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SEED QUANTITY AND QUALITY IN FRUIT 
HEADS OF ASTER LANCEOLATUS WILLD.: IM-

PLICATIONS FOR INVASION SUCCESS

Abstract: Aster lanceolatus Willd. is a herbaceous perennial that is considered 
invasive in many European countries. In Serbia, this plant inhabits wet habitats 
and forms widespread monospecific stands. The objective of this research is to 
determine whether generative reproduction has an important role in the expansion 
of this species to new areas. In 13 different localities, fruit heads were collected 
from lateral and terminal parts of infructescence. Seed quantity and germination 
parameters were determined for seeds in the fruit heads. The results showed that 
the position of the fruit heads did not have a major impact on germination param-
eters. However, germination parameters differed among the localities. The findings 
of this study suggest that A. lanceolatus produces a great amount of viable seeds 
that germinate in an amount sufficient to ensure a successful spread of this invasive 
species to new areas.
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КОЛИЧИНА И КВАЛИТЕТ АХЕНИЈА НАСТАЛИХ ИЗ ГЛАВИЦА ВРСТЕ ASTER 
LANCEOLATUS WILLD.: ПОСЛЕДИЦЕ НА ШИРЕЊЕ ВРСТЕ

Апстракт: Aster lanceolatus Willd. је зељаста перена која се сматра инвазив-
ном у великом броју европских земаља. У Србији, ова биљка насељава влаж-
на станишта и формира широко распрострањене монодoминантне састојине. 
Циљ овог истраживања је да утврди да ли генеративно размножавање има 
важну улогу у ширењу ове врсте на нова подручја. Ахеније настале из бочних 
и терминалних главица су сакупљене на 13 локалитета у Србији. Утврђен је 
број ахенија насталих из једне главице, као и параметри клијања семена. Ре-
зултати су показали да се параметри клијања нису разликовали у односу на 
место настанка ахенија, већ у односу на локалитет са кога су оне сакупља-
не. Ово истраживање је потврдило да A. lanceolatus ствара велику количину 
вијабилног семена које клија у количини која је довољна да обезбеди успеш-
но ширење врсте на нова подручја.   
Кључне речи: �Aster lanceolatus Willd., инвазивне врсте, генеративно 

размножавање

1. INTRODUCTION

Invasive species draw a great deal of attention since they represent a danger to 
human health and because of their economic and environmental impact (Dav i s , 2009). 
Some invasive plants often perform better compared to native ones (Vi l à  et al., 2007). 
They become abundant and are likely to have negative effects on the native plant commu-
nities and to the diversity of those communities (Vi t ou sek  and Wa l ke r, 1989; G u r e -
v i t ch  and Pa d i l l a , 2004). Species traits such as fast growth rates, broad ecological 
niches, high seed production or long-distance dispersal are characteristics that should be 
taken into account when predicting future invasion (G ro t kop p  et al., 2002; Vi l à  et al., 
2007). In addition, Da eh le r  (2003) found that the success of invasive plants depends on 
growing conditions. Due to the specific characteristics of each species and habitat, it is 
difficult to say which plant features and habitat type will have a crucial role in the uncon-
trollable spread of invasive plants. Nevertheless, it is reasonable to assume that species 
with great reproductive potential and widespread native distribution could be the cause 
for invasion success in ecosystems. 

Aster lanceolatus Willd. is a herbaceous perennial, native to North America, with 
a nearly transcontinental distribution (C h m ielewsk i  and Se mple , 2001). This species 
is considered invasive in many European countries (Je d l ičk a  and P r a ch , 2006). Be-
cause of its competitive nature and the difficulty in controlling the spread of A. lanceo-
latus, it is important to determine which traits contribute to the spread and formation of 
dense, monospecific stands.

The aim of this paper is to examine whether there are differences in the germina-
tion parameters in relation to the position of the fruit heads and among localities, to exam-
ine whether there is a tradeoff between seed quantity and quality of A. lanceolatus, and to 
assess the role of generative reproduction in the invasion success of this plant. 
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2. MATERIALS AND METHODS

