ALBY 5 K (e T
HRAES, &5 KEEHEHN THRTER
TIEHAT) o (NEHEEM LR PAMIESIE R B L
R,

3 ihHe
3.1 FEYEEAES AT B AT
RBET &S

Xt HARZL AT IR 5T Focke i T 8 45 34 18 T B2
WHEN: BARRTETRRKEEE —FKEANREZ
INFF—E BRI EBEF (Camey ef al., 1994; Riese-
berg & Carney, 1998), X R TH (K AHH
gk & 7~ [ F (6] FF 169 f% (flowering phenology) )28
£k, . Amold%F 5 E T Focke I HEN H48 HH 4B N A
HABRTEAER, RN 35S HIET 4254
(Carney et al., 1994), FATHEHFRHKIN, KEIEH
ASEEF AN BRFE T, Ml fE /N T S81%; M
B, BANTTRERAS MR AALBY 5 Rk MRS 5 55 — 3%
KRB FEAN RN TFIedik. SBLS%A
FLAY . BRERALRY . K A {EM B E T AES, K
NFLES 5 BERAL RS AR AR A —B, =& 5 KA
MBS RIFEAES . XRPAE—ERNELT,
DB EE =% REBRETREATRER; RAM
BRI SR B AL RS L EAR — B, Ml —H AR E
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Table 1  Floral visitors of the four Rhododendron species

WY VLR 8 #t
Visited plants Floral visitors Order Family

1L EIE Apis cerana cerana
& Colletes sp.

A EIE Apis cerana cerana
& Colletes sp.

L& Apis cerana cerana
e REE Bombus montivolans
TUFIE Sericomyia sp.
HME L Vespa velutina
#1: Psilocephala sp.

48 Parasarcophaga sp.
HIEEER Apis cerana cerana

L8 R delavayi
HEARES R agastum

FELRALES R. irroratum
KEFHEY R decorum

JE#H H Hymenoptera
JE#¥ H Hymenoptera
JE#H Hymenoptera
JE# H Hymenoptera
JE#H Hymenoptera
JE#¥ H Hymenoptera
XGEH Diptera

M EH Hymenoptera
X#E Diptera

X E Diptera

#HiEF Apidae

S EERL Colletidae
HiEF Apidae

5+ EIERL Colletidac
EiERl Apidae
E#El Apidae
RIFi8% Syrphidae
HEERl Vespidae
4R Therevidae
BRUEEL Sarcophagidae

M EH Hymenoptera Rl Apidae

AR REME; TR AAMASFEERA A 5 K A EH
SRR ES, RPCMNATRESK AR
RAHEARERE, MEBILE, KAKHBREED
IR ARIA M AT et
32 HESMERMAIRZTHOTEN

B X8 B RAWNER, X4FARSIER T &
AEHMERBRZA, EHEEHRBRPEE
B, WIHENZAEEREQRERZ M EEN; [
B, BIANAT e AT Pk AMEBY 5 BEERA B B 2
TN REEFRADERES KO BRI,
XA A I G EAR G S aE T 44, mMHR
HHIERR WM LR J5, BT Z RIFEEEfE R
.

BATRIMBMA T EGA G LR L RRA,
() Ao S5 R A0 AN [ b v B A2 2 T8 T DUAH B4 8 3T,
HHABIWMERFT, BEARMAGHFHEERSE
EREE). BT U BI REAR DRk AFEBS IR TR
FEEY A R AHEAT A, PP R E AL N 34.0%H
29.7%5h, HARATH A KFHF i R EERTE68.0% L
L, BEEIEF94.5%, WHEAIZ MAE QRH
R R R RElE, (BB SR R FeRs Rk
TTATIEBETREETHRIAENE, XHRE
HRTH SRR SRR REER,
BxBERA RS IR 4> HACRE B AN R AR R L K, Th
ERE. TEMAfEE LS| BRAER I EE &4 .

X4 RS LB B RARHE, B F &R
BH. BREASR, AL BRI
R T EE R LMW R, MRERHAT S
& A [BIAZ H = A2 B] LABE R IR B o RS R
AR T ISR, RERALREM AILREE, WX

B B8 BRH B W e A2 JE R M BUE B B AR M I S
f{(Stebbins, 1957; Solbrig & Rollins, 1977; Jarne &
Charlesworth, 1993).
33 EMEMEMR ST B AR
RIE R R IR VT

