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ABSTRACT. The paper presents the results of preliminary studies on the survival rate of seeds of inva-
sive terophyte Impatiens glandulifera Royle (Balsaminaceae). The aim of this study was to investigate the
dynamics of seeds germination on its spontaneous stands. Both, the survival rate of the seeds in the soil,
and factors involved in the determination of this process were investigated. The seeds were placed in bags
on the soil surface and at a depth of 5 ¢cm in three plant communities (Phragmitetea, Convolvulion sepium,
Alnetea glutinosae) on the four spontaneous stands of I. glandulifera in Poznan and its surroundings. Under
optimal conditions, in the absence of flooding (Convolvulion sepium) the seeds longevity in the soil was
only 7-8 months, and then they dynamically germinated (97.8 £0.8%) or become deteriorated (2.1 +0.8%)
leaving no reserve for future growing seasons. Spring flooding (Phragmitetea and Alnetea glutinosae) con-
tributed to the extension of the seed germination process, reduced the number of germinated seeds (45.5
+14.5% and 61.9 +2.6%), increased the number of the deteriorated seeds (49.7 +12.9% and 36.7 +2.5%)
and the presence of a small percentage of seeds spending time (4.7 £1.9% and 1.4 +0.3%) which did not
germinate and did not show any external signs of the deterioration. In the spring, it was found that all the
seeds that were spending time became deteriorated (they underwent putrefaction and maceration). The
results suggest that I. glandulifera do not form a persistent soil seed bank in the plant communities studied.
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INTRODUCTION

Impatiens glandulifera Royle (I. roylei Walpers) is an
impressive annual plant that under favourable condi-
tions grows up to 3 m in height. It originates from Asia,
where it occurs from northern Pakistan, through Kash-
mir, to India at the height of 1600-4300 m a.s.l. The
introduced range covers a number of countries within
the latitude of 30-70°N, where it occurs in the lowlands
and in the low mountains up to 800 (900) m a.s.l. (1200
m in the Alps) (BEERLING and PERRINS 1993, DRESCHER
and ProTs 2000, 2003, FisSCHER et AL. 2003, HELMI-
SAARI 2006, HULME and BREMNER 2006, FABISZEWSKI
and BrEgj 2008).

In 1839, Dr. J.F. Royle sent Impatiens glandulife-
ra seeds from Kashmir to the Royal Botanic Gardens
at Kew (England). Soon after that, the species was cul-
tivated in many European countries as an ornamental,
honey and medicinal plant. The first spontaneous stands
in England were observed in 1855 (in the Middlesex and
Hertfordshire), and since 1898, it has been perceived
as a weed (LHOTSKA and KOPECKY 1966, BEERLING
and PERRINS 1993, DRESCHER and ProTs 2000, 2003).
Within the present borders of Poland it was first ob-
served in the Sudetes in 1890, in the following places
Siodlo, Ploczki Dolne, Stepnica, Plonina (SCHUBE 1903).

Isolated stand of I. glandulifera appeared on the Vistula
Spit around 1940. Over the next 40 years, I. glandulife-
ra spread in the southern, south-eastern, central parts
of the country and in Pomerania. At present, it has a
status of invasive species both in Poland, and in the
greater part of its secondary area (TOKARSKA-GUZIK
2005). Unfortunately, it is still cultivated and its cul-
tivation is rapidly getting out of control. After crossing
the fence, it quickly begins colonization of anthropo-
genic habitats, such as built-up areas, cemeteries, gar-
bage, waste, abandoned lots and roadside ditches. From
these habitats, it enters the semi-natural and natural
ones, such as thickets, banks of watercourses, valleys
of large rivers, bright alder and riparian forests, their
edges, and rushes. These are fertile and moist habitats,
naturally exposed to periodic flooding (DRESCHER and
ProTs 2000, KASPEREK 2002, TOKARSKA-GUZIK 2005,
SLIWINSKI 2008).

Over 150 years of the presence of I. glandulifera in
Europe has resulted in a number of publications on
its biology, ecology and the dynamics of its invasion
(among others: LHOTsKA and KOPECKY 1966, KOENIES
and GLAVAC 1979, MUMFORD 1988, 1990, BEERLING and
PERRINS 1993, PYSEK and PRACH 1993, 1995, STARY and
TKALCU 1998, DAWSON and HOLLAND 1999, DRESCHER
and ProTs 2000, 2003, MAULE et AL. 2000, CHITKA and
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SCHURKENS 2001, KASPEREK 2002, WiLLIS and HULME
2002, 2004, HULME and BREMNER 2006, LOPEZARAIZA-
-MIKEL 2006, LOPEZARAIZA-MIKEL et AL. 2007, FABI-
szZEWSKI and BREJ 2008, SLIWINSKI 2008, NIENHUIS
and StouT 2009, NIENHUIS et AL. 2009, JANCzAK 2010).
Despite numerous previous studies, there is still a need
to broaden the basic knowledge about I. glandulifera,
especially about the seed biology and their survival rate
in the field.

