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The absence of fungal or viral diseases of some invasive alien plants partially explains their success.
However, for several species this issue has not been studied and no account of such infections are recorded for Impatiens glandulifera, a problematic weed in moist and half-open habitats of central
and western Europe. We record for the first time viral infections in plants from different European
regions grown in a common garden experiment. The infection was systemic and could be transferred to two species of Chenopodium and five species of Nicotiana, and resulted in the development of local necrotic spots within a week. The symptoms resembled Tobacco Rattle Virus, but this
was not confirmed by an ELISA-test. In I. glandulifera the virus led to reduced above-ground biomass. Relative stem biomass and basal diameter were also lower in diseased plants, but there was no
significant differences in plant height and number of main branches. Also virus infection did not affect the following reproductive traits: time to flowering, pollen viability, fruit abortion, seed/ovule
ratio, seed number per fruit and individual seed mass. This virus was not transmitted via seed. The
potential effects of such viral infections on the population dynamics and biological control of this
alien plant are discussed.
K e y w o r d s : aboveground biomass, basal diameter, invasive alien plant, latitudinal gradient,
stem biomass, therophyte, virus indicator plant

Introduction
Invasive alien plants are a focal area of current ecological research, because biological invasions are large-scale (natural) experiments, which allow us to address fundamental questions
in population and community ecology using a variety of classical and modern methods (Drake
et al. 1989, Lodge 1993, Vitousek et al. 1996, Daehler 2006, Richardson 2006). The innovative potential of the science of biological invasions is demonstrated by numerous studies on
global and local patterns in plant invasions, invasibility of plant communities, differences between phylogenetic groups, strategies of invasive plants, mechanisms and control of biological
invasions (e.g. Pyšek et al. 1995, Brock et al. 1997, Pyšek 1998, Alpert et al. 2000, Hänfling &
Kollmann 2002, Mandák et al. 2004, Chytrý et al. 2005, Kollmann et al. 2007). Less information is available about the diseases of invasive plant species (but see Malmstrom et al. 2005a,b,
2006), although strong effects of fungal or viral infections on population dynamics have been
demonstrated in non-invasive plants (Gilbert 2002). Diseases can be inadvertently introduced
with alien plants (Guy et al. 1998, Pearson et al. 2006), although the success of some invasive
plant species might actually be explained by the escape from native diseases and herbivores
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(Enemy Release Hypothesis; Keane & Crawley 2002, Mitchell & Power 2003). Moreover, it
has also been observed that some introduced plants indirectly increase disease incidence in
nearby native species (Malmstrom et al. 2005b).
Invasive alien species are a major problem for habitat management, because of the associated economic costs and concerns about losses in biodiversity. Invasive alien plants lead to
devaluation of agricultural land, interfere with forest management, increase costs for maintenance of road margins, railways and waterways, and they can cause extinction of native
species. Control of invasive aliens is difficult and expensive – for specific calculations of the
costs associated with invasive species see Sandlund et al. (1999) and Mack et al. (2000), but
suitable management strategies are still lacking for many species and habitats (Hobbs &
Humphries 1995, Luken & Thieret 1997, Sheppard et al. 2006). Natural diseases are a potential method of controlling invasive plant species (cf. Erneberg et al. 2003), but this topic is
poorly studied in Europe compared with North America or Australia (Sheppard et al. 2006).
A major invasive alien plant in Europe (Pyšek & Prach 1995, Dawson & Holland 1999,
Weber 2000, Peltre et al. 2002), but also in North America (Toney et al. 1998), is the eastAsian Impatiens glandulifera (Balsaminaceae; 2n = 18, 20). This tall annual plant was selected for study because it is currently expanding its European range (Beerling 1993) and
causes problems for ecosystem management (Wadsworth et al. 2000). However, little
knowledge exists about possible herbivores (but see Schmitz 1995), and virtually nothing
is known about fungal or viral diseases as stated in the reviews by Beerling & Perrins
(1993), Shaw (2003) and Sheppard et al. (2006).
The present study reports the results of a common garden experiment on latitudinal
variation in I. glandulifera from nine European regions (Kollmann & Bañuelos 2004),
which accidentally became infected by a virus disease in its second year. These data are
used to (1) identify the disease and to explore its host range, (2) investigate the effects of
the disease on vegetative growth and reproduction of I. glandulifera and (3) assess differences among populations along a latitudinal gradient.
Material and methods
Study species
Impatiens glandulifera Royle is native of the Himalayan mountains from Kashmir to
