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ABSTRACT
Japanese knotweed (Fallopia japonica) is a highly invasive species that has become a serious problem in riparian zones 
and along road and railroad right-of-ways in North America and Europe. Once established, it forms solid colonies chok-
ing out other herbaceous vegetation, displacing native species, negatively affecting wildlife, and altering hydrological 
processes. We evaluated the ability of 6 native species mixtures to prevent recolonization by Japanese knotweed at a site 
receiving either 1 or 2 yr of glyphosate applications and mowing to suppress existing Japanese knotweed stands. One 
year of spraying and mowing was not sufficient to adequately suppress Japanese knotweed. By 37 months after sowing, 
only the multi-species riparian buffer mixture (RBM) had plant cover >20%, whereas cover for all other mixtures was 
<10%. Japanese knotweed had successfully reinvaded all plots with percent cover ranging from 72–96%. Two years of 
spraying and mowing reduced Japanese knotweed percent cover to an average of 12% (range 7–18%) during the first 
2 yr after sowing and to 28–43% by 37 months. Only 2 species mixtures adequately established when sown following 2 
yr of Japanese knotweed suppression, the RBM and a mixture of Virginia wildrye (Elymus virginicus) and prairie cordgrass 
(Spartina pectinata). Percent cover for both mixtures was >80% at 25 months after sowing and ≥50% after 37 months. 
Two years of Japanese knotweed suppression was necessary before native species mixtures could successfully compete 
against invasive recolonization.
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Japanese knotweed (Fallopia 
japonica) was initially introduced 

to North America in the 1870s via 
intentional ornamental plantings in 
more than 88 counties across the 
contiguous U.S. (Forman and Kesseli 
2003, Barney et al. 2008). Japanese 
knotweed is an invasive species that 
has become a serious problem in ripar-
ian zones and along road and railroad 
right-of-ways throughout Europe and 
North America, particularly in Mid-
Atlantic, New England, and Pacific 
Northwest states. It is an herbaceous 
perennial that can reach heights of 3 
m or more and is capable of quickly 
reproducing by creeping rhizomes and 
root and stem fragments. Spread by 

seed is less commonly observed out-
side its native range but may also be a 
possibility (Beerling 1991, Seiger and 
Merchant 1997, Bram and McNair 
2004). Once established, it forms solid 
colonies that usually choke out all 
other herbaceous vegetation, displac-
ing native species, negatively affecting 
wildlife, and altering hydrological pro-
cesses (Barney et al. 2006, Aguilera et 
al. 2010). Environmental thresholds 
for Japanese knotweed growth and 
survival suggest that locations with 
minimum temperature >-30° C and 
annual precipitation >735 mm are 
potentially susceptible to invasion 
(Beerling 1993, Bourchier and Van 
Hezewijk 2010).

In a survey of riparian sites in the 
United Kingdom, Beerling (1991) 
found that Japanese knotweed abun-
dance was greatest in highly disturbed 
sites or in intermediate woodlands 

where light availability to the under-
story was relatively high. Lowest abun-
dance was in long-established natural/
semi-natural communities with dense 
plant cover, or in grazed grasslands 
where sheep or cattle can periodically 
defoliate Japanese knotweed shoots. 
Seiger and Merchant (1997) found 
that cutting aboveground biomass 
3 times during the growing season 
reduced belowground biomass to 
13% of uncut controls but also con-
cluded that it was unlikely that Japa-
nese knotweed could be eradicated 
by cutting alone. Current methods 
of chemical control typically include 
phloem-mobile herbicides, but they 
have limitations and often take several 
years to kill an existing rhizome system 
(Bashtanova et al. 2009). It appears 
that maintaining dense plant cover 
combined with periodic removal of 
plant shoots, either by defoliation or 
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spot herbicide treatments, are neces-
sary for effective long-term control 
of Japanese knotweed. Glyphosate is 
most commonly used as a chemical 
control because of its non-persistence 
and approval for use near water. In a 
Pennsylvania study, glyphosate treat-
ments averaged between 97–98% 
canopy reduction and reduced bio-
mass by 90–99% when evaluated 
1 yr following treatment applications 
(Gover et al. 2011).