Seeds of I. glandulifera (4-7 mm long, 2-4 mm wide,
weight of seeds in air-dry state is 2-35 mg, 21.8 mg on
average) are one of the largest seeds produced by the
annual plant of the British flora (BEERLING and PER-
RINS 1993, WiLLis and HULME 2004). The number of
seeds produced by one individual can reach up to 2500
(KoeNiEs and GLAVAC 1979), and a seed deposition may
reach even 5000-6000 seeds per 1 m? (BEERLING and
PERRINS 1993). The seeds of this species are exalbumi-
nous (they do not have an endospermic tissue) (HEGI
1924, UtaMmi1 and SHIMIZU 2005). Their humidity is
about 4% in the air-dry state (MUMFORD 1988), and thus
they may be qualified into the orthodox category (Ducz-
MAL and TucHOLsSKA 2000). Seeds of I. glandulifera ex-
hibit a deep dormancy, which may be overcome by cold
stratification, keeping them in a constant swollen state
at 4°C. In the laboratory, the germination ability reaches
100%, and at 20°C in a swollen state, they may pre-
serve their viability for at least three years (MUMFORD
1988).

The aim of the study was to investigate the dynam-
ics of I. glandulifera seeds germination in various plant
communities, and to answer the question, what their
survival rate in the soil is and what the determining
factors are.

MATERIAL AND METHODS

The study was conducted on the spontaneous stands
of I. glandulifera in Poznan and Bnin. Four research ar-
eas in three plant communities were set up, for which
phytosociological characteristics is shown in the Table 1.

Area I (N 52°13'50.0", E 17°05'32.7"), Table 1, Phot. 1

Located in a large (about 2 ha) patch of reed rushes
Phragmitetum australis facies with I. glandulifera in
Bnin, which formed onto the peaty silt soil (MEt) on
the undeveloped plot of land in the land depression near
the Kornickie Lake. From the east and the west the plot
adjoins several properties, from which it is separated
by drainage ditches. From the north it adjoins the alder
grove, and from the south-east - the Kérnik-Srem road.
Long-term flooding of the research areas took place in
spring in 2007 and 2008. Impatiens glandulifera grew
scattered over the entire surface of rushes. Individuals
of this species grew in low densities (1-2 per 1 m? on
average), which allowed them to develop branched plant
habit with impressive lateral shoots that grew up even
in the lower part of the stem. Many of them reached
the height of 3 m and a few inches in the diameter at
the base of the stem. They towered over the reeds lay-
ing down.

Area IT (N 52°22'36.5", E 16°51'35.3"), Table 1

Located in a patch of reed rushes Phragmitetum au-
stralis facies with I. glandulifera, which evolved onto the
gyttja soil (MEgy) on the edge of one of the ponds in
Poznan-Kopanina. In spring 2007, short-term flooding
occurred there and the reeds were burnt. In contrast
to the above-described rushes in Bnin, I. glandulifera
occupied a small area (about 1 are), and it grew in high
density (several dozens of individuals per 1 m?). Such
a density resulted in a strong competition and a differ-
ent pace of the development of I. glandulifera from the
early stages. In high summer the vast majority of these
individuals was high (2.5 m on average) and slender,
having a small number of short lateral shoots, located
in the upper part of the stem, whereas the lower part
was smooth and deprived of leaves. The height of the
remaining ones was less than 1 m, and the number of
leaf whorls was by about 2-3 lower.

Area III (N 52°27'40.5", E 16°57'47.3"), Table 1, Phot. 2, 3

Located in a small (about 1 are) patch of the plant
community from alliance Convolvulion sepium facies
with I glandulifera, which evolved onto the marshland
surface (MRV) on the edge of the forest island and
around the ditch with water at Bozywoja Str. in Poznan.
It is the only one experimental stand, where there was
no flooding for two research seasons. For the most of the
day L glandulifera stand was shaded laterally by trees
from the forest island or the trees growing along the
road. In late summer or early autumn the side of the
road at Bozywoja Str. was mown together with the road-
side belt of I. glandulifera stand about 2 m wide.

Area IV (2007 - N 52°13'54.2", E 17°05'27.2", 2008 -
N 52°13'54.4", E 17°05'29.0")

Located in a grove of alder (plant community from
class Alnetea glutinosae) adjacent to rush vegetation of
the Kornickie Lake. It grows on fen (Tn), and probably
comes from planting (Alnus glutinosa height is of sev-
eral meters and the diameter of the trunk reaches a few
centimeters). Each year during the study, the area was
flooded with water from the lake, while in the second
year the flooding did not cover the research stands. Im-
patiens glandulifera occurred in drier and very bright
areas, mainly on the edges of the grove. Most of the
individuals of this species did not exceed the height
of 1.5 m. There was a great number of individuals lay-
ing down and rooting in the nodes observed. On this
stand, I. glandulifera featured with delicate structure
and a small number of flowers and fruits.

