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Abstract: The effect of traditional management on the initial phase of invasion into mesic mown meadows 
was studied in the Kfivokl~tsko protected landscape area in Central Bohemia, the Czech Republic. In 1996, 
rhizome fragments of alien species native to Asia, i. e. Reynoutria japonica, R. sachalinensis and their hybrid 
R. xboheraica were planted in experimental plots and their establishment recorded. Established plants were 
then subjected to the following six treatments which simulated the management practices traditionally used in 
the study area: mowing twice a year, grazing by goats and sheep separately at two different intensities, and a 
control plot. Plant survival was recorded in the two years following planting. In order to compare the effect 
of the growing period, the experiment with R. japonica was conducted in two subsequent years (1995 and 
1996) thus allowing observations over three years on this species. The experiment was carried out in two sites 
(meadows), with three blocks of treatments established in each. Significantly better establishment was found 
in R. japonica and R. xbohemica than in R. sachalinensis. Survival of all three taxa was negatively effected 
by all the management treatments applied (P < 0.001). In control plots with plants of all three taxa, there was 
virtually no mortality during the growing seasons of either year and the number of surviving plants decreased 
only in the winter. In the former two species, 38.5 + 19.4% of plants survived the first winter, the corresponding 
figure for the latter being only 7.2 ± 6.1%. It can be concluded that traditional management provided it is 
applied continuously may represent an effective barrier against the invasion of the Reynoutria species. Once 
ceased, the potential for invasion increases and if invasion occurs, special control measures are required to 
eliminate the invading plants effectively. 

INTRODUCTION 

In studies devoted to biological  invasion, there is a growing consensus about the importance 
of  the recipient habitat  and the necessity to take into account both its propert ies and the 
characteristics of  the invading species. WlLLIAMSON (1996) summarized available data and 
concluded that all types o f  communit ies  are potential ly invasible (see also CRAWLEY 1987, 
USHER 1988). There is quantitative evidence that some communit ies  are more easily invaded 

than others (CRAWLEY 1987, PY~EK et al. 1998). Factors affecting communi ty  invasibili ty 
have been repeatedly described,  including the type, frequency, and intensity of  disturbance 
as well  as a change in its regime at the site (HOBBS 1989, HOBBS & HUMPHRIES 1995), 
successional posi t ion (REIMANEK 1989, HOBBS & HUENNEKE 1992, KOWARIK 1995, BASTE 

et al. 1997), and nutrient and moisture condit ions (VITOUSEK et al. 1987, HOBBS & HUMPHRmS 

1995). 
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In the Central European landscape, the distribution of alien plant species in vegetation is 
rather uneven. One of the vegetation types which is rarely invaded is grasslands. PY~EK et 
al. (1998) have shown, based on the analysis of more than 32,000 localities of alien species 
in the Czech Republic, that the contribution of meadows to the total number of localities was 
disproportionately low. However, invasion in such habitat types does occur (PY~EK & PYSEK 
1995) and many invasions are located along water courses which serve as an efficient vector 
to transport the diaspores of invasive species (THI~BAUD & DEBUSSCHE 1991, PY~EK & PRACH 
1993). The species of the genus Reynoutria possess many of the features of an "ideal invader" 
and are considered among the most vigorous European aliens (BEERL1NG et al. 1995, MAR]GO 
& PAUTOU 1998). Plants are spread by vegetative fragments in water and thus represent a 
major threat to the adjacent vegetation, often valuable from the viewpoint of nature 
conservation. 

The present study was carried out in one of the most valuable sections of the Central 
Bohemian landscape, the Kfivokhitsko Landscape Protected Area. The species studied 
represent vigorous invaders frequently found in the immediate vicinity of water courses (about 
30% of their localities in the Czech Republic, PY~EK & PRACH 1994). However, they do not 
invade successfully into mown meadows of the protected area which represent an important 
component of the regions vegetation. Knotweed invasion into such vegetation types was 
observed sporadically in other parts of the country (BRABEC & PV]EK, unpubl, observ.). 
Moreover, it seems to be potentially accelerated by recent summer floods in the territory 
which are thought to increase the dispersal potential of water courses in terms of the spread 
of alien species and in particular knotweeds. However, no hard data are yet available on the 
subject. It can be supposed that floods, by not only bringing the knotweed propagules 
(fragments of rhizomes and stems) but also by covering the turf with soil, mud and other 
accumulated material can create natural conditions favouring the establishment of Reynoutria 
plants. The present paper was thus aimed at investigating the chances of potential knotweed 
survival in meadows adjacent to water courses over several years, and compare their survival 
under traditional meadow management (grazing and mowing) wherein the management was 
ceased and the meadows left abandoned. The Reynoutria species have the potential to establish 
in managed sites as documented by the fact that in Britain, Reynoutria japonica is common 
in pastures (BEERLING 1991, BEERLING & PALMER 1994). 

