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Abstract A combination of dichogamy and herkogany in hermgphroditic plants is an dfective
mechaniam to encourage outcrosing and awid sifing. In this paper , we sudied whether such a
mechaniam conpletdy awids geitoroganous sifing in Swertia przewalskii Asjauk. , a perennid
endemic to the Qinghai- Tibet Aateau. We gudied the flora syndrome of this gpecies and found that
its flowers are characterigic of dichogamy and herkogamy. Each individual plant of this ecies has
an average of three flowers rangng fromone to sx, a both saminate and pigillate gageswith a ra
tioof 2 1infull anthess. No autoromous sHifing wasfound in the breeding experiments, indicating
that this ecies is pollinator- dependent for seed. But artificid selfing production for geitonogamy
produced high seed st , which inpliesthat selfing can not be conpletely avoided if efective pollina
tors nmove continuoudy between flowerswithin an individua plant. A variety of insectswere observed
to vigt S. przewalskii , but the nog efective and comnon pollinators were Bumbus keshimirensis
Friee (Bumbidag) and Apis mdlifera L. (Apidae) . A further gatistic observation of these two -
fective pollinators indicated that they showed no preerence to either gaminate or pidillate flowers
but aways visted them from the lower floners to upper oneswithin individuals. We further calculat-
ed the frequency of their vigts between and within individual plants. Anong the pollinators bouts,
the proportion of geitonoganous vidts within an individua plant occupied about 37 %. Such a case
implied that geitonogamous seifing was not awided in S.  przewalskii in ite of floral dichogamy and
herkogamy , suggedting that dichogamy and herkogamy in hermephroditic plants play a nore inpor-
tant role in reducing interference between male and female function than in encouragi ng outcross ng.
Key words Swertia przewalskii , dichogamy, herkogamy , outcrosing, geitonoganous sdfing,
bisexud interference.
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1-6 , 3 , 21,

Bumbus keshimirensis Fiese Apis
mdlifera L.
1 37.1%
(dichogamy) (herkogarmy)
, (Renner , 2001)

(Lloyd & Webb , 1986;
Webb & Lloyd , 1986) ;
(bisexud interference) (Barrett , 1998 , 2002)
(Webb & Littleton, 1987 ; Bynum & Smith, 2001 ; Petanicou et al. |,
1991, 1995, 1998, 2001) , ;

? ’
Swertia przewalskii Aisgauk. , (flord syndrome) ,
150 ,
( , 1994) ,
(Liu et d. , 2001) ,
3200 - 4300 m
, , (10 m )
, Gonmpodtae Ligularia Cass.
Saussurea DC. Ranuncul aceae , Delphinium L.
Ranunculus L . ,
1
( ) , 3729 - 3745 101°12
- 101°23 3200 m, -1.7 426 - 860 mm (Zheo & Zhou,

1999) 10 ) ' )
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8:00 18:00 1 1 ,
, (1) (natura pollination) ; (2)
(naturd pollination ater emasculation) ; (3) (ilation without emas:
culation) ; (4) (ilation ter emasculation) ; (5) ,
(artificid  geitorogany) ; (6) (artificia
Xerogarmy) , ; (3
8
Arroyo  (1985)
b b (
) H
, 3m , 1m ( 3 21 h)
/[ /mn , Bumbus keshimirensis
Fiese Apis melifera L. ,
) (Hitachi S 800)
2
2.1
7 1 1
18 9 ’
5, 4 6; 1 2 ( n =300, )

6.3+1.5d (n=9) ,
, , 5.2+3.3h (n=5); ,
( 2.AD.E.Q, , 76.9+47.3h (n=7)
1
, (F=2.52, P=0.124) :
( F=19.56) (F=47.18) (P<0.01) ,
4-12 ,
8+3 (n=232); 1-6 , 3+2 (n=232),
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O Staminate stage Pistillate stage 21,
(om}

14 ,
12
10 2.2
: 1
4
2
0 ) H
Length of Length of Diameter of .
stamen pistil androecia ) ( gpomxi s)
surrounding
L )

Fig. 1. Lenghd gamen, pidil and dameter of androe-
cia surrounding in Swertia przewalskii .

