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Tallgrass prairies in North America have endured substantial losses due to anthropogenic 
environmental change. Plant-associated phyllosphere fungi are a largely overlooked 
aspect of diversity in grassland systems. Phyllosphere fungi are important in plant health 
as pathogens, commensals, and potential mutualists. We aimed to determine how host 

precipitation gradient and two co-occurring prairie species – big bluestem (Andropogon 
gerardii, Poaceae) and leadplant (Amorpha canescens, Fabaceae). We sampled leaves of 

characterize the foliar fungal communities. We compared several richness and diversity 
estimates using Wilcoxon rank sum tests and multiple linear regression analyses and 

them in prairie systems remain poorly understood and results suggest that more research 
is needed to fully understand the compounding biodiversity which includes microbial 
communities within this system.
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Prairie ecosystem total area has declined 
across the United States’ Great Plains due 
to anthropogenic environmental change, 
particularly the conversion to monocrop 

losses compared to other grassland types and 
have been reduced to 4% of their original 

contiguous tracts of tallgrass prairie today are 

losses have resulted in declines in plant, animal, 
and microbial diversity, richness, and functional 

and soil degradation mitigation (DeLuca and 

livestock and other animals. Dominant plants 
in the tallgrass prairie are grasses such as 
Andropogon gerardii 
Sorghastrum nutans (L.) Nash (Indiangrass), 
Panicum virgatum L. (Switchgrass), and 
Schizachyrium scoparium
Bluestem). Forbs contribute substantially 

compounding diversity across trophic levels. 
Such diverse fungal communities can occur at 
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that of the phyllosphere fungi. These fungi can 
either occur on the leaf surface (epiphytic fungi) 
or within leaf tissues (endophytic fungi), and 
are all collectively called phyllosphere fungi. 
Phyllosphere fungi include plant pathogens 
but may also include taxa that can reduce 
pathogen infection in their host plants by spatial 
exclusion on the leaf surface otherwise open 

single plant organ (e.g., leaves) can support 
a diverse fungal community and individual 

prairies, resulting in distinct fungal assemblages 

Therefore, fungal diversity is an exaggerated 

endophytes represent a diverse component 
of the prairie community, from within an 
individual plant to the ecosystem level 

fungal community assembly and alter fungal 
diversity and community composition on 

community-level endophyte gradient along a 

Data on the phyllosphere fungal diversity of 
tallgrass prairie plants are lacking and studies 
that focus on how these fungal communities 

to increase with plant diversity and fungal 

in the Fabaceae and Poaceae. Andropogon 
gerardii
grass (Poaceae) in the tallgrass prairie 
ecosystem that depends on its symbiosis with 

Andropogon gerardii

associate with this important dominant plant 
remain to be explored. Amorpha canescens 
Pursh (leadplant) coexists with A. gerardii 
and is a common semi-perennial legume 

symbionts in its root nodules. This symbiosis 

content in A. canescens tissues compared to 
non-leguminous plants in the tallgrass prairie 

A. 
canescens is widely distributed within the 
tallgrass prairie region and can occur at a high 
density relative to co-occurring forbs (Towne 

but functionally distinct, prairie species as 
examples of hosts for fungal communities.

Worldwide, nitrogen content in leaves of 

is greater than leaf nitrogen content of non-

rate, and some evidence suggests a correlation 
between foliar fungal communities and foliar 

atmospheric nitrogen deposition can increase 
fungal community diversity and functional 
groups in prairie soil and on deciduous tree 

A. canescens
species, and A. gerardii is a grass, they would 

for fungal communities (Thomas and Asakawa 

tallgrass prairie host species (A. gerardii and 
A. canescens

phyllosphere fungi. We sampled leaves and 

the phyllosphere fungal communities. We 
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hypothesized that our host species would 

we hypothesized that the steep precipitation 

habitat suitability to fungal communities. We 
expected that fungal communities on the mesic 
end of the precipitation gradient and those on 
A. canescens would be the most diverse.