The experiment tested two alien congeners and their spontaneous hybrid, and was intended 
to compare the invasive potential of three taxa. Assuming that (i) there is a repeated influx 
of Reynoutria diaspores into the communities under question, and (ii) new plants establish 
easily from these diaspores (BROCK & WADE 1992, BROCK et al. 1995), then the present study 
focused on answering whether these taxa are prevented from massive invasion by (i) not 
being able to compete with closed grass-dominated vegetation or (ii) by the traditional 
management of these sites. If the latter is true, the secondary aim would be to evaluate the 
efficiency of particular modes of management. 

STUDY SITES 

The study was carried out in the valley of the Brejlsk~i strouha brook (50°06'N, 13°52'E) 
in the region of Kfivokl~it, Central Bohemia, the Czech Republic, ca. 40 km W of Prague, at 
the 365-370 m a.s.1. (mean annual temperature 6.9 °C, annual mean precipitation 522 mm; 
data from the L~ny meteorological station, 50-year average). 
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The study was carried out in the Kfivoklfitsko Landscape Protected Area. Two floodplain 
meadows were chosen for the experiment in order to simulate as real a situation as possible, 
i.e. the potential dispersal of diaspores of Reynoutria species into meadow communities, e.g. 
in the case of a flood. Meadows of this kind represent some of the most valuable preserved 
communities in the place of unique deciduous forests at low altitudes (NEUHAUSLOVA et al. 
1998). The following criteria were taken into account when selecting the study sites: 

(1) These meadow communities are common in the landscape of the Kfivoklfitsko Landscape 
Protected Area, i.e. they represent typical meadows of the area. Two meadows were chosen, 
and both belong to the alliance Alopecurion pratensis PASSARGE 1964: (i) Vegetation cover 
of Site I was dominated by Alopecurus pratensis L., Agrostis capillaris L., Geranium 
palustre L. and Arrhenatherum elatius (L.) J. PRESL et C. PRESL and its composition reflected 
the gradient of moisture. (ii) Site II harboured more heterogeneous vegetation, depending on 
the relief. In both sites, the experimental plots were located in the relatively homogeneous 
central part of the meadow. 

(2) Knowledge of the history of natural conditions in terms of their management. Until 
1985, both meadows were regularly mown twice a year for hay (or sometimes grazed by 
sheep instead of the second mowing). From 1986 to 1992 there was a single mowing per year 
and in 1993 the mowing ceased. During the last 50 years, both sites have been regularly 
flooded: Site I once in five years, and Site II once in three years. Flooding occurs mostly in 
April and May, and rarely in June (personal communication from local inhabitants). 

(3) Taxa of the genus Reynoutria occur in the region so that the geographical and/or climatic 
barriers that could possibly play a role in invasion are irrelevant. There are three known 
localities of R. japonica within 10 km of the sites, the nearest located 3 km from the study 
sites. R. sachalinensis also occurs 3 km of the sites. The distribution of R. xbohemica is 
insufficiently known (MANDAK & PV~EK 1997). 

STUDY SPECIES 

Reynoutria japonica HOUTT. vat. japonica and R. sachalinensis (E SCHMIDT) NAKAI 
(Polygonaceae) are stout rhizomatous perennials, reaching a height of 2.5 and 4 m, 
respectively, producing a large amount of biomass (HORN & PRACH 1995, BROCK 1994) and 
having a large leaf area. The former species is native to Japan, Korea, Taiwan and China (see 
BEERLING et al. 1995 for distribution map), the latter to Sakhalin, the southern Kurile Islands 
and the Hokkaido and Honshu islands of Japan (TADEZOKU 1965). R. japonica was introduced 
to Europe as early as 1825 (SALZSBttRY 1961, JALAS & SUOMI~_~ 1988, SUKOPP t~ SUKOPP 
1988) and later to North America (SEIGER 1997). R. sachalinensis has been known in Europe 
since 1863 (SuKoPP • STARFINGER 1995). Both species were introduced into the Czech 
Republic in the 19th century (PY~EK & PRACH 1993), primarily as garden ornamentals. Since 
they regenerate easily from rhizomes (BROCK & WADE 1992) and stem fragments (BROCK et 
al. 1995), and their distribution is to a large extent confined to the vicinity of rivers and 
streams, they have spread considerably, using water as a main dispersal agent (SCHWABE & 
KRATOCHWIL 1991, PY~EK & PRACH 1993, DE WAAL et al. 1994). They are thought to be 
gynodioecious, i.e. producing male-sterile and hermaphrodite individuals, but male-fertile 
clones of R. japonica are not known from the Czech Republic or elsewhere from Europe 
where this topic was seriously investigated (BEERLING et al. 1995). All British plants of 
Reynoutria japonica probably represent clones originating from a single genotype (BAILEY 
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Fig. 1. Spatial arrangement of three blocks, consisting of six treatment applications each, and location of 
permanent and removable wooden fences. Permanent fences were used to separate plots (6.25 m 2 each) grazed 
by sheep from those grazed by goats while removable fences were used to regulate the intensity of grazing. 
Hence, e.g. the high intensity sheep grazing was performed in the five plots on the right (3 experimental plus 2 
transition plots, giving the total of 31.3 m 2) while the low intensity regime was extended by the three adjacent 
plots (i.e. on 50 m2). See Methods for the description of grazing pressure under particular treatments. The same 
experimental design was used in both sites (I and II). 
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et al. 1995 ). In terms of dispersal, Reynoutria species rely heavily upon vegetative reproduction 
(BROCK & WADE 1992, BROCK et al. 1995). 