2.3
6 12 61
3 (21 h) , ( 2:AB,0O ( 2:D,E,F
, ( :0.0101 £0.0063 [/ /
mn; :0.0116 +0.0133 / /min) ,
( 2:C,Ph; , ( 2:A,B
1

Tablel Seed st of Swertia przewalskii under different treatments

( t )

Pollination treatment Seed &t (Mean + SE) No. of saple
Naturad pollination 0.71+0.16 27
Ilation ter emasculation 0 53
Ilation without emesculation 0 25
Naturd pollination ater emasculaion 0.62+0.28 15
Artificid geitorogamy 0.52+0.23 39
Artificid xermogany 0.56+0.21 33
2 A B. C.
D. E. F G.

Fig. 2. A, A bumblebee visting individud plant with many flowersin anthess. B, The abdomen of bumblebee touching gigma.
C, The hind leg of bumblebee touching ¢igma. D, A visting bee in pidillate flower of ' S. przewalskii. E, The pollen cup of bee
touching gigmaof S. przewalskii. F, A vigting beein gamnaefloner of S. przewalskii. G, Sme peciesdf Andreni dae occason-
dly visting S. przewalskii for pollen and touching gigmadf S. przewalskii .
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( 3:¢,D,E,G,H)
Andrenidae ( 2:6 ,

( 3:F.,), ( 2:9,
( 3J,KL)
( 69 ) ,
, 1 2 3 4 5 62.9% 27.5%
7.3% 1.5% 0.8 %( ,n=1052) ( 2) 1
, 2 37.1%,
(n=26) ( 3
2 ( n = 1052)
Table 2 Number of flowers vidted by one vistor on individua plant ( n=1052)
(%)
Number of vidted flower on L Ratio of number of vigted plantsto dl plants
indvidudl plart Number of visited plants investigated ( %)
1 662 62.9
2 289 27.5
3 7 7.3
4 16 1.5
5 8 0.8
3 ( n=26)
Table 3 Vidting order of a vidtor on individud plant ( n=26)
Visting order
Upward Dowrward In the same height
Bumbus keshimirensis 7 0 14
7 Apis mdlifera 6 0 4
3 A B. C. D.
E. F. G.

J. ( ) K. ( )
L. ¢ )

Fig. 3. A, Rllend Swertia przewalskii. B, Qufaced pollend S. przewalskii. C, Rillend S. przewalskii on abdomendf bumr
blebee. D, Rillend S. przewalskii on hind leg of bumblebee. E, Rllendof S. przewalskii on hind leg of bee. F, Rilend S.
przewalskii on hind leg of me peciesd Andrenidee. G, Magnification of pollendf S. przewalskii on hind legof bee. H, Magnifi-
cation of pollendf S. przewalskii on abdomen and hind leg of bumblebee. |, Magnification of pollendf S. przewalskii on hind leg of
ome peciesdf Andrenidae; J, Rollen of other goecies (Gentianaceae) on hind leg of bee. K, Rollen of other gecies (Ranuncu-
laceae) on hind leg of bumblebee. L , Rollen of other goecies (Conpostae) on hind leg of some pecies of Andrenidae.

A, G,J, x2700; B, x9900; C, x180; D, x90; E, x54; F, x198; H, |, x2250; K, x4500; L, x1800.
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, (Webb & Littleton, 1987 ;
Bynum & Smith, 2001 ; Petanicou et al. , 1991, 1995, 1998 , 2001) ,

(autoronous seif-pollination)

l l ) l

, (facilitated
sdif-pollination)

, ; (Murray , 1987;
Kearns & Inouye , 1994 ; Bingham & Orthner , 1998) |,

) (Koner , 1999)
(0.0217 / /min) 34 3200 - 3600 m
0.0029 / /min(Aroyo et d. , 1985) ; Campanula rotundifolia L.
3300- 3500 m 0.0017 / /min(Bingham & Orthner ,1998)
Gentiana straminea Maxim. 0. 005
[ Imin( ) , (Webb &

Littleton, 1987 ; Bynum & Srith, 2001 ; Petanicou e al. , 1991, 1995, 1998, 2001) ; ,

, (Webb & Littleton, 1987 ; Bynum & Smith,
2001 ; Petanidou et . , 1991, 1995, 1998, 2001) , ,

, Ishi  Sakai (2002) Narthecium asi aticum
Maxim. ) )
, Bhardwaj Eckert (2001)



5 : ( ) 473

Butomus umbellatus L .

) Camr
panula americana L. , , ,
(Glloway et d. , 2002) , Aconitum ly-
coctonum L. , ,
, (utd-
li & Roy, 2000) ,
, 2
37.1%,

) (Barrett , 1998, 2002) ,
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