In this study, we focused on plant-
ing individual species and mixtures 
of native species in plots from which 
the Japanese knotweed has been sup-
pressed for either 1 or 2 yr by a com-
bination of defoliation and chemical 
means. Our intent was to determine 
which species or mixtures of species 
best competed against Japanese knot-
weed as it tried to recolonize plots 
from which it had been removed. We 
chose species and mixtures that were 
presumed to have the ability to survive 
well under the local conditions.

Materials and Methods

We conducted the study at the U.S. 
Army Corps of Engineers Lamb’s 
Creek Recreational Area, located 3 
km northwest of Mansfield, PA. Plots 
were located in the floodplain of the 
Tioga River, which also forms the 
stormwater retention basin for Tioga 
Reservoir. Soil is an Orrville silt loam 
(fine-loamy, mixed, active, nonacid, 
mesic Fluventic Endoaquept) with a 
high water table and was subject to 
severe, long-duration flooding when 
storm water backs up behind the dam. 
Flood waters can be several meters 
deep, covering the plots for up to a 
week in some instances (Skinner et al. 
2009). Summertime reservoir eleva-
tion is typically 1.5 m, and wintertime 
elevation is 0.75 m lower than the 
location of the plots. There is no dis-
cernible elevation change within the 
study area. A dense stand of Japanese 
knotweed several hundred meters long 
occurred at the edge of the floodplain 
between the river and an agricultural 
field.

We began suppression of Japanese 
knotweed in July 2006 by mowing 
an area approximately 9 m wide by 
275 m long as close to the ground 
as possible. A commercial applicator 
sprayed regrowth with glyphosate in 
August 2006 at 9.3 L/ha and again 
in May 2007 at 4.7 L/ha. We then 
planted one half of the area with 6 
different native species mixtures on 
1 June 2007. The other half of the 
area was again sprayed with glypho-
sate in early September 2007 (4.7 
L/ha), mowed in late September, 
sprayed on 28 May 2008 (4.7 L/ha), 
then planted on 3 June 2008. We 
undertook no further weed control 
measures following planting.

Treatment plots were 7.3 m × 7.3 m, 
and all plots had a mature stand of 
untreated Japanese knotweed located 
directly behind the plot area with a 
small buffer of about 1 to 2 m between 
the plots and untreated Japanese knot-
weed. The purpose of the untreated 
area was to provide a readily available 
source of Japanese knotweed against 
which the ability of the planted species 
mixtures to withstand reinvasion could 
be tested. We planted 3 replicates of 
the following native species: 1) switch-
grass (Panicum virgatum) monoculture 
cv. ‘Hightide’ (HSG); 2) switchgrass 
monoculture cv. ‘Kanlow’ (KSG); 
3) a native cool-season grass (NCSG) 
mixture including Virginia wildrye 
(Elymus virginicus), upland bentgrass 
(agrostis perennans), and fowl bluegrass 
(Poa palustris); 4) prairie cordgrass 
(spartina pectinata ‘PI-9046805’) /
Virginia wildrye (PCWR); 5) Canada 
bluejoint (calamagrostis canaden-
sis ‘PI-9046782’) /Virginia wildrye 
(BJWR); and 6) a 27-species riparian 
buffer mixture (RBM; see Table 1 for 
a list of species).

We planted all species except prai-
rie cordgrass and bluejoint with a 
10-row, Hege 1000 (Wintersteiger 
Inc, Ried, Austria) plot seeder with 
18-cm row spacing. We established 
prairie cordgrass from 15 cm long 
rhizomes that were dug from mature 
plants in November of the year prior 
to planting. We stored the rhizomes 

until planting in moist sphagnum 
moss in a plant cooler kept at about 
1°C. Rhizomes were planted on 30-cm 
centers, approximately 5 cm deep. We 
started Canada bluejoint seedlings in 
March of the planting year in a green-
house using a small container grow-
ing system with 0.4 × 0.4 × 1.9-cm 
cells. Canada bluejoint seedlings were 
also transplanted on 30-cm centers. 
We transplanted the prairie cordgrass 
and Canada bluejoint overtop of and 
immediately after seeding the Virginia 
wildrye.