The hybrid of both species, Reynoutria xbohemica CrlRTEK et CHRTKOVA has been described 
from the Czech Republic (CHRTEK 1990). Its distribution has not been sufficiently studied in 
the native or adventive distribution area of its parents. However, data from the United Kingdom 
(BAILEY et al. 1995) and the Czech Republic (MANDAK & PY~EK 1997) suggest that it is 
rather common. The hybrid is gynodioecious and both hermaphrodite and male-fertile clones 
were reported from the UK (HOLHNGSWORTH et al. 1998), although the fecundity of hybrid 
plants is thought to be very low (BAILEY & STACE 1992). Available data indicate that, at least 
locally, the hybrid possesses higher genetic variation than both parents and that at least some 
of its variation is attributable to hybrid fertility (HOLLL~GSWORTH et al. 1998). 

In R. sachalinensis, plants recorded to date have been tetraploids (2n=44). All the European 
plants of Reynoutria japonica var. japonica recorded so far have been octoploids (2n=88). 
Tetraploid populations (2n=44) do occur in the area of native distribution (BAILEY 1990, 
BAILEY et al. 1995) but have not yet been found in the Czech Republic. The hybrid Reynoutria 
xbohemica has 2n=66. 

METHODS 

Experimental design 

Rhizomes of Reynoutria taxa were collected in Prague, about 40 km E from the experimental 
site; each taxon was represented by a single clone. Rhizomes were transported to the site, cut 
into segments 2.5-5 cm long and 0.8-1.5 cm in diameter, and planted immediately. Litter 
was scraped aside, and the segment pushed into the soil and covered with litter again. The 
segments were planted randomly into particular plots. Chromosome numbers were counted 
in samples representing each taxon and used in the experiment, revealing 2n=88 in R. japonica, 
2n=44 in R. sachalinensis, and 2n=66 in R. xbohemica. 

The experimental design was based on blocks consisting of six 210 x 210 cm plots, 
representing the six management treatments. Three blocks were established in each 
experimental site (Fig. 1), giving a total of 6 blocks and 36 plots. In each plot, four 60 x 60 
cm subplots were established and used for planting rhizome segments. Thirty segments of 
each taxon were randomly selected from the sampled material and planted in three subplots 
(distributed evenly over the subplot area) in April 1996. In addition, R. japonica was planted 
also in April 1995 to make it possible to carry out one more year of monitoring and evaluate 
the effect of planting year. Each of the six treatments simulated the management regime used 
on the meadows of the study region in the years preceding the establishment of the experiment 
(see Fig. 1 for technical details). 

High-intensity sheep grazing caused mechanical disturbance of tuff and complete removal 
of aboveground vegetation. The plots were grazed 3-4 times a year for two days, on the first 
day there was an intensity of cca 0.1 sheep/m 2, on the second day 0.16 sheep/m 2. 

Low-intensity sheep grazing represents removal of aboveground vegetation associated with 
trampling. In this case, vegetation was partly grazed with no species-specific preferences and 
partly laid down by trampling. The plots were grazed 3-4 times a year for one day with the 
intensity of ca. 0.1 sheep/m 2. 
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High-intensity goat grazing caused the mechanical disturbance of turf and non-selective, 
almost complete removal of aboveground vegetation. The plots were grazed 3-4 times a year 
for two days using 0.16 goat/m 2. 

Low-intensity goat grazing represents selective removal of the part of the aboveground 
vegetation (mostly herbs and fleshy leaves). The plots were grazed 3-4 times a year for one 
day with the intensity of 0.16 goat/m 2. 

Mowing was carried out twice a year (May-June and July-August) and the time schedule 
corresponded to the management traditionally used in the region. 