BARZYAC F @ T A B RS T, e tEE
NERRFRZRMFTERR . 0 RERIEEORE
FERHEAL Z (A AH BLAE F 1) — /M5B (Real, 1983),
VIER REFE T RE L LT ERBRMBS, B
B m B R E AR T R AR O R B H R B
50 BEERZHEENEY (BTG,
1994). B A 2R AFLRS AT BB & B2 E 5 K A fEFERY
B AR 2% 3C P 1K AT B P 4 U R B T FE TR RS S N AR
2 L (Cox, 1994; Chamberlain, 2003). ik A%
(19984 £ F AN LARTE BT AWM A K 5 EF 4
MEMGE &, RSB EXOHBRES AL
FAL; BRERAESTERZS B BIO TR AALRY, T H
fEaRE L, ZHEECBR—NEH, AT H
FIEEIRRSRERR,; BERFLRY v RE R R ARSI
—RA, HATREMIRAFRS —FE, BREEESK
HACHES 1 B AR 24 AT Fh . BATTB X IX 4 AL B T2
AT THS %, Wik, KA 5 EEK
HEERS LA TSRS KA 2m, —&
AL, AART [/ —AFh (5 Bk 5T 77 B 3,
1994; Chamberlain, 2003). M IRATXTIX4FFEETE4E
MAYENET RENHASERTUFEL, HHK
S, HAEHERMNRMZMAESNL, HHE
12 (BRI B8 R AR B RAAT UM T o

YV R B HLEI R LUR 45 34 7!
()HFERR R, QAEMRE, G)VEHERS, AHMRE
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# 6 SR E: PRI R A AR TEAL RS LR B AR 2SS FE R (O FE 663
) . SURS LA S Sy B RO I 4 5 R A 7 T
@*,;53 3 os (Grant, 1981). FAIFTHHFTHIIX 4Rk BYFES3 A7 DX 380
f=fd, S B, AR RS HAIRREY . TR
3 5 L% M= HYIR = SRR 2R, A7 M 3 55 AL A5
£ o o AL FBE K pRE Y T, TEE R F R 1
St e . o B3t B S AT 0 CRERY T AL )R T2 MO
“F: @ 228 3§88 ¢ B LB 93 EE 1 (Wendt ef al,, 2001). 28
TS T s b mEeasaE TG KATA BTN ES, Ho %3 n R
- o o SR A, AR IZT IR ARH, A
g §E g FEB B8 B B 4 47 10 43 75 4 U T i 58 5
AL P FE I S AR L AL S AR T AR
. SRR FR GRS B TR
S e L o= el g, BN B AL AR, EBAT OB FE R 9 R IR A
BEZ 2 2§ 2 2 2% f2e BYTEZ W), Z5c B 2 EIRE. Rt MFHR
“18 & &8 8 8 <8« <82 25 SRt 2 3 A0 5 IS B R BT AT IR R . RV
2 HATHF 0 A A A R 0, 18 TR
ER I T ey IR, BB Ok AL BRI EE BR LS — 2 5 K 178
SlaEEy £ 53 MBI A G TR . BEIESRAMEY . BB
-1 I - - Pt HYRLK EITEH S A0 A SRR, SR 5%
HE SFIRLRYTEZ IS A A7 6 AL MR B, I EN1A7 2
BlEe® . . ¢ Tet ot R HRAET M TREE . 2450 Fk AKERY 55 TR Bkt
ElEEs 5 2 % 2 2 S35 ids | MIOEAMEUUNEEEDSERKATELR
S| " & & &8 8§ <« <t LRATRI, AR ULTT DA, SRR,
2 ARG T 5 A B A ALk B
gl = o o R R, AR SOR B S A T
2R S £ E TR S, MAERAC PR LLRAT, MIGRES T Fhir
SIE° 8, g fsiain Pt R, EHNERKE, THEREL
I FIAE AT LS A A [l 5, T H A2 (g o]
Bl s | e REFFAEM L2 ACIL R, 2R SCRE A 1] REAEAE R )
B2 :sv:f S . # o F §sfeiz WA R
EEI VS5 § 2 2§ bpsfifze BT A H AE PR A K IREE, A
# g T T T T TTEIETT L A ERAS AL B R R X (Mayr, 1963,
%% %4 o 1992; Wagner, 1970). #Rif0, ITERMBFFRKIL, H
gg*“ <m0 e e e E 0 FREMGEALG b, A G R T A& P
®5 5 A4 KB (Arnold & Hodges, 1995). A fig 2%
I E sz, =, L BRAKLRYA B BAL RS S R A L SRR K A 7
g5 g2 : a:f*ﬁ?:%f E MBS R A LR Z, BBy
BIET [Eipifisoiily TE  ATATORAE TR A SRR
25025 [SEEsRIZzEiE: TE ACHBGRY, BRI TR SR
ol E H, XR I HEZRA AR AR R BRAL B B 5
RE = eeeee < D RISCHER A — B (6 R A
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KR RRIXAF R TR—ATEE. [
— AN T3S AN [F] B T4 (BH Bk DT RN 5 WA, 1994;
RICHE, 1986). &M YRR CRE, #4844t
S B3 N AR A MEHEHERE, XA A
FLRGIE BRI RIR M T &4, R 44y
REMRERRME T H—PHAAHINE. BATT
—HM T, FEUEBFIRMBITRE, NBE
Ry FEYE TR, IREE 26
FIUESE SKAE Rk A MRS 5 B BRI B R AW
LI
HMifl: RAMEHRFAGHER LW HIET
R R BT ELER,
SE K
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