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Abstract; Plant flowering and breeding characteristics are important to understand reproduction of plant
population. This paper, by means of observations on outcrossing index and pollen-ovule ratio,
emasculation, bagging and artifical pollination, studied the reproduction characteristics between
Eleutherococcus senticosus and E. sessiliflorus in Maoershan Forest Ecosystem Research Station (127°30" ~
127°39'E, 45°20' ~45°26'N ). in Northeastern China. Especially. this paper focuses on the flowering
course, functional floral morphology, flowering dynamics, and breeding system for both species.

From these experiments, the flowering span of Eleutherococcus senticosus and E. sessiliflorus
populations are about 30~40 days. The life spans, sexes, and ages of the flowers for the species of E.
senticosus are quite different. Usually, the flowering time of E. senticosus population is 20 days earlier, and
10 days shorter than that of E. sessiliflorus population. For individual male flower and most fruitless
bisexual flowers, the life span of E. senticosus is only about 5 days. It is about 9 days or over 9 days for the

female and fructiferous bisexual flowers for both species. After flowering for 9 days, some female and
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total fructiferous bisexual flowers of E. senticosus, and total flowers of E. sessiliflorus developed into
fruits, others might be wilted or shed in latter days.

There are a lot of differences in functional floral morphology for both species. On the day of anthesis,
the lengths between anthers and petals of male, female, and bisexual flowers of E. senticosus, and the
flowers of E. sessiliflorus are 4.6=+0. 1mm, 1.6+ 0.4mm, 3.8+ 0. 2mm and 4. 04 0. Imm respectively,
and the lengths from anthers to stigma are 5.2+0. 2mm. 2.8+ 0. 2mm, 3.0+ 0. 5mm and 4. 0+ 0. lmm
respectively by micro-ruler measurements. The changes of colour and shape for stigmas and petals, are
different between both species, and also among the different sexes of E. senticosus. For example, the
stigma shapes have no changes, 5-lobed or 4-lobed. split and rolled outward, and forked respectively in
the development of male, female. and bisexual flowers of E. senticosus, also including the flowers of E.
sessiliflorus.

The flowering processing for both species and sex forms, such as stamen colour, anther dehiscence,
nectar production, flower odour, and the development of style, carpels, receptacle, and sepals have their
characteristics. In male E. senticosus flowers, the colour of petals, styles, floral discs and stigmas changes
from green to pale yellow. The nectar secrets only in the first 3 days, all flower organs shed
simultaneously on 5 or 6 days after anthesis. For female flowers of E. senticosus, the stamens and petals
shed simultaneously, its nectar secrets on 6~8 days after anthesis, which is the time that stigmas change
their colour from greenish to white and change their shape from round to 5-lobed or 4-lobed. For its
bisexual flowers, stamens shed earlier than petals, and earlier than other organs. The species of E.
sessili florus has the same characteristics of flowering processing as bisexual E. senticosus being.

There are some differences and some sameness of breeding characteristics for both species by
examining their developments. For instance, E. senticosus is trioecious, which means that individual plant
has either bisexual, or male, or female flowers, but E. sessiliflorus is hermaphroditic, 7. e. each E.
sessiliflorus has only bisexual flowers. Furthermore, there are both temporal and spatial isolations of %
and ¢ organs within both plant flowers. They have the characteristics of protandrous, their outcrossing
index =4. According to Dafni (1992), both breeding systems for these two plants are outcrossing,
partially self-compatible, and demand pollinators to help their breeding. But by Cruden (1977). the
pollen-ovule ratio (P/O), in both species, are 6 250~ 10 000, and 12 000~ 16 000 respectively, their
breeding systems belong to Obligate xenogamy.

By the treatments of emasculation, bagging and artificial pollination in this experiment, the
inflorescences of both species produced fruits differently. There were no fruits when the inflorescences
were bagged, unemasculated, or were bagged, emasculated, but without artificial pollination treatments.
When the inflorescences of both species were unbagged, unemasculated, and with free pollination
treatments, or bagged, emasculated, and with artificial cross-pollination treatments, or unbagged,
emasculated, and with free pollination treatments, there were some fruits produced except male
inflorescences of E. senticosus. In the treatments that both species were bagged, emasculated, and with
induced artificial geitonogamy, the inflorescences of E. sessiliflorus and bisexual inflorescences of E.
senticosus could produce fruits. The inflorescences were unemasculated and bagged on 6d, 8d, 10d, and
12d after anthesis, the fruits can be found in the inflorescences of E. sessiliflorus, female of E. senticosus,
and bisexual E. senticosus. This means that there are no spontaneous self-pollination and no agamospermy
in both species. They have partially self-compatibility (only when induced geitonogamy) and partially
cross-compatibility. The outcrossing is the most important form of breeding systems in both species, their

fruit would depend on the timely visiting of pollinators at the period (6~8 days) of stigmas which became
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white and rolled outward after anthesis.