Control plots were left without any management. 
Grazing in both Site I and II started when the vegetation (dominated mainly by Alopecurus 

pratensis) was 10-15 cm tall. To respect the grazing habit of animals, sheep were kept together 
(4-5 sheep and 1-2 lambs). On the first day, the animals grazed on all sheep-treated plots 
regardless of intensity (including transitional plots which were necessary for technical reasons, 
see Fig. 1); the total area of the pasture was 50 m E. On the second day, the grazing continued 
only in the high intensity (and transitional) plots, i.e. on the pasture of the total area 31 m 2. 
Goats were kept separately when grazing, i.e. one adult animal or two kids in the fenced area 
of 6.25 m E surrounding the experimental plot. 

For technical reasons (mainly because of the feeding habit of sheep) the three blocks within 
each site represent partial pseudo-replicates (HURLBERT 1984 -- see Fig. 1). In the study sites, 
moisture was considered the most important ecological factor affecting not only the 
composition of vegetation but also the establishment and survival of potential invaders as 
well as the intensity of competition. To take into account the possible effects of this factor, 
the soil water content was determined in each of the 18 experimental plots. Two samples 
were taken from 10 cm below the soil surface 7 times a year (28 March, 15 April, 2 May, 
18 May, 1 June, 18 June, and 20 July, 1996) and the average value was used. The obtained 
data on moisture were subjected to PCA (on the correlation matrix) and the position of 
particular plots on the first ordination axis was used as a covariate in ANCOVA in order to 
take the possible effect of this factor into account and reduce the influence of the experimental 
design with pseudo-replicates. The first PCA axis explained 68.2% of the variation in the 
data set. 

The grazing experiment was terminated in 1998. Plants in grazed plots were killed and 
removed from the meadows. Mown and control plots are still being monitored for further 
development and attention is paid to ensure that plants do not spread from the study area. 
Mowing continues in respective plots up to the present. 

Data sampling and analysis 

The establishment and survival of Reynoutria plants was recorded for two growing seasons 
after the planting in April 1996: April, June, July, September 1996, April, May and July 1997. 
In addition, the R. japonica treatment planted in 1995 was subjected to additional sampling 
dates in April, June, July and September 1995. During each sampling date, the number of 
living plants (rhizome segments) was recorded. A rhizome segment beating at least one living 
above-ground shoot was considered as living. 

The data were analysed using an analysis of covariance (GLM approach to ANCOVA) in 
the SPSS 8.0 for Windows. Because the test was focused mainly upon evaluating the effect 
of management on established plants and the establishment rate differed among plots, the 
highest number of living rhizome segments (i.e. plants) recorded in the given plot in the 
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Table 1. Number of established rhizome fragments of three taxa of Reynoutria as recorded 67 weeks after 
planting. Year of planting is shown in parentheses. Results from different years (1995 and 1996) are included 
for R. japonica. Mean -+ s.d. is shown (n = 36). Number of initially planted fragments was 30 per 60 x 60 cm 
plot. The rhizome fragments bearing at least one living shoot were considered as established. 

Site I Site II Pooled data (I+II) 
(No. of established % (No. of established % (No. of established 

fragments) fragments) fragments) 
% 

R. japonica (1995)  22.3-+3.8 74.3-+12.6 16.0-+4.0 53.3-+13.3 19.1-+5.0 63.8-+16.6 
R. japonica (1996)  22.6-+3.7 75.4-+12.3 18.6-+2.7 61.9-+9.1 20.6 -+ 3.8 a 68.6+12.7 
R. xbohemica (1996) 19.6 -+ 3.9 65.4 -+ 13.0 15.7 -+ 3.9 52.2 -+ 13.1 17.6 + 4.4 a 58.8 -+ 14.5 
R. sachalinensis(1996) 13.2+4.5 43.9+15.1 8.3-+4.0 27.8-+13.3 10.8_+4.9b 35.8-+16.2 
Pooled 19.4 -+ 5.5 64.7 -+ 18.2 14.6 -+ 5.3 48.8 -+ 17.6 17.0 _+ 5.9 56.8 -+ 19.5 

course of  the exper iment  was taken as a covariate in order to filter out  different starting 
conditions. An  incomplete  model  of  ANCOVA was used in order to increase the strength of  
the test. Only interpretable interactions corresponding to the rationale of  the experiment were 

selected. None of  the excluded interactions were significant when the full model  was used. 
The Type III sum of  squares was used. 

Scores on the main  PCA axis carried out on the correlation matrix of  moisture data in 
particular plots were taken as another covariate.  

