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Abstract
Alliaria petiolata (garlic mustard) is a non-native invasive 

species that invades intact, high-quality native ecosystems, 
outcompeting and extirpating native plants. Important questions in 
ecology and applied restoration are (1) How does A. petiolata affect 
plant species richness? and (2) How can A. petiolata be suppressed 
when attempting to restore native vegetation to a degraded site? 
We investigated the relationships between A. petiolata and plant 
species richness and tested the efficacy of two different cover 
crops, annual rye (Lolium multiflorum) and perennial rye (Lolium 
perenne), in inhibiting A. petiolata along an area of the Stokke 
Trail in Menomonie, Wisconsin. We hypothesized that A. petiolata 
would suppress plant species richness and that rye cover crops would 
be effective in suppressing A. petiolata. The percent cover of A. 
petiolata positively correlated with the species richness, possibly due 
to favorable conditions such as availability of nutrients, moisture, 
or sunlight. L. multiflorum did negatively affect the growth of first 
year A. petiolata; however, L. perenne did not. This suggests that 
competitive allelopathic annuals such as L. multiflorum could be used 
to suppress invasive species in other areas. Future research should 
investigate using aggressive annuals to outcompete invasive species.
Keywords: Alliaria petiolata, cover crop, prairie restoration, Lolium 
perenne, Lolium multiflorum

Garlic mustard, Alliaria petiolata, is a non-native invasive 
species that affects all of Eastern North America, including Western 
Wisconsin. It grows in very dense patches, which can limit growth 
of native species (Prati & Bossdorf, 2004). A. petiolata also limits 
the growth of trees through the excretion of allelopathic chemicals 
that disturb mycorrhizal fungi required for tree growth (Stinson et 
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al., 2006). Allelopathy is the ability of a plant to produce chemicals 
that provide competitive advantage by suppressing the growth 
of other species. Allelopathy can include killing mycorrhizal 
fungi or preventing seed germination (Prati & Bossdorf, 2004).

A. petiolata is a non-native biennial introduced from Europe 
to North America in the 19th century. Its range has expanded 
rapidly to cover the understory of mesic forests of the Northern 
United States and Southern Canada. It can reduce the abundance 
and richness of native species in the area of infestation (Prati & 
Bossdorf, 2004). However, other researchers have found that 
regions with high native plant species richness also favor invasive 
plant species richness (Stohlgren, Barnett, & Kartes, 2003). The 
effects of invasive plant species on other species remain a question. 

There are many options for control of A. petiolata, including 
herbicide and mechanical treatments, but it would be beneficial to 
find another non-invasive plant species to act as a control over A. 
petiolata growth. Conventional controls are expensive and labor 
intensive; repeated applications are frequently needed. Chemical 
herbicides may pose risks to wildlife and human health, whereas 
mechanical methods disrupt soil communities and bring up new seeds 
from the soil seed bank. Herbicide application or fire may damage 
native vegetation and actually increase the abundance of A. petiolata 
(Bauer, Anderson, & Anderson, 2010). In ecological restoration 
from seed, a cover crop acts as ground cover to reduce soil erosion, 
provides an environment that supports seed germination, and helps 
suppress weeds (Creamer, Cardina, Stinner, Regnier, & Bennet, 
1996). We hoped to find a cover crop that provides biotic control for A. 
petiolata and also promotes successful prairie restoration from seed.

We investigated the effects of A. petiolata abundance on plant 
species richness and the impacts of different cover crops on both A. 
petiolata abundance and plant species richness in a prairie restoration 
along the Stokke Trail in Menomonie, Wisconsin. The rye cover crop 
species used in the experiment were Lolium multiflorum (annual 
rye), which is commonly used as an agricultural cover crop (Clark, 
2007), and Lolium perenne (perennial rye), both of which have 
allelopathic properties that prevent other plants from germinating 
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and establishing (Newman & Rovira, 1975). These allelopathic 
properties may help to suppress the infestation of A. petiolata but could 
also limit the amount of native seed germination. Our hypotheses 
consist of (1) A. petiolata will suppress plant species richness, and 
(2) as an annual, L. multiflorum will out-compete A. petiolata, 
perhaps providing a suitable environment for native seedlings. 

Methods
The research area and restoration was along the Stokke State Trail 

in Menomonie Wisconsin, which used to be a railroad bed (Figure 1). 
Although the trail does allow for southern exposure to the sun, it is 
surrounded by a forest composed mainly of box elder (Acer negundo), 
and A. petiolata is strongly established in the area. We established plots 
in the prairie restoration area for two different cover crop treatments (L. 
perenne and L. mutiflorum) and a control with no cover crop. The 180 m 
trail section was divided into 10 m x 10 m plots, for a total of 18 plots.