Field methods
a west to east precipitation gradient across the 

sites were predominantly tallgrass prairie 
with management practices ranging from 
grazing and burning to haying, and along a 

of typical tallgrass prairie with grasses such 
as A. gerardii, S. nutans, S. scoparium, and 
various forb species such as A. canescens, 
Solidago L. spp. (goldenrods), and Helianthus

host plants for this study because of functional 

tallgrass prairies throughout the Great Plains 

Site Location
MAP 
(mm)

MAT 
(°C) Management Soil Type County

Andropogon gerardii Amorpha canescens
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point at each site. Transects followed elevation 
isolines and represented the trajectory with the 
least variation in elevation from the starting 

from which clippings were taken were the 
individuals of each species closest to the 

plant individuals were sampled along each 

pathogen infection were sampled to avoid 
skewing fungal community characteristics. 
For A. canescens, we sampled distal stems 
with new foliage, and for A. gerardii, we cut 
two to four mature blades at the base of each 

Amorpha canescens was absent from the SAL 
site, potentially because of selective grazing 

A. gerardii leaf 
samples from this site in our analyses. Leaf 
samples were sealed into plastic bags and 

Laboratory methods
(diam.) discs were excised with a sterile 
biopsy punch from each individual plant (total 

 per plant). To 
remove unattached fungal spores and hyphae, 
discs were removed from the punch using a 
sterile dissecting needle and transferred to a 

solution was removed with a micropipette and 
the discs were rinsed by shaking them three 

rinsed discs were transferred to a PowerSoil 

the samples. The homogenization tubes with 
discs and beads were kept on ice and stored at 

The leaf disks were homogenized in a Savant 

at speed six. Because Poaceae leaf tissues 
tend to be tougher than those of Fabaceae, we 
conducted a pilot study on extra host material 
to determine the optimal homogenization 
for each host. Based on that pilot study, the 
A. canescens discs were homogenized for 

A. gerardii discs were 

To choose the optimal dilution for PCR-

 
) in sterile molecular grade RNA- and 

DNA-free water and compared the Internal 

 
dilution produced PCR-amplicons consistently 
and was chosen for library preparation. The 

and putative chimeras were removed. The 
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Amorpha canescens
Andropogon gerardii

Response Model Predictor  Estimate ± SE t-value
F3,38 = 4.13*, R2

adj = 0.186 Intercept  105.00±15.90  6.60***
AIC = 475.30

MAP  2.8x10-1±1.1x10-1  2.67*
×

Intercept  3.19±2.1x10-1  15.27***

×

Intercept  7.6x10-1±3.2x10-2  24.01***

×

Intercept –6.6x10-2±7.0x10-2  –0.94***

×

×

F3,38 = 3.33*, R2
adj = 0.146

AIC = –33.66
MAP –7.3x10-4±2.5x10-4 –2.97**
Host × MAP  9.5x10-4±3.2x10-4  2.97**

Intercept  3.31±6.7x10-1  4.93***

Host × MAP –1.5x10-2±5.8x10-3 –2.58*
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than ten) and those that were detected in the 
negative controls were removed from further 

or were assigned to groups outside of the 

estimated fungal richness and diversity for 

richness and diversity, we estimated observed 

and Shannon Evenness (E ).

Statistical analyses

and graphical data representations. Some 
experiment groups violated assumptions 
of normality (Shapiro Wilks tests) or 
homoscedasticity (Bartlett’s test), so we chose 
to use a nonparametric test. To determine if 
one of the host species harbored greater fungal 
richness, diversity, or evenness, we used the 
Wilcoxon rank sum test to compare the fungal 
observed species richness (S ), Shannon 

) 
between plant host species within each site. 
To detect any relationships between fungal 
richness (S
(E
the two plant hosts, we used multiple linear 
regressions. Each model included the linear 

well as their interaction. We visually evaluated 
residuals to ensure they did not blatantly 

violate assumptions of linear regression 
analyses and performed outlier analyses. We 

standard deviations from the mean in each 
site-species combination and proceeded with 
linear regressions with and without outliers 

These regressions yielded comparable results 
suggesting that the outliers minimally impacted 
our conclusions. As a result, we present here 
models with potential outliers retained. To 

these data to test if the proportion of assigned 

hosts and across the precipitation gradient. 