RESULTS 

Establishment of plants from rhizome fragments 

Two-way A N O V A  revealed significant differences in the number of  established rhizome 
fragments between part icular  taxa ( F  = 62.3, d.f. = 2, 102, P < 0.001). The effect of  site 
(meadow) was also very significant ( F  = 33.6, d.f. = 1, 102, P < 0.001), but  the interaction 
of both factors (taxon x site) was non-significant ( F  = 0.1, d.f. = 2, 102, P = 0.87). 

Significantly better establishment was found in R. japonica (up to 75% of  regenerated 
rhizomes, see Tab. 1) and R. xbohemica (52.2-65.4%, depending on the site) than in 
R. sachalinensis, in which the percentage of  established rhizomes never  exceeded 45% 

(Tab. 1). As to the effect of  site, plants established themselves better in Site I (Tab. 1). 
Repeated planting of  the R. japonica rhizomes in the two fol lowing years made it possible 

to test for the effect  o f  planting year  and site. The effect o f  site (meadow) on the establishment 
of  rhizome fragments was significant ( F  = 37.7, d.f. = l ,  68, P < 0.001) whereas those of  the 

year  ( F  = 3.2, d.f. = 1, 68) and the interaction of  both (year x site, F = 1.7, d.f. = 1, 68) were 

not significant at (z = 0.05. 

Effect of meadow management on survival 

Survival in all three Reynoutria taxa was  negatively affected by management  (P < 0.001, 
Tab. 2). Control plants  survived better than those exposed to treatments. The differences in 
survival of  control  plants  and those exposed to management  tended to increase during the 
first two years after planting as indicated by the time x management  interaction which was 
highly significant (P < 0.001, Tab. 2). The most  severe effect of  management  was found in 
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Table 2. Effects of particular factors (management treatments, site, and time) on the number of surviving plants during 
the two years after planting in 1996. For each taxon, numbers of plants from 4 sampling dates (i.e. t ime - analyzed as 
repeated measures) on 36 plots (3 replicates of  6 treatments on 2 experimental meadows) were analyzed. The highest 
number of l iving rhizome segments (segment number) recorded during the experiment and the values from the fn'st axis 
of ordination of soil moisture were used as covariates for each plot (see Methods for details). The following model of 
ANCOVA was used: Intercept + Covariate-moisture + Covariate-segment number + Taxon + Management + Site + Taxon 
Management + Taxon x Site + Management x Site + Taxon x Covariate-moisture + Management x Covariate-moisture + 
Site × Covariate-moisture. For the model, only interpretable interactions corresponding to the rationale of the experiment 
were selected a prior i .  Effects related to the independent variable "taxon" are shown in capital letters, significant results 
(P < 0.05) related to these factors are displayed in bold. 

Tests of between-subjects effects d.f. F P Tests of within-subjects contrasts d.f. F P 

Time 1 1.7 0.199 
Covariate-moisture 1 1.0 0.311 time x covariate-moisture 1 0.0 0.985 
Covariate-segment number 1 45.2 < 0.001 time x eovariate-segment number 1 21.9 < 0.001 
TAXON 2 7.3 0.00I TIME x TAXON 2 6.5 0.003 
Management 5 102.2 < 0.001 time x management 5 8.3 < 0.001 
Site 1 2.8 0.101 time x site 1 3.8 0.058 
TAXON x MANAGEMENT 10 5.9 < 0 . ~ 1  TIME x TAXON x MANAGEMENT 10 2.3 0.022 
TAXON x SITE 2 3.9 0.025 TIME x TAXON x SITE 2 0.2 0.815 
Management x site 5 5.3 < 0.001 time x management x site 5 1.0 0.438 
TAXON × COVARIATE-MOISTURE 2 0.8 0.455 TIME × TAXON × COVARIATE-MOISTURE 2 0.2 0.826 
Management x covariate-moisture 5 1.5 0.214 time x management x covariate-moisture 5 0.6 0.699 
Site × covariate-moisture 1 7.1 0.010 time x site × covariate-moisture I 0.5 0.469 

Error (subject) 72 Error (time x subject) 72 

R. sachalinensis; the majority of plants in treated plots did not survive the first winter (Fig. 2c). 
The differences in survival between particular management regimes did not show any 
consistent trends and are difficult to interpret unequivocally (Fig. 2). The effect of site on 
survival was non-significant (Tab. 2). 

Plants in control plots survived best, although their number was decreasing over time. In 
control plants of all three taxa, there was virtually no mortality during the growing season of 
either year, and the decrease in the number of surviving plants occurred only during the winter 
(Fig. 2). 

