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Abstract
Soil microbial communities can have an important role in the adaptation of plants to their local abiotic soil conditions and 
in mediating plant responses to environmental stress. This has been clearly demonstrated for individual plant species, but 
it is unknown how locally adapted microbes may affect plant communities. It is possible that the adaptation of microbial 
communities to local conditions can shape plant community composition. Additionally, it is possible that the effects of 
locally adapted microorganisms on individual plant species could be altered by co-occurring plant species. We tested these 
possibilities in plant community mesocosms with soils and mycorrhizal fungi (AMF) from three locations. We found that 
plant community biomass responded positively to local adaptation of AMF to soil conditions. Plant community composition 
also changed in response to local adaptation of AMF. Unexpectedly, the strongest benefits of locally adapted AMF went to 
early successional plant species that have the highest relative growth rates and the lowest responsiveness to the presence of 
AMF. Late successional plants that responded positively overall to the presence of AMF were often suppressed in communi-
ties with local AMF, perhaps because of strong competition from fast growing plant species. These results show that local 
adaptation of soil microbial communities can shape plant community composition, and the benefits that plants derive from 
locally adapted microorganisms can be reshaped by the competitive context in which these associations occur.
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Introduction

Soil microbial communities can determine the relative 
abundance of plant species and the overall productivity of 
plant communities (Reynolds et al. 2003). Additionally, soil 
microorganisms are important for plant adaptation to local 
soil conditions and mediating plant responses to environ-
mental stress (Johnson et al. 2010; Barrett et al. 2012; Lau 
and Lennon 2012; Delavaux et al. 2017). Overall, tests of 
microbial effects on plant communities and on local adapta-
tion are typically considered separately, with tests of micro-
bial mediation of plant adaptation limited to tests of single 
plant species (e.g. Schultz et al. 2001; Johnson et al. 2010; 
Sherrard and Maherali 2012). However, because plant spe-
cies vary in their responses to soil microbial communities 
(van der Heijden et al. 1998; Wilson and Hartnett 1998), it is 
likely that adaptation of microorganisms to local soil condi-
tions has important consequences for the effects of microor-
ganisms on plant community composition and productivity.

Arbuscular mycorrhizal fungi (AMF), in particular, can 
be important mediators of local adaptation (Rúa et al. 2016). 
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For example, AMF have an important role in local adapta-
tion of Andropogon gerardii, a dominant tallgrass prairie 
plant, to soil nutrient levels (Schultz et al. 2001; Johnson 
et al. 2010). Nutrient uptake is an important benefit that 
plants gain from AMF, however, association with mycor-
rhizae is associated with other benefits, including drought 
tolerance (Delavaux et al. 2017). It is possible that in addi-
tion to adaptation to soil nutrients, mycorrhizae could play a 
key role in adaptation of plants to local soil moisture condi-
tions (Stahl and Smith 1984). However, we do not know the 
relative extent to which soils or climate are important factors 
in mycorrhizal mediation of plant adaptation.

AMF can also shift the relative abundance of plant spe-
cies within plant communities, favoring the species that 
are most reliant on this mutualism (Hartnett and Wilson 
1999; Bauer et al. 2012; Middleton and Bever 2012). If the 
benefits that AMF deliver to plant species depend on local 
adaptation of the fungi, then we should expect that AMF 
responsive plant species will increase in abundance when 
associated with locally adapted AMF. However, we do not 
know the potential for local adaptation to cause changes 
in species composition because tests of microbe-mediated 
local adaptation have been limited to experiments on single 
plant species. In our study system, AMF responsiveness is 
associated with life-history trade-offs, and late-successional 
plant species show greater responsiveness (Koziol and Bever 
2015, 2017; Bauer et al. 2018) and specificity of response to 
AMF (Koziol and Bever 2016). We would therefore expect 
that late successional plant species would benefit most from 
adaptation of AMF to local soil conditions.