The study was conducted from mid-September 2006
to mid-October 2008. Two-factor experiment in four
blocks, and in four replicates per 100 seeds each, was
set up. Blocks comprised of four patches of plants within
the three plant communities (in each patch one research
area has been set up, factor I - type of the community
(Phragmitetum australis facies with I. glandulifera, Ca-
lystegion sepium facies with I. glandulifera, Alnetea glu-
tinosae), factor II - the depth of the seeds placement:
on the soil surface (0 cm) and at a depth of 5 cm. The
experiment was set up in the mid-September 2006, in
the time of the full fructification of the species investi-
gated. In this study seeds of a local origin collected on
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TABLE 1. Phytosociological characteristics of the spontaneous stands of Impatiens glandulifera

Consecutive number of a photograph

and a name of syntaxon ! 2 3 4
Date of a photograph 05-09-2006 01-08-2006 18-07-2006 29-06-2006
Density of the tree layer (a) [%] 0 0 0 80
Density of the shrub layer (b) [%] 0 0 Zn. 5
Coverage of the herb layer (c) [%)] 100 100 100 100
Coverage of the moss layer (d) [%)] 0 0 0 0
Photography area [m?] 50 25 25 100
Number of species in the photograph 10 10 20 15
D. Cl. Alnetea glutinosae
Alnus glutinosa (a) 5.3
ChCl. Phragmitetum communis
Phragmites australis 44 54
Carex acutiformis 4.4 + 13
Mentha aquatica r
Berula erecta T
ChCl. Artemisietea vulgaris
Impatiens glandulifera 34 53 43 2.2
Urtica dioica 13 1.2 33 33
Calystegia sepium 2.2 33
Impatiens parviflora + 23 5.4
Galium aparine 1.2 33 +
Geranium robertianum 33
Alliaria petiolata 23
Geum urbanum T 1.3
Rubus caesius 1.2 +
Cirsium arvense + +
Eupatorium cannabinum +.3
Solidago canadensis T
Epilobium hirsutum r
Myosoton aquaticum r
ChCl. Molinio-Arrhenatheretea
Poa trivialis + 23 1.3
Deschampsia caespitosa +.3
Lysimachia nummularia + 33
Caltha palustris 23
Agrostis stolonifera 23
Cirsium oleraceum 1.2
Equisetum palustre r
Arrhenatherum elatius +
Companion plant species
Sambucus nigra (b) 4/1.1, Aegopodium podagraria 3/1.3, Stellaria media 3/+, Bromus sterilis 3/+, Humulus lupu-
lus 3/+, Bidens frondosa 1/r, Echinocystis lobata 1/+, Symphytum officinale 1/+.

Explanations: 1 - area I, Phragmitetum communis (Bnin), 2 - area II, Phragmitetum communis (Poznan), 3 - area
I1I, Convolvulion sepium (Poznan), 4 - area IV, Alnetea glutinosae (Bnin).
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the same day were used. Special attention was paid to
the fact that the seeds were mature and healthy. Seeds
samples were mixed with a small part of the local soil
and sealed in labelled bags made from a moisture- and
air-permeable material (a 95% polyamide knit), covered
with a wire mesh of 0.5 cm x 0.5 cm, that formed a
protection against rodents. In this way, similar to the
natural, yet controlled experimental conditions, were
obtained. Bags were placed on the soil surface (0 ¢cm)
and at a depth of 5 cm in four replicates per 100 seeds
for a given depth. Thus, there were eight bags contain-
ing seeds at every sample plot.

In the given growing season, the observations
started when germination of spontaneously scattered
I. glandulifera seeds was noticed on the research and
other stands. Instead, the end of the growing season for
this species was a signal to finish the observation. Ob-
servations comprised the periodic opening of bags and
counting of seeds that germinated and those that be-
come deteriorated. This enabled capturing the dynamics
of their germination process. Initially, bags were opened
every week, then every 2-3 weeks, until mid-October,
when the end of the growing season for I. glandulifera on
the research areas was observed. During counting, the
seeds were washed out on a sieve with water from near-
by watercourses. The germinated and deteriorated seeds
were discarded and ungerminated, healthy ones were
placed again in bags with fresh, local soil at the respec-
tive depths. Observations were resumed in the spring
next year. Studies were repeated in the following year
by setting up experimental stands in mid-September
2007 in the same settings and using the same method.

Soil-habitat profile of the analysed stands was ex-
amined in August 2007. In order to determine the types
and subtypes of the soil in the experimental areas, a se-
ries was of additional typologic surfaces established.
As a part of the field work, soil pits up were made to
60 cm in depth, which were afterwards deepened by
drilling down to 150 cm. “Classification of forest soils
of Poland” was the basis for soil description (SWIECICKI
2000). Analysis was performed in the field by specify-
ing the granulometric composition of soils and pH of
the soil levels, measured with use of Hellige acidimeter.
Carbonate content was determined using 10% HCl acid.

Phytosociological characteristics was accomplished
during the 2006 growing season with use of phyto-
sociological photographs by Braun-Blanquet method.
The photograph covered the research areas or their close
proximity. Vascular plant nomenclature was adopted af-
ter MIREK et AL. (2002), and phytosociological nomen-
clature was adopted after MATUszZKIEWICZ (2002).

Statistical analysis of the results was performed with
use of Statistica 6 software. The percentage values were
calculated according to the C.I. Bliss Formula (SNEDE-
cor and COCHRAN 1976) followed by two-way analysis
of variance ANOVA at the level of significance a = 0.05.
Significant differences between means were determined
using the Tukey test and Excel software was used for
data analysis.