2.1 Studied species

The studied species was identified as Aster lanceolatus Willd. (Compositae) based 
on standard floristic methods, using relevant literature Javork a  and Cs ap o dy  (1934), 
Jo s i fov ić  (1970-1977), Tu t i n  et al. (Eds.) (1964-1980), Sa r ić  and D i k l ić  (1986), 
Sa r ić  (1992) and Online data base of Flora Europaea. This species is an edificator in the 
Asteretum lanceolati community, which is a new type of invasive community (Obr a t ov-
Pe t kov ić  et al., 2011). A. lanceolatus occupies moist soils on wet habitats or along road-
sides and disturbed ground and it forms dense monodominant stands and thus prevents 
the development of wetlands native species (Obr a t ov-Pe t kov ić  et al., 2009). Clonal 
growth allows this species to form widespread stands with long and tangled horizontal rhi-
zomes (Jone s , 1978). During the first season of growth most resources are allocated in to 
vegetative parts, specifically rhizomes in opposition to seeds (C h m ielewsk i  and Se m -
ple , 2001). Overwintering rosettes produce flowering steam the following summer (Pe -
t e r son  and Ba z z a z , 1978). Flowering (Figure 1) and fruiting (Figure 2) occurs in late 

Figure 1. �Aster lanceolatus during the bloom 
period, early November 2012

Слика 1. �Aster lanceolatus током периода 
цветања, почетак новембра 2012

Figure 2. �Aster lanceolatus during the fruiting 
period, late November 2012

Слика 2. �Aster lanceolatus, у време плодоно-
шења крај новембра 2012
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summer or early autumn (C h m ielewsk i 
and Se mple , 2001). However, in locali-
ties in Serbia, this plant often prolongs the 
flowering period throughout November. 
One-seeded, dry, indehiscent fruit of the 
Asteraceae, although technically a cypse-
la, is typically referred to as an achene or 
seed (C h m ielewsk i  and S t r a i n , 2007). 
The development of heads in inflorescenc-
es is basipetal and determinate and after 
pollination achenes mature within 3 to 4 
weeks (C h m ielewsk i  and Se mple , 
2001). Achenes with adjoining pappus are 
wind-dispersed. Seeds in the Asteraceae 
family have non-deep dormancy, which is 
broken with low temperature (Ba sk i n  et 
al., 2005).

2.2 Seed collection sites

In order to test the seed germina-
tion of A. lanceolatus, during the autumn 
of 2012 seeds were collected in 13 differ-
ent localities. In Vojvodina, sites along the 
Danube River, Slankamen, Beška, Sremski 
Karlovci, Sremska Kamenica and Beočin 
were selected for this study. In Belgrade 
and its environs the selected sites were: the 
Kumodraž area in the valley of the creek of 
Kumodraški potok; Makiš, Živača and Ja-
kovo on the alluvial plain of the Sava River; 
Krnjača on the alluvial plain of the Danube; 
and Košutnjak hill near the Sava. Two is-
lands, Ada Međica (on the Sava) and Ve-
liko Ratno Ostrvo (on the Danube), were 
selected because island ecosystems are es-
pecially susceptible to invasion. 

2.3 Germination test

Seed germination was investigated 
and quantified as germination percentage, 

Figure 3. �Dead seeds (a), empty seeds (b), fresh 
ungerminated seeds (c) and seed-
lings (d)

Слика 3. �Труло семе (a), штуро семе (b), све-
же неисклијало семе (c) и изглед 
клијаваца (d)

Figure 4. �Fresh ungerminated seeds before (a) 
and after (b) dissection

Слика 4. �Свеже неисклијало семе пре (а) и 
после (b) пресецања
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real germination, germination energy and viability percentage. For this purpose, fifty 
visually mature fruit heads from top and lateral parts of infructescence were randomly 
collected in every location and each fruit head was placed in a separate bag. In the labora-
tory, seeds for testing were obtained at a random sample of 4 fruit heads from each part of 
infructescence. The achenes were separated from fruit heads and cleaned from other vis-
ible impurities and stored at 5oC for after-ripening period of 4 months. Pappus remained 
attached to achenes since C h m ielewsk i  (1999) suggested that in Aster umbellatus var. 
umbellatus the key role of the pappus is to facilitate dispersal as opposed to encourage 
germination. After this period, for all localities, in 4 replications for each terminal and 
lateral fruit head, achenes from one fruit head were placed in 9 cm Petri dishes lined 
with moist filter paper. The Petri dishes were incubated in a growth chamber, Type 1291/
TPC-1/LP-113 at 20ºC (±2), and a 16-hour photoperiod was applied (G r b ić  et al., 2011).  

The number of germinated seeds (Figure 1, d) and the number of ungerminated 
seeds, precisely dead seeds (Figure 1, a), empty seeds (Figure 1, b) and fresh ungermi-
nated seeds (Figure 1, c) were counted. Germinative capacity (GC) and real germination 
(RG) were determined after 14 days, while germinative energy (GE) was calculated on 
the fourth day (ISTA, 2003). The viability of fresh ungerminated seeds (Figure 2, a) at 
the end of the germination test was determined by dissection (ISTA, 2003). Seeds with 
fully developed, white and firm embryo (Figure 2, b) were placed in the category of fresh 
ungerminated seeds.  