In this paper, we test for plant community responses to 
local adaptation of mycorrhizae to local soil and drought 
conditions. We hypothesized that mycorrhizae would 
mitigate the negative effects of drought on plants, and we 
expected that mycorrhizae originating from more drought-
prone environments would deliver greater benefits to plants 
under drought conditions compared to fungi from more 
mesic sites. We further test if local adaptation of fungi to 
soil conditions results in greater benefits to their plant hosts. 
We conduct these tests using mixtures of individual cultures 
of local mycorrhizae as inocula, thereby allowing for the 
mycorrhizal mediation of plant adaptation to be mediated 
by effects of individual fungal isolates or the effects of con-
sortium. We also conduct these tests on diverse plant com-
munities, including both low mycorrhizal responsive, early 
successional and highly mycorrhizal responsive, late succes-
sional plant species, allowing us to test context dependence 
of mycorrhizal mediation of local adaptation across succes-
sional stage and the effects of mycorrhizal fungi on plant 
community composition. We predicted that local adaption 
of AMF would provide the strongest benefits to late-suc-
cessional, mycorrhizae dependent plant species. As we are 
specifically focused on consequences of adaptation of AMF 

to soil and climate, we use non-locally adapted plant hosts 
from an intermediate location to control for possible effects 
of plant adaptation to soils, climate or AMF.

Methods

Study system

Our study was based in the tallgrass prairies of the Mid-
western United States, including study sites in Illinois, 
Kansas, and Oklahoma. There is significant variation in 
climate between these study sites with less precipitation 
and greater rates of evapotranspiration at our study sites in 
Kansas and Oklahoma as compared to Illinois (Sanford and 
Selnick 2013). From these three sites we isolated mycorrhi-
zal fungi from soils collected from remnant tallgrass prai-
ries. We then established mesocosms in 7.5L pots (20 cm 
width × 32 cm height, Treepots, Stewe and Sons, Tangent, 
Oregon) and filled these pots with sterilized soil from each 
of our study sites. Each mesocosm was inoculated with fungi 
from one of our study sites or retained as a sterile control 
in a 3 × 4 design. These mesocosms were then planted with 
nine species of tallgrass prairie plants common to each of 
the study regions. Half of our mesocosms were watered to 
near field capacity and the remaining received half as much 
water, corresponding to typical drought conditions in our 
study area. In total, each soil × fungi × drought treatment 
included 7–10 replicates (with some replication limited by 
availability of soil or fungal inoculum), and our experiment 
included 199 total mesocosms (three soil treatments × four 
fungi treatments × two drought treatments × 7–10 repli-
cates = 199 mesocosms). Our experiment was arranged on 
greenhouse benches in 10 blocks containing one replicate 
of each treatment.

Soil treatments

We collected soil from each of our study sites from areas 
near the remnant prairies from which we isolated our myc-
orrhizae cultures. Soil collected from Illinois was Dana 
Silt Loam, Kansas was Reading Silt Loam, and Oklahoma 
was Grainola Clay-Loam. Before use in the experiment, we 
mixed all soils 1:1 with sand to facilitate drainage under 
greenhouse conditions. Then, we pasteurized the three dif-
ferent background soils with an electric soil sterilizer (Model 
SS-60; Pro-Grow Supply, Brookfield, WI, USA) at 190°C 
for 4 h, rested the soil for 24 h, and pasteurized again for 4 h. 
This sterilization technique effectively controls AMF, with 
AMF abundance eliminated or reduced by over 90% relative 
to controls at the conclusion of past experiments with similar 
experimental designs (Koziol and Bever 2015, 2016).
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AM Fungal treatments

AMF were isolated from remnant prairie soils col-
lected from Illinois, Kansas, and Oklahoma (Electronic 
Resource, Table 1). We created fungal cultures by sort-
ing spores microscopically by morphotype. Morphotypes 
were grown with Sorghum bicolor host plants for 6 months 
in their relevant sterilized background soils. To initiate 
this experiment single species fungal cultures were mixed 
together to create diverse fungal mixtures relevant to each 
of the three sites. As our goal was to best represent each 
AMF community, we used a single isolate from each AMF 
species isolated from each site. For Illinois and Kansas, 
our fungal mixtures included five species, and for Okla-
homa our fungal mixtures included four species. Kansas 
cultures included Funneliformis mosseae, Funneliformis 
geosporum, Glomus mortonii, Rhizophagus diapha-
nous, and Claroideoglomus claroideum. Illinois cultures 
included F. mosseae, F. geosporum, G. mortonii, Septoglo-
mus constrictum, and C. claroideum. Oklahoma cultures 
included S. constrictum, F. mosseae, Rhizophagus clarus, 
and Paraglomus occultum. Mesocosms were filled with 
5 L of sterilized soil, inoculated with 150 mL of mixed 
AMF cultures from one study location spread evenly over 
the sterilized soil. Additional mesocosms were maintained 
as sterilized controls. Then mesocosms were capped with 
2 L of sterilized soil. Fungi treatments were imposed in a 
fully factorial design with soil treatments (three soil types 
× four fungal treatments, including three fungi sources 
and a sterile control).