Due to the fact that some of the bags containing
seeds have been damaged by rodents, only complete
results from the three research areas (area I, area III,
area IV) in the 2007 growing season were subjected to

statistical analysis, rejecting incomplete data from the
area Il of 2007 and data from all areas of 2008.

Statistical analysis

The average number of germinated I. glandulifera
seeds in the 2007 growing season differed significantly
between plant communities (Fig. 1).
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F1G. 1. Arithmetic means for the percentage of germi-
nated seeds of Impatiens glandulifera depending on the
type of plant community and depth of their localization
in the soil. Vertical bars indicate confidence intervals of
0.95. The same letters represent values that do not differ
significantly

The most of seeds germinated in herb community
from alliance Convolvulion sepium (97.8% +0.8), the least
in the reed rushes Phragmitetum australis (45.5 +14.5%),
and the avarage value was recorded in the community
from class Alnetea glutinosae (61.9 +2.6%). The number
of germinated seeds in bags placed on the soil surface
and at a depth of 5 cm did not differ significantly within
the herb community (97.7 £1.8% and 98.0 +1.4%, respec-
tively) and the alder (63.7 £2.5% and 60.0 £4.7%, re-
spectively), but there was a significant difference in the
reed rushes (78.2 £13.6% and 12.7 £9.1%, respectively).
There was a statistically significant effect on seed ger-
mination rate of both, the type of the plant community
(F =23.71, p < 0001) and the depth of their localization
in the soil (F = 12.18, p < 0.01). There was also a statisti-
cally significant interaction between those two factors
(F =10.82, p < 0.001).

The average number of seeds that have deteriorated
(due to the putrefaction and maceration) in the 2007
growing season, differed significantly between plant
communities (Fig. 2).

Most of them were found in the rushes (49.7 £12.9%),
and the least in the herb community (2.1 £0.8%), where-
as the average value was reported for the alder (36.7
+2.5%). The number of the deteriorated seeds in bags
located on the soil surface and at a depth of 5 cm did
not differ significantly within the herb community
(2.3 £1.8% and 2.0 +0.7%, respectively) and within
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F1G. 2. Arithmetic means for the percentage of deteriorated
Impatiens glandulifera seeds in the 2007 growing season,
depending on the type of the plant community and the
depth of their localization in the soil. Vertical bars indicate
confidence intervals of 0.95. The same letters represent val-
ues that do not differ significantly

the alder (34.7 +2.1 % and 38.7 +4.8%, respectively),
whereas within the rushes there was a significant dif-
ference observed (21.5 £13.6% and 78.0 +7.7%, respec-
tively). It was found that the process of deterioration is
affected by the type of the plant community (F = 25.57,
p < 0.00001), and the depth of their localization in the
soil (F = 10.21, p < 0.01) as well. There was also a statisti-
cally significant interaction between those two factors
(F = 8.57, p < 0.01).

The percentage of seeds that did not germinate and
show no external signs of the deterioration process at
the end of the 2007 growing season, was significantly
different in the plant communities given (Fig. 3).

In the herb community, no such seeds were ob-
served, as all of them germinated or became deterio-
rated in a small percentage, whereas the percentage of
such seeds was on average 1.4 +0.3% and 4.7 +1.9% in
the alder and in the rushes, respectively. Most of them
(9.2 £1.9%) were found in the rushes at a depth of 5 cm,
and the value was significantly different from the other
experimental variants. It was found that the number of
seeds that did not germinate during the 2007 growing
season was significantly influenced by the type of the
plant community (F = 20.78, p < 0.0001) and the depth
of their localization in the soil (F = 21.00, p < 0.001).
A statistically significant interaction between those fac-
tors was also found (F = 20.12, p < 0.0001).

Field observations

The 2007 growing season of I. glandulifera began in
mid-March and lasted until mid-October. The dynamics
of seed germination was different at respective research
plots, due to a close link to the occurrence or absence
of flooding (Fig. 4).

Seed germination process started at the earliest,
was the shortest and reached the highest value in
the herb community (plant community from alliance
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F1G. 3. Arithmetic means for the percentage of Impatiens
glandulifera seeds that did not germinate and showed no
external signs of deterioration at the end of the 2007 grow-
ing season, depending on the type of the plant community
and depth of their localization in the soil Vertical bars indi-
cate confidence intervals of 0.95. The same letters represent
values that do not differ significantly

Convolvulion sepium). It was the only site where there
was no flooding. Germination process lasted only three
weeks in this community, that is till April 4, wherein
already on March 12, during the first observation, it was
found that in bags located on the surface of the soil and
in the bags at a depth of 5 cm, 97.6% and 92.5% of seeds
germinated, respectively (Phot. 2, 3). Ultimately, 97.8%
of the seeds germinated on this research area, and the
other left deteriorated (they underwent putrefaction).
Thus, there was no reservoir of seeds observed, which
would constitute a potential soil seed bank for future
growing seasons. Worth noting, the length of life of all
seeds studied on this research stand, was less than seven
months, that is, from the moment of their maturation
and landing in the soil, until the germination (or dete-
rioration) process has started.

