
Elevated mycorrhizal abundance and increased acidity in forest soils densely populated 

with an invasive shrub, Berberis thunbergii

S. Daugherty, A.  Link, T. Turnblacer, C. Giles, A. Molnar, C.  Snyder, & R. Utz. 
Falk School of Sustainability, Chatham University, Pittsburgh, PA

Many fungal communities rely on stable soil and environmental conditions for reproduction and development.  Invasive species can

alter soil conditions and disrupt the symbiotic relationship between mycorrhizal fungi and native vascular plants. The sensitive

relationship between fungal communities, soil, and plant communities could be influenced by the presence of Berberis thunbergii in 

North American deciduous forests, as this invasive species can grow to dominate forest understories. We sought to determine how the 

spread of B. thunbergii affects the abundance and function of mycorrhizae in tracts of suburban forest in western Pennsylvania.

Invaded plots 

exhibited 

increased soil 

acidity, with soils 

about 0.36 pH 

lower than 

uninvaded soils. 

The figure to the 

right shows the 

mean pH for all 

plots located 

within the three 

local forests

RESULTS

INTRODUCTION

Soil respiration was not 

found to be significantly 

different between invaded 

areas and uninvaded areas. 
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Berberis thunbergii invaded and un-invaded plots were 

randomly selected within three forests in southwestern 

Pennsylvania. Soil cores at a depth of 30 cm, within a set 

proximity to Quercus spp. and Acer rubrum trees, were 

collected at a total of 28 plots in nine discontiguous 

barberry invaded patches in deciduous forests and the 

surrounding noninvaded forests.  

METHODS

Cores were sieved and Berberis roots were removed from the sample. 

The bead-shaped, swollen root tips, a characteristic of arbuscular 

mycorrhizae in Acer rubrum, were examined and colonization 

calculated. The percent of ectomycorrhizal colonization was 

calculated for Quercus spp. samples. Ectomycorrhizae was accounted 

for the presence of mycorrhizal development, external hyphae, and the 

presence of a fungal mantle.  Some samples were cleared and stained, 

cut with lateral cross sections, and examined for the presence of a 

hartig-net. Epigeous mycorrhizal fruiting bodies found within plot 

perimeters were identified to species when encountered. 

FUNDING SOURCES

Temperature and light sensors were 

deployed 10 cm above the forest 

floor in control and invaded plots. 

The distributions above show the 

mean difference between control 

and invaded plots (C-I) among all 

pairwise comparisons of sensors

To the

right are 

images of magnified 

roots uninfected and 

infected with 

mycorrhizae. Note 

the hyphal runners 

and swollen, bead-

shaped on the 

infected root.
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The soils of Berberis thunbergii
have significantly lower soil pH 

relative to uninvaded soils. 

Understories are subjected to 

decreased light levels and 

temperatures. Mycorrhizal presence 

appears to be elevated within 

invaded, though considerable 

variation occurs. soil respiration, as 

quantified by CO2 emission, are not 

significantly different. 

The left plot represents AMF 

abundance found in Acer spp. 

plots. Below represents the 

combined mean colonization 

of ecto- and arbuscular 

mycorrhizal communities.

Found and identified mycorrhizal 

fruiting bodies include genera members 

of Amanita, Boletus, Cantharellus, 
Cortinarius, Lactarius, Leccinellum, 
Ramaria, Russula, Strobilomyces and 
Tylopilus. 

Elevated abundance of mycorrhizae in invaded areas could possibly inhibit new 

root growth and plant fitness, alter the mutualistic symbiosis of plant-fungus 

interactions, and promote mycorrhizal competition between native and invading 

plants. The increased abundance of mycorrhizal colonization could result in the 

reduction of new root growth, based on cost-benefit analysis, if the nitrogen 

benefits are reduced beyond the point of carbon cost for the formation of a new 

colonized root compared to an uncolonized root. 

Additionally, increased mycorrhizal abundance could possibly be due to heightened soil nitrogen in 

invaded areas. Soils within heavily invaded B. thunbergii areas can display significantly alter microbial 

communities, resulting in higher soil nitrogen levels (Kourtev et al, 2002; Kourtev et al, 2003; Coats et 

al, 2014).  Extremely high nitrogen levels can have a detrimental effect on most ectomycorrhizal fungal 

groups, but slightly elevated nitrogen levels, below the detrimental threshold, can increase abundance 

of fungal mantles on root tips (Trudell et al, 2004). Densely packed B. thunbergii AMF-infected roots 

could be competing with the roots of native AMF roots, resulting in the reduced growth and fitness of 

endemic tree species The increased abundance in invaded areas could suggest that both 

ectomycorrhizal fungi and AMF are tolerant to decreased soil pH. Low light levels in invaded areas 

could cause reduced growth and decreased plant fitness on understory plants with limited tolerances. 

Related reductions in photosynthesis could reduce the carbon mycorrhizal allocations, and altered 

nutrient exchanges may be inhibiting mutualistic relationships, with a possibility of parasitism. 

Invaded plots are 

cooler

Invaded plots have 

less light