There was a continuing, though less dramatic reduction of the number of survivors in 
control plots during the following years (Tab. 3). Five years after planting, 12 plants of 
R. japonica (i.e. almost 7% of the 180 planted in control plots in 1995) still survive in the 
study sites. Their mean height in 1999 was about 40 cm; the most vigorous plant was 130 cm 
tall and had 4 branches and 58 leaves. More than 13% of R.japonica and 12% ofR. xbohemica 
plants survived for 4 years (from 1996 planting) exhibiting the mean height of about 40 cm 
and the maximum height recorded was over 80 cm. In 1999, there were still 5 living plants 
of R. sachalinensis (2.8%), four of them over 80 cm tall. The most vigorous plant was 130 cm 
tall and had 20 leaves. 

Parental taxa and their hybrid: a comparison of response to the treatments 

The data from 1996 trials were used to compare the response of particular taxa of the genus 
Reynoutria to the treatments applied. If tested by ANCOVA, a significant effect of the 
independent variable taxon on the survival of plants was revealed (P = 0.001) and the same 
holds for the second-order interactions of taxon with management, time (P < 0.01) and site 



Establishment and survival of Reynoutria in mown meadows 35 

a) 30 

27 

~. 24 

-E 12 

0 

sprl sum1 autl sp~2 sum2 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

b) 

i 
r 
J 
.E 

"6 
d 
z 

30 

27 

24 

21 

18 

15 

12 

9 

6 

3 

0 

100 

90 

80 

:70  

6o ~ 

4o ~ 

SIX1 sum1 autl sp¢2 sum2 

30 

20 

10 

0 

c) 30 

[ 27 

~. ~4 

"E 12 

6 

0 

~ ~ 1  autl ~ sum2 

1 oo 

90 

80 

70 

60  ~ 

30 

20 

10 

0 

Ido~ng 

Control 

• - 4 1 '  Shoeo- ~ i ~  

--A-- S h ~ o -  ~ intma~ 

-O- G~at- ~ ~ 

Goat - high Intensity 

Fig. 2. Survival of Reynoutria plants growing from the established rhizome fragments planted in 1996. Changes 
in the number of  survivors in the two years following the planting are shown as mean values from 6 replicates 
for each treatmenl/sampling period. The initial number of  rhizome fragments was 30. (a) Reynoutriajaponica, 
(b) R. xbohemica, (c) R. sachalinensis. Codes: spr - spring, sum - summer, aut - autumn, 1 - Year 1, 2 - 
Year 2. 
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Table 3. Number of surviving rhizome fragments of three taxa of Reynoutria in control plots. The records were made at 
the end of the growing period when plants were best developed. The rhizome fragments bearing at least one living shoot 
were considered as surviving. Results from both planting years (1995 and 1996) are shown for R. japonica. Mean ± s.d. 
is shown (n = 6). Number of initially planted fragments was 30 per 60 x 60 cm plot. 

R. japonica R. japonica R. bohemica R. sachalinensis Pooled 
(1995) (1996) (1996) (1996) 

1995 
No. of survived fragments 24.0 ± 4.7 24.0 ± 4.7 
% 80.0± 15.6 80.0± 15.6 

1996 
No. of survived fragments 17.3 ± 5.1 20.2 ± 5.2 15.5 ± 5.9 8.3 ± 3.9 15.3 ± 6.5 
% 57.8± 17.0 67.2± 17.3 51.7± 19.5 27.8± 13.1 51.1 ±21.7 

1997 
No. of survived fragments 10.5 ± 4.3 9.0 ± 2.7 8.5 ± 3.3 2.2 ± 1.8 7.5 ± 4.4 
% 35.0±14.4 30.0±8.9 28.3± 1 0 . 9  7.2±6.1 25.1±14.6 

1998 
No. of survived fragments 3.7±1.4 6.0±3.4 4.3±2.8 1.0±1.3 3.8 ±2.9 
% 12.2±4.6 20.0±11.4 14.4±9.3 3.3±4.2 12.5±9.6 

1999 
No. of survived fragments 2.0 + 1.4 4.0 ± 2.8 3.7 ± 3.1 0.8 ± 1.2 2.6 ± 2.5 
% 6.7 ± 4.7 13.3 ± 9.4 12.2 ± 10.5 2.8 ± 3.9 8.8 ± 8.4 

(P = 0.025). Of the third-order interactions, that between management x taxon x time was 
also significant at P = 0.022 (Tab. 2). 

Multiple range comparisons (ANCOVA, Tukey test) revealed that the survival of 
R. japonica and R. xbohemica in the two growing seasons following planting was significantly 
better than that ofR. sachalinensis (P < 0.001) and the results were consistent in each period 
(summer 1, autumn 1, spring 2, summer 2). 

Between-year comparison of survival in Reynoutria japonica 
The design of the experiment with R. japonica (repeated planting in two consecutive 

growing periods) made it possible to (a) extend the observations on survival over three years 
and (b) compare the effect of two different years. 