used Wilcoxon rank sum test and multiple 
linear regressions similar to those for richness 

For community compositional analyses, we 

removal of three low-yielding samples (one 
A. gerardii A. 
canescens
excluded from compositional analyses. We 
calculated the Bray-Curtis distance matrix 
and visualized it with Principal Coordinates 

fungal communities associated with the two 

gradient, we used a permutational analysis 

and ordination space, we used multiple linear 

axes as the response. These models included 

analyses for fungal richness and diversity.
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more abundant in either of the two host species 
or in the various sites, we used function 

and niche preference analysis (method=r.g). 
Both analyses compared either sites or plant 

which both hosts were sampled (SAL was 

in which both hosts were sampled (SAL was 
excluded). To correct for multiple testing, 

(FDR) in program R.

The fungal communities represented 

Chytridiomycota, Glomeromycota, 

Relative abundances of fungal orders can be 

were assigned to a genus. Among those with a 

most abundant were Darksidea
Sporidiobolus

Neoascochyta

genera were mainly fungi commonly observed 
in phyllosphere samples – including Alternaria, 
Aureobasidium, Fusarium, Epicoccum, 
Magnaporthiopsis, Marasmiellus, Naganishia, 
Phaeosphaeria, Talaromyces, and Tilletiopsis.

evenness between the two plant hosts within 

explained a small proportion of the variation 

A. canescens and there 
was some limited evidence that A. canescens 
harbored greater richness than A. gerardii as 

there was no evidence for a host plant main 

plant hosts.

In contrast to richness, models poorly explained 

Although there was no evidence for the host 

models predicted that the third PCoA axis 

was strong evidence that with increasing 

in A. canescens

mean precipitation, there was evidence for 
A. 

canescens PCoA axis scores decreased whereas 
A. gerardii did not respond strongly. 

variation in percentage of fungi assigned to the 

A. gerardii 
harboring lower percentage of plant pathogens 

did not change in A. canescens

of greater pathogen percent in A. canescens 
than A. gerardii  in the terminal site WEL, 
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Amorpha canescens
Andropogon gerardii
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for distinct fungal communities between the 
two host species (F

F

Similarly, analyses of dispersion aiming to 
evaluate the fungal community heterogeneity 
among samples provided no evidence for 

species (F
sites (F

Indicator taxon and niche preference analyses 

between plant hosts or among the sites when 

sites where both hosts were sampled (SAL 

correction for multiple testing (Appendix Table 

member of the genus Coniothyrium as an 
A. canescens, an 

as an indicator for WEL site and A. gerardii
and, a member of the genus Curvularia as 
an indicator for A. canescens

A. 
canescens than for A. gerardii

We aimed to evaluate how foliar fungal 
communities associated with two host species 
representing two functional groups (a grass 

Previous research has highlighted that edaphic 

Amorpha canescens Andropogon gerardii 
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variables may control the assembly of host-
associated fungal communities. Similarly, 
host-associated communities may correlate 

communities can be particularly sensitive to 

interact with the soil matrix and are thus more 
susceptible to temporal and diurnal oscillations 

support for responses to either host species or 

distinct functional types and the relatively 

with others who have found that climatic 

fungal communities and their assembly. These 

however. For example, Carroll and Carroll 

gymnosperms at both high (dry) and low (wet) 

strong hydrologic and elevational gradient in 

a landscape scale, but this was in the tropics 

work spanned the entire precipitation gradient 

rather than a single target plant.

A lack of distinction between the foliar 
communities of the two hosts was surprising, 

been reported between co-occurring Dalea L. 

was the lack of any relationship between 

sampling locations and their position along the 

our plant hosts or among sampling sites, fungi 

A. canescens
A. gerardii
emphasizing the hyperdiverse communities 

foliar fungal communities dominated by 

ascomycetes, whereas the next dominant 
taxon - Phylum Basidiomycota – represented 

inhabitants, e.g., Pleosporalean genera 
Alternaria and Epicoccum, Dothidealean 
genus Aureobasidium, Eurotialean genus 
Talaromyces, and the basidiomycetous yeast 
Tilletiopsis, representing potential plant 

also included some surprising taxa. Among 
these was the genus Darksidea to which 

Darksidea are Pleosporalean root-colonizing 

explanation for this observation, although it is 
possible that the fungi occupying belowground 
tissues may colonize their hosts systematically 
or adhere to the foliar tissues even after our 
surface washing.