Garhwal; it was introduced into Europe in 1839 (Kew Gardens), became naturalized in
England as early as 1855, and has experienced an exponential increase in abundance and
distribution during the past 30–40 years (Beerling 1993). The species is now common in
the lowlands and the lower montane belt below 800 m a.s.l. in 18 European countries
within the latitudes 30–64°N; however, plants were recently found at 1550 m in the Alps
(H. Buschmann, pers. comm., October 2003). Its northern distribution is controlled by the
length of the growing season, but the species may spread northwards with rising global
temperatures. It is a tall therophyte with no clonal growth and no long-lived seed bank.
The flowers are self-fertile but protandrous; seeds are dispersed by explosive capsules,
hydrochory and human transport. Large and dense stands are common on riverbanks,
waste ground and in open woodlands. Crawley (1987) considered it to be one of the ‘top
twenty’ British aliens. It is suppressing and endangering native species in some vegetation
types (Hulme & Bremner 2006), however, once I. glandulifera is removed communities
may recover without any consequences for species diversity (Hejda & Pyšek 2006).
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Plant material
Plant material from nine European regions was used; in each region seeds were collected
from 1–5 populations at least 1 km apart (in total 23 populations), and population size varied
from 50–20,000 plants (Table 1). Sampling was not balanced due to limitations in local
availability of seed. Habitat types included riverbanks, lakeshores, mesic forest edges,
roadsides and abandoned gardens; most sites had no management or only irregular mowing.
Seeds were collected from 10–25 plants per population (5–10 seeds per plant) in September–October 2001. Only ripe capsules with brown or black seeds were harvested. The seeds
were dried at room temperature for 1–2 weeks and then stored at 0–5 °C for 15–16 months.
Germination and growth conditions
In mid March 2003, seeds from all populations were put between moist blotting paper in
Petri dishes at 0–5 °C for a 3-weeks period of stratification; a fungicide (1% Dithane M45)
was added to reduce fungal infections. At the end of this period some seeds had already
started germinating in the fridge. Thus, 60 seeds of each population were laid out in transparent plastic boxes (12 × 8 × 5 cm) with blotting paper over a plastic bridge and 100 ml
distilled water (plus fungicide); unusually small or empty seeds were discarded. The boxes
were randomly placed and repeatedly rearranged in a germination cupboard with a temperature regime of 12 °C at night (12 h) and 22 °C with light during the day (12 h). Germination was recorded for 50 days but after 1 week only few changes were observed. Germination in all populations was high (70–95%).
In late April 2003, 12 seedlings of each population were transferred to a glasshouse and
planted into plastic trays with individual wells (5 cm diameter, 6 cm depth) filled with
a peat-based substrate (N, 74 g m–3; P, 165 g m–3, K, 260 g m–3; pH 6.0); once a week the
position of the trays was randomized. After 3 weeks the plants were transferred to larger
pots (12 cm diameter, 10 cm depth) with the same substrate. Average day temperature in
the glasshouse was 21.9±0.6 °C (mean±SE) with 59.1±2.1% air humidity and 15.1±0.8
klux light (one measurement per minute). Nocturnal values were 16.8±0.3 °C, 67.3±1.6%
humidity and 1.3±0.1 klux light.
In early June 2003, eight randomly chosen individuals from each population were
placed outdoors to harden the plants before planting them into the common garden. One
week later one (two) plant(s) of each population were planted randomly in five double
rows (in total 140, see Table 1) with a guard plant at the end of each row (total 20 plants);
the latter were excluded from the analysis. The rows were N–S oriented, with 40–50 cm
distance between the plants within rows and 80–100 cm between rows. However, after
about four weeks a closed canopy had developed. The experimental bed was not shaded
but protected against wind by adjacent buildings. Average day temperature was
20.6±0.4 °C and 14.3±0.5 klux light; nocturnal values 17.2±0.3 °C and 1.5±0.1 klux light
(one measurement per minute). The loamy soil was tilled twice before planting and was
fertilized four weeks later; no herbicides were used but weeding was hardly needed because of the rapid growth of the study plants. Water was added when necessary. Few herbivores were observed, but 4–6 plants had black aphids in late June albeit without clear
patterns in relation to plants with virus symptoms, regions or rows.
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Table 1. – Site characteristics and sample size of the plant material of Impatiens glandulifera tested for potential
1
effects of virus infection. Regions are ranked based on latitude. Sources of climatic data: Eimeldingen, Mühr
2
3
4
5
(2003); České Budějovice, K. Prach; Hagen, Mühr (2003); Eelde, Rudloff (1981); Durham, S.G. Willis;
6
Umeå, C. Nilsson; all others Rudloff (1981). For further details of the seed material see Kollmann & Bañuelos
(2004). LatN/LongE – latitude north and longitude east; AnnT – annual average temperature; AnnP – annual average precipitation.
Region

