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Abstract. The effectiveness of asexual and sexual reproduction of rare, clonal species Dianthus superbus L. were conducted in the 
years 2008-2010 in Kostrze (Southern Kraków). The observations were carried out in Molinietum caeruleae patches dominated by 
small species creating delicate, erect or procumbent stems (MC), prevailed by tall grasses (GR), and overgrown by willows (SA). 
The number of above-ground units per ramet cluster were much greater in MC patch, than in sites GR and SA. Controversially, the 
number of fruit per generative shoot and seed production were greater in GR and SA patches, than in MC patch. The highest seedling 
recruitment, occurring only in artificially created gaps in plant canopy and litter was noted in patch MC, while the decline of genet 
emergence were found in SA and GR patches.
In light of performed studies, it should be concluded, that population established in patch dominated by small meadow species has 
the greatest chance for survival, whereas populations inhabiting sites prevailed by tall grasses or overgrown by willows have much 
lower possibilities of persistence in occupied places.
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1. Introduction

The advantage of clonal plants over nonclonal species in 
colonization of various habitats primarily is due to occur-
rence of two ways of reproduction (Klimešova et al. 1997). 
The asexual propagation produces new ramets by budding 
from roots, rhizomes, stems, storage organs or inflores-
cences (Silvertown 2008). The vegetative multiplication 
enables an individual to expand, monopolize resources, 
and in consequence prolongs its survival in the newly colo-
nized site. The generative reproduction allows recruitment 
of new genets and ensures the genetic diversity of the pop-
ulation. Although large body of literature illustrates cor-
relation between two manner of propagation reviewed by 
Obeso (2002), Zhang and Zhang (2007), and Lei (2010), 
there is still much room for further research on this issue. 
Zhang and Zhang (2007) expected, that effect of disturbed 

and competitive environment on relation between repro-
ductive modes and their implications for the population 
development should attract more attention in future stud-
ies. Especially, the investigations taking into account the 
reproductive strategies of endangered taxa, providing a ba-
sis for efficient protection programs, are strongly needed. 

In Poland one of the rare and strictly protected clon-
al plants with a  requirement for active conservation 
(Rozporządzenie 2012) and included to Red List of Vas-
cular Plants in Poland (Zarzycki & Szeląg 2006) is Dian-
thus superbus L. The large pink is listed as a species of the 
Euro-siberian sub-element, widely but patchily distributed 
in western, central and eastern Europe, as well as northern 
Asia (Meusel et al. 1965). In Poland the greatest number of 
localities occurs in the Vistula valley, whereas the lowest 
density of stands are recorded in the Baltic coastal area and 
western Pomerania (Zając & Zając 2001). Populations of 
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the large pink are found in wet and semi-wet meadow com-
munities of the order Molinietalia (Matuszkiewicz 2001). 
Dianthus superbus L. is a  loosely tufted perennial forb, 
consisted of numerous vegetative stems and tall genera-
tive shoots topped with many flowers pollinated by insects. 
Greenish, four-valved capsules contain self-sowing seeds. 
The asexual reproduction of large pink consists of the pro-
liferation of individuals followed by their fragmentation 
(Klimešová & Klimeš 2006). Therefore, the objective of 
presented study was to learn the effect of site conditions 
on the effectiveness of asexual and sexual reproduction in 
Diantus superbus L. 

