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• Mediterranean forests are increasingly
threatened by Phytophthora pathogens.
• Monitoring mycobiota is fundamental
to preserve ecosystems.
• Metabarcoding reveals the resilience of
Mediterranean Chestnut mycobiota
upon stress.
• Environmental parameters and keystone species shape the soil fungal network.
• Taxa substitutions sustain fungal diversity associated with the diseased
environment.
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a b s t r a c t
Mediterranean forests are facing the impact of pests such as the soilborne Phytophthora cambivora, the causal
agent of Ink disease, and this impact is made more severe by global changes. The status and resilience of the
soil microbial ecosystem in areas with such a disturbance are little known; however, the assessment of the microbial community is fundamental to preserve the ecosystem functioning under emerging challenges. We proﬁle
soil fungal communities in a chestnut stand affected by ink disease in Italy using metabarcoding, and couple highthroughput sequencing with physico-chemical parameters and dendrometric measurements. Since the site also
includes an area where the disease symptoms seem to be suppressed, we performed several analyses to search
for determinants that may contribute to such difference. We demonstrate that neither pathogen presence nor
trees decline associate with the reduction of the residing community diversity and functions, but rather with microbial network reshaping through substitutions and new interactions, despite a conservation of core taxa. We
predict interactions between taxa and parameters such as soil pH and C/N ratio, and suggest that disease incidence may also relate with disappearance of pathogen antagonists, including ericoid- and ectomycorrhizal
(ECM) fungi. By combining metabarcoding and ﬁeld studies, we infer the resilient status of the fungal community
towards a biotic stressor, and provide a benchmark for the study of other threatened ecosystems.
© 2021 Elsevier B.V. All rights reserved.
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dei Comuni Valdarno e Valdisieve, the Consorzio Promozione Tutela
Marrone del Mugello IGP, the municipality of San Godenzo and the
Montagne Fiorentine Model Forest.

had their speciﬁc keystone taxa. The keystone taxa in the diseased network, however, had a lower importance (ranking), compared with
those of the healthy area, probably indicating less established relationships, and therefore more plasticity. Our study suggests that the decline
of the health status of the trees in the investigated site did not reduce diversity and functioning of the fungal community: indeed, the presence
of biotic stress in the investigated site can be deﬁned as a long-term disturbance (Mandakovic et al., 2018), as ink disease symptoms have been
observed for 15-20 years. The studied fungal community was likely not
resistant (insensitive) to the disturbance, but rather apparently resilient
in that, although reshaped, it maintained core taxa, and ecosystem services exerted by saprotrophic and mycorrhizal guilds. This was accompanied by the apparent persistence of the native mycobiota, since the
dominating fungi in the diseased stand are those that are known to inhabit Mediterranean chestnut stands (Ambrosio and Zotti, 2015; Blom
et al., 2009; Laganà et al., 2002; Peintner et al., 2007), contrary to
other cases were dominance of invasive fungal species was observed
after different disturbances, including climate change (Anthony et al.,
2017; Dickie et al., 2016; Garbelotto and Pautasso, 2012; Vizzini et al.,
2008). Our study also showed that speciﬁc soil and plant characteristics
(such as soil humidity, C/N ratio and plant height) and fungal community composition are correlated, although our results do not allow the
establishment of causal relationships between these parameters, a
“chicken or the egg” quandary which is common in the understanding
of tree decline (Sapsford et al., 2017). One of the general outcomes of
these complex dynamics may also be that a pedological condition adverse to the pathogen is established. Outliers were present, in both
areas, in terms of soil and tree parameters, and of taxa composition
(for example, the heterogeneity in Mortierellomycetes abundance).
This phenomenon requires more insights, and may depend on further
partitioning into microhabitats that, at least for the diseased condition,
could be due to the pathogen acting in patches. Due to the proximity
of the two sub-areas, we tend to exclude the possibility that microclimatic factor are the prominent drivers of fungal community assemblage. The present results will hopefully provide support for
management and preservation of chestnut orchards, and be useful for
benchmarking resilience of fundamental mycobiota that supports Mediterranean forests.
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2021.149582.
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