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Abstract : Floral characteristics, pollen viability, and stigma receptivity of Oyama sinensis ( Rehder et E.
H. Wilson) N. H. Xia et C. Y. Wu (national class Il key protected wild plant, quasi endemic species in
Sichuan Province, and prior rescue and protection plant with extremely small population) in populations
at different altitudes [ population P1 (altitude of 1 758 m), P2 (altitude of 1 988 m), P3 (altitude of
2 181 m), and P4 (altitude of 2 397 m) ] were studied, and species and visiting behaviors of its flower-
visiting insects were observed. The results show that flower diameter, and length and width of tepal of O.
sinensis in population P2 and P3 are significantly ( P<0.05) larger than those in population P1 and P4 in
general , while there is no significant ( P>0.05) difference in flower length among four populations. With
increasing of altitude, input of stamen and pistil of O. sinensis decreases gradually, and numbers of
stamen, pistil, pollen and ovule and pollen/ovule ratio (P/0) show a tendency to gradually decrease in
general. Pollen viability and stigma receptivity of O. sinensis in high altitude populations ( population P3
and P4) are evidently higher than those in low altitude populations ( population P1 and P2), and their
stamen and pistil have longer life. Bombus ningpoensis, Aedes albopictus, Apis cerana, Syrphus sp., and
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Pieris rapae are the effective pollination insects of O. sinensis, in which, the visiting peak period of major
flower-visiting insect of B. ningpoensis is 10;00—14;00. Exhibition effect of flowers of O. sinensis in

population P2 and P3 is relatively good, and number of flower-visiting insect species is relatively large

(10-11 species). With increasing of altitude, visiting times of flower-visiting insects of O. sinensis

decrease gradually. It is suggested that with increasing of altitude, extending the life of pollen and stigma

is an effective strategy to improve pollination efficiency and enhance adaptability of O. sinensis.

Key words: Oyama sinensis ( Rehder et E. H. Wilson) N. H. Xia et C. Y. Wu; floral characteristics;
pollination ecology ; breeding strategy; distribution altitude
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Table 1 Basic situation of populations of Oyama sinensis ( Rehder et E. H. Wilson) N. H. Xia et C. Y. Wu at different altitudes

JE RS G 2353 T/ m eV WeRE/ () et
No. of population Latitude Longitude Altitude Aspcctl) Slope Slope position
P1 N30°37'34" E103°04'08” 1758 NW48° 32 T Lower
P2 N30°39'40" E103°00'48” 1988 NW30° 38 T Lower
P3 N30°40'47" E103°03'07" 2 181 NW70° 29 1 Middle
P4 N30°4127" E102°58'24" 2 397 NW80° 32 1 Middle

DUNW. bW 7Y North by west.

TR 3 Z= 4 BT HMERS AR 58 2RO B A6 2, B s
Tt 30 PR R RCCRSEE 0. 1 mm) I &2 4B 2R 1Y
BRI AEH R A BE T 5 LA R 5 R 8 7
KBE, GE i b A Y

2 (B R 2 AEAT R 43 0 B AL 36 B 3 2 BIDRE Tk
AL TR E T FAA W AR5 0 S = B4
JEHEAL 30 g%, 3K R R AL B9 4B 25 R EL )
FEBAKIH R E T 5 mL O, T4 5 B
1 pL, 7EBX51 M2 83445 ( H A Olympus A F]) T
FREHAC YRR, B SR 10 WK, TS0 AL Ry B
YA ; i B AR Y ME S O AE AR T gt iR
HHL
1.2.2 HEEATHERHELLHZFA®RN S CHR
[14] & B K Lo A AR R 53 0 BEFLIZE B 3 2% >4 H AP
PEFF B AE AT PRI , SR A G S 207 1] 52 0 % 07 T
4 CUKFEVE I, A BEEL 30 2, REMHEZG
£3BE 24 h BUH—HEHEAT TTC Y, B B A G
PR BAEE T 43t 3~5 L P Y e €548 K3 5k
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MEL L ST R W VIEAT A, BT 9.00 ZHI Al
1700 ZJ5 AR WYIER =, HI, T 9:00—17.00

HESEMEE I 0 % 45 I BEUTAE B U A2 7 IRl K
Vil R Ay [l i ), 25 R BCE A, RIB i3 A fig
PUIAY R L Il [ L & S5
1.3 HiESiTHFn4biE