Location

N Switzerland
1
E France
S Czech
2
Republic
3
W Germany
E Germany

Zurich
Mulhouse
České
Budějovice
Hagen
Halle-Leipzig

4

E Netherlands Assens
5
Durham
N England
E Denmark
Copenhagen
4

N Sweden

Umeå

LatN/LongE

Elevation
(m)

AnnT (°C)

AnnP (mm)

Study plants Plants with virus
[populations] symptoms (%)

47°23'/08°34'
47°45'/07°24'
48°58'–50°15' /
13°00’–14°46’
51°20'/06°32’
51°18’–51°28/
11°58’–12°20’
53°00’/06°38’
54°45’/-1°52’
55°41’–55°47’/
12°28’–12°36’
63°48’–63°50’/
20°10’–20°20’

569
250
356–439

8.0
9.8
7.2–7.9

1137
786
600–628

10 [1]
7 [1]
25 [4]

30
0
0

120
99–108

9.5
9.0

903
559

7 [1]
26 [5]

14
42

5
50
2–19

9.0
9.4
8.0

767
593
602

10 [1]
10 [1]
25 [5]

70
60
16

10–37

2.0

700

20 [4]

10

Screening for virus
The study plants were monitored daily. In late June 2003, 24% of the plants developed
symptoms of a virus infection as indicated by necrotic spots and wrinkled leaves (Fig. 1).
The infected plants were irregularly distributed within the experimental plot with no apparent border or row effects (J. Kollmann, unpubl. data). In July and August, no further
plants developed virus symptoms, but one infected (and one apparently uninfected) individual died.
In late July 2003, leaves from four plants (from different regions) showing clear disease
symptoms were sampled and analysed for viral infection. As a control, leaves from
a symptomless plant were included as well. The plant material was tested for presence of virus following standard procedures for first screening for unknown viruses at Faculty of Agricultural Sciences (University of Aarhus). The procedures include mechanically inoculating a group of indicator plants that are susceptible to a broad range of viruses (Hill 1984,
Jayasinghe & Chuquillanqui 1989). The indicator plants included two Chenopodium species (C. amaranticolor Coste et Reynier, C. quinoa Willd.) and five Nicotiana species
(N. benthamiana Domin., N. clevelandi A. Gray., N. debneyi Domin., N. rustica L.,
N. tabacum L. ‘Xanthi’ and ‘Samsun’). The leaf material was macerated in a phosphor extraction buffer (40 g PEG 6000, 4.8 g Na2HPO4, 0.4 g KH2PO4 up to 1000 ml H2O, pH 7.7)
and leaves of the indicator plants were rubbed with the extract using an abrasive silicium
carbid mesh 400. The inoculated plants were grown in a glasshouse at 18 °C and supplementary light to 16 hours per day. Symptoms were recorded for 2 weeks. In addition a dasELISA test for Tobacco Rattle Virus was carried out following a standard procedure (Clark
& Adams 1977) using antibodies produced by Faculty of Agricultural Sciences.
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Fig. 1. – Flowering Impatiens glandulifera plants lacking (left) and showing symptoms of virus infection (right)
in early August 2003. Photo: J. Kollmann.