On the other stands, the germination process started
later and lasted longer. There were also bigger differ-
ences, depending on the depth at which seeds were
spending time and more of them became deteriorated
(Fig. 3, 5).

In the reed rushes Phragmitetum australis in Bnin,
where from the first days of June there was a several
centimeters water level maintained on some of the sites,
the first germinated seeds were observed on March 28,
wherein they were more abundant in bags placed on the
soil surface - as much as 61.7%, as compared to 0.3%
(one seed) at a depth of 5 cm. Whereas the germina-
tion process of seeds in bags placed on the soil sur-
face ended at the end of April, in those bags that were
placed at a depth of 5 cm, only then the germination
began. At this research plot, the germination process
was extended up to eight weeks, i.e. May 22. Since June,
however, seed deterioration process became intensified,
especially considering seeds that were located deeper
in the soil.
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F1G. 4. Dynamics of Impatiens glandulifera seed germination process in the 2007 growing season,
depending on the type of plant community and depth of their localization in the soil
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FIG. 5. Dynamics of the deterioration process of Impatiens glandulifera seeds in the 2007 growing
season, depending on the type of plant community and depth of their localization in the soil

Of note, that at this study area and in this grow-
ing season there were no I. glandulifera seedlings ob-
served. Probably, as a result of the prolonged flooding,
on the surface of the reed rushes, on which thousands
of specimens of this species flourished in the previous
season, no specimen showed up this year. A potential
source of diasporas was found, which is an assembly of
I. glandulifera, growing on the rubble several dozens of
meters away from the rushes, and a few specimens of
this species, which have remained in its close proximity.

At the study area in the Phragmitetum australis reed
rushes in Poznan-Kopanina, short-term, minor spring
flooding, lasting until mid-March occured. At the begin-
ning of the observations, on March 13, 2007, the water
subsided, and the ground was muddy and wet. It turned

out, that during the winter, all bags with the seeds that
were placed on the soil surface were damaged and further
observation was not possible. However, in bags placed at a
depth of 5 cm, first sprouts were observed. In mid-March,
swathes of reeds were burned out, which also covered the
study plot in Kopanina. Although, the process of germi-
nation of I. glandulifera seeds that were located at a depth
of 5 cm, was still observed, and during the observations
on April 16, 2007, plenty of seedlings of this species (2 on
a Braun-Blanquet scale) were noted, in close proximity of
the regenerating reed, Phragmites australis (2), stinging
nettle, Urtica dioica (1), the seedlings of creeping thistle,
Cirsium arvense (+) and hairy willowherb Epilobium (r).
At this plot, as in reed rushes in Bnin, the germination
process lasted eight weeks, i.e. to May 9.
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The study plot in the alder (plant community from
class Alnetea glutinosae), located near the Koérnickie
Lake in Bnin, was flooded twice in spring 2007, with
the water level of several centimeters sustaining on the
soil surface. The first flooding lasted until mid-April,
after which the water subsided and the ground became
fresh, and, here and there, moist. However, on the first
days of June, the re-flooding of water from the Kérnickie
Lake occurred, which lasted until mid-July. At this plot,
the process of the seed germination lasted for 10 weeks
(from March 28 to June 5), wherein the seeds from the
bags placed on the soil surface germinated for 6 weeks
(from March 28 to May 11), and those from the depth
of 5 cm germinated for 10 weeks (from March 28 to
June 5), but the most intensive germination lasted for
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sepium australis glutinosae australis
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FIG. 6. Percentage of the germinated, deteriorated and other
seeds (from bags placed on the soil surface and at a depth
of 5 cm, on average) in the 2007 growing season, in the
plant communities ranked from the absence of flooding to
the long-term spring flooding (for Phragmitetum australis
in Poznan, data correspond to the seeds from bags placed
at a depth of 5 cm, as the bags located on the soil surface
were damaged by rodents)
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F1G. 7. Percentage of the germinated, deteriorated and other
seeds (from bags placed on the soil surface and at a depth
of 5 ¢m, on average) in the 2008 growing season, in the
plant communities ranked from the absence of flooding to
long-term spring flooding. The figure represents data from
only two research plots, since the bags containing seeds
from two others, were damaged by rodents

5-6 weeks (from April 3 to May 11). Since early May in-
tensification of seed deterioration process was observed.

The research plots may be ranked from the lack of
flooding to the prolonged spring flooding, which clearly
corresponds with a percentage decrease of the germi-
nated seeds and an increased contribution of the rotten
seeds and others (Fig. 6, 7).

PHOT. 1. Deteriorated Impatiens glandulifera seeds on the
flooded plot in the reed rushes Phragmitetum australis
(area No. I)

PHOT. 2 and 3. Germinated Impatiens glandulifera seeds in
bags placed on the surface of the soil (Ob) and at a depth
of 5 cm (5¢) in the herb community from alliance Convol-
vulion sepium (area No. III)
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Spending time seeds observations

As a result of observations carried out between
March 2008 and March 2009, it was found that all the
seeds that did not germinate in the previous growing
seasons (2007 and 2008, respectively), have become
deteriorated during winter (they have underwent the
process of putrefaction and maceration), which means
that the potential seed bank did not survived till the
following spring.