K H EXCEL 2010 {4 X 52 56 %5 4 #8171+ 550 A
I3HT, R SPSS 20. 0 48143 B 8 A4 Y one —way
ANOVA X [B] i KA A AN [ V4 F A ) 19 25 5 3
TR

2 HERAH
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HHAE ST

[ KA G R AE AR T, AEAE T 25, A2 K
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[ KA A A FERE I SRE LR 2, B3R 2
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U o ANRIEER SR AL ) B K A AE A e K 22 R i
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Table 2 Morphological characteristics of flower and tepal of Oyama sinensis ( Rehder et E. H. Wilson) N. H. Xia et C. Y. Wu in populations at

different altitudes (X+SD)"

JE T WIS ERRitvix I 52 AR EERE i
Population Flower The 1st whorl of tepals The 2nd whorl of tepals The 3rd whorl of tepals
H5 HHE/m B4/ mm KJE/mm KJE/mm B B/ mm KJE/mm F& B/ mm KJE/mm P& 5/ mm
No. Altitude Diameter Length Length Width Length Width Length Width
P1 1 758 105.71£7.97b  30.80+3. 17a  48.15+5.10b  26.65+3.93¢ 54.31x4.17b  36.95+8.70c 50.45+3.30c 31.01+5.39b
P2 1 988 129. 88+24.24a 29.65+2.95a 58.68+2.27a 31.19+3.22ab 67.60+7.52a 50.24+6.92ab 59.82+5.83a 34.11x9.33b
P3 2 181 135.56+6.57a 32.53+1.50a 59.89+4.64a 34.15+£2.76a 69.60+4.86a 55.47+4.67a 60.89+2.02a 44.49+1.67a
P4 2 397 106.54+6.87b 31.06+3.21a 50.70+4.91b  28.77+0.56bc 59.88+4.33b 45.82+3.91b 54.47+0.17b 36.27+3.47h

D [R5 o R R /NG FRE R R 25 57 13 (P<0. 05) Different lowercases in the same column indicate the significant difference (P<0.05).
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®3 AEEHREHEMN X LSRN (X2SD) Y

MESS AL s P s A 1) W A BRI IR BR800 2y Wl 3 R T

HAbERE A 4 AN EEFRES K TR EER, 4 MF
Eiﬂ@f%/ﬂiﬂftb(l)/oﬂg 5313~ 11 453, H [ & i3
PTG, PO (BB IS, 26 W 8] K 2o AR 70 eSS
SHESE 4 AL Bl 2 Vg 4 T v T ek 2[RI R A A
) P/O A5 A Cruden™ AYARHE, 2 B H N L4 5
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Table 3 Characteristics of stamen and pistil of Oyama sinensis ( Rehder et E. H. Wilson) N. H. Xia et C. Y. Wu in populations at different

altitudes (X+SD)"

i

i
o
I

Population A Stamen Pistil ) YIS

o — TR . pesky  (ER/IERIL

it MEHR/m i K/ mm Pollen number K KJE/mm Ovule number oten ovuie

No. Altitude Number Length Number Length ratio

Pl 1758 83.5£10. 5a 10. 5+1. 2¢ 938 000£325a 41.5+4. 3a 4.0+1. la 81.9+1.4a 11453
P2 1988 78.3+10.7b 13.2+1.7b 629 300+£252h 32.6+2.3b 3.9+0. 6a 64.5+1.0b 9 757
P3 2 181 77.8+4. 6b 14.8+0. 7a 537 000+187¢ 30.4+2.9b 4.1+0. la 59.5+0. 8¢ 9 025
P4 2 397 66.0x11. 4c 10. 1+0. 6¢ 349 600+248d 33.3+2.1b 4.7+0. 6a 65. 8+0. 8b 5313

D &3 RN E B /NE PR R 25 5 8 35 (P<0. 05) Different lowercases in the same column indicate the significant difference (P<0.05).
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TE5 5 RETHER G IR 50% L I, R B m 1
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RO HESLTF UG BB AR B, PTR AR 55, FRAER
K, P1 A P2 JRFEAHSL N s & ,%*ﬁﬂﬁz%f%,%T
bt 1M P3 AN P4 JEBEARE S A BA T 2k (H AT 2



