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Resumen 

 
Fungi play a key role in terrestrial ecosystems as organic matter decomposers and by 

interacting with plants as symbionts or pathogens. In trace element (e.g. heavy metal) 

contaminated soils, the effect of restoration measures, such as tree afforestation, in 

enhancing ecosystem services is of interest. In this study, we hypothesised that 

vegetation, through soil biotic and abiotic changes, is key in the establishment of soil 

fungal communities in terms of structure, diversity and function.  
 

Twenty years after the accidental spill of the Aznalcóllar mine (April 1998), where acidic 

waters and pyrite sludge with high concentration of trace elements were released into the 

Guadiamar River basin, in SW Spain, we have evaluated the recovery of the soil fungal 

communities. Restoration measures included sludge removal followed by amendments 

addition and afforestation with native tree species. We selected restored soils within a plant 

cover gradient consisting of bare soil, grassland to tree (the latter with a comparison between 

three native species: white poplar, stone pine and wild olive). We also selected two sites, 

North and South, located at 15 and 30 km from the mine tailing, respectively. A total of 50 

soil samples were analysed. 

 

We massive sequenced the fungal community in the above-mentioned soils (ITS1F-ITS2 

region using the Illumina MiSeq platform). The fungal taxonomy was inferred and the taxa 

classified by their ecological guild. 

 

Interaction of site and plant cover fixed factors were found significant for soil abiotic C:N 

and P, but not to biotic variables (Table 1). Fungal diversity indices were lower in bare 

and stone pine soils. Species richness was significantly lower in bare soils. The 

composition and structure of fungal communities were significantly explained by the 

interaction of site and plant cover factors (R2 = 0.405). Fungal functionality was assessed by 

ecological guild ordination (Figure 1). Bare soils were dominated by plant pathogen fungi, 

while grassland and wild olive soils presented a diversity of fungi dominated by saprotrophs. 

White poplar and stone pine in the South soils were dominated by ectomycorrhizal fungi, 

while the North presented diverse guilds such as epiphytes, ericoid mycorrhizal and 

ectomycorrhizal. 
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Table 1. The effects of site and plant cover factors on soil abiotic and biotic properties. Mean (SD) and two-way ANOVA. N = 50. Significant 

main and interaction effects in ANOVA are indicated by: * p < 0.05, ** p < 0.01, *** p < 0.001. Sites: N = North, S = South. Plant cover: BS = 

Bare soil, G = Grassland, OE = wild olive, PA = white poplar, PP = stone pine. Variables: DH = dehydrogenase activity, S = species richness, H 

= Shannon index, D = Simpson index. 

 

 

 

 

    Plant cover      Main effects   Interaction 

Variable  Site  BS G OE PA PP  Site Plant cover  Site X Plant cover 

C:N  N  9.92 (2.36) 11.4 (0.7) 13.0 (0.6) 12.9 (0.6) 16.7 (2.5)  F=0.78 F=20.2***  F=3.44* 

  S  5.85 (0.59) 14.6 (5.5) 13.5 (1.7) 14.9 (1.0) 18.0 (3.1)      

P  N  6.04 (2.50) 5.32 (1.90) 6.56 (1.90) 10.4 (3.08) 10.2 (5.76)  F=33.3*** F=4.46**  F=4.66** 

  S  2.00 (1.13) 13.2 (5.29) 24.6 (10.5) 18.8 (6.24) 14.6 (3.25)      

DH  N  0.87 (0.28) 3.95 (1.28) 5.03 (0.66) 5.36 (1.48) 4.01 (1.46)  F=12.4** F=27.4***  F=0.44 

  S  0.20 (0.10) 2.90 (0.32) 3.48 (0.95) 3.96 (0.84) 3.35 (0.76)      

S  N  303 (162) 835 (444) 706 (156) 1076 (252) 995 (253)  F=0.03 F=15.9***  F=1.04 

  S  51.2 (20.2) 1095 (225) 599 (522) 1168 (222) 1069 (431)      

H  N  2.97 (0.48) 4.75 (0.45) 4.53 (0.23) 4.70 (0.26) 3.87 (0.68)  F=0.49 F=30.8***  F=1.03 

  S  2.95 (0.11) 4.83 (0.27) 4.69 (0.30) 4.16 (0.56) 3.78 (0.56)      

D  N  0.87 (0.06) 0.97 (0.02) 0.97 (0.02) 0.96 (0.01) 0.89 (0.08)  F=1.10 F=9.11***  F=0.96 

  S  0.92 (0.01) 0.97 (0.01) 0.97 (0.01) 0.94 (0.03) 0.91 (0.03)      



Figure 1. Nonmetric multidimensional scaling (NMDS) ordination of fungal 

communities from soil samples grouped by site and plant cover factors and relationship 

to functional guilds. AM: Arbuscular mycorrhizal, ECM: Ectomycorrhizal, ERM: 

Ericoid mycorrhizal, OM: Orchid mycorrhizal.  

 

 
 
 