DISCUSSION

Preliminary results suggest that I. glandulifera seeds
do not form a persistent soil bank, and their survival
rate is determined mainly by habitat conditions. Under
favourable conditions, the seeds of this species remain
in the soil only a few (7-8) months, after which they
rapidly germinate in spring (almost at 100%) or deterio-
rate to a minor extent, leaving no reserve for the future
growing seasons. According to THOMPSON and GRIME
(1979) such seeds form a “transient seed bank, type II”.
It is typical for species from the temperature zone and
stands for a specific adaptation, by which the seeds do
not germinate during winter. Due to the fact that the
seeds of I. glandulifera prefer surface layers of the soil,
the seed bank that they form, can also be specified as
the active one (FALINSKA 2004).

The results of this study do not confirm reports that
I. glandulifera form a persistent soil seed bank (STROH
2005, http://www.cps-skew.ch, http://www.lwg.bayern.
de/bienen) and that its seeds can survive in the soil for
at least 18 months (BEERLING and PERRINS 1993). How-
ever, the results correspond with those of WALKER et
AL. (2009), who reported that the species does not form
a persistent soil seed bank.

In unfavourable conditions, such as the occurrence
of spring flooding, a small part of the visually healthy
seeds tends to spending time for several months. It is
likely, that finding such seeds was a prerequisite for
methodically unverified statement (STROH 2005, http://
www.cps-skew.ch, http://www.lwg.bayern.de/bienen)
that I. glandulifera forms a persistent soil seed bank. The
results of this study showed that all of the seeds “spend-
ing time” in spring deteriorated, and by definition, the
seeds that meet the criteria of the soil seed bank must
be viable and able to germinate (FALINSKA 2004).

The results of field studies on the survival rate of
I. glandulifera seeds do not correspond with the results
of laboratory tests, where the seeds of this species can
survive in a swollen state, at 20°C without loss of viabil-
ity for at least three years (MUMFORD 1988). Such a long
viability of seeds in the laboratory should be regarded
as the potential that will almost never be found in im-
measurably different conditions in the field, due to the
presence of lower temperatures in autumn and winter,
as well as occurrence of flooding.

One of the factors determining the type of a seed
bank is the size of seeds, whereas, their weight is a bet-
ter indicator of their survival rate than the surface
(MoLEs et AL. 2003). In most studies, the seeds are con-
sidered small when their weight does not exceed 3 mg,
and large seeds are those wheighing more than 3 mg

(CzarRNECKA and WEADYKA 2007). Impatiens glandulife-
ra seeds may be qualified to a category of large seeds. It
was found (THOMPSON and GRIME 1979, BEKKER et AL.
1998, LEISHMAN and WESTOBY 1998, TSUYUZAKI and
GoTo 2001, MOLES et AL. 2003, HOLzEL and OTTE 2004,
CZARNECKA and WEADYKA 2007) that in the flora of
Europe, seeds forming a transient seed bank are larger
and they prefer both shallower parts and the surface
layer of the soil, whereas seeds forming persistent seed
bank are smaller and they prefer deeper parts of the
soil. Seeds of I. glandulifera fit into this model. In con-
trast, seeds of I. noli-tangere form a persistent soil seed
bank (FALINSKA 2004). THOMPSON and GRIME (1979)
reported that, even closely related species occupying
the same habitat (eg. Ranunculus bulbosus, R. acris and
R. repens) may form different types of seed bank. Stud-
ies on Australian and South-African flora have not con-
firmed the relationship between the size of seeds and
their survival rate in the soil, or there was a positive
correlation found (Australia) (LEISHMAN and WESTOBY
1998, MOLES et AL. 2003 and references cited therein,
HoLMES and NEWTON 2004).

BERTILLER and ALOIA (1997) found that terophytes,
in contrast to other forms of life, do not represent a uni-
form seed bank model. This observation was not con-
firmed by MOLES et AL. (2003), who found no correlation
between the form of life and a form of growth, and the
survival rate of the seeds.

CONCLUSIONS

1. The process of germination and deterioration of
Impatiens glandulifera seeds is largely determined by
habitat conditions (type of the plant community, and
the depth at which seeds are spending time) and the
associated hydrological conditions (absence or presence
of flooding and its duration).

2. Under optimal conditions I. glandulifera seeds lon-
gevity in the soil is only 7-8 months, after which they
germinate rapidly (almost at 100%) or deteriorate to
a lesser extent, leaving no reserve for the future grow-
ing seasons.

3. The main factor limiting germination and viability
I. glandulifera seeds is spring flooding.

4. High survival potential of I. glandulifera seeds ob-
served in the laboratory, has not been observed in the
field in relation to the plant communities investigated.

5. The results of this study suggest that I. glanduli-
fera do not form a persistent soil seed bank in the plant
communities studied.

Acknowledgements

I express my sincere thanks to Professor Jerzy
Zielinski, PhD, DSc, for his great interest and con-
structive comments. I would also like to thank Iwona
Patalan-Misiaszek, PhD, for the soil-habitat expertise.
I thank Andrzej M. Jagodzinski, PhD, for his help in
choosing the methods of statistical analysis.