Plant treatments

We identified nine species of tallgrass prairie plants that 
occur near each of our study sites. These were chosen to rep-
resent a range of species life histories and known responsive-
ness to mycorrhizal fungi (Koziol and Bever 2015; Bauer 
et al. 2018). Plants and AMF can be locally adapted to each 
other, so we used seeds from Missouri, rather than from any 
of the locations that we isolated AMF from. We selected 
Missouri because it is an intermediate location between each 
of our study sites geographically and climatically. All seed 
was purchased from Hamilton Native Outpost (Missouri). 
Our study species included Elymus canadensis, Panicum 
capillare, Panicum virgatum, Sorghastrum nutans, Schi-
zachyrium scoparium, and A. gerardii (Poaceae); Rudbeckia 
hirta and Liatris aspera (Asteraceae); and Monarda fistulosa 
(Lamiaceae). Seedlings of each were germinated in sterilized 
potting soil and allowed to grow for 2 weeks. Then a single 
individual of each species was transplanted into each meso-
cosm in a 3 × 3 grid. Arrangement of species along this grid 
was randomized for each of 10 study blocks.

Drought treatments

After transplanting, mesocosms were watered daily to 
field capacity for 4 weeks to allow seedlings to estab-
lish. Then, watering was reduced gradually over 2 weeks. 
For the remainder of the experiment, control mesocosms 
received 250 mL of water daily (3% of total soil volume), 
and the drought treatment received half of this (125 mL/
day, 1.5% of total soil volume). We established additional 
mesocosms, maintained under similar conditions, to moni-
tor soil moisture without disturbing experimental meso-
cosms. We confirmed that control treatments remained 
above 25% soil moisture, and the drought treatments 
remained between 15 and 20% soil moisture. These levels 
correspond to relatively high and low soil moisture condi-
tions in tallgrass prairie, with well-documented effects on 
primary productivity (Knapp et al. 2001; Fay et al. 2003). 
Additionally, we monitored plants for signs of water stress. 
Plants in the drought treatment occasionally displayed out-
ward signs of water stress (e.g. slight wilting, or curled 
leaves in the grasses), and minor adjustments were made to 
watering schedules to prevent soils from dropping below 
permanent wilting point during extremes in greenhouse 
conditions.

Data analysis

We tested for effects of soil, fungi, and drought treat-
ments and their interactions on the total biomass of 
our mesocosms using an ANOVA, and we tested these 
effects on plant community composition using MANO-
VAs of the biomass of each species. In both cases, we 
used follow-up linear contrasts within the soil × fungi and 
soil × fungi × drought interactions terms to test for mycor-
rhizal mediation of plant adaptation to soil and drought 
conditions (following Thrall et al. 2002; Blanquart et al. 
2013). That is local adaptation of AMF to their soil was 
measured and tested as the differential performance of 
plants in when AMF inocula matches their sympatric soil 
compared to their allopatric soil after accounting for the 
average growth responses to the inocula and the soils (i.e. 
the main effects). To compare results in mesocosms to 
expected results from tests on single seedlings, we com-
pared mycorrhizal responsiveness and relative growth 
rates in this experiment to those reported in Bauer et al. 
(2018). This study compared growth of individual seed-
lings of our study species in soils inoculated with a diverse 
mix of AMF relative to controls in sterile soils. These 
regressions were limited to the six plant species for which 
data was available. Using linear regression, we also tested 
if mycorrhizal responsiveness in mesocosms predicted 
responsiveness to locally adapted fungi.
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Results

Productivity

Soils from Oklahoma supported higher plant biomass, with 
intermediate biomass in soils from Illinois (p < 0.0001), and 
our drought treatment reduced aboveground biomass by 26% 
(p < 0.0001). Fungi treatments did not have significant main 
effects (Fig. 1) or interact with drought treatments (Fig. 2) 
to affect biomass. However, we did observe a soil × fungi 
interaction on plant biomass (p = 0.0013). Our a priori tests 
of local adaptation detected significant positive effects of 
local adaptation (p = 0.04), which were most pronounced 
in contrasts between soils from Oklahoma and our other 
two sites (p = 0.003, Fig. 1, Table 1, Appendix S1: Table 1). 
Drought did not significantly affect these measures of local 
adaptation.  