%3

WR/NAL, 25 SRR BT KA AR A b A 2 0T 5

99

F4 FARIBHREHEMN XL EREDMELTRIENIHTEN (X£SD)
Table 4 Dynamic changes in pollen viability and stigma receptivity of Oyama sinensis ( Rehder et E. H. Wilson) N. H. Xia et C. Y. Wu in
populations at different altitudes ( X+SD)

JE#E  Population

R FFAERS [ ALK I 71/ % ")

Pollen viability at different flowering times'

)

i M /m ERIN ENPN ¥3 K EIPN ERPN %6 K
No. Altitude The 1st day The 2nd day The 3rd day The 4th day The Sth day The 6th day
P1 1758 # 85.7«1.9b 80.5+8.9¢ 63.4+4. 8b 20.9+3.9¢ *

P2 1 988 * 86. 0+2. 6b 83.0+4.9b 58. 6x4. 6¢ 40. 8+8. 2b *

P3 2 181 # 91.6x1. la 84.2+0.9a 65.5+2.5b 55.8+2.4a *

P4 2 397 # 93.1%1.0a 85.6+2.0a 75.8+1.4a 57.2+5.3a *
JERE Population ISE)TFAE I 6] A S i) 452442 Stigma receptivity at different flowering times?)

% HEH/m 1R H2 R 3R B4R ETRN EDN
No. Altitude The 1st day The 2nd day The 3rd day The 4th day The 5th day The 6th day
P1 1758 ++ +/= - - - -

P2 1988 ++ +/- - - - -
P3 2 181 ++ +/- +/= - - -
P4 2 397 ++ +/- +/= - - -

Do RAG I LR Pollen undetected. [H] 51) H A [ B /NS
significant difference (P<0.05).

TR FRIRER B E (P<0.05) Different lowercases in the same column indicate the

D4+, Mk AT B2 Strong stigma receptivity; +/—; FESk P —f Common stigma receptivity; —: #1:3k TG #244: Stigma without receptivity.

PE— B, FFAESS 4 REZ G ,4 D RBERRE S JonT
Btk
2.4 ARBHREERAMXLEHEEHRMMER
AT A

SH8HZESH 10 H A4 JE BE R K%

B4 A TEREBR R AR U7 8 B du 3k 13 i, 510)
WHIE 317 Y, Hrp 3 H ( Hymenoptera ) F15G# H
(Diptera) B R JFIREE 2 . Hirbr, BB ( Bombus
ningpoensis ) Vi YRECN 171 W, 546 B LB T TR TR
B 53.9% , Fo7 ) F AL 32 AE W P M

FEVTAE B HUAY 6 K

x5

VidEAT MW 5, H3k 5 AL

AEBREFEMRLEHERRNFMHERFEITAH(SASEESRA10H)

B FRZEAEVR I RN (44. T£4.8) s, AEBIF (Aedes

Table 5 Species and visiting behaviors of flower-visiting insects of Oyama sinensis ( Rehder et E. H. Wilson) N. H. Xia et C. Y. Wu in
populations at different altitudes (from May 8 to May 10)

ENGIE S e e
| # Fh EE A Visiting times in different populations®
Order Family Species Visiting part")
P1 P2 P3 P4
53 H Hymenoptera AEI%R} Bombidae AEE Bombus ningpoensis Te,St, Pi 71 43 38 19
HIERL Apidae rhAESE % Apis cerana Te,St, Pi 4 12 10 12
IR} Formicidae INEEWL Monomorium pharaonis Te 2 1 1 2
X3# H Diptera IR} Culicidae FEWLT Aedes albopictus Te,St,Pi 24 12 10 6
ZF R} Tachinidae [l %7 W Paradejeania sp. Te 0 2 1 3
B UFHEEL Syrphidae B WU Syrphus sp. Te,St,Pi 6 5 4 0
Sk} Pipunculidae Skl Pipunculus sp. Te 8 0 0 0
i H Coleoptera H-HRL Chrysomelidae A7 Chrysomela populi Te 0 1 2 0
4Pl Cetoniidae 418, Cetonia sichuana Te 0 0 0 1
%% H Lepidoptera MHEEEL Calliphoridae LIS Calliphora vicina Te 0 1 0 0
JRIERL Papilionidae R Pieris rapae St, Pi 0 3 2 0
Mk H Araneae kRl Thomisidae YIS Misumenops tricuspidatus ~ Te 0 4 7 0
2% H Thysanoptera 1] AL Thripidae H] D Frankliniella intonsa Te,St,Pi ® * * #*