2.4 Data analysis

The difference between seed quantity and the germination parameters of the seeds 
from terminal and lateral parts of infructescence and the difference between localities 
were tested using the one-way analysis of variance (ANOVA) followed by Fisher’s LSD 
test (p < 0.05). The numbers of germinated seeds were expressed as a mean percentage of 
the number of seeds of four replicates. Viable seeds were calculated as the sum of fresh 
ungerminated and germinated seeds and were also expressed as a mean percentage of the 
number of seeds of four replicates. Because of the small share of dead seeds, those data 
were not shown.

3. RESULTS 

3.1 Seed quantity in fruit heads

As shown in Table 1, the number of achenes ranges between 48.50 and 68.00 per 
fruit head. Taking into account all the collection sites and both parts of infructescence, 
the average number of achenes was 56.14 per fruit head. The differences in the number of 
seeds in one fruit head across all locations were not significant (p > 0.05). 



Nešić Marija, Obratov-Petković Dragica, Skočajić Dragana, Bjedov Ivana

134

Ta
bl

e 
1.

 �M
ea

n 
nu

m
be

r o
f s

ee
d 

pr
od

uc
tio

n 
an

d 
ge

rm
in

at
io

n 
pa

ra
m

et
er

s o
f A

. l
an

ce
ol

at
us

. E
ac

h 
va

lu
e 

re
pr

es
en

ts
 th

e 
m

ea
n 

( ±
 S

E)
 o

f f
ou

r r
ep

-
lic

at
es

. F
in

al
 m

ea
ns

 w
ith

 d
iff

er
en

t l
et

te
rs

 a
re

 si
gn

ifi
ca

nt
ly

 d
iff

er
en

t a
t α

 =
 0

.0
5

Та
бе

ла
 1

.  �С
ре

дњ
а 

вр
ед

но
ст

 б
ро

ја
 с

ем
ен

а 
и 

па
ра

ме
та

ра
 к

ли
ја

њ
а 

вр
ст

е 
A.

 la
nc

eo
la

tu
s. 

С
ва

ка
 в

ре
дн

ос
т 

пр
ед

ст
ав

љ
а 

ср
ед

њ
у 

вр
ед

но
ст

          
(±

 S
E)