2. Study area

The studies were carried out in Kostrze district localised 
on western edge of Krakow, south of the Vistula River 
(southern Poland). The patches of Molinietum caerule-
ae occuring in this locality are relicts of vast meadows, 
which existed along Vistula river from Czernichów, west 
of Kraków to Niepołomice Forest (Zarzycki 1956, 1958). 
The abandonment of traditional land use for at least a doz-
en years promoted the development of Phragmites swamps 
and willow brushwood leading to fragmentation of mead-
ows (Dubiel 1991, 1996). The studies were carried out 
simultaneously in three adjacent, abandoned patches Mo-
linietum caeruleae with different species composition and 
habitat conditions. Patch labeled MC (50º 01’ 50.4’’ N, 
19º 52’ 03.2’’E) measured ca 1 400 m2 and unmanaged 
from ca 10 years was dominated by taxa presenting minor 
competitive ability. These were species creating delicate, 
erect or procumbent stems (i.e. Lathyrus pratensis., Lo-
tus corniculatus), small-tussock grasses (i.e. Briza media, 
Holcus lanatus) and short rosette-forb species (i.e. Lych-
nis flos-cucculi, Succisa pratensis). The small-statured taxa 
covered ca 60% of Patch and intercepted very low amount 
of irradiance, contributing to strong insolation and the fast 
decrease of groundwater level in early spring. Patch called 
GR (50º 01’ 52.5’’ N, 19º 52’ 03.0’’ E) measured ca 1 
300 m2 and abandoned from 15 years was prevailed by 
tall grasses forming large tussocks (i.e. Molinia caerulea, 
Deschampsia cespitosa) or robust rhizomes (i.e. Phrag-
mites australis). The tall-growing grasses covered approx-
imately 55% of patch area. The high, closely packed shoots 
shaded whole patch, whereas the hummock and hollows 
microtopography triggered the stagnation of water in lo-
cal depressions, particularly in spring and autumn. Patch 
named SA (50º 01’ 50.9’’ N, 19º 52’ 02.9’’ E) measured 
ca 1 450 m2 was unmanaged from 18 years. It was over-
grown by willows (i.e. Salix repens ssp. rosmarinifolia., 
S. cinerea, S. aurita) and surrounded by groups of densely 
grown trees (i.e. Populus tremula., Betula pendula) and 
bushes (Crataegus sp.). Altogether, the cover of willows, 

trees and shrubs amounted ca 65% of Patch area. The wide 
and spreading willow leaves strongly prevented the solar 
radiation.

3. Material and methods

A genet and a cluster of ramets were adopted as the basic 
demographic units. A genet (genetic individual) is a plant 
emerged from a  single zygote. This term was applied to 
plants in earlier stages of development, because only at 
these stages could it be established for sure that they had 
developed from the same zygote. The term “cluster of 
ramets” means an aggregation of generative shoots and 
vegetative stems formed in the course of vegetative prolif-
eration of genet or genets. The term “ramet” denotes a sin-
gle vegetative stem or generative shoot (Falińska 2002). 

The field research were carried out in the period 2008-
2010. In the year 2008, all ramet clusters occurred in stud-
ied patches were ringed and marked with small, numbered 
plastic pegs. Every year the efficacy of asexual and sexual 
reproduction were examined. The effectiveness of vegeta-
tive multiplication was estimated on the basis of abundance 
of above-ground units per ramet cluster. In order to inves-
tigate the efficacy of generative propagation the number 
of fruits, seed production and natural seedling recruitment 
were observed. The number of capsules were assessed in 
each generative shoot. The seed output were evaluated in 
25 capsules randomly chosen in each patch. After counting, 
all seeds were scattered near ramet clusters, from which 
they were collected. Subsequently, the spontaneous recruit-
ment of seedlings were studied in experimentally created 
gaps. In order to assess this in April 2008 in each patch 
were randomly arranged 10 permanent experimental 0.5 x 
0.8 m plots, established at least 2.0 metres from the bor-
der of patch to avoid edge effect. Each plot was divided in 
two square shaped, adjacent subplots measuring 900 cm2. 
In one of these the established vegetation and litter left 
untouched, while in the second plant canopy and decayed 
organic matter were clipped and removed. Such treatment 
is considered as optimal for seedling establishment on the 
basis of result of experiments carried out in wet meadows 
(Kotorová & Lepš 1999). The generative offspring estab-
lishment was monitored once a week in May, June, July, as 
well as August and twice a month in April, September and 
October. The seedlings were removed and determined ac-
cording to Csapodý (1968) and Muller (1978) with support 
of comparative collection. After identification all genets of 
Dianthus superbus were replanted and marked with plastic 
sticks. The seedling recruitment was monitored throughout 
the three seasons. 