Measurement of vegetative traits
In mid August 2003, all plants were harvested at ground level; sampling the root system
was not feasible because it proved impossible to separate the fragile roots from the loamy
soil. At this time all plants were flowering and fruiting and had not started to senesce. Plant
height, circumference at the second basal internode and number of 1st order branches
were measured. Plants were pre-dried at 20–40 °C in a glasshouse for 12 days, followed by
3 days at 70 °C. Above-ground biomass was determined separately for stems plus
branches, and leaves plus flowers and fruits.
Measurement of reproductive traits
The date of first flowering of all plants until harvest in mid August 2003 was recorded. To
assess virus effects on other reproductive traits only those populations with a sufficient number of plants showing virus symptoms, and at least six flowers and six fruits available for
harvest were used, resulting in four populations from Germany, two from Denmark and
Sweden and one from Switzerland, The Netherlands and United Kingdom, respectively (see
Table 1). From each of these 11 populations one plant was randomly chosen per treatment
(symptomatic/symptomless). In mid August, six flowers per plant were sampled in the male
phase (1–2 days after opening) for analysis of pollen viability. Pollen from one anther per
flower was transferred with a cotton brush to a glass slide where a drop of 33% cotton blue in
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phenol was added. Viable pollen grains turned dark and percentage viability was determined
for a random sample of 100 grains per flower. Also after natural pollination in mid August,
six fruits per study plant were collected for analysis of the number of seeds per fruit and the
seed/ovule ratio (small seeds < 4 mg were excluded). Seed mass was determined after drying
at room temperature for 10 weeks. Furthermore, six naturally pollinated young fruits per
plant were labelled and bagged to assess differences in fruit abortion.
The common garden experiment was repeated in 2004 to assess whether or not the viral
disease was seed-transmitted. Equal amounts of wild seed (2001) and seed from infected
plants (2003) were stored and germinated as described above. The resulting individuals
were cultivated in the same plot, infection was monitored throughout the growing season,
and all plants were harvested and analysed following the methods used in 2003.
Statistical analyses
The data set of the various plant traits was not balanced because the nine European regions
were not evenly represented, and presence of virus symptoms differed among regions (Table 1). Moreover, I. glandulifera shows latitudinal variation in size and reproduction
(Kollmann & Bañuelos 2004), as do other invasive alien plants (Weber & Schmid 1998,
Olsson & Ågren 2002, Bastlová & Květ 2003). Therefore, individual regression analyses
between latitude of origin and all traits were calculated separately for infected and uninfected plants. When one or both groups showed no significant latitudinal trend, two-way
ANOVAs were calculated, considering ‘symptoms’ (fixed factor) and ‘latitude’ (random
factor) as main effects. When the linear regressions were significant in both groups (P <
0.05), their slopes and y intercepts were compared. For comparison of slopes an ANOVA
was calculated with latitude and symptom state as factors; significant interactions ‘latitude
× symptom’ indicated differences in the slopes of the two regression lines. For comparison
of the intercept, t-tests were applied for each paired set of data. The frequency of viral
symptoms in plants from infected vs. uninfected seeds in the 2004 experiment was investigated using chi-square contingency tables. Proportional data were arcsin-transformed and
other measurements log-transformed in case of deviation from normality of the residuals
and unequal variance.