Species composition

Our MANOVA results indicated that all main effects and 
interactions were significant in determining the species 
composition of our mesocosms (Table 2; Online Resource 
1), though our follow up tests indicate responses varied 
substantially between plant species. Specific responses are 
detailed in Online Resource 1, and we focus here on the 
main effects of fungi, drought, and soil × fungi interaction 
and on tests of local adaptation within the soil × fungi and 
soil × fungi × drought interactions.

Seven of our nine study species had significant, positive 
responses to the presence of mycorrhizae, while E. canaden-
sis (p < 0.0001) and P. capillare (p = 0.1) were negatively 
affected by mycorrhizal inoculation (Fig. 3a). Five of our 
study species responded negatively to our drought treatment, 
and four did not show a statistically significant response, 
although the aboveground biomass of all species except L. 
aspera was lower in the drought treatment (Fig. 3b). Despite 
significant effects of our drought and fungal treatments, 
we found only limited effects of AMF on plant responses 
to drought (linear contrasts “drought × fungi” Appendix 
Table 2). For most species, the effect of drought was not 
influenced by the presence or absence of AMF. For E. 
canadensis aboveground biomass was similar in drought 
and control treatments with fungi, but biomass was reduced 
by drought in sterile controls. However, E. canadensis in 
drought mesocosms without AMF was still over 20% larger 
than in mesocosms with AMF. For S. scoparium above-
ground biomass was reduced by drought in inoculated meso-
cosm, but biomass was increased by drought in sterile meso-
cosm. In sterile control mesocosms biomass was consistently 
lower than in inoculated mesocosms for S. scoparium.

We found evidence that local adaptation of mycorrhizae 
to soils lead to greater biomass for two of our study spe-
cies: P. capillare and P. virgatum. In contrast, three species 
that benefitted from the presence of mycorrhizae overall (A. 
gerardii, S. scoparium, and S. nutans), experienced reduced 
benefits of this symbiosis when fungi were in “home” soils 
(Fig. 4). Unsurprisingly, E. canadensis generally responds 
negatively to the presence of AMF within a community con-
text (Bauer et al. 2012, 2018), and in our current experiment 
we found that it did not respond to local adaptation of AMF. 
Our remaining species (R. hirta, L. aspera, and M.fistulosa) 
are generally responsive to the presence of AMF, but were 
not responsive to local adaptation of AMF (Appendix 
Table 2). Drought modified the effects of local adaptation 
between fungi and soil for three of our study species. For 
P. virgatum, measures of local adaptation were stronger in 
our drought treatment, and for A. gerardii and S. scoparium 
the negative effects of local adaption were reduced under 
drought conditions (Fig. 5).
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Species growth rates and mycorrhizal responsive-
ness within our mesocosm experiments was predicted by 
growth rates and responsiveness documented in tests of 
individual seedlings in past work. However, mycorrhizal 
responsiveness of our study species was not a significant 
predictor of those species’ response to local adaptation of 
AMF (Fig. 6).

Discussion

We found evidence that local adaptation of mycorrhizal 
fungi (AMF) to soil conditions can affect the productivity 
of plant communities. Our study is unique in that we tested 
across multiple species of AMF from each site interacting 
with a diverse community of plant species, suggesting that 
local adaptation can be important within community con-
texts. This local adaptation effect was especially strong in 
contrasts of soils from Oklahoma to those originating from 
Kansas or Illinois, potentially because Oklahoma soils were 
distinct from the richer soils of Kansas and Illinois. The 
presence or absence of AMF did not affect community bio-
mass, but our drought treatment did reduce biomass by 26%. 
This effect of drought had only weak interactions with our 
fungal treatments, indicating that local adaptation of AMF 
to soil characteristics is more important than adaptation to 
local climate for maintaining plant biomass.

The main effects of AMF inoculation on individual plant 
species were as expected from independent tests of plant 
species’ responsiveness to AMF (Bauer et al. 2018; Koziol 
and Bever 2015). Based on this past work, we expected that 
the plant species most responsive to mycorrhizae would also 

Table 1   Analysis of variance (ANOVA) results for tests of soil, fungi, and drought treatments on total aboveground biomass in experimental 
mesocosms

Linear contrasts compare biomass in the presence or absence of mycorrhizal fungi (Fungi), biomass in control compared to drought treatments 
(Drought), and the interaction between these two effects (Drought × fungi). Tests for local adaptation compare the differential biomass of plant 
communities when AMF inocula was in sympatric soil compared to biomass when AMF was in allopatric soil after accounting for the average 
growth responses to the inocula and soil

