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Abstract

This study investigates the response of soil microbial community to spontaneous afforestation - a natural rewilding process that has been ongoing for decades across both national and European levels following land abandonment.
The main objectives are to: i) characterize changes in topsoil physico-chemical properties and the associated microbial community response along the successional gradient, ii) assess causal relationships between soil variables and
microbial diversity and composition. The research was conducted in two ltalian sites: the Foreste Casentinesi National Park (CF) and Julian Prealps (JP). In both areas, five successional stages were identified based on historical
orthophotos (1954-2020) and replicated across four chronosequences: meadow-pasture (M-P), early (E), early-mid (E-M), mid-late (M-L), and late (L) stages of afforestation. Topsoil samples (0—10 cm depth) were analysed for pH,
bulk density (BD), organic carbon (OC) and total nitrogen (N). Soil microbial communities were characterized through environmental DNA extracted from fine soil fractions, followed by DNA metabarcoding using ITS and 16S rRNA
gene markers for fungi and bacteria, respectively. The results reveal that, along the afforestation gradient, topsoil becomes increasingly acidic and less compact (lower BD), with a concurrent rise in organic matter content. However,
these trends are modulated by site-specific variability. Notably, overall microbial diversity was lower at CF compared to JP, a pattern likely linked to more homogeneous environmental conditions and reduced above-ground diversity.
Bacteria and fungi exhibited distinct responses to forest regrowth following meadow abandonment. Fungal communities - mainly composed of Ascomycota and Basidiomycota — peaked in diversity at intermediate successional
stages. In contrast, bacterial communities, dominated by Proteobacteria and Verrucomicrobiota, showed greater site specificity, especially at lower taxonomic rank. Overall, the findings highlight the ecological relevance of nature-
based solutions such as rewilding, not only in fostering microbial diversity but also in contributing to climate neutrality and biodiversity conservation at larger scales.

@

_ zz Casentinesi forests (CF) R : Julian Prealps (JP) [

© : , \N g _F'ccg

‘g 40 l \ f £ L 40 |

g 30 Eg 30 | 0

% 20 ' Meadow Early c—g 20 - = o =

e . i REWILDING SUCCESSIONAL STAGES . ﬁ b é é
0 —— 0

Meadows Early Intermediate Intermediate-late Late Meadows Early Intermediate Intermediate-late Late
B Acer spp. W Fagus sylvatica B Ostrya carpinifolia ¥ Acer pseudoplatanus ™ Castanea sativa Corylus sp.
Other species ® Quercus cerris RESULTS Fraxinus excelsior ¥ Ostrya carpinifolia Other species
@ Location of the two study areas (C) where forest density (basal area of trees with DBH > 5 cm) increased with
* * * * successional stage (L and R). * * * *
200 AB @ a-diversity of soil fungal and bacteria communities (assessed by eDNA 16S and ITS metabarcoding) a the two 07\12-0 ‘ i
g AB A a A B areas: overall genus richness (Venn diagrams, C), genetic richness (boxplots, L and R) and composition at g
2 5 16.2 i phylum level (barplots, L and R) across stages. 2 g 8.7 | AB
g § b 5 ab b @ B-diversity of microbial communities across stages (PCoAs, C) and relationships with soil chemical-physical £ 3
S § 12.4 E ; = properties (RDA tables, L and R). 2 § 54
0p)]
% <
8.6 91
M E IL L M E I IL
100 100
—
B Acidobacteriota
Bacteroidota 60 60 B Ascomycota
Desulfobacterota ® Basidiomycota
- Flrmlcutgs 40 40 ® Blastocladiomycota
Gemmatimonadota . _— - — —
Latescibacterota o 20 — = 1 o 20 ® Chytridiomycota
Methylomirabilota e . l = C . e
B Myxococcota _g 0 . . _g 0 Glomeromycota
® Nitrospirota S 100 S 100 Kickxellomycota
® Planct tot ¥o! < ¥ 9
sl : . "B ERRRE e
B RCP2-54 ° 80 Permanova O g.ooo Permanova ° 80 ® Mucoromycota
" Verrucomicrobiota Stage: F=1.72 n.s. Stage: F= 0.83 n.s.
® Actinobacteriota 60 N g N & g 50 Rozellomycota
® Chloroflexi S ° Other Phyla
® Other Phyla 4°
40 e mm 2N 40
- = = = - |
- -RRN - - o
o o
m B BN . = %
o
M E | IL L Q - M E | IL L
S - S !l
N _‘/">\_%X @
o
< il
? o
S | | | | |
RDA RESULT | | | | | | | RDA RESULT
SULTS -0.8 -0.6 -0.4 -0.2 0.0 0.2 03 02 -01 00 0.1 02 03 SULTS
8 ’ S | Permanova » . | 0% ,
- Stage: F=2.09 * ' Permanova a8 -
N N . . o - Stage: F= 3.21** -
soil predictor p p S S soil predictor P P
BD 0.2 0.08 - .- f BD 0.9 0.5
o 03X o X
OC 0.001 0.06 OC 0.5 0.6
Cstock O. 1 0.3 e %o ~ ] CStOCk 0001 0.6
o o
N 0.001 0.3 ' ‘\ N 0.001 0.7
C:N 0.01 0.3 5 : o C:N 0.01 0.2
o . ~ + IL ~
pH 0.01 0.001 < ¢ — L <@ pH 0.001 0.1
™ N
< | | | | | | | | < | | | | | | |
0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.2 0.1 0.0 0.1 0.2 0.3 0.4
Conclusions: Perspectives:
Spontaneous reforestation on abandoned crop and/or grass Successional stages Building on our findings, we are going to extend the scope of the research
lands consistently alters topsoil by increasing acidity and soill 8500 & me0szpo000 | g0 *T Re-0.008;p=0698 o @ to improve the understanding of microbial dynamics along forest
organic matter (SOM) while decreasing soil density. These 800 \ 700 - ® ! successions across broader geographic scales.