22

Key words: Eleutherococcus senticosus; Eleutherococcus sessiliflorus; floral dynamics; breeding system;

outcrossing index; pollen-ovule ratio; artificial pollinationl; pollination ecology

:1000-0933(2002)07-1041-08

:Q149,Q944,Q948, S718

[
(41
. [3:8]’ . . . |
’ L9<1UJ°
, . ( )
1
1.1
. 127°30' ~127°39'E, 45°20' ~45°26'N,
o 300m, o
1 —19.7C,7 20.9C, 723. 8mm s
2900 C o
1.2
1.2.1 s
5 X5~20 2~3d 1 s o
, 1 3 ,
. ; 1 N N
5 o,
/( + +
1@ 25% ;3 50% ;@ 25%
( 10% Do
1.2.2 (Outcrossing index,OCI) Dafni
by, (D <1Imm
2;>6mm 3.(2) ,
1. (3 s 03 1,
oclI=0 (Cleistogamy) ;OCI=1 ,
oclI=2 (Facultative autogamy) ;OCI=3
;O0CI=4 s o
1.2.3 - (pollen-ovule ratio, P/O) .
, ( 0.5% )

03;1~2mm

2.8C,
120~140d,=10C

2~3h LB
)
D

1;2~6mm
03
oclr s
(Obligate autogamy) ;

]

5ml ’



7 N 989
N s s 10pl
, 6 o s o r/O
. Cruden ,P/O  2.7~5.4 :P/O
18.1~39.0 ;P/O 31.9~396.0 sP/O 244, 7~
2588.0 ;P/O 2108.0~195525.0 ; .P/O
,P/O il]o
1.2.4 . Dafni NG . .
.3 , . . , N
, . . , 6
, . . . O @ . . ©®
s \ 2.4.6.8,10,12 9:00 s ,
2
2.1 N
ol ) s 2.2
~2.5mm, 1.1~1. 6mm; 1. 5~2. Omm; 0.3~0.4mm, 5 4.5~5.5mm;
1.2~1.4mm, 0.7~1.0mm, 0.5~0.7mm; 3.5~4. 0mm, 3~4d,
; 6~7d, 3.0~4.5mm, 0.5~0. 6mm

1

Table 1 Flowering course of E.

1. 2, 3 1998.,1999

N C /D

senticosus and E. sessiliflorus populations (Month/Date)

Items of observation

Year

25% @
50% @
25% s
. 10% ©

Male Female Bisexual E. sessili florus
E. senticosus E. senticosus E. senticosus T ’
1998 1999 1998 1999 1998 1999 1998 1999
7/5 7/13 7/1 7/10 7/3 7/15 7/23 8/3
7/10 7/16 7/7 7/15 7/10 7/20 8/1 8/10
7/15 7/21 7/12 7/20 7/12 7/26 8/10 8/15
8/1 8/5 7/25 8/14 7/20 8/1 9/9
8/5 8/11 7/30 8/18 7/27 8/10 9/15

(DA few plants flowering; @ To 25

A

% of the individuals flowering; (3)50% or more than 50% of the individuals

flowering; (DLess than 25% of the individuals flowering, the rest already shed; G)End of flowering (less than 10% of

the individuals flowering).

1~ 3 s 30~40d, \
20d . 10d 3 s 5d;
N s 9d; 9d s N
. . . 4.6+0. lmm, 1.6+0. 4mm, 3.8-+0.2mm 4.0+0. lmm,
5.240.2mm, 2.8+0.2mm, 3. 0+0. 5mm 4.0+0. Imm, s
. . s .5 4 .
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Table 2 The functional floral morphology of E. senticosus and E. sessiliflorus