We estimated average plant height 
and percent cover annually for 3 
groups: 1) sown species; 2) Japanese 
knotweed; and 3) weeds (non-sown 
species other than Japanese knot-
weed). Two of the authors, (RHS 
and MvdG) estimated percent cover 
visually for the entire plot in a 2-step 
process wherein each author made an 
individual determination of cover fol-
lowed by a discussion to resolve differ-
ences, where they existed, in the ini-
tial estimates. Evaluations took place 
in late October 2007, early October 
2008, early October 2009, early July 
2010, and mid-July 2011. In 2010 
and 2011, we quantified the contri-
bution of individual species to plant 
cover in the PCWR and RBM plots.

We established the experiment as a 
split-plot design with 3 replications. 
We blocked the plots by sowing year 
within each replication, and treat-
ments were randomized within blocks 
(Figure 1). Statistical analyses were 
carried out separately for each sowing 
year. We analyzed the 2007 sowing 
as a randomized complete block with 
evaluation date and mixture identity 
as main effects. We analyzed the 2008 
sowing year as a 2-step process. The 
October 2008 data were analyzed 
separately as a randomized complete 
block with mixture identity as the 
main effect. Because only the PCWR 
and RBM treatments were contin-
ued into subsequent years, we re-ran 
the analysis for those 2 mixtures with 
evaluation date and mixture identity 
as main effects. Differences were con-
sidered to be significant at p < 0.05.
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Table 1. Species and cultivars included in the 27-spe-
cies native riparian buffer mixture (RBM) used in the 
Japanese knotweed (Fallopia japonica) suppression 
experiment, Mansfield, PA. 2007–2011.

Species Common Name ‘cultivar’
Panicum clandestinum Deer tongue ‘Tioga’
Schizachyrium scoparium Little bluestem ‘PA ecotype’
Chamaecrista fasciculata Partridge pea ‘PA ecotype’
Elymus riparius Riverbank wildrye
Elymus virginicus Virginia wildrye
Verbena hastata Blue vervain
Carex vulpinoidea Fox sedge
Heliopsis helianthoides Smooth ox eye
Sambucus nigra Elderberry
Panicum virgatum Switchgrass ‘Shelter’
Sorghastrum nutans Indiangrass ‘PA ecotype’
Glyceria striata Fowl mannagrass ‘PA ecotype’
Andropogon gerardii Big bluestem ‘Niagara’
Desmodium canadense Showy ticktrefoil
Viburnum dentatum Arrow wood
Rhus typhina Staghorn sumac
Rudbeckia hirta Blackeyed Susan ‘NC ecotype’
Monarda fistulosa Wild bergamot
Penstemon digitalis Tall white beard tongue
Asclepias syriaca Common milkweed
Eutrochium purpureum Joe Pye weed
Eupatorium maculatum Spotted Joe Pye weed
Juncus effusus Soft rush
Eutrochium perfoliatum Boneset
Baptisia australis Blue false indigo ‘WV ecotype’
Cornus racemosa Grey dogwood
Vernonia gigantea Giant ironweed

Figure 1. Placement of Japanese knotweed (Polygonum cuspidatum) 
suppression research plots along the border of an agricultural field near 
Mansfield, PA. Six species-mixture treatments were randomly arranged 
within each replication x year block.

Results

Japanese knotweed suppression efforts 
initially appeared to be successful, 
and seeding both years occurred in 
plots that were visually free of Japa-
nese knotweed. Seedling establish-
ment was relatively high in all plots 
for the 2007 seeding. By the time we 
evaluated the plots in late October, 5 
months after seeding, mean percent 
cover for planted species was 60% and 
ranged from 37% for HSG to 73% 
for PCWR (Figure 2). Japanese knot-
weed had also begun to reinvade the 
plots with mean percent cover of 30% 
and a range from 20–52% (Figure 
3). The percent cover for sown spe-
cies continually decreased over time 
until by 37 months after planting 
sown species comprised <10%, and 
Japanese knotweed was ≥83% for all 
treatments except the RBM (72%). 