In the third year after planting, the survival of control plants followed the same pattern as 
in the growing period immediately following the start of the experiment. There was no 
mortality from spring to autumn of Year 2 and at the end of the growing period, 6.8.8 + 14.8% 
of plants established in Year 1 had survived. In the winter, a further 29% died leaving 
39.8-+ 14.1% surviving from the initial planting (Fig. 3). In treated plots, the significant 
reducing effect of management was obvious as soon as in the summer of Year 1 (ANCOVA, 
F = 22.3, d.f. = 5, 22, P < 0.001) and the gradual decrease in the number of surviving plants 
continued throughout the whole observation period (Fig. 3). The maximum number of 
survivors in the particular treatments at the end of Year 3 was two plants per plot and the 
differences between treated and control plots were highly significant (Tukey test, P < 0.001). 
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Fig. 3. Changes in the number of surviving rhizome fragments of Reynoutria japonica planted in 1995 over 
the three years under different treatments. The initial number of rhizome fragments was 30. (a) Mean values 
from 6 replicates are shown for each treatment/sampling period. (b) Summary statistics comparing the survival 
of control plants with pooled data of all the treatments applied as listed in (a). Boxes indicate interquartile 
ranges; lines surround values that are closer than 1.5 box length from the box; open circles indicate outlying 
values. Control plots are displayed by using open boxes (n = 6), managed plots by solid boxes (n = 30). Codes: 
spr - spring, sum - summer, aut - autumn, 1 - Year 1, 2 - Year 2, 3 - Year 3. 

The planting year  (1995 vs. 1996) showed a highly significant effect on survival (P < 0.001, 
Tab. 4, compare Fig. 2a and 3a). The interactions year  x management,  year  × time, and 
year  × management  x t ime × were also highly significant (P < 0.001, Tab. 4). 

DISCUSSION 

Data on regenerat ion from rhizome fragments under experimental  condit ions are available 
for Reynoutria japonica, showing that there is virtually no difference between opt imum 
greenhouse condit ions (69% - BROCK & WADE 1992) and a field situation represented by 
mesic meadows observed in the present study (62.8% and 68.6%, respectively).  The high 
regeneration potential  of  knotweeds has been documented not only for rhizomes but also stem 
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Table 4. Effects of particular factors (management treatments, site, planting year and time) on the number of surviving 
plants of Reynoutriajaponica planted in two different years (1995 and 1996). For each planting year, numbers of plants 
from 4 sampling dates (analysed as repeated measures) on 36 plots (3 replicates of 6 treatments on 2 experimental 
meadows) were analysed. The highest number of living rhizome segments (segment number) recorded during the 
experiment and the values from the first axis of ordination of soil moisture were used as covariates for each plot (see 
Methods for details). The following model of ANCOVA was used: Intercept + Covariate-moisture + Covariate-segment 
number + Taxon + Management + Site + Taxon × Management + Taxon × Site + Management × Site + Taxon × 
Covariate-moisture + Management x Covariate-moisture + Site x Covariate-moisture. For the model, only interpretable 
interactions corresponding to the rationale of the experiment were selected a priori. Effects related to the independent 
variable "year" are shown in capital letters, significant results (P < 0.05) related to these factors are displayed in bold. 

Tests of between-subjects effects d.f. F P Tests of within-subjects contrasts d.f. F P 

Time 1 4.4 0.042 
Covariate-moisture 1 0.6 0.456 time x covariate-moisture 1 0.3 0.570 
Covariate-segment number 1 4.3 0.044 time x covariate-segment number 1 2.6 0.112 
YEAR 1 16.2 < 0.001 TiME x YEAR 1 13.2 0.001 
Mangement 5 64.7 < 0.001 time x management 5 2.3 0.058 
Site 1 1.6 0.213 time × site 1 0.3 0.579 
YEAR x MANAGEMENT 5 10.1 < 0.001 TiME x YEAR x MANAGEMENT 5 10.4 < 0.001 
YEAR x SITE 1 1.7 0.195 TIME x YEAR x SITE 1 6.4 0.015 
Management x site 5 6.0 < 0.001 time x management x site 5 1.6 0.179 
YEAR x COVAR1ATE-MOISTURE 1 0.3 0.618 TIME x YEAR x COVARIATE-MOISTURE 1 0.4 0.548 
Management x covariate-moisture 5 1.7 0.151 time x management x covariate-moisture 5 1.9 0.121 

Site x covariate-segment number 1 0.6 0.460 time x site x covariate-moisture 1 0.1 0.782 

Error (subject) 44 Error (time x subject) 44 

fragments (BROCK et al. 1995) and establishment from fallen leaves has even been observed 
(BRAaEC 1997). 