The statistical analysis of not transformed data applied 
the nonparametric Kruskal-Wallis test, used to check if 
there are differences in numbers of above-ground units per 
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ramet cluster, fruit per generative shoot, seeds per capsule, 
and seedlings per subplots among studied patches in con-
secutive years. 

4. Results

The abundance of studied populations were similar and 
reached 13 ramet clusters in patch MC (dominated by 
small meadow species), 15 ramet clusters in patch GR 
(prevailed by large-tussock grasses) and 10 ramet clusters 
in patch SA (overgrown by willows). The greatest effec-
tiveness of asexual reproduction was found in MC patch, 
and it decreased gradually in patches GR and SA. The 
number of above-ground units per ramet cluster in MC 
patch reached from 6.4 to 11.3, in patch GR it achieved 
from 5.4 to 8.4, while in site SA it amounted from 4.7 to 
6.2 (Table 1). Controversially, much greater fruit and seed 
production were recorded in patches SA and GR, than in 
MC site. The average capsule number in patch SA reached 
from 12.0 to 13.5, in site GR it achieved from 10.2 to 11.3, 
whereas in patch MC it amounted from 5.8 to 6.4 (Ta-
ble 2). The number of seeds per fruit in patch SA reached 
from 57.9 to 62.3, in site GR it achieved from 55.1-61.4, 
while in place MC it amounted from 43.0 to 46.6 (Table 3). 
In all populations the seedlings appearance were recorded 
only in openings in plant canopy and litter. The highest 
seedling number were found in patch MC, where reached 
on average from 2.5 to 2.7. The lower recruitment values 
were noted in patches GR (from 0.6 to 0.9) and SA (from 
0.8 to 1.2) (Fig. 1). 

Table 1.	 The number of above-ground units of marked ramet 
clusters of Dianthus superbus L. in patches dominated 
by small meadow species (MC), prevailed by grasses 
with high stems (GR) and overgrown by willows (SA) 
in the period 2008-2010. Significance levels obtained 
by Kruskal-Wallis test (df=2) are as follows: ns – not 
significant, *= p<0.05. The different letters assigned to 
average values indicate the significant statistical differ-
ence between populations

Year Patch Average 
value Range The statistical significance 

level (H Kruskal-Wallis test)

2008
MC 6.4a 3-13

4.46 nsGR 5.4 a 1-20
SA 4.7 a 1-11

2009
MC 8.3 a 3-14

4.10 nsGR 6.6 a 1-25
SA 5.8 a 1-15

2010
MC 11.3 b 6-18

9.58*GR 8.4 ab 3-27
SA 6.2 a 2-14

Table 2.	 The number of fruits per sexual shoots in marked ramet 
clusters of Dianthus superbus L. in patches dominated 
by small meadow species (MC), prevailed by grasses 
with high stems (GR) and overgrown by willows (SA) 
in the period 2008-2010. Significance level obtained by 
Kruskal-Wallis test (df=2) are as follows: *= p<0.05, 
**= p<0.01. The different letters assigned to average 
values indicate the significant statistical difference be-
tween populations

Year Patch Average 
value Range The statistical significance 

level (H Kruskal-Wallis test)

2008

MC 5.8 a 3-9

12.78*GR 10.2 b 4-28

SA 12.5 b 4-36

2009

MC 6.4 a 4-10

14.14**GR 11.1 b 3-30

SA 12.0 b 4-36

2010

MC 5.9 a 2-9

15.06**GR 11.3 b 2-38

SA 13.5 b 3-38

Table 3.	 The seed production in 25 capsules of Dianthus super-
bus L. in patches dominated by small meadow species 
(MC), prevailed by grasses with high stems (GR) and 
overgrown by willows (SA) in the period 2008-2010. 
Significance levels obtained by Kruskal-Wallis test 
(df=2) are as follows: **= p<0.01, ***= p<0.001. The 
different letters assigned to average values indicate the 
significant statistical difference between populations

Year Patch Average 
value Range The statistical significance 

level (H Kruskal-Wallis test)