Results
Evidence for virus infection
After inoculation with samples from infected I. glandulifera plants, all eight indicator species developed local necrotic spots on their leaves within a week. Symptoms remained local in Chenopodium quinoa, C. amaranticolor and Nicotiana debneyi, but became systemic in Nicotiana tabacum ‘Xanthi’ and ‘Samsun’, N. rustica, N. clevelandi and N.
benthamiana with necrotic lesions that increased to large necrotic areas resulting in leaf
death. No such effects were observed in plants treated with leaf extracts from symptomless
I. glandulifera plants. The development of the symptoms in the indicator plants resembled
those associated with Tobacco Rattle Virus (TRV), which is known to have a broad host
spectrum and fast development of symptoms. However, the ELISA test for TRV was negative.
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Effect of virus on vegetative traits
Frequency of virus symptoms in I. glandulifera was different among the nine European regions albeit with no clear geographic or climatic pattern (Table 1). Symptoms were frequent in Dutch and English plants, intermediate in East German and Swiss plants, and low
in Danish, West German and Swedish plants, while Czech and French plants were not infected at all.
Total above-ground biomass, relative stem biomass and basal diameter were significantly lower in infected plants (ANOVA; F > 6.0, P < 0.02; Table 2), whereas no effect of
the virus symptoms on plant height and number of 1st order branches was observed (F <
1.1, P > 0.29). Latitudinal gradients in total and relative biomass, basal diameter, plant
height and number of branches were observed in the symptomless plants (Pearson product-moment correlation; R2 = 0.19–0.51, P < 0.05), whereas in the infected individuals the
gradient disappeared for relative stem biomass and basal diameter (R2 = 0.08–0.09, P >
0.05). Therefore, the analyses were re-done including latitude. Comparison of the respective linear regressions against latitude revealed significant effects of the virus only on total
biomass, indicated by a significant difference in the intercepts with the y axis (Fig. 2; ttest; T = –2.5, P < 0.05).

Infected plants (n = 13)

240

Symptomless plants (n = 23)

Plant biomass (g)

200

160

120

80

40

0
40

45

50

55

60

65

70

Latitude (°)
Fig. 2. – Differences in total above-ground biomass of Impatiens glandulifera lacking and showing virus symptoms from nine European regions. The details of the two linear regressions with latitude are in Table 3; the regression lines differed in y intercept (t-test; T = –2.5, P < 0.05) but not in slope (ANOVA; F = 1.9, P = 0.14).
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Table 2. – Effects of the virus on vegetative and reproductive traits in Impatiens glandulifera (means ± SE; number plants studied in brackets), including statistical results of one-way ANOVAs (***, P < 0.001; **, P < 0.01; *, P
< 0.05; ns, P > 0.05).
Plant traits

Plant status

Vegetative traits
Total above-ground biomass (g)
Relative stem biomass (%)
Plant height (cm)
Basal diameter (cm)
Number of 1st order branches
Reproductive traits
Time to flowering (days)
Pollen viability (%)
Fruit abortion (%)
Seed/ovule ratio (%)
Number seeds per fruit
Seed mass (mg)

F

Symptomatic

Symptomless

66.7±6.9 (33)
63.8±1.0 (33)
164.8±4.7 (33)
2.5±0.1 (33)
20.6±0.9 (33)

145.3±6.2 (106)
67.8±0.5 (106)
176.4±2.8 (106)
3.2±0.1 (106)
22.1±0.5 (106)

28.6***
6.0*
ns
1.0
14.9**
ns
1.1

74.5±0.3 (33)
86.3±3.4 (66)
57.6±9.6 (11)
43.4±5.7 (66)
5.6±0.7 (66)
8.1±0.7 (66)

69.5±0.1 (103)
96.0±1.2 (66)
43.9±6.5 (11)
47.8±5.4 (66)
6.5±0.7 (66)
7.7±0.5 (66)

2.9
ns
0.1
0.001ns
ns
0.7
ns
1.1
ns
0.2

ns

Table 3. – Latitudinal gradients in eight vegetative and reproductive traits of infected and symptomless plants of
Impatiens glandulifera (+/−, positive or negative correlation with latitude; significant results in bold). Pollen viability, seed/ovule ratio and seeds per fruit showed no significant relation to latitude. When both regressions were
significant, regression line slope and y intercept of infected and symptomless plants were compared.
Plant traits
Total above-ground biomass
Infected
Symptomless
Relative stem biomass
Infected
Symptomless
Plant height
Infected
Symptomless
Basal diameter
Infected
Symptomless
st
Number of 1 order branches
Infected
Symptomless
Time to flowering
Infected
Symptomless
Fruit abortion
Infected
Symptomless
Seed mass
Infected
Symptomless