Preliminary field studies on survival rate of seeds of invasive terophyte Impatiens glandulifera Royle (Balsaminaceae) 175

REFERENCES

BEERLING D., PERRINS .M. (1993): Impatiens glandulifera
Royle (Impatiens roylei Walp.). ]. Ecol. 81: 367-382.

BEKKER R.M., BAKKER ].P.,, GRANDIN U., KALAMEES R.,
MILBERG P., PoscHLOD P., THOMPSON K., WILLEMS
J.H. (1998): Seed size, shape and vertical distribution
in the soil: indicators of seed longevity. Funct. Ecol.
12: 834-842.

BERTILLER M.B., ALOIA D. (1997): Seed bank strategies
in Patagonian semi-arid grasslands in relation to
their management and conservation. Biodiv. Con-
serv. 6: 639-650.

CHITKA L., SCHURKENS S. (2001): Successful invasion of
a floral market. An exotic Asian plant has moved in
on Europe’s river-banks by bribing pollinators. Na-
ture 411: 653-653.

CZARNECKA B., WEADYKA M. (2007): Ecological mean-
ing of seed size and shape for seed persistence and
germinability in some mountain plants from the col-
lection of the botanical garden in Lublin. Bull. Bot.
Gard. 16: 3-10.

DAawsoN F.H., HoLLAND D. (1999): The distribution in
bankside habitats of three alien invasive plants in
the U.K. in relation to the development of control
strategies. Hydrobiologia 415: 193-201.

DRESCHER A., PROTS B. (2000): Warum breitet sich das
Drisen-Springkraut (Impatiens glandulifera Royle)
in den Alpen aus? Wulfenia 7: 5-26.

DRESCHER A., PROTS B. (2003): Distribution patterns of
Himalayan balsam (Impatiens glandulifera Royle) in
Austria. In: Phytogeographical problems of synan-
thropic plants. Institute of Botany, Jagiellonian Uni-
versity, Cracow: 137-146.

DuczMAL KW., TucHOLSKA H. (ED). (2000): Nasien-
nictwo. Czesc¢ ogolna (Tom 1). PWRIL, Poznan.

FABISZEWSKI ., BREJ T. (2008): Ecological significance of
some kenophytes in Lower Silesian National Parks.
Acta Soc. Bot. Pol. 77, 2: 167-174.

Fachzentrum Bienen, Internet, http://www.lwg.bayern.
de/bienen.

FaLINskA K. (2004): Ekologia roslin. Wyd. Nauk. PWN,
Warszawa.

FiscHER E., WOHLHAUSER S., RAHELIVOLOLONA M.E.
(2003): New taxa of Impatiens (Balsaminaceae) from
Madagascar. II. A collection from Masoala Peninsula.
Adansonia 3, 25 (1): 17-31.

HEeaGI G. (ED.) (1924): Illustrierte Flora von Mittel-Euro-
pa. Mit besonderer Berticksichtigung von Deutsch-
land, Osterreich und der Schweiz. Band 5, Teil 1. Carl
Hanser Verlag, Miinchen.

HeLMmIsaARI H. (2006): NOBANIS - Invasive Alien
Species Fact Sheet — Impatiens glandulifera - From:
online Database of the North European and Baltic
Network on Invasive Alien Species - NOBANIS www.
nobanis.org.

HoLMES P.M., NEWTON R. (2004): Patterns of seed per-
sistence in South African fynbos. Plant Ecol. 172:
143-158.

HOLZEL N., OTTE A. (2004): Assessing soil seed bank
persistence in flood-meadows: The search for reliable
traits. J. Veg. Sci. 15: 93-100.

Info Flora, Internet, http://www.cps-skew.ch/.

HuLME P.E., BREMNER E.T. (2006): Assessing the im-
pact of Impatiens glandulifera on riparian habitats:
partitioning diversity components following species
removal. J. Appl. Ecol. 43: 43-50.

Janczak B. (2010): Wybrane aspekty biologii i ekologii
gatunku inwazyjnego Impatiens glandulifera Royle
(Balsaminaceae). Typescript. PhD thesis. Katedra
Przyrodniczych Podstaw Les$nictwa, Uniwersytet
Przyrodniczy w Poznaniu.

KASPEREK G. (2002): Fluctuations in numbers of neo-
phytes, especially Impatiens glandulifera, in perma-
nent plots in a west German floodplain during 13
years. In: Biological invasions: challenges for science.
Eds I. Kiihn, S. Klotz. Neobiota 3: 27-37.

KoEeNIES H., GLAVAC V. (1979): The ability of Impatiens
glandulifera to compete on the banks of the River
Fulda near Kassel, West Germany. Philippia 4: 47-49.

LEISHMAN M.R., WESTOBY M. (1998): Seed size and
shape are not related to persistence in soil in Aus-
tralia in the same way as in Britain. Funct. Ecol. 12:
480-485.

LHOTSKA M., KOPECKY K. (1966): Zur Verbreitungsbio-
logie und Phytozonologie von Impatiens glandulifera
Royle an den Flusssystemen der Svitava, Svratka und
oberen Odra. Preslia 38: 376-385.