UTe. 1685 H Tepal; St; HEES Stamen; Pi; MEES Pistil.
2D P1,P2,P3,P4; 43HIHTEHR 1758 .1 988.2 181 Fil 2 397 m Ab 15 MK 4 46 JE#E Representing Oyama sinensis ( Rehder et E. H. Wilson) N. H. Xia
et C. Y. Wu populations at altitudes of 1 758, 1 988, 2 181 and 2 397 m, respectively. * . {EfFFIIT & I AL H] S (B A B K5 647 M, Ui

AR BOTC B 1 Many Frankliniella intonsa are found during flower anatomy, their visiting behaviors are not observed, so their visiting times are

uncounted.
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albopictus ) FIHHEEE W (Apis cerana ) BT ) IR B 43531
9 52 1 38 WK, TEALIR A BB o0 S A 15 1 TEME S
FMESS A] R [0 2848, B A6 5 [R] B R LAP S LA
S 2 B R AAE A SR iy B B, B R0 ( Syrphaus
sp.) VITRIREE D o 15 IR AH B g A6 T 1) B ] 4K
H(367.0£107.8) s, BT EAEH T HESSFIMERS
b WA R A, I ( Pieris rapae) Vi lA1IK
B A5 Y, Vs 1) A A WSS FIME RS | REA Rl L
AR . WURF ( Formicidae) . 37 M} ( Tachinidae ) | I
AL ( Chrysomelidae ) | f£ 4 16,8} ( Cetoniidae ) F1 H 1
BE( Calliphoridae ) 15 4£ & HL B9 15 [n] Yk B i /b, HALAS
AR T b AR R R AL, B R e
Ze P A8 & ( Frankliniella intonsa) B0 3 22, F 2 HL
BAEWOR S FMERS  BIR T AR i s B, S 80k
RTCIRIE RS WAL Byt T Al 1t

H2¢ 5 16 AT LU A [l AR RE IR K 2 46T
AER AR R BAFTER R 2 R, P14 1 758 m)
1 P4 (EIR 2 397 m) JERERI VAL R IURHSEES 0 7 il
HIT P2 (4K 1 988 m) Fl P3 (14K 2 181 m) JERF IR
MR AEAE R B R ROR B BEM S | BEZ DT B R
HOE g5, o[ ok MR = R AR Wk ( Misumenops
tricuspidatus ) % , VifE L UFR SR 10~ 11 B, MiJ5[A]
RECRFE | W& RN THE , P12 P4 SR U B R 1R
IR ECE s /b Herh P s VS 4B R HU
ViR RBOR 2 5 T H A s 3, D5 R BN 115 4K,
SER RN ITR] 14, 4 YK ;P4 JEREVTAE R B E5 R
AL 43 U, P38/ N S. 4 0K

5 719 HAS[R] i 4k A (] i B 8 e 1 1) 2] -
RUAEAEAMUEILE 1, &1 AT LIE . 9:00—
17:00, P1 Jit ¥ A8 17 7] [58] hK 22 A6 4B 2 1) O &2
“U > — b 1A A A o 7R 11.00—
15: 00145 if BER DT MR AR 2 (R F45F 9 1K) 5 P2
JiE AR I 17 [0 5 - K o A8 A6 o 1 KR < 38 m—ak
s In— b A 75l AE 10:00—11:00
H113:00—14: 00 I B 1k 20 (L, 7 7] K739 b
9 FN10 Y5 P3 A1 P4 JE g AR U5 In] I3 K L AE A 2R Y
UOBCR AR B 55 8 s e b v A Al e S T
10:00—11:00 i Bk U (R, U7 ] & 5051 2 10 A
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Fig. 1  Visiting times of Bombus ningpoensis on flowers of Oyama
sinensis ( Rehder et E. H. Wilson) N. H. Xia et C. Y. Wu in different
time segments in populations at different altitudes ( May 9)
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