2

df

F

P

0.32
0.50

1, 11
1, 21

5.3
21.1

0.04 (–)
<0.001 (–)

0.08
0.19

1, 11
1, 21

1.0
5.1

0.34
0.03 (+)

0.29
0.35

1, 11
1, 21

4.6
11.4

0.05 (–)
<0.01 (–)

0.09
0.34

1, 11
1, 21

1.1
10.9

0.32
<0.01 (–)

0.59
0.51

1, 11
1, 21

16.4
22.3

<0.01 (–)
<0.01 (–)

0.59
0.57

1, 11
1, 21

15.8
27.9

<0.01 (–)
<0.01 (–)

0.37
0.06

1, 9
1, 9

5.5
0.6

0.04 (+)
0.45

0.05
0.42

1, 9
1, 9

0.4
6.8

0.52
0.02 (+)

R
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Effects of virus on reproductive traits
There were no significant differences between infected and symptomless plants for the six
reproductive traits listed in Table 2 (ANOVA; F < 3.0, P > 0.05). Of the reproductive traits
only ‘time to flowering’ correlated with latitude for both symptomless and infected plants,
with earlier flowering in plants from northern regions (Table 3). In the infected plants there
was also a greater tendency of abortion in those from the southern regions, and average
seed mass of symptomless plants was higher in northern plants. There were no latitudinal
gradients in pollen viability, seed/ovule ratio and the number of seeds per fruit.
In the 2004 experiment, a higher proportion of plants developed virus symptoms (48% of
90 plants), but there was no significant difference in virus infection of plants grown from seed
from infected vs. symptomless mothers (chi-square contingency table; χ2 = 2.2, P = 0.14).

Discussion
Virus symptoms in invasive alien plants are rarely studied (but see Davis & Guy 2001,
Malmstrom et al. 2005a,b, 2006) and this is the first report of a viral infection in the invasive
annual Impatiens glandulifera. The virus significantly reduced above-ground biomass of the
plants. This was mainly due to a reduction in stem biomass, indicated by a smaller basal diameter, and higher relative mass of leaves and reproductive structures in infected plants. Reduction in plant growth resulting in lower above-ground biomass of virus infected plants is
a common phenomenon, caused by less effective functioning of chloroplasts in infected
leaves (Hull 2002). Most often it results in stunted individuals, but not in our experiments.
There were no significant differences in other vegetative traits and in all reproductive traits.
Latitudinal variation in plant traits are recorded for the invasive species Solidago altissima
and S. gigantea (Weber & Schmid 1998), and Lythrum salicaria (Olsson & Ågren 2002,
Bastlová & Květ 2003). However, none of these studies considered the effect of viral infection, which in our case reduced the latitudinal gradient in five of eight traits of I. glandulifera
as measured by explained variation in the linear regressions. This is probably due to the additional variation introduced by the virus infection. Pollen viability, seed/ovule ratio and
seed number per fruit showed no latitudinal variation, maybe because these traits are more
determined by internal conditions of the plant and thus less subject to environmental selection along the European latitudinal gradient.
Impatiens glandulifera plants from the nine European regions differed in the frequency
of virus symptoms, which is not associated with either latitude or a longitude of origin. It
might be that the Czech and French populations have developed some form of resistance to
the virus as part of rapid evolutionary change, which is characteristic of invasive alien species (Lee 2002). Future experiments and field observations in these countries are needed to
test our common garden results. There might also be more subtle differences among plants
in severity of the symptoms, but the degree of infection was not quantified.
It is interesting that no viral or fungal infection of European populations of
I. glandulifera has been reported and it is unlikely that they have been overlooked in the
numerous studies on this plant (Beerling & Perrins 1993, Pyšek & Prach 1995, Schmitz
1995, Dawson & Holland 1999, Collingham et al. 2000, Chittka & Schürkens 2001, Willis
& Hulme 2002, Hulme & Bremner 2006). This apparent rarity of virus infection could
support the Enemy Release Hypothesis, but comparable studies are still lacking for the
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natural range of the species in the Himalayan Mountains. For example, Mitchell & Power
(2003) showed that on average 84% fewer fungi and 24% fewer virus species infected naturalized European plants in the United States compared with in their native ranges, and
species released from pathogens are more harmful invaders in both natural and agricultural ecosystems. Since it seems improbable that the virus infection was unique to the
common garden situation, it is likely that similar diseases will be found in naturalized populations in Europe, and they could rapidly spread, especially along rivers, the preferred
habitat of the species (Pyšek & Prach 1995). As the disease reduces total above-ground
biomass it might affect population dynamics and thus could contribute to a natural control
of the plant (cf. Sakai et al. 2001). Lower biomass may diminish the competitive ability of
this annual species. High competitive ability is a key factor in the success of I. glandulifera
in its typical habitat in European floodplains and along lakeshores (Beerling & Perrins
1993). On these moist and relatively nutrient-rich soils other tall herbs (Epilobium
hirsutum L., Phalaris arundinacea L., Urtica dioica L.) may outcompete infected
I. glandulifera, and smaller thin-stemmed plants might more easily be damaged by wind
or animals. No changes in six reproductive traits of infected plants were observed, but fecundity (albeit not measured) might have been reduced, since in annual species total biomass and seed production often are positively correlated (e.g. Primack 1979, Thompson et
al. 1991). Although natural dispersal of the virus can be advantageous in terms of management of this invasive alien, the pathogen is less suitable for using in biological control because of its rather broad host spectrum. However, we suggest that more attention is paid to
the diseases of I. glandulifera in field surveys and future experiments, especially in central
Europe, in an attempt to find suitable biocontrol agents and observe their effects on the
population dynamics of the species.