 ч
ет

ир
и 

по
на

вљ
ањ

а.
 С

ре
дњ

е 
вр

ед
но

ст
и 

са
 р

аз
ли

чи
ти

м 
сл

ов
им

а 
се

 зн
ач

ај
но

 р
аз

ли
ку

ју
, α

 =
 0

.0
5

L
oc

at
io

n/
Л

ок
ал

ит
ет

FH
/П

Г
N

/Н
G

C
/T

K
 

R
G

/A
K

G
E

/E
K

V
/В

A
da

 M
eđ

ic
a/

А
да

 М
еђ

иц
а

L
55

,0
0bc

de
±1

,4
72

14
,9

5bc
d ±

5,
95

8
23

,7
5bc

de
±8

,9
40

14
,9

5b ±
5,

95
8

63
,3

8ab
cd

e ±
4,

49
T

53
,5

0bc
de

±0
,6

45
43

,4
4a ±

9,
58

7
60

,8
1a ±

0,
81

5
17

,7
9ab

±5
,6

04
72

,1
4ab

c ±
6,

66
B

eo
či

n/
Бе

оч
ин

L
57

,0
0bc

de
±2

,9
72

5,
53

cd
±2

,1
11

9,
74

ef
g ±

3,
72

3
1,

77
cd

e ±
0,

09
8

65
,6

6ab
cd

±9
,5

20
T

51
,0

0cd
e ±

2,
27

3
10

,9
3bc

d ±
2,

97
2

15
,7

2cd
ef

g ±
3,

11
4

7,
59

cd
±2

,7
33

65
,7

1ab
cd

±5
,8

65
B

eš
ka

/
Бе

ш
ка

L
61

,7
5ab

c ±
5,

80
8

16
,9

7bc
±4

,5
95

21
,4

0bc
de

f ±
4,

91
9

2,
51

cd
e ±

0,
55

6
72

,2
4ab

c ±
4,

21
2

T
50

,2
5de

±1
,3

77
25

,2
2b ±

8,
95

4
34

,2
4b ±

11
,2

60
0,

00
e ±

0,
00

0
67

,4
3ab

cd
±4

,7
76

Ja
ko

vo
/

Ја
ко

во
L

56
,2

5bc
de

±5
,0

89
7,

97
ab

±0
,2

51
11

,0
7de

fg
±1

,1
33

7,
97

cd
e ±

0,
25

1
74

,0
8ab

c ±
9,

26
8

T
57

,2
5ab

cd
e ±

5,
82

2
5,

12
cd

±1
,3

05
6,

72
ef

g ±
1,

78
7

5,
12

cd
e ±

1,
30

5
58

,3
9bc

de
f ±

3,
82

3
K

oš
ut

nj
ak

/
Ко

ш
ут

њ
ак

L
59

,0
0ab

cd
e ±

4,
26

2
45

,9
8a ±

13
,8

60
70

,3
1a ±

15
,1

70
0,

35
e ±

0,
35

2
63

,6
4ab

cd
±6

,5
02

T
53

,5
0bc

de
±1

,8
48

44
,2

3a ±
10

,8
90

65
,5

5a ±
11

,7
50

0,
45

e ±
0,

44
7

63
,6

2ab
cd

±6
,1

56
K

rn
ja

ča
/

К
рњ

ач
а

L
53

,0
0bc

de
±4

,7
08

4,
88

cd
±0

,7
69

6,
06

ef
g ±

1,
25

0
0,

00
e ±

0,
00

0
81

,8
1a ±

7,
20

8
T

62
,0

0ab
±5

,7
01

4,
83

cd
±1

,4
40

9,
05

ef
g ±

4,
00

3
1,

39
de

±1
,3

90
60

,0
2bc

de
f ±

11
,8

49
K

um
od

ra
ž/

Ку
мо

др
аж

L
53

,2
5bc

de
±1

,6
52

3,
31

cd
±0

,5
09

5,
24

fg
±0

,8
24

1,
38

de
 ±

0,
85

2
49

,7
2de

f ±
5,

15
5

T
58

,0
0ab

cd
e ±

4,
91

6
4,

79
cd

±1
,2

28
6,

07
ef

g ±
1,

34
0

0,
57

e ±
0,

56
7

65
,5

2ab
cd

±4
,8

49
M

ak
iš

/
М

ак
иш

L
61

,2
5ab

c ±
5,

25
11

,9
5bc

d ±
1,

86
8

15
,9

1cd
ef

g ±
1,

85
2

3,
59

cd
e ±

2,
19

1
71

,0
0ab

c ±
1,

71
8

T
61

,0
0ab

cd
±4

,9
16

24
,1

4b ±
5,

83
3

30
,7

6bc
±7

,1
32

24
,1

4a  ±
5,

83
3

77
,2

0ab
±8

,0
31

Sl
an

ka
m

en
/

С
ла

нк
ам

ен
L

55
,0

0bc
de

±1
,3

54
23

,2
5b ±

7,
52

9
36

,8
8b ±

11
,6

10
5,

88
cd

e ±
1,

66
0

57
,9

0cd
ef

±2
,5

58
T

53
,7

5bc
de

±2
,6

58
14

,7
7bc

d ±
3,

83
6

32
,5

6bc
±9

,7
89

1,
76

cd
e ±

0,
68

1
44

,4
3ef

±1
,8

56
Sr

em
sk

a 
K

am
en

ic
a/

С
ре

мс
ка

 К
ам

ен
иц

а
L

61
,0

0ab
cd

±2
,3

45
17

,7
3bc

±4
,5

99
28

,6
6bc

d ±
6,

92
1

0,
00

e ±
0,

00
0

58
,1

4cd
ef

±6
,6

75
T

48
,5

0e ±
2,

59
8

6,
44

cd
±2

,7
29

9,
99

ef
g ±

4,
09

4
0,

00
e ±

0,
00

0
55

,7
5cd

ef
±6

,9
23

Sr
em

sk
i K

ar
lo

vc
i/

С
ре

мс
ки

 К
ар

ло
вц

и
L

51
,2

5bc
de

±2
,1

75
7,

08
cd

±3
,1

84
9,

55
ef

g ±
3,

70
2

7,
08

cd
±3

,1
84

43
,9

0f ±
16

,2
15

T
68

,0
0a ±

4,
95

0
5,

06
cd

±0
,7

51
6,

83
ef

g ±
0,

81
6

5,
0cd

e ±
0,

75
1

73
,5

0ab
c ±

2,
30

7
Ve

lik
o 

R
at

no
 O

st
rv

o/
В

ел
ик

о 
Ра

тн
о 

О
ст

рв
о

L
54

,0
0bc

de
±2

,2
73

2,
80

cd
±1

,6
03

4,
53

fg
±2

,6
28

2,
80

cd
e ±

1,
60

3
63

,1
4ab

cd
e ±

1,
74

4
T

61
,0

0ab
cd

±5
,1

15
13

,4
0bc

d ±
6,

66
6

18
,8

8bc
de

fg
±7

,9
33