Both R. japonica and the hybrid R. xbohemica established and survived better than 
R. sachalinensis in both treated and control plots. In the control plots, subsequent mortality 
of all three taxa occurred almost exclusively during winter, reducing the number of surviving 
shoots to about a half. This may correspond to the fact that R. japonica is vulnerable to late 
frosts (BEERLING et al. 1994). About one third (of the original number of planted segments, 
i.e. 30) R. japonica (30.0 + 10.3%) and R. xbohemica (28.9 + 12.9%) plants successfully 
survived the first winter in the 1996 experiment and the figure was even higher (56.7 + 20.4%) 
in the R. japonica experiment in 1995. Even after 4-5 years after planting, there were 5-24 
plants (depending on taxon and planting year) surviving in the control plots and some of them 
were growing rather vigorously. It seems highly probable that, had they been given a chance, 
they would have established invasive populations. This holds true namely for R. japonica 
and R. xbohemica; R. sachalinensis was less successful. 

The highly significant effect of year on the survival of R. japonica plants found in the 
present study indicates that specific conditions may have a remarkable effect on the outcome 
of an invasion. We are not aware of any environmental factor such as climate or disturbance 
which could be used to explain this difference in our study. 

We are aware of some limitations to the comparison between taxa resulting from the fact 
that each taxon was represented by rhizomes sampled from a single clone. This is irrelevant 
in the case of R. japonica, as its genetic diversity is extremely limited in the study area (PY~EK 
& MANDAK, unpubl, data). BAILEY et al. (1995) reported on extremely low genetic diversity 
in R. japonica and supposed that all plants in the United Kingdom belonged to the same 
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genotype. Available evidence about genetic variation in R. sachalinensis is scarce (BAILEY 
et al. 1995, HOLLINGSWORTH et al. 1998). It seems, therefore, that the invasion superiority, 
in terms of establishment and early phase of invasion, of R. japonica over its congener 
R. sachalinensis, has a general validity in Central European situations. In the case of 
R. ×bohemica probably exhibiting the highest genetic variation of the three (HOLLINGSWORTH 
1998, PY~EK & MANDAK, unpubl, data) the results must be interpreted with caution because 
of the limited, in genetic terms, material used for the experiment. However, ongoing research 
indicates that R. xbohemica has, under experimental conditions taking genetic variation into 
account, the highest regeneration potential of the three congeners (B~MOVA, PV~EK & 
MANDAK, unpubl, data). Differences in the ecological behaviour of closely related species 
have been reported (KRAHULE¢ et al. 1999, STOCKLIN 1999, HROUDOVA et al. 1999) and recent 
analyses have found that hybrids may possess lower, equivalent or higher levels of fitness 
relative to their parental taxa (ARNOLD & HODGES 1995). 

In the present study, the high intensity grazing was achieved in a different way than under 
traditional management. For technical reasons, more grazers acting for shorter times were 
used. Nevertheless, we believe that the effect of simulated grazing was very similar to the 
real effect of traditional grazing. The present study proved that grazing is an effective means 
to prevent the invasion of Reynoutria species into meadow communities. This statement 
seems, however, only valid if grazing is applied in the early phase of invasion. BEERLING et 
al. (1994) also reported on the negative effect of grazing on R. japonica but still the species 
is fairly common in pastures (BEERLtNG 1991, BEERLL~G & PALMER 1994). It appears that, 
once established, the clones cannot be efficiently eliminated by grazing. The effect of mowing 
on large established stands is also unequivocal since it is sometimes considered as an inefficient 
means of control, even triggering resprouting (BEERLING et al. 1994) while other studies 
reported on clones effectively controlled (DE WAAL 1995). The results of application of any 
control measure heavily depend on the respective situation, i.e. the size and age of the clone, 
frequency of application and the way in which the measures are used, and the ecological 
condition of the site. The differences found in establishment rates between both sites considered 
in the present study indicate that the initial phase of the invasion process can be principally 
affected by relatively subtle differences in the characteristics of recipient habitats. As 
demonstrated by the experiment with R. japonica replicated in the two subsequent years, the 
effect of the particular year may also play a role. 

On the basis of our results, it can be concluded that if traditional management is applied 
continuously, it represents an effective barrier to the establishment of knotweed populations. 
However, once interrupted or ceased, the potential for invasion increases and if it occurs, 
special control measures are required to eliminate the invading plants effectively. 

It is necessary to point out that the present experiment used relatively small segments of 
rhizomes but in the wild, bigger fragments are probably also spread. BROCK & WADE (1992) 
showed that the regeneration rate increases with fragment size; new viable plants established 
from 40% of segments which were 1 cm long, but the corresponding figure for 8 cm segments 
was 93%. In the real situation, the invasive potential of the taxa studied is probably even 
higher. 
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