2008

MC 45.84 a 25-67

13.10**GR 61.48 b 35-83

SA 57.96 b 27-71

2009

MC 43.04 a 28-77

21.53***GR 57.64 b 14-98

SA 62.36 b 32-78

2010

MC 46.56 a 38-60

13.57***GR 55.71 ab 22-89

SA 60.24 b 44-85
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5. Discussion

The effectiveness of vegetative multiplications vs. fruit and 
seed production, being evolutionary adaptation to environ-
mental conditions, may vary widely among species. Holler 
and Abrahamson (1977) detected strong effect of compe-
tition level on vegetative proliferation and no influence on 
seed reproductive effort. Pluess and Stöcklin (2005) noted 
that in plants growing in the competition-free habitat the 
generative reproduction is greater than the clonal propaga-
tion, whereas individuals from crowded sites present the 
opposite tendency. Other findings brought evidence that 
rising of competition intensity might contribute to suppres-
sion of clonal multiplication and seed output (Jurik 1985; 
Rautiainen et al. 2004) or the increase of vegetative pro-
liferation, as well as diaspore production (Coelho et al. 
2005). 

The investigations performed in Dianthus superbus L. 
populations showed the gradually diminishing of vegeta-
tive multiplication and augmentation of fruit and seed pro-
duction with increase of competition gradient. The raising 
investment into generative reproduction and the diminish-
ing of allocation in clonal propagation in crowded habi-
tats was observed in Lychnis flos-cuculi (Chaloupecká & 
Lepš 2004). Similar phenomenon were also noted in popu
lations of Ranunculus repens (van Kleunen et al. 2001), 

Hieracium pilosella L (Winkler & Stöcklin 2002), Scir-
pus olneyi A. Gray (Ikegami et al. 2004) and Iris sibirica 
L. (Kostrakiewicz 2007). Furthermore, presented findings 
stay in accordance with predictive models Newell and 
Tramer (1978), as well as Takada and Nakajima (1996). 
Above mentioned authors stated, that clonal growth should 
be dominant in stable habitats, while sexual reproduction 
prevails in sites with fluctuating environmental conditions 
and strong competition. Also, Loechle (1987), as well as 
Gardner and Mangel (1999) expected, that a higher alloca-
tion to fruit and seed production under high density allows 
to disperse from locally adverse conditions and colonize 
new, richer and more favorable sites. 

The obtained results demonstrating higher seedling ap-
pareance in MC patch, than in GR and SA sites, are con-
sistent with previous studies on recruitment of Dianthus 
superbus L., Gladiolus imbricatus L., Iris sibirica L., Gen-
tiana pneumonanthe L. and Trollius europaeus L. in Mo-
linietum caeruleae meadows (Kostrakiewicz 2010). The 
greatest genet performance observed in MC patch might 
be due to appearance safe sites suitable for recruitment in 
result of decrease of groundwater table in early spring and 
top soil insolation. The weaker colonization of openings in 
other patches might be consequence of shading by standing 
vegetation, as well as prolonged water stagnation in local 
depressions occurred in sites GR and SA.

H=3.99ns                          H=2.19ns                               H=8.25*

0

0,5

1

1,5

2

2,5

3

2008 2009 2010

Ye a r

M
ea

n 
se

ed
lin

g 
nu

m
be

r

M C

G  R

S  A

Figure 1.	 The mean number of seedlings of Dianthus superbus L.(±standard error) in experimental gaps in patches dominated by 
small meadow species (MC), prevailed by grasses with high stems (GR) and overgrown by willows (SA) in the period 
2008-2010. Significance levels obtained by Kruskal-Wallis test (df=2) are as follows: ns – not significant, *= p<0.05
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In light of performed studies, it should be concluded, 
that population established in patch dominated by small 
meadow species has the greatest chance for survival due 
to high efficiency of asexual propagation. A lower fruit and 
seed production is compensated by the highest seedling 
number. In contrary, populations inhabiting patches pre-
vailed by grasses and overgrown by willows have much 
lower possibilities of persistence in occupied sites in result 
of weaker effectiveness of vegetative propagation, as well 
as low recruitment rates. 
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