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Abstract Aims Knowledge of floral syndrome and breeding system is important for understanding reproduc-
tion and population dynamics of plants especially rare plants. Our objective was to determine the floral syn-
drome flowering course and dynamics and functional floral morphology of the rare plant Rhodiola dumulosa in
Dongling Mountain Beijing China to determine its breeding system.
Methods For individual flower flowering lasted 5 to 6 days the flowering process for one flower of this
species can be divided into 6 periods according to the flower morphology and anther dehiscence “ Budding pe-
riod” —petals are visible but not open two rings of anthers are red and no dehiscence “ Inside-dehiscence” —
petals are open in a way and the inside anthers dehisce “ Post-inside-dehiscence” —after 1 — 2 days of flow-
ering the inside anthers over the pollen exposure and the color changes to black “ Outside -dehiscence” —the
outside anthers dehisce ovary becomes bigger and then split stigma stretches out “ Post-outside-dehis-
cence” —petals are open well all anthers over the pollen exposure and the color changes to black or brown
Withering period” —after 5 — 6 days of flowering the color of filaments and ovary changes to red petals start
wilting.
Important findings In the process of flowering styles become long and curved slowly. The anthers dehisce
in order of priority. The inside anthers accounting for 50% of whole anthers whose dehiscence pattern is longi-
tudinal always dehisce first followed by the outside others. The flowering span among populations is about
30 — 40 days. The flowering course of every observation plots is different the observation plot B whose altitude
is 2 202 m lagged behind other observation plots and we presume that different weather condition of every ob-
servation plot and disturbances of tourists should be the great factors. The species is protandrous with an out-
crossing index of 4 bases. According to criteria of Dafni 1992  the breeding system is outcrossing with par-
tial self-compatibility needing pollinators. The pollen-ovule ratio P/0 is about 700 — 1 000. Based on
Cruden’ s criterion 1977  the breeding system is facultative xenogamy .

Key words Rhodiola dumulosa breeding system outcrossing index pollen-ovule ratio

2006-04-19 2006-07-16
30470290 20050027024

Author for correspondence  E-mail louanru@ bnu. edu. cn



529

Floral syndrome

Floral design Floral display

Barrett 1998 2000
Wyatt
1983
2004 2002
2004 2001
2001 2001
2001 2001
1999 2003
Endangered or rare plant
2004 2006
Deborah Rabinowitz
Gaston & Kunin
1997

3 Rabi-
1986

nowitz et al .

Gitzendanner &
Soltis 2000 Kelly et al. 2001 Moora et al. 2003

Rhodiola dumulosa

4 ~7 2~3 cm 5
2 L
7~8 9~10
1 600 ~ 3 900 m
1984
2005 1997
1
39948’ ~
40°00’ N 115°24’ ~ 115°36' E
2~8%C 611.9 mm
66% 2003.9 h
5~10 1194.8 h 59.6%
2 985 ~3 095 M} m~?
1999 2303 m
1800 2000 m ~2 200 m
2200 ~2 303 m
2004
2
2.1
2005 7
1927 m 2303 m 100 m
4 2303 m



530 31
A 2202 m B
2 106 m C
2018 m D 1
C Dafni 1992
1~3d 1 25% 50%
25%
10%
1
Table 1 The background of each observation plot
Observation plot Aliitude m Aspeet Slope Numbers of sampling
A 2303 SW 30° 30° 20
B 2202 SE 30° 30° 20
C 2 106 SW 15° 45° 20
D 2 018 NE 40° 45° 20
2.2 Outcrossing index OCI P/0 2 108.0 ~
Dafni 1992 195 525.0 P70
5 5 P70
Dafni 1992
0Cl=0
Cleistogamy OCI=1 Ob- 3
ligate autogamy OCI = 2 3.1
Facultative autogamy OCI = 3
oCl=4 1
6
2.3 - Pollen-ovule ratio P/0O Budding period
2005 7 C 1-1 In-
FAA side-dehiscence
5 Dafni 1992 1~24d 1-2
0.5% Post-inside-dehiscence
0.1% TWEEN-20 70%
1 ml 10
pl 1d 1-3
6 10 Post-inside-dehiscence
1d
1-4 Post-outside-dehiscence
Cruden 1977 P70
2.7~5.4 P70  18.1~
39.0 P70 31.9~396.0 1d 1-5 Withering period

P/0

244.7 ~ 2 588.0
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Fig.1 Sketch map about course in single flower

Fig.2 Examples map showing the course in single flower
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2
Table 2 The functional floral morphology of Rhodiola dumulosa
Items of observation Results of observation
Flower organs wilting order —- Stamen—> Petal
Color changes - - White— Yellow—Red
Petal development Size changes - Stretch—Rolling
Color changes - - - Red— Yellow— Black—Brown
Stamens development Filament length No obvious changes
Distance from anthers to stigma —  Short—=>Long
Mode of anther dehiscence Longitudinal dehiscence
Stigma Color - - Green— Yellow—>Red
Pistil development Shape No obvious changes
Position - Upright—Curve
Time of stretching out Post-inside-dehiscence
Ovary Color - Green—>Red
Development - Combine—Split
Odour No
Nectar Yes
3 /

Table 3 The flowering process of Rhodiola dumulosa observation plots Date/Month

Observation plot

Ttems of observation

A B C D
25% 25% individuals flowering 29/6 30/6 28/6 27/6
50% 50% or more individuals flowering 177 3/7 2/7 30/6
<25% Less than 25% individuals flowering the rest already shed 13/7 15/7 12/7 1177
10% End of flowering less than 10% individuals flowering 15/7 17/7 1477 13/7

1985 4 -
Table 4  Pollen -ovule ratio of Rhodiola dumulosa
B A
C Items of observation Results
3.2 - 64 933.26 = 13 368.90
Dafni 1992 Pollen number per flower p=0.002
74.5+19.43
2~ Ovule number per flower p =0.005
6 mm 20 ~ 30 mm - 883.80=119.78
Pollen-ovule ratio p=0.001
Type of breeding system Facultative xenogamy
Dafni 1992 0CI
4
4 PO 700 ~ 1 000
Cruden 1977

Lloyd 1979 Barrett & Eck-
ert 1990 Vogler & Kalisz 2001 ~ Barrett 2002
169
1999 173
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