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Background  Japanese stiltgrass (Microstegium vimineum)
is an invasive annual grass found in a variety of forest and 
wetland habitats throughout the eastern US.  It is very 

common along unpaved forest roads, where it benefits from increased light and 
disturbance.  Pennsylvania has over 40,000 km of unpaved forest roads, many of which 
are surfaced with limestone gravel.  Development of the Marcellus shale gas fields will 
require construction of at least 6000 km of additional unpaved roads.

Objectives  Previous studies have shown the presence of M. vimineum
to be correlated with elevated soil pH.  We conducted:

1. a greenhouse experiment to evaluate M. vimineum growth response 
to soil pH

2. soil sampling to characterize soil pH response to limestone gravel
3. a field survey to assess whether use of limestone gravel is correlated 

with a) increased abundance of M. vimineum; and b) greater extent of 
M. vimineum away from the road.

Study Site  Bald Eagle State Forest and Rothrock State Forest 
are second-growth oak-hickory forests in central Pennsylvania 
(USA), in ridge and valley topography.  Soils are derived from 
shale and sandstone and are acidic.

Field survey  
• Four road pairs: one road with limestone gravel, paired with native shale gravel road
• 1000 m on each side of each road surveyed for M. vimineum abundance in July 2009; total distance 
of roadside in each abundance category recorded

•5 abundance categories for M. vimineum cover on roadside:  absent; scattered (M. vimineum less 
than 10% of roadside plant cover); low (10 - 40%); medium (40 - 70%); and high (over 70%).  

•Furthest extent of M. vimineum away from road recorded at 24 random points per road side

Soil sampling
•Four transects laid perpendicular to each road.  On each side of the road, soil 
samples collected from top 5 cm of soil at 0, 1, 2, 3, 5, 10, and 25 m from the 
road edge.
•Samples oven-dried at 110o C, passed through a 2-mm screen, made into a 
5:1 slurry with deionozed water and measured for pH.

Greenhouse Experiment
•Forest soil oven dried to kill seeds and fungi 
•Four pH levels created with powdered limestone and incubated 5 wks: 
5.0 (unamended); 6.1;  7.2;  8.3
• M. vimineum planted into 25 pots of each treatment in March 2009
• At 5 weeks all above-ground biomass collected, dried, and weighed

Fig. 5.   Biomass of M. vimineum grown at different soil pH levels.  
Optimum growth was at pH 6.1; all differences significant at � = 0.05

Results

1. In the absence of soil fungi, optimum M. vimineum growth occurs at higher pH than that of 
the acidic soils of oak-hickory forests.  Growth of M. vimineum at very high pH is likely 
facilitated by mycorrhizal associations.

2. Soils near limestone gravel roads have higher pH than soils near shale gravel roads; the 
difference extends at least 25 m.

3. M. vimineum is significantly more abundant, and extends further off the road, along 
limestone gravel roads than along shale gravel roads.Fig. 1.   Proportion of shale and limestone roads with 

no, scattered, low, medium, and high abundances of M. 
vimineum.  Shale roadsides have higher proportions 
with no or scattered M. vimineum; limestone roadsides 
have higher proportions of medium and high 
abundances.  All differences are significant (� = 0.05).  

Conclusion:  Use of limestone gravel on unpaved for est roads creates soil 
conditions which foster the growth of the invasive grass M. vimineum
along roadsides.  Disturbances which result in changes in soil chemistry can 
make plant communities more susceptible to invasion.

Fig. 4.  Mean 
soil pH along 
upslope and 

downslope 
transects; 

shading shows 
95% confidence 

interval.  Soil 
from limestone 
roadways had 

significantly 
higher pH than 
that from shale 
roadways at all 

distances.

Fig. 2.  Furthest extent of M. vimineum 
away from road edge.  Extent is 
significantly greater along limestone roads.

Fig. 3.  Total average abundance of M. vimineum was 
calculated for each road: as an average of the abundance 

category midpoints weighted by the proportion of road 
measured in each category.  Mean total abundance is 
significantly higher along limestone roads than shale.  

Illustration by Nelson deBarros
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