Other weeds, mostly goldenrod (soli-
dago spp.), rarely made up more than 
10% of plant cover, varied little over 
time, and did not significantly differ 
among treatments ( p = 0.24).

Plot establishment was less success-
ful for the 2008 seeding, with sown 
species comprising <15% of plant 
cover for all mixtures except PCWR 
and RBM at 4 months after seeding 
(Figure 2). Because of the poor estab-
lishment of the other mixtures, we 
evaluated only the PCWR and RBM 
plots in subsequent years.

In contrast to the 2007 seeding, 
percent cover of species sown in 
2008 increased for a time following 
the seeding year and did not appear 
to decrease until 3 yr after sowing. 
Japanese knotweed cover averaged 
13% at 4 months after seeding and 
remained unchanged during the first 2 
yr (Figure 3). Japanese knotweed cover 

then increased significantly during the 
3rd year following sowing. In contrast 
with the 2007 seeding, weeds other 
than Japanese knotweed were highly 
prevalent in the fall of 2008 following 
the spring 2008 seeding. Percent cover 
for these weeds ranged from 23% in 
the RBM plots to 83% in the NCSG, 
with an overall average of 62% com-
pared with 25% for sown species and 
12% for Japanese knotweed. However, 
in subsequent years, the percent cover 
for other weeds decreased to <10% in 
the PCWR and RBM plots.

For the 2007 seeding, plant height 
of the sown species was signifi-
cantly affected by evaluation month 
( p < 0.01), mixture ( p < 0.01), and 
the month by mixture interaction 
( p < 0.05). The RBM was relatively 
short in the fall of 2007 but had the 
tallest plants by the end of the study 
(Figure 4). In general, height of the 
sown species increased during the first 
2 yr after sowing before decreasing in 
the 3rd year. The identity of the sown 
species had no effect on Japanese knot-
weed height during any measurement 
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Figure 2. Percent cover for native plant species following either 1 
(2007) or 2 (2008) yr of Japanese knotweed (Polygonum cuspidatum) 
suppression. Species mixtures included: 1) Canada bluejoint/Virginia 
wildrye (BJWR); 2) ‘Hightide’ switchgrass (HSG); 3) ‘Kanlow’ switch-
grass (KSG) 4) a native cool-season grass mixture including Virginia, 
autumn bentgrass, and fowl bluegrass (NCSG); 5) prairie cordgrass/
Virginia wildrye (PCWR); and 6) a 27-species riparian mixture (RBM; see 
Table 1 for a list of species). Error bars represent ± 1 SE.

Figure 3. Percent cover for Japanese knotweed (Polygonum cuspidatum) 
following either 1 (2007) or 2 (2008) yr of suppression. Species mix-
tures included: 1) Canada bluejoint/Virginia wildrye (BJWR); 2) ‘Hight-
ide’ switchgrass (HSG); 3) ‘Kanlow’ switchgrass (KSG) 4) a native 
cool-season grass mixture including Virginia, autumn bentgrass, and 
fowl bluegrass (NCSG); 5) prairie cordgrass/Virginia wildrye (PCWR); 
and 6) a 27-species riparian mixture (RBM; see Table 1 for a list of 
species). Error bars represent ± 1 SE.

period (Figure 5). On average, sown 
species height was equal to or greater 
than Japanese knotweed height during 
the first 2 evaluation periods (Table 2). 
Japanese knotweed height surpassed 
that of the sown species by 28 months 
and was nearly twice as tall as the sown 
species at 37 months.

Even though seedling establishment 
for the 2008 seeding was relatively 
poor, the height of those plants that 
were present at the end of the summer 
was similar to the 2007 seeding at a 
similar stage of development (64 vs. 
72 cm for the 2007 and 2008 sowings, 
respectively). The height of the PCWR 
and RBM treatments increased by 
approximately 50% between 4 and 37 
months after the 2008 seeding (Figure 

Table 2. Mean plant height (cm ± 1 SE) for sown species and Japanese 
knotweed averaged across species mixtures.