Source df F p

Soil 2 115.2 < 0.001
Fungi 3 0.2 0.88
Soil × fungi 6 3.9 0.001
Drought 1 42.6 < 0.001
Drought × soil 2 7.3 0.001
Drought × fungi 3 0.4 0.76
Drought × soil × fungi 6 0.5 0.83
Replicate 9 1.0 0.43

Linear contrasts Estimate p

Fungi 0.8 0.80
Drought − 6.4 < 0.001
Drought × fungi 2.2 0.72
Overall local adaptation 13.9 0.04
IL 5.6 0.27
KS 6.3 0.21
OK 15.9 0.003
Local adaptation × drought − 2.6 0.85
IL − 1.9 0.84
KS − 1.2 0.90
OK − 2.0 0.85

Table 2   Multivariate analysis of variance (MANOVA) results for 
effects of soil, fungi, and drought, with aboveground biomass of each 
of our study species as response variables

F Num df Den df p

Soil 19.21 18 318 < 0.001
Fungi 8.1 27 480 < 0.001
Soil × fungi 3.71 54 978 < 0.001
Drought 9.84 9 158 < 0.001
Soil × drought 3.06 18 318 < 0.001
Fungi × drought 2.11 27 480 0.001
Soil × fungi × drought 1.76 54 978 0.001
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be the most responsive to local adaptation of AMF to soil 
conditions, since these species also tend to be most sensi-
tive to the identity of the fungi they associate with (Koziol 
and Bever 2016). Contrary to this expectation, three grass 
species that are highly responsive to the AMF mutualism 
responded negatively to local adaptation of AMF, and two 
less-responsive grass species showed positive responses to 
local adaptation of AMF. Overall, we expected that local 
adaptation of AMF to soil conditions would favor the plant 
species most reliant on AMF, but we found the opposite pat-
tern, with local adaptation favoring the plant species with 
the highest relative growth rate, despite its negative overall 
response to the presence of AMF as compared to sterilized 
controls.

We find this result especially surprising because of past 
work showing that local adaptation of AMF to soil condi-
tions can have important benefits to plant species, includ-
ing one of our study species, A. gerardii (Johnson et al. 
2010). We suggest that our results differ from these past 
results due to the community context in which we tested 

these interactions, in contrast to past tests in monoculture 
conditions. Specifically, establishment of greenhouse meso-
cosms is most closely analogous to a highly disturbed envi-
ronment with a very low density of established competitors. 
We should expect that these conditions would favor species 
with high relative growth rates. By rapidly achieving larger 
sizes, these fast-growing species would disproportionately 
influence the dynamics of mesocosms through asymmetric 
competition with slower growing competitors. Similarities 
can be drawn to a previous mesocosm study in which P. vir-
gatum dominated the pots during the first year and this spe-
cies sensitivity to inocula type drove the plant community 
diversity response to AM fungal composition and diversity 
(Vogelsang et al. 2006). In our experiment, P. capillare’s 
high relative growth rate and modest benefits derived from 
growing with locally adapted fungi appears to have been 
sufficient to reduce the benefits that more responsive plant 
species may have derived from associating with locally 
adapted fungi. We note that we were unable to separate 
below-ground biomass among species, and consequently, 
we have only reported on aboveground responses. We sug-
gest that future research focus on local adaptation focus on 
belowground biomass and long-term responses of plant 
communities. It is quite possible that local AMF would most 
benefit the slower growing, more responsive plant species 
such as A. gerardii over a longer time frame than represented 
by this study.

We also note that local adaptation may occur between 
plants and their symbionts, and these effects may be more 
important than the adaptation of mycorrhizae to soil con-
ditions (Rúa et al. 2016). Due to logistical constraints, we 
tested only for adaptation of AMF to their local soils and 
climate, and therefore restricted our plants to genotypes 
originating from Missouri, which was an intermediate loca-
tion between all of our study sites. As measured by total 
biomass, we did see that plant communities received greater 
benefits from local adaptation of fungi to soil conditions, but 
we expect that these effects may be stronger if the plants are 
adapted to local fungi and to local soil conditions.