4,
19

cd
e ±

1,
84

0
63

,9
9ab

cd
±5

,2
01

Ži
va

ča
/

Ж
ив

ач
а

L
54

,2
5bc

de
±4

,3
28

1,
79

d ±
1,

06
1

2,
71

g ±
1,

67
6

0,
00

e ±
0,

00
0

57
,8

0cd
ef

±2
,1

97
T

50
,0

0e ±
4,

02
1

0,
58

d ±
0,

58
3

0,
83

g ±
0,

83
2

0,
58

e ±
0,

58
3

60
,2

7bc
de

f ±
7,

88
8

L
eg

en
d:

 F
H

 - 
fr

ui
t h

ea
d 

po
si

tio
n,

 L
 - 

la
te

ra
l, 

T-
 te

rm
in

al
, N

 - 
nu

m
be

r o
f a

ch
en

es
 in

 fr
ui

t h
ea

d,
 G

C
 - 

ge
rm

in
at

iv
e c

ap
ac

ity
, R

G
 - 

re
al

 g
er

m
in

at
io

n,
 

G
E 

- g
er

m
in

at
iv

e 
en

er
gy

, V
 - 

vi
ab

ili
ty

Л
ег

ен
да

: П
Г 

- п
ол

ож
ај

 гл
ав

иц
а 

из
 к

ој
их

 с
у 

на
ст

ал
е 

ах
ен

иј
е,

 L
 - 

бо
чн

е,
 Т

- т
ер

ми
на

лн
е,

 Н
 - 

бр
ој

 а
хе

ни
ја

 н
ас

та
ли

х 
из

 је
дн

е 
гл

ав
иц

е,
 Т

К
 

- т
ех

ни
чк

а 
кл

иј
ав

ос
т, 

К
А

 - 
ап

со
лу

тн
а 

кл
иј

ав
ос

т, 
ЕК

 - 
ен

ер
ги

ја
 к

ли
ја

њ
а,

 В
 - 

ви
ја

би
лн

ос
т



135

SEED QUANTITY AND QUALITY IN FRUIT HEADS OF ASTER LANCEOLATUS...

Furthermore, the seed (achene) number per fruit head did not differ with respect to 
the part of infructescence from which they were sampled, except for the seeds from Srem-
ska Kamenica and Sremski Karlovci localities, where there were significant differences 
(p < 0.05) among seed sets in lateral and terminal fruit heads (Diagram 1). 

3.2 Germinative capacity

In order to assess potential for germinative reproduction of species A. lanceola-
tus, germinative capacity was determined. The results showed significant differences (p 
< 0.05) between germination capacities of seeds from different localities. As can be seen 
from Table 1, the mean germination percentage varied between 0.58% and 45.98%. The 
seeds from lateral and terminal parts of infructescence collected in the Košutnjak locality 
had the highest mean germination percentage, 45.98% and 44.23%, respectively. In addi-
tion, the mean germination percentage of the seeds from the terminal part of infructes-
cence collected in Ada Međica belongs to the same homogeneous group. The seeds from 
both parts of infructescence collected in Živača showed the lowest mean germination per-
centage. As shown in Diagram 2, there were no significant differences between the mean 
germination percentages of seeds with respect to the part of infructescence from which 
they were sampled, except for the seeds collected on the Ada Međica site.

Diagram 1. �Number of achenes in fruit head - differences between seeds from lateral (L) and termi-
nal (T) parts of infructescence. Each bar represents the mean ( ± SE) of four replicates. 
Final means with different letters are significantly different at α = 0.05

Графикон 1. �Број ахенија насталих из једне главице – разлике између ахенија насталих 
из бочних (L) и терминалних (T) главица. Сваки стуб графикона представља 
средњу вредност (± SE) четири понављања. Средње вредности са различитим 
словима се значајно разликују, α = 0.05
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Diagram 2. �Germinative capacity - differences between seeds from lateral (L) and terminal (T) parts 
of infructescence. Each bar represents the mean ( ± SE) of four replicates. Final means 
with different letters are significantly different at α = 0.05

Графикон 2. �Техничка клијавост – разлике између ахенија насталих из бочних (L) и 
терминалних (T) главица. Сваки стуб графикона представља средњу вредност 
(± SE) четири понављања. Средње вредности са различитим словима се значај-
но разликују, α = 0.05