Acknowledgements
We are grateful to Christer Nilsson, Dani Prati, Dick Pegtel, Ewald Weber, Gabi Jakobs, Harald Auge, Karel
Prach and Steve Willis for supplying local seed material. Anne Jind, Birthe Dalsø Schmidt, Elisabeth Johansen,
Elze Astrup and Mads Nielsen helped with the setting up, maintenance and harvesting of the experiment. We are
grateful to the Editor Petr Pyšek and three anonymous referees for critical comments and helpful suggestions to
the manuscript. Tony Dixon kindly improved our English. The study was supported by grant 21-03-0204 of the
Danish Research Agency to JK; MJB received a Spanish post-doctoral fellowship while in Denmark (EX20020028, Ministerio de Educación, Cultura y Deporte).

Souhrn
Přestože absence houbových nebo virových onemocnění v druhotném areálu může v některých případech vysvětlit úspěšnou invazi zavlečeného druhu, pro řadu druhů nejsou v tomto ohledu k dispozici žádné informace; jedním
z nich je Impatiens glandulifera, invadující na vlhkých a polostinných stanovištích ve střední a západní Evropě.
V této studii je poprvé popsána virová infekce, pozorovaná u rostlin z 9 oblastí Evropy, pěstovaných na experimentální zahradě. Infekce byla systémová a přenosná na 2 druhy rodů Chenopodium a 5 druhů rodu Nicotiana,
u nichž během týdne vyvolala nekrotické skvrny na listech. Symptomy připomínala virus nekrotické kadeřavosti
tabáku, test ELISA byl však negativní. Zasažené rostliny I. glandulifera vytvořily méně nadzemní biomasy, alokovaly relativně méně biomasy do lodyhy a měly menší průměr bazální části lodyhy. Výška rostliny, počet hlavních větví a reprodukčmí charakteristiky (doba kvetení, životnost pylu, počet abortovaných plodů, poměr mezi
počtem plodů a vajíček, počet semen v plodu a váha semene) nebyly přítomností viru ovlivněny. Přenos viru semeny infikovaných rostlin pozorován nebyl. V závěru práce je diskutován dopad virových infekcí na populační
dynamiku a možné využití v biologické kontrole invazních druhů.
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