Even though our community-wide 

in the foliar fungal communities, our indicator 

were either more abundant in one host or 
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others before correction for multiple testing. 
A. gerardii remained 

represented fungal groups that include many 
taxa commonly associated with plant tissues 

for A. canescens
to genus Coniothyrium, Dictyosporella, 
and Mycena. In general, these A. canescens 
indicators represent common leaf-associated 
fungi. For example, genus Coniothyrium 
includes plant-associated Pleosporalean 

plant endophytes, antagonists, and pathogens 

species of Mycena have been generally 

research has documented some as endophytes 
that associate with roots of many plant hosts 

The foliar Mycena spp. may indeed represent 
either latent foliar saprotrophs or indicate 
presence of leaf spot disease caused by some 
species of Mycena
Why these taxa might be overrepresented in 
A. canescens
host preference for a landscape position, 

(assigned to ascomycete genera Coniothyrium, 
Phaeosphaeria, and Sclerostagonospora, and 
the basidiomycete genus Marasmiellus) that 
were more abundant at sites in the mesic end 

are not unexpected as they represent common 
foliar tissue associates, plant endophytes, 
pathogens and saprobes (e.g., Peters et al. 

arid sites, suggesting that the more arid end 
of our gradient may lie at the edge of their 
environmental tolerances.

fungal communities during one summer. 

mesic sites to avoid temporally confounding 
sampling as it was stretched between the 

to seasonal dynamics of fungal communities. 

fungal communities and sampled Quercus 
macrocarpa
six times during one growing season. They 

phyllosphere communities, suggesting that 

among sampling areas and/or between hosts 
had we collected specimens over a longer 

the fungal communities may have masked 

addition to the seasonal variability, plant-
associated fungal communities may have 
interannual dynamics and vary among years. 

Stipa 
pulchra
interannual dynamics in culturable fungal 
pathogen communities.

Although our sampling covered nearly a 
two-fold range in precipitation, sampling over 
a greater span of precipitation could have 

further into the drier west and further into 
the wetter southeast parts of the precipitation 
gradient might have provided a clearer 
separation of the communities as a function 

populations of the two target species became 
increasingly more challenging the further into 
the arid sites we traveled. Although our data 
did not support our hypotheses, our study 
contributes towards a better understanding of 
the hyperdiverse foliar fungal communities 
in prairie ecosystems. When considering the 
microbial communities in prairie restoration, 
this information is useful for understanding 
where inoculant soils could possibly be 
obtained for transfer to restored locations 
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Data subset Compare OTU Group Stat p.value sig p.FDR Level Taxon

A. gerardii Pleosporales

A. canescens Coniothyrium 

A. canescens Fusarium 

A. canescens Mycena olida

A. canescens Dictyosporella 

Mycosphaerellaceae

Sclerostagonospora

Marasmiellus tricolor

Phaeopoacea

Coniothyrium 

Phaeosphaeria microscopica

A. gerardii

A. canescens Curvularia 

A. canescens Drechslera

A. canescens Monosporascus

A. canescens Monosporascus

A. canescens Coniothyrium 

A. canescens

A. canescens Psathyrella 

A. canescens Curvularia 

erms of Use: https://bioone.org/terms-of-use



                    Dea et al.

Data Subset Compare OTU Group Stat p.value sig p.FDR Level Taxon

A. gerardii Pleosporales

A. gerardii Sordariomycetes

A. canescens Mycena olida

A. canescens Coniothyrium 

A. canescens Dictyosporella 

Marasmiellus tricolor

Phaeopoacea

Coniothyrium

A. canescens Curvularia 

A. canescens Curvularia inaequalis

A. canescens Coniothyrium

A. canescens

A. canescens Curvularia 

A. canescens Phaeosphaeria 

WEL

WEL Rachicladosporium

WEL
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Andropogon gerardii Amorpha 
canescens
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Andropogon gerardii Amorpha canescens
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