2007 Sowing 2008 Sowing
Months after 

sowing
Sown 

species
Japanese 
knotweed

Months after 
sowing

Sown 
species†

Japanese 
knotweed†

5 64 ± 4 61 ± 3 4 72 ± 7 39 ± 5
16 100 ± 9 78 ± 12 16 130 ± 17 82 ± 18
28 163 ± 6 195 ± 6 25 159 ± 8 154 ± 13
37 116 ± 10 220 ± 4 37 140 ± 9 162 ± 10

† Data for months 16, 25, and 37 only include the prairie cordgrass/Virginia wildrye and riparian buffer 
mixtures.

4). As with the 2007 seeding, Japanese 
knotweed height for the 2008 seeding 
increased steadily thoughout the study 
(Figure 5) but was considerably shorter 
than in the 2007 seeding at both 2 and 
3 yr after planting. Sown species were 
taller than Japanese knotweed at 4 and 

16 months after planting (Table 2) but 
did not differ thereafter.

By 25 months after the 2008 seed-
ing, prairie cordgrass comprised 88% 
of the sown plant cover in the PCWR 
mixture, increasing to nearly 100% by 
37 months. Although very little sown 
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material remained by 37 months after 
the 2007 seeding, what did remain 
was also nearly 100% prairie cord-
grass. The RBM was dominated by 
blackeyed Susan (Rudbeckia hirta) 
during the establishment year for both 
seedlings but essentially disappeared 
thereafter. By 25 and 37 months after 
seeding, only smooth ox-eye (Heliop-
sis helianthoides) and Virginia wildrye 
were found in extensive quantities, 
with smooth ox-eye as the dominant 
species comprising >50% of sown 
plant cover. Other species present in 
trace amounts included deertongue 
(Panicum clandestinum), blue vervain 
(Verbena hastata), switchgrass, showy 
ticktrefoil (Desmodium canadense), 
wild bergamot (Monarda fistulosa), 

common milkweed (asclepias syriaca), 
Joe Pye weed (Eutrochium purpureum), 
and boneset (Eupatorium perfoliatum).

Discussion

Suppression of invasive species such 
as Japanese knotweed requires both 
removal of the invader and establish-
ment of desired species to prevent 
future invasions. Beerling (1991) 
suggested that dense groundcover 
inhibited invasion and establishment 
of Japanese knotweed on land adjacent 
to a Japanese knotweed stand, but we 
could find no information on efforts 
to establish dense groundcover on land 
where Japanese knotweed had been 
suppressed. Comparing plant height 

data for both sown species (Figure 4) 
and Japanese knotweed (Figure 5) sug-
gested that in terms of aboveground 
growth, the sown species were com-
petitive with Japanese knotweed for 
at least the first 16 months following 
seeding, as the height of sown species 
was usually equal to or greater than 
that of Japanese knotweed. However, 
when Japanese knotweed had only 
been suppressed for 12 months, it 
began to overtop the sown species in 
all treatments except the RBM by 28 
months after seeding. By 37 months, 
the Japanese knotweed was clearly 
outcompeting sown species in all the 
plots. Under the conditions of this 
study, it was clear that more than 1 yr 
of Japanese knotweed suppression was 

Figure 5. Height of Japanese knotweed (Polygonum cuspidatum) plants 
following either 1 (2007) or 2 (2008) yr of suppression. Species mix-
tures included: 1) Canada bluejoint/Virginia wildrye (BJWR); 2) ‘Hight-
ide’ switchgrass (HSG); 3) ‘Kanlow’ switchgrass (KSG) 4) a native 
cool-season grass mixture including Virginia, autumn bentgrass, and 
fowl bluegrass (NCSG); 5) prairie cordgrass/Virginia wildrye (PCWR); 
and 6) a 27-species riparian mixture (RBM; see Table 1 for a list of 
species). Error bars represent ± 1 SE.