Figure 1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Area of prairie restoration along the Stokke Trail. The prairie 
restoration runs along 180 m of the north side of the trail (dark gray segment 
with dark outline). 
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We surveyed each plot for percent cover of first and second 
year A. petiolata, the percent cover of other vegetation, and the 
number of plant species (species richness) in ten 0.5 m2 circular 
subplots located along two transects (Figure 2). After the plots were 
surveyed, the City of Menomonie treated the entire section with 
Roundup herbicide (glyphosate) in the spring and early summer to 
provide vegetation control and prepare the seed bed for the prairie 
seeding in the fall. The entire area was covered with a mix of native 
seeds in the fall so that the seeds would break dormancy over the 
winter. The seed mix included Canada wild rye (Elymus canadensis), 
Indian grass (Sorghastrum nutans), big bluestem (Andropogon 
gerardii), little bluestem (Schizachyrium scoparium), switchgrass 
(Panicum virgatum), western sunflower (Helianthus occidentalis), 
purple prairie clover (Dalea purpurea), wild bergamot (Monarda 
fistulosa), New England aster (Aster novae-angliae), spiderwort 
(Tradescantia ohiensis), pale purple cone flower (Echinacea pallida), 
black-eyed susan (Rudbeckia hirta), and sky blue aster (Aster 
oolentangiensis). After one year of growth, each plot was surveyed 
again using the same survey method. We used linear regression for 
the relationship between A. petiolata abundance and plant species 
richness and ANOVA to assess the effects of our treatments on 
first and second year A. petiolata abundance and species richness. 

Figure 2
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Figure 2. Arrangement of subplot samples 
within the plots. The plots are 10 m by 10m. 
The dotted lines are transects, which were 
spaced at 2.5 m and 7.5 m. The circles are 0.5 
m2 subplot samples. 
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Results
Plant species richness was significantly positively related to first-

year A. petiolata percent cover (Figure 3), and the same relationship 
was apparent at the subplots scale, (P = 0.029, R2 = 0.026, df 
= 178, species richness = 7.67 + 0.02 (first year A. petiolata)).

We investigated the relationship between L. perenne and L. 
multiflorum at the plot and subplot scales. However, the subplot scale 
is pseudoreplicated (Hurlbert, 1984), and so the statistical results 
are invalid (violating the assumption of sample independence). L. 
multiflorum, but not L. perenne, inhibited A. petiolata. Although the 
relationship was not significant at the plot scale (n = 18, Figure 4), 
this relationship was significant at the subplot scale (P = 0.002, R2 = 
0.053 df = 178, first year A. petiolata = 12.1 – 0.123 (L. multiflorum)). 

Figure 3

 

Figure 3. Relationship between species richness and first year A. petiolata at the plot scale (P = 
0.020, R2 = 0.296, df = 16, species richness = 7.46 + 0.0397(first year A. petiolata)).  
 

We investigated the relationship between L. perenne and L. 
multiflorum at the plot and subplot scales. However, the subplot scale 
is pseudoreplicated (Hurlbert, 1984), and so the statistical results 
are invalid (violating the assumption of sample independence). L. 
multiflorum, but not L. perenne, inhibited A. petiolata. Although the 
relationship was not significant at the plot scale (n = 18, Figure 4), 
this relationship was significant at the subplot scale (P = 0.002, R2 = 
0.053 df = 178, first year A. petiolata = 12.1 – 0.123 (L. multiflorum)). 

There was no significant difference between first year A. petiolata 
cover, other vegetation cover, or species richness and cover crop 
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treatment type (Figure 5). However, L. multiflorum did substantially 
decrease first year A. petiolata (Figure 5A). The abundance of 
other vegetation increased with cover crop treatment (Figure 5C).

Figure 4

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Alliaria petiolata and L. multiflorum percent cover at the plot scale. The relationship 
was not significant, but had a negative relationship (P = 0.091, R2 = 0.168, df = 16, first year 
A. petiolata = 13.0 - 0.186(L. multiflorum)). 

Figure 5

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Mean A) first year A. petiolata percent-cover, B) species richness, and C) other 
vegetation percent cover for the different cover crop treatments (n = 6 for each treatment). 
Error bars are 95% confidence intervals. 
 

There was no significant difference between first year A. petiolata 
cover, other vegetation cover, or species richness and cover crop 
treatment type (Figure 5). However, L. multiflorum did substantially 
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decrease first year A. petiolata (Figure 5A). The abundance of 
other vegetation increased with cover crop treatment (Figure 5C).

Discussion
On both the plot and subplot scale, the percent cover of A. petiolata 

had a significant positive relationship with plant species richness. This 
finding supports the idea that areas that are susceptible to invasive 
plant infestations also have high species richness: the “rich get richer,” 
(Stohlgren et al., 2003). This relationship may be due to favorable 
conditions such as availability of nutrients, moisture, or sunlight. Our 
study did not differentiate between native and non-native species richness, 
which means that A. petiolata may simply be correlating positively 
with other non-desirable weeds that also favor disturbed conditions.

L. multiflorum did negatively affect the growth of first year A. 
petiolata in our sampling site, although the difference was not significant 
due to small sample size. These data support our hypothesis that L. 
multiflorum is effective at suppressing A. petiolata. Our results may 
be due to the allelopathy or the quick germination of L. multiflorum, 
which is an annual species and therefore more likely to germinate 
quickly (Gurevitch, Scheiner & Fox 2006). Our research suggests that 
competitive allelopathic annuals, such as L. multiflorum, could be used 
to suppress invasive species in other areas. However, the allelopathic 
characteristics of L. multiflorum may also inhibit the germination of 
native prairie seeds if seeded at the same time. Due to the small size of any 
germinating prairie species, we were unable to include them in our survey.

In the future, we will continue to monitor the site to track the success 
of the prairie seeding. We will differentiate between native and non-native 
species in our investigation of the effects of the cover crops and A. petiolata 
on species richness. More research should also be conducted into other 
vegetation that could be used to suppress infestation of invasive plants.
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