22

Items of observation

Male

E. senticosus

Female

E. senticosus

Bisexual

E. senticosus

E. sessiliflorus

Flower organs wilting order

Simultaneously

—

Stamens and
petals shedding
simultaneously

—

Stamens and
petals shedding
successively

—

Stamens and
petals shedding
simultaneously

—

Petal Colour changes Light green— Light green— Light green— Light green—
development pale yellow pale yellow pale yellow purplish red
Size changes Shrink Shrink slightly Shrink slightly Shrink slightly
N 4.640. Imm 1. 64+0. 4mm 3.8+0. 20mm 4.0+0. Ilmm
Stamens Distance from
anthers to perianth
N 5.2+0. 2mm 2.8+0. 2mm 3. 040. 5mm 4.040. lmm
Distance from
anthers to stigma
Mode of anther Longitudinal Not dehiscence Longitudinal Longitudinal
dehiscence dehiscence dehiscence dehiscence
Stigma Colour Light green— —  Light — —  Purple—
pale yellow green—>white Light green— Light green—
—brown—>black  pale yellow,or white—>black
white—black
5 5, 4
Shape No obvious change 5-lobed, Dehiscent or not  Forked
or 4-lobed
Position Upright Upright Upright Upright
C +, =) + + i +
Odour [Yes(+4) or No (—) ]
C +, =) + " + +
Nectar production
[ Yes (+) or No (—) ]
B : @ B N N
N 3d s 5d 6d
o @ ’ } 6~ 8d ’
1~3d ) 6~8d . @ ,
b 1
s 2 N N
2.2 N och
Dafni ocn b, 4, ,
~ N ’ ) o
b ’ .’ ’ 9’ N
C 2, 3 s N och
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4, Dafni (1992) s . . .
3 N
Table 3 The flowering dynamics of E. senticosus and E. sessiliflorus
Date of Male flowers of Female flowers of Bisexual flowers of Flowers of
anthesis (d) E. senticosus E. senticosus E. senticosus E. sessiliflorus
N . s s
1 Anther white, Anther brown, Anther white, Anther white,
stigma greenish stigma soft green stigma soft green stigma purply
2 Anther dehiscence, No nectar Anther dehiscence, Anther dehiscence,
nectar secreted nectar secreted nectar secreted
3
Nectar secreted No nectar Nectar secreted or not  Nectar secreted
s . s
4 . Style growing, Style growing, Style growing,
S a pal 11 . . . ; . .
Stigma pale yellow filament shedding filament shedding filament shedding
. s s
5 Flower wilted Slyle growing 3 Slyle growing 3 Slyle growing ,
filament shedding filament shedding filament shedding
s s
1 i Styl i
6 Flower shed St.y € growing., Some flowers shed St'y ¢ growing.
stigma white stigma white
, , s
7 Nectar secreted, Nectar secreted, Nectar secreted,
stigma white stigma white stigma forked
4 5
8 Stigma 5-lobed Stigma split and
Nectar s ted
or 4-lobed rolled outward ectar secretec
. . s
9 Ovary growing, Ovary growing, Ovary growing,
stigma black stigma brown stigma brown
2.3 - (r/0)
5 r/O 12000~16000 , P/O 6250~10000 ; Cruden(1977)
9 o
2.4 N
6 s ;
. ) . .
b b
N 2.4.6.8.10,12 s
5d , (4d )
3
Dafni , @)
ey N N N HE)
( . . . ) . .
i@ . . .
’ o . .
o ’ 9’
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Table 4 Outcrossing index (OCI) of E. senticosus and E. sessiliflorus

Male

E. senticosus

. Female
Items of observation

E. senticosus

Bisexual

E. senticosus

E. sessiliflorus

Diameter of the flower 2~6mm = 2 2~6mm = 2

Diameter of the inflorescence >6mm = 3 >6mm = 3
=1
Protandry = 1
Temporal separation of
anther dehiscence and
stigma receptivity
=1 =1
Spatial positioning of Spatially Spatially
stigma to anthers separated = 1  separated = 1
OCI  OCI values =4 4

’ ’

Type of breeding

system demand for pollinators

2~6mm = 2
>6mm = 3
=1
Protandry 1
=1
Spatially
separated = 1
=4

Outcrossing . partially self-compatible,

2~6mm = 2
=>6mm 3
=1
Protandry = 1

=1
Spatially
separated = 1
=4

Outcrossing , partially
self-compatible,

demand for pollinators

5 N -

Table 5 Pollen-ovule ratio of E. senticosus and E. sessiliflorus

Parameters of observation Male E. senticosus

Female E. senticosus

Bisexual E. senticosus

E. sessiliflorus

Pollen

rain number per flower 58000~81000 0 19000~54000 12500~20000
gre
0 c 5
Ovule number per flower 0 0 2
- r/O 12000~16000 6250~10000
Type of breeding system Obligate xenogamy Obligate xenogamy
N ~ ~ H ’
. .
. Dafni t s oCI
. . R Cruden P/O b,
. .
13 ’ 3 N N
. ) ’
och. (P/O), - - N
’ - o b
) s ( )N
( )N . . (et . ,
N ’ H

[12,13],
H
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Table 6 Tests of emasculation, bagging and artificial pollination for E. senticosus and E. sessiliflorus

- . . Mal F 1 Bis 1 . g
Treatment Bagging time e emate 1sexud E. sessiliflorus

E. senticosus  E. senticosus E. senticosus

Unbagged, untreated. {ree pollination 0 * + +
Bagged, untreated 0 0 0 0
Bagged, emasculated, artificial geitonogamy 0 B * *
Bagged, emasculated, artificial cross-pollination 0 + + +
N N N )
Unbagged, emasculated, free pollination ¢ + + +
N N e o 0 0 0 0
Bagged, emasculated, no artificial pollination
2 0 0 0 0
4 0 0 0 0
Unemasculated, bagged 6 B + - +
after flower blowing 8 B * * B
10 — + + +
12 — + + +
x “0” Means no fruit setting; “+” Means setting some fruits; “—" Means
this test cannot be carried out
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