LOPEZARAIZA-MIKEL M.E. (2006): The impact of alien
species on native pollination systems. PhD thesis
abstract. University of Bristol, Bristol.

LoPEZARAIZA-MIKEL M.E., HAYES R.B., WHALLEY M.R,,
MEMMOTT J. (2007): The impact of an alien plant on
a native plant-pollinator network: an experimental
approach. Ecol. Lett. 10: 539-550.

MATUSZKIEWICZ ].M. (2002): Zespoty lesne Polski. Wyd.
Nauk. PWN, Warszawa.

MAULE H.G., ANDREWS M., WATSON C., CHERRILL A.
(2000): Distribution, biomass and effect on native
species of Impatiens glandulifera in a deciduous
woodland in northeast England. Asp. Appl. Biol. 58:
31-38.

MIREK Z., PIEKOS-MIRKOWA H., ZAjAaC A., Zajac M.
(2002): Flowering plants and pteridophytes of Po-
land. A checklist. — Krytyczna lista roslin naczynio-
wych Polski. W. Szafer Institute of Botany, Polish
Academy of Sciences, Krakow.

MoLES AT., WARTON D., WESTOBY M. (2003): Seed size
and survival in the soil in arid Australia. Aust. Ecol.
28: 575-585.

MUMFORD P. (1988): Alleviation and induction of dor-
mancy by temperature in Impatiens glandulifera
Royle. New Phytol. 109: 107-110.

MUMFORD P.M. (1990): Dormancy break in seeds of Im-
patiens glandulifera Royle. New Phytol. 115, 1: 171-175.

NienHuUIis C.M., DieTzcH A.CH., STOUT J.C. (2009): The
impacts of an invasive alien plant and its removal on
native bees. Apidologie 40: 450-463.

NieNHUIS C.M., StouT J.C. (2009): Effectiveness of na-
tive bumblebees as pollinators of the alien invasive
plant Impatiens glandulifera (Balsaminaceae) in Ire-
land. J. Pollinat. Ecol. 1, 1: 1-11.

PYSEK P., PRACH K. (1993): Plant invasions and the role
of riparian habitats: a comparison of four species al-
ien to central Europe. J. Biogeogr. 20: 413-420.



176 B. Janczak

PyYSEK P., PRACH K. (1995): Invasion dynamics of Im-
patiens glandulifera - a century of spreading recon-
structed. Biol. Conserv. 74: 41-48.

ScHUBE T. (1903): Die Verbreitung der Gefasspflanzen in
Schlesien. Druck von R. Nischkowsky, Breslau.

SNEDECOR G.W., COCHRAN W.G. (1976): Statistical me-
thods. Ames, The lova State University Press, lova,
USA.

STARY P, TkALCU B. (1998): Bumble-bees (Hym., Bom-
bidae) associated with the expansive touch-me-not,
Impatiens glandulifera in wetland biocorridors. Anz.
Schédlingskd., Pflanzenschutz, Umweltschutz 71:
85-87.

STROH K. (2005): Neophyten - Pflanzenportraits. [on-
line], http://www.bayern.de/lIfu.

SLiwINskI M. (2008): Occurrence of anthropo-
phytes along streams of the Sowie Mountains and
Dzierzonidéw Basin (South-Western Poland) in de-
pendence on land use. Biodiv. Res. Conserv. 11-12:
33-40.

Swigcickr Z. (Ep.). (2000). Klasyfikacja gleb lesnych
Polski. Centrum Informacyjne Laséw Panstwowych,
Warszawa.

THOMPSON K., GRIME J.P. (1979): Seasonal variation in
the seed banks of herbaceous species in the contrast-
ing habitats. J. Ecol. 67: 893-921.

TOKARSKA-GUZIK B. (2005): The establishment and
spread of alien plant species (Kenophytes) in the
flora of Poland. Pr. Nauk. Uniw. SI. Katow. PN 2372.
Wydawnictwo Uniwersytetu Slaskiego, Katowice.

TsuYUZAKI S., GoTo M. (2001): Persistence of seed
bank under thick volcanic deposits twenty years af-
ter eruptions of Mount Usu Hokkaido Island, Japan.
Am. J. Bot. 88, 10: 1813-1817.

Utamr N., SHimizu T. (2005): Seed morphology and
classification of Impatiens (Balsaminaceae). Blumea
50: 447-456.

WAaALKER N.F.,, HuLME P.E., HOELZEL A.R. (2009): Popula-
tion genetics of an invasive riparian species, Impa-
tiens glandulifera. Plant Ecol. 203: 243-252.

WILLIS S.G., HULME P.E. (2002): Does temperature limit
the invasion of Impatiens glandulifera and Heracleum
mantegazzianum in the UK? Funct. Ecol. 16: 530-539.

WILLIS S.G., HULME P.E. (2004): Environmental severity
and variation in the reproductive traits of Impatiens
glandulifera. Funct. Ecol. 18: 887-898.

For citation: Janczak B. (2013): Preliminary field studies
on survival rate of seeds of invasive terophyte Impatiens
glandulifera Royle (Balsaminaceae). Rocz. AR Pozn. 392,
Bot. Stec. 17: 167-176.