Figure 4. Height of native species following either 1 (2007) or 2 (2008) 
yr of Japanese knotweed (Polygonum cuspidatum) suppression. Spe-
cies mixtures included: 1) Canada bluejoint/Virginia wildrye (BJWR); 
2) ‘Hightide’ switchgrass (HSG); 3) ‘Kanlow’ switchgrass (KSG) 4) a 
native cool-season grass mixture including Virginia, autumn bentgrass, 
and fowl bluegrass (NCSG); 5) prairie cordgrass/Virginia wildrye 
(PCWR); and 6) a 27-species riparian mixture (RBM; see Table 1 for a 
list of species). Error bars represent ± 1 SE.
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necessary before trying to reestablish 
desirable vegetation at the site.

The 2 sown species treatments that 
established well were much more com-
petitive when Japanese knotweed had 
been suppressed for 2 yr, and very little 
Japanese knotweed was observed for at 
least 25 months after seeding (Figure 
3). Only by 37 months did Japanese 
knotweed cover begin to increase. 
This increase could be troublesome 
for efforts to maintain long-term con-
trol of Japanese knotweed. However, 
care must be taken in interpreting 
these results because the study was 
conducted under what could be a 
worst-case scenario for re-infestation 
because of the small plot size and read-
ily available source of Japanese knot-
weed adjacent to the plots. More com-
plete removal of Japanese knotweed 
prior to establishing desired species 
would be expected to improve chances 
for successful exclusion of subsequent 
Japanese knotweed invasion.

We could not determine the exact 
source of Japanese knotweed that 
re-infested the plots, but evidence 
suggests that it was a combination 
of regrowth from existing rhizomes 
within the plots and colonization from 
the untreated border areas. A 2nd year 
of spraying and mowing substantially 
reduced Japanese knotweed plant 
cover and height compared to 1 yr 
of treatment, suggesting that existing 
rhizomes within the plots were at least 
partially responsible for re-infestation 
and that they were further weakened 
by the additional treatments. This was 
consistent with observations by Seiger 
and Merchant (1997) that repeated 
cuttings reduced belowground bio-
mass, and by Bashtanova and col-
leagues (2009) that it takes a number 
of years of chemical treatments to kill 
an extensive rhizome system. On the 
other hand, we observed a gradient 
in Japanese knotweed cover over time 
with a clear progression of Japanese 
knotweed from the untreated area 
behind the plots toward the front with 
each successive year. In many cases, 
the only remaining sown species by 37 
months after the 2007 seeding were in 

a thin line along the front of the plots. 
This suggests that the untreated border 
was a significant source for Japanese 
knotweed re-introduction into the 
plots.

To evaluate the effectiveness of 
individual treatments, it was essential 
that the treatments be challenged by 
a readily-available source of Japanese 
knotweed. We expect that actual con-
trol efforts would attempt to suppress 
all Japanese knotweed plants within a 
given area, removing or greatly dimin-
ishing the source for re-infestation. 
Long term control efforts would then 
rely on suppression of regrowth from 
rhizomes to keep the area relatively 
free of Japanese knotweed. Further 
testing of the most promising mix-
tures under such a scenario should be 
conducted.

Following the 2007 seeding, the 
RBM appeared to be the most com-
petitive with Japanese knotweed 
(Figure 2) followed by the PCWR 
mixture. The 2 switchgrass cultivars 
declined rapidly and were not com-
petitive with Japanese knotweed at 
this site. Much of the early success for 
the RBM could be attributed to the 
presence of blackeyed Susan, which 
rapidly germinated and was by far the 
dominant plant species by autumn of 
the establishment year for both seed-
ing dates. The dominance of black-
eyed Susan early in this experiment 
may be an example of the sampling 
effect, wherein increasing the number 
of species increases the possibility that 
a mixture will contain species that 
are suited to the particular soil and 
climate characteristics of a given site 
(Wardle 1999).

In later years, we found at least 10 
sown species in the RBM plots to one 
extent or another with smooth ox-eye 
and Virginia wildrye being the most 
prevalent species. Species diversity 
can enhance invasion resistance by 
reducing resource availability (Dukes 
2001, Fargione et al. 2003), and Ken-
nedy and others (2002) suggested that 
local biodiversity represents an impor-
tant line of defense against invaders. 
Although a particular set of species 

dominated at the current site, it is 
possible and even likely that other 
species would come to the forefront 
at other locations or in subsequent 
years at the current site. The long-
term continuation of the stand would 
likely be enhanced by the presence of 
multiple species whose contribution 
to the stand would change over time 
in response to individual life histories 
and changing weather conditions.