- - - . . '—-'--_—‘-—-—-_. { . - -
changes are largely influenced by the density and diversity ;gg C 500 - o v\ ‘ « at National-scale: We have moved southward along a latitudinal
of trees, through litterfall and decomposition. 500300 0300 300 ® v gradient across lItaly, from Friuli in the north to the island of Pantelleria.
Microbial diversity peaks at intermediate successional 840 S0 R S Promising preliminary results (®) show above-ground ecological
stages. However, bacteria and fungi respond differently: 800 A ek IR — | factors affect soil microbial diversity.

* Fungi: As SOM increases in later stages, Basidiomycota 2 ;gg r 700 : o i " - at European-Scale: We are concluding our sampling contribution within
become dominant, replacing other fungal phyla. £ 680 : . 650 5o @V Y | the Horizon EU WildCard project, expected to provide multi-taxa and
. . . . = 100 200 300 ) S . . . .
 Bacteria: Major bacterial phyla show no consistent @ 850 Nk C multi-scale data from all European Ecoregions, further widening and
response to soil changes, likely due to diverse ecological 5 oe0 Tl 7000 S 0 £ Nz © e OREEE deepening our knowledge of the forest rewilding process.
strategies within these groups. 750 . 600 A | b RS AaW
i i i iti i 700] R2=0.16;p=0.081* 220.35: o= : Il [ L- .
Microbial community comp.osmo.n was stronglly |nfl_ue.nced by P ) 500/ R 0.35;,;00.005 SPSN i SV PN Y Reeferences:
geography- The northern Slte, with greater soil varlatlon, 100 200 300 . : R * Frei, T., Espelta, J.M., Gorriz-Mifsud, E. et al. Can natural forest expansion contribute to Europe's
showed less distinct successional patterns than the more 950 R?=0.41;p=0.002 500 il Io AT restoration policy agenda? An interdisciplinary assessment. Ambio 53, _34—_45 (2024_). _
. . . . . 900 — . | I " https://doi.org/10.1007/s13280-023-01924-2ecological factors affect soil microbial diversity.
uniform central Italian S|te, where Commumty Sh|ftS, 850 “"\‘ 400 ’ o B He, B., Li, Q., Zou, S. et al. Dynamic Changes of Soil Microbial Communities During the Afforestation of
especially for fungi’ were clearly related to forest ‘ . ® Pinus Armandii in a Karst Region of Southwest China. Microb Ecol 87, 36 (2024).

successional dynamlcs. De Vos, B., Deroo, H., Samonil, P., De Win, Y., Seebach, L., Cazzaniga, S., Alberti, G., & collaborators

(2025). WILDCARD WP2-WP3 Soil sampling protocol (Version 4.3). Horizon Europe WILDCARD Project
(Grant Agreement No. 101081177). EV INBO, VUK, FVA-BW, ETH Zirich, UNIUD.

ggg 300! RP=0.0001;p=0.959 Y, ™\ ) _-_3
100 200 300 100 200 300
Total Carbon Stock (Mg ha')
Aknowledgements This study was supported by the National Biodiversity Future Center — NBFC (project code CN_00000033) funded under the National Recovery and Resilience Plan (NRRP), Mission 4 Component 2 Investment 1.4 — Call for tender no. 3138 of 16

December 2021, rectified by Decree n. 3175 of 18 December 2021 of the Italian Ministry of University and Research funded by the European Union — NextGenerationEU. G.A, G.l.. and A.T. were also supported by the WILDCARD project funded by the European Climate,
Infrastructure and Environment Executive Agency (CINEA).

20d International Symposium on Biodiversity and Ecosystem Functions under Global Change
12 — 14 November 2025

Alghero (Sardinia — Italy)



https://doi.org/10.1007/s00248-024-02345-8
https://doi.org/10.1007/s00248-024-02345-8
https://doi.org/10.1007/s00248-024-02345-8
https://doi.org/10.1007/s00248-024-02345-8
https://doi.org/10.1007/s00248-024-02345-8
https://doi.org/10.1007/s00248-024-02345-8
https://doi.org/10.1007/s00248-024-02345-8

	Slide 1