Diagram 3. �Real germination - differences between seeds from lateral (L) and terminal (T) parts 
of infructescence. Each bar represents the mean ( ± SE) of four replicates. Final means 
with different letters are significantly different at α = 0.05

Графикон 3. �Апсолутна клијавост – разлике између ахенија насталих из бочних (L) и 
терминалних (T) главица. Сваки стуб графикона представља средњу вредност 
(± SE) четири понављања. Средње вредности са различитим словима се значај-
но разликују, α = 0.05
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Diagram 4. �Germinative energy - differences between seeds from lateral (L) and terminal (T) parts 
of infructescence. Each bar represents the mean ( ± SE) of four replicates. Final means 
with different letters are significantly different at α = 0.05

Графикон 4. �Енергија клијања – разлике између ахенија насталих из бочних (L) и терминалних 
(T) главица. Сваки стуб графикона представља средњу вредност (± SE) четири 
понављања. Средње вредности са различитим словима се значајно разликују, 
α = 0.05

Diagram 5. �Seed viability - differences between seeds from lateral (L) and terminal (T) parts of in-
fructescence. Each bar represents the mean ( ± SE) of four replicates. Final means with 
different letters are significantly different at α = 0.05

Графикон 5. �Вијабилност семена – разлике између ахенија насталих из бочних (L) и 
терминалних (T) главица. Сваки стуб графикона представља средњу вредност 
(± SE) четири понављања. Средње вредности са различитим словима се значај-
но разликују, α = 0.05
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3.3 Real germination 

Real germination or the percentage of sound seeds that germinated ranged be-
tween 0.83% and 70.31%. There were significant differences between the real germina-
tion of seeds from different localities. The seeds collected in Košutnjak, from both parts 
of infructescence, show the highest real germination percentage (Table 1). The seeds 
from the terminal part of infructescence collected in Ada Međica also showed a high real 
germination (60.81%). Real germination for all other localities was between 4.53% and 
36.88%, except for the seeds collected in Živača, where the percentage of sound seeds that 
germinated was the lowest, 2.71% and 0.83% for seeds belonging to the lateral and termi-
nal parts of infructescence, respectively. While real germination showed differences be-
tween seeds form lateral and terminal parts of infructescence in Ada Međica, there were 
no significant differences in the real germination percentages of seeds in other localities 
with respect to the part of infructescence (Diagram 3).

3 . 4  Germinative energy 

Seeds of A. lanceolatus, from both parts of infructescence, exhibited slow ger-
mination. Germinative energy ranged from 0 to 24.14% and there were significant dif-
ferences between locations (Table 1). Beška, Košutnjak, Krnjača, Kumodraž and Živača 
are sites with the lowest germinative energy. Germinative energy and germinative capac-
ity were equal for the seeds, from both parts of infructescence, collected in Jakovo and 
Sremski Karlovci. Also, these parameters were equal for the seeds collected from the lat-
eral part of infructescence in Ada Međica and Veliko Ratno Ostrvo and in the seeds col-
lected from the terminal part of infructescence in Makiš and Živača. Germinative energy 
showed significant differences between seeds from lateral and terminal parts of infruc-
tescence only on the Makiš site (Diagram 4).

3.5 Seed viability

Analyses of variance indicated that there were significant differences (p< 0.05) in 
mean seed viability among localities. The highest mean percentage of viable seeds was 
recorded on the Krnjača site (81.81) in lateral parts of infructescence (Table 1). Seeds from 
Košutnjak (43.90) in lateral parts of infructescence had one of the lowest percentages of 
viability. In addition, on the Slankamen site, there were significant differences in seed 
viability between seeds from lateral and terminal parts of infructescence while in other 
localities differences were not significant (Diagram 5). 

4. DISCUSSION

Attributes that promote reproduction and dispersal are one of the key indicators of 
a successful invader (Re jm á nek  et al., 2005). Plants with small seeds usually produce 
more seeds relative to biomass because of the tradeoff between seed number and mean 
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seed mass (Posch lo d  et al., 2005). Furthermore, parameters which impact dispersal po-
tential are height of infructescence, seed production and time and duration of seed release 
(Posch lo d  et al., 2005). 