We were disappointed that 4 of the 
6 mixtures did not establish following 
the 2008 seeding, possibly because 
of a lack of timely rainfall following 
sowing compared with 2007. How-
ever, ease of establishment is an impor-
tant consideration for revegetating 
sites where unwanted weeds have been 
suppressed. The successful establish-
ment of the RBM and PCWR mixture 
when the others failed suggests that 
they might provide a greater measure 
of certainty for rapidly establishing 
adequate groundcover following weed 
removal.

Successful wetland restoration often 
results from transplanting plant mate-
rials such as adult plants, seedlings, 
rhizomes, or sod (Fraser and Kind-
scher 2001). Establishment success 
of the PCWR mixture in 2008 was 
likely related to the fact that prairie 
cordgrass was started from rhizomes 
rather than from seeds. The greater 
rhizome planting depth would have 
increased access to soil moisture com-
pared to seeded species when moisture 
during establishment was limiting. 
Greater carbohydrate reserves in the 
rhizomes compared with seeds could 
have also supported greater initial 
growth. Fraser and Kindscher (2005) 
suggested that transplanting multiple 
small plugs of prairie cordgrass, such 
as was the case in this study, rather 
than a few large plugs would result 
in the greatest cover and most rapid 
establishment of a successful stand.

Prairie cordgrass produces a dense 
network of rhizomes and can be a 
vigorous competitor with invasive spe-
cies. However, one shortcoming of 
the species is that it initially produces 
widely spaced ramets, leaving much 
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bare ground during establishment. 
This caused Bonilla-Warford and 
Zedler (2002) to recommend includ-
ing a fast-growing species as a tempo-
rary cover crop with prairie cordgrass 
to rapidly cover bare soil and reduce 
invasion of unwanted species. In the 
current study, Virginia wildrye may 
have played that role in the PCWR 
mixture, providing early groundcover 
until prairie cordgrass became well 
established.

One potential concern with the 
PCWR mixture is the possibility that 
prairie cordgrass could become too 
dominant because of its ability to form 
dense stands that could exclude other 
species ( Johnson and Knapp 1995). 
It would be unfortunate to replace a 
Japanese knotweed monoculture with 
another monoculture, even if it was a 
native species. Including prairie cord-
grass in the RBM which contained 
other highly successful species might 
be one way to reduce the dominance 
of prairie cordgrass and ensure a more 
diversified plant community.

In summary, 2 yr of aggressive 
control, including mowing twice and 
spraying 4 times with glyphosate, was 
necessary to obtain good suppression 
of Japanese knotweed. Even then the 
Japanese knotweed was not completely 
eliminated from the plots, and addi-
tional control measures would likely 
have been needed in the future. How-
ever, this would probably have been 
less of a problem if we had treated all 
the Japanese knotweed at the site rather 
than purposely leaving a large popu-
lation of Japanese knotweed against 
which the different treatments could 
be tested. The multiple-species RBM 
proved to be most competitive when 
Japanese knotweed pressure was strong 
and could be an attractive candidate 
for revegetation of former Japanese 
knotweed-infested areas. The diverse 
nature of this mixture could maxi-
mize the potential soils and climates 
where it might be successfully used to 
resist invasion by Japanese knotweed 
and other exotic species. Other eco-
system services, including above- and 
below-ground productivity, nutrient 

cycling, ecosystem stability, and wild-
life habitat could also be enhanced as 
increasing diversity tends to improve 
delivery of these services (Diaz and 
Cabido 2001, Hooper and colleagues 
2005). However, because the RBM 
included mostly broadleaf species 
future, additional chemical control of 
Japanese knotweed could be problem-
atic. Prairie cordgrass also performed 
well against Japanese knotweed after 
the 2008 sowing. Inclusion of prairie 
cordgrass with the RBM could provide 
a competitive and productive combi-
nation of species and is worth further 
study.
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