We expected that soil moisture would be an important 
component of local adaptation of AMF, with fungi originat-
ing from Kansas and Oklahoma delivering more benefits to 
plants under drought conditions. Our drought treatment did 
impose significant negative effects on our plants, with over-
all reductions in biomass and reduced growth in eight of our 
nine study species. However, AMF did not reduce the nega-
tive effects of drought. Recent meta-analyses suggest that 
AMF generally have an important role in plant water update, 
especially under drought conditions (Augé 2001; Delavaux 
et al. 2017) and prior studies of response of an individual 
AMF and plant species did show evidence of plants benefit-
ing from drought adapted AMF in drought conditions (Stahl 
and Smith 1984), but our finding of weak AMF*drought 
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interactions suggests that future work on the context-depend-
ency of this aspect of the mycorrhizal symbiosis is war-
ranted. Drought treatments interacted with measures of local 
adaptation, with the negative effects of local adaptation on 
S. scoparium and A. gerardii being reduced under drought 
conditions. Consistent with our arguments above, this may 
result from reductions in biomass of our fastest growing spe-
cies, P. capillare, under drought conditions.

Our experimental conditions may be comparable to 
ecological restoration on highly disturbed soils, including 
restoration of land previously in row crops. Under these 
conditions, there is interest in incorporating soil microbial 

communities into ecological restoration to mitigate the 
effects of past land-use on the composition of soil microbial 
communities (Harris 2009; Bauer et al. 2017). This is of 
particular interest because the plant species that may benefit 
most from re-establishing microbial mutualisms also tend to 
be the late-successional species that are the target of ecologi-
cal restoration (Koziol and Bever 2015; Bauer et al. 2018) 
and field trials have shown that late-successional species 
can benefit from locally-adapted relative to commercial AM 
fungi (Middleton et al. 2015). However, in our experiment, 
inoculation with locally adapted fungi favored dominance 
by a ruderal plant species at the expense of late-successional 
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AMF on d Sorghastrum nutans, and e Schizachyrium scoparium, 

and f Andropogon gerardii; and non-significant effects on c Elymus 
canadensis, g Monarda fistulosa h, Rudbeckia hirta, and i Liatris 
aspera (full analyses in Appendix Table 2, linear contrast for “overall 
local adaptation”)
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species that are more likely to be the focus of ecological 
restoration. We cannot anticipate how the outcomes of our 
short-term greenhouse experiment may translate to the long-
term outcomes of ecological restoration. Nevertheless, our 
results highlight the context dependency of species inter-
actions, and in practice, the re-establishment of microbial 
mutualisms may not always favor desirable plant species.

Our results suggest several avenues for future research 
on local adaptation of AMF. It was beyond the scope of 
this project to monitor AMF community responses to local 
adaptation, but it is likely that experimental conditions lead 
to changes in the total abundance and relative abundance 
of AMF species within our mesocosms. Investigating AMF 
responses to local adaptation could be especially interesting 
if tests including locally adapted plant genotypes were also 
included. We also suggest that the mechanisms underlying 
local adaptation warrant further investigation. It is possi-
ble that each fungi population is individually adapted to 
local conditions, so that any individual fungal isolate would 

generate patterns similar to those we observed. It is also pos-
sible that complementary among co-occurring fungal taxa 
may have evolved so that local adaptation is an emergent 
property of the community.

Overall, we found support for the hypothesis that adapta-
tion of AMF to local soil conditions increase the benefits 
these fungi deliver to plants. This effect was evident in 
measures of total plant community biomass. Unexpectedly, 
the presence of AMF did not appear to mitigate the nega-
tive effects of drought. We did see that local adaptation of 
AMF to soil conditions can lead to shifts in plant community 
composition. However, individual species showed surpris-
ing responses to local adaptation of AMF, with two plant 
species that are relatively less responsive to AMF showing 
benefits of associating with locally adapted fungi and plant 
species that are more responsive to AMF being negative 
affected by local adaptation of their fungal symbionts. This 
pattern likely emerged because high relative growth rates of 
non-responsive plant species allowed these ruderal species 

Fig. 5   Aboveground biomass 
(mean ± S.E.) of a and b 
Panicum virgatum, c and d 
Andropogon gerardii, and e and 
f Schizachyrium scoparium with 
soil and fungi originating from 
Illinois (IL), Kansas (KS), and 
Oklahoma (OK) and in a, c, and 
e control and b, d, and f drought 
treatments showing effects of 
drought treatments on local 
adaptation
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to dominate our experimental mesocosms, overwhelming the 
potential positive effects of local adaptation of fungi on the 
plant species that are most reliant on this mutualism.
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