The seed ripening period and the surrounding vegetation are important for wind 
dispersal since weather, especially wind speed and changes during the year, and different 
environments influence this event (Posch lo d  et al., 2005). On the investigated sites A. 
lanceolatus flowered from late August to late November and its clones were with highly 
branched inflorescences. The time of flowering could favor A. lanceolatus over other na-
tive plants since in that time a small number of plants flower and the competition for polli-
nators is not large. Along the river banks and on the forest edge in wet habitat on 1 m2, the 

number of individuals of A. laceolatus ranges from 60 to 2,700 and 700 to 1,200, respec-
tively (Obr a t ov-Pe t kov ić  et al., 2009). In this study, some plants consisted of 200, 
sometimes even more fruit heads in infructescence. With the average number of achenes 
being 56.14 (Table 1) in one fruit head, this species produces a great amount of poten-
tially germinative seeds from one shoot only. A. lanceolatus is a tall perennial plant that 
in some localities reaches a height of more than 2m and usually inhabits open vegetation 
communities. The weight of 1000 pure seeds of A. lanceolatus is 0,127g (C h m ielewsk i 
and Se mple , 2001). Large quantities of small seeds, adapted to wind dispersal, which 
ripen during the season of windy weather, and the previously mentioned traits are features 
that could favor A. lanceolatus over other native plants in communities.  

This study set out with the aim of assessing the potential for generative reproduc-
tion of A. lanceolatus, since earlier research (Ne s ic  et al., 2012) showed that the potential 
for generative reproduction of A. lanceolatus is restricted. However, the findings of the 
previous study are inconsistent with some published studies (Jone s , 1978; Sch m id  and 
Ba z z a z , 1987; Je d l ičk a  and P r a ch , 2006), which have determined a high percent-
age of germinated seeds in the clones of A. lanceolatus. The findings of the current study 
showed a much higher germinative capacity that reaches a value of 45.98% of germinated 
achenes per fruit head. Real germination was even higher, reaching 70.31%. Since real 
germination is the percentage of sound seeds that germinate (G r b ić  et al., 2011), it is 
clear that A. lanceolatus produces a considerable amount of empty seeds. The average 
amount of empty seeds was 31.50% per fruit head. According to C h m ielewsk i  and 
Se mple  (2001), selfing could be the primary source of the few achenes produced by A. 
lanceolatus. However, seed quality could be influenced by environmental conditions pre-
vailing during seed formation (Va le nc ia -D ía z  and Mont a ñ a , 2005). 

Both germinative capacity and real germination had the greatest value in Ada 
Međica and Košutnjak. Compared to other locations, on these two sites flowering oc-
curred last. In addition, A. lanceolatus clones on the Kumodraž site were the first ones to 
flower and the germination percentage was among the lowest in comparison with the ger-
mination percentage of seeds from other locations. C h m ielewsk i  and Se mple  (2001) 
point out that in rhizomatous asters flowering initiation, seed maturation, seed dispersal 
and germination are fairly synchronized. Jone s  (1978) suggests that the flowering time 
of asters is genetically fixed adaptations to climatic and light conditions. Also, substan-
tial phenotypic plasticity was observed in the Aster genera across different environments 
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(Sch m id  and Ba z z a z , 1990; C h m ielewsk i  and Se mple , 2001). It is complicated 
to explain this variation in the percentage of germinated seeds, but it might be related to 
climatic conditions occurring during the time of seed maturation and to the genetic con-
struction of A. lanceolatus plants. 

Sch m id  and Ba z z a z  (1990) reported that the germination percentage in A. lan-
ceolatus differed for populations grown on compact inorganic and loose organic soil. 
There is much evidence of the importance of plasticity in plants undergoing climate 
change since plants can adjust to these novel conditions through phenotypic plasticity 
(Fr a n k s  and Wei s , 2008). The extension of the growing season through climate change 
is important for the spread of the A. lanceolatus (Obr a t ov-Pe t kov ić  et al., 2011). It is 
reasonable to assume that persistent climate change will encourage further expansion of 
A. lanceolatus populations.

Since the percentage of viable seeds was high and the germination percentage low, 
it is possible that germination was affected by temperature. Specifically, A. lanceolatus 
seeds show a much higher germination rate at 30 and 35oC than at 20oC (personal obser-
vation). This could be related with seed imbibition since temperature influences the rate 
of imbibition with low temperatures causing slow imbibition (Mu r phy  and Nola nd , 
1982; McD on a ld , 2005). These ecological characteristics need not be a disadvantage in 
wetland ecosystems, since in those habitats the moisture level of the substrate should not 
be a limiting factor for seed germination, even during late spring when temperatures are 
higher. Hence, this quantity of fresh ungerminated seeds could be considered potentially 
germinable. 

Germinative energy is a measure of the germination speed and it points to the 
vigor of a seed and the seedling it produces (Wi l l a n , 1985). The mean germinative en-
ergy of A. lanceolatus seeds was low (4.53%). This result could be ecologically significant 
given that the speed of germination could be important for seedling success in a dynamic 
plant community. Nevertheless, the temperature during the experiment could have been 
the reason for slow germination.

Flowers within the same inflorescence may have different probabilities of repro-
ductive success since the first opened flowers have a higher probability of setting fruit 
than the later ones, which implies that the plant allocates more resources to the early 
opened flowers (G u i t i á n  and Nava r ro , 1996). In the current study, the position of the 
fruit heads did not have a major impact on the parameters of germination since the dif-
ferences between seeds from lateral and terminal parts of infructescence were sporadic 
and without an obvious pattern. 

5. CONCLUSIONS

The present study was designed to determine a balance between A. lanceolatus 
seed quantity and quality and to assess the importance of generative reproduction for 
the spread of this invasive species. This research has shown that with an average achene 
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number of 56.14 per fruit head and an average of 200 fruit heads per plant, A. lanceolatus 
produced a great amount of seeds that is dispersed by wind. Although there were some 
empty achenes in the fruit heads and the percentage of seed germination in the fruit heads 
was not high, considering the amount of seeds per shoot and the number of individuals 
in the stands, it is reasonable to assume that this amount of germinated seeds is enough 
for the spread of this plant to new sites. This is probably the way in which A. lanceolatus 
reaches new areas. After this phase, A. lanceolatus is able to quickly colonize available 
space since it has a great vegetative propagation ability. A. lanceolatus seeds showed slow 
germination and since germination energy points to the vigor of a seed and its seedling 
this could be a limiting factor in the reproductive ecology of A. lanceolatus. Still, it is 
possible that germination energy was influenced by temperature and that with a rise in 
temperature and a sufficient amount of moisture, germination energy would increase. Yet, 
since A. lanceolatus has a high growth rate, delayed germination in the field would prob-
ably not be a problem for the survival of seedlings.

Germination parameters differed among localities. The current study was unable 
to analyze causes of these variables. These differences could be due to the genetic con-
struction of individuals, phenotypic plasticity or they could be attributed to specific con-
ditions in each locality. 

Taken together, these findings suggest that A. lanceolatus produces a great amount 
of viable seeds that germinate in an amount sufficient to ensure a successful spread of 
this invasive species to new areas. Future research should investigate the influences of 
temperature and other climatic parameters on germination in A. lanceolatus and try to 
predict how this species will react to unremitting climate change. In addition, the results 
could be compared and correlated to others parameters of invasion that would explain 
how biological traits of invader and environmental factors affect the process of invasion.
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КОЛИЧИНА И КВАЛИТЕТ АХЕНИЈА НАСТАЛИХ ИЗ ГЛАВИЦА ВРСТЕ ASTER 
LANCEOLATUS WILLD.: ПОСЛЕДИЦЕ НА ШИРЕЊЕ ВРСТЕ

Резиме
Aster lanceolatus Willd. је северноамеричка врста која се сматра инвазивном у 

великом броју европских земаља. Због комутативности коју испољава и тешкоће у контроли 
ширења, важно је утврдити које особине доприносе експанзији врсте. Ово истраживање 
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има за циљ да одреди количину и квалитет семена врсте A. lanceolatus, као и да испита да 
ли постоје разлике у параметрима клијања у зависности од положајa главица из којих су 
настале ахеније и локалитета. У оквиру истраживања се анализира и улога генеративног 
размножавања у процесу ширења врсте.

Резултати су показали да A. lanceolatus ствара велику количину семена које се 
расејава анемохорно. Утврђена је одређена количина штурог семена, а проценат клијања 
ахенија насталих из једне главице није био висок. Ипак, с обзиром на велику количину 
семена по једној биљци и броју индивидуа у једној популацији, може се рећи да је ова 
количина клијалог семена довољна за ширење врсте на нове локације. Управо на овај 
начин, A. lanceolatus доспева на нове територије, а након ове фазе, захваљујући великој 
способности за вегетативно размножавање коју поседује, за кратко време успева да освоји 
слободан простор. Семе је показало малу енергију клијања и то може бити ограничавајући 
фактор у репродуктивној екологији врсте A. lanceolatus. Ипак, могуће је да је на енергију 
клијања утицала температура током клијања семена и да би са порастом температуре и 
енергија клијања била већа. Параметри клијања су се разликовали у односу на локалитетe. 
Ове разлике се могу приписати различитој генетској структури и фенотипској пластичности 
индивидуа врсте A. lanceolatus као и различитим микроклиматским условима локалитета.


