
Ectomycorrhizal Functional Traits Mediate Plant-Soil  
Feedback Processes in Trace Elements Contaminated Soils 

M. Gil-Martínez1, A. López-García2, C.M. Navarro-Fernández1, R. Kjøller2, M. Tibbett3,  

C. Azcón-Aguilar4, M.T. Domínguez5 & T. Marañón1 

1 Instituto de Recursos Naturales y Agrobiología de Sevilla - CSIC, Seville, Spain;  2 Copenhagen University, Copenhagen, Denmark;  

     3 University of Reading, Reading, UK; 4 Estación Experimental del Zaidín- CSIC, Granada, Spain;  5 Universidad de Sevilla, Seville, Spain 

  

 

 

Introduction 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Soil contamination and ECM response traits  Influence of ECM effect traits on holm oak status 

Ectomycorrhizal fungi (ECM) communities are important components in terrestrial ecosystems, and their role in the recovery of the properties of degraded ecosystems is of 

general interest. 

The objective of this study is to understand how the environment determines the taxonomic and functional structure of the ECM communities and, in return, the effect of 

these communities on the holm oak status. ECM response traits are associated to their responses to environmental factors, while ECM effect traits are related to their 

influence on ecosystem function [1].  

We aim to understand the still unknown effect of trace elements (As, Cd, Cu, Pb, S and Zn) contamination on ECM traits, and how certain ECM traits may function as both 

response and effect traits. 

We conducted a study on response traits, with a community ecology approach, and a study on effect traits, with a structural equation modelling (SEM) approach. Both 

studies were based on ECM functional traits (emanating hyphae, rhizomoprhs and melanization), in order to increase awareness about the importance of ECM traits in 

ecological studies. 
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Methodology 

• Soil and Plant Analyses 

We selected two contaminated (C1 and C2) and two non-

contaminated (NC1 and NC2) areas along the restored Guadiamar 

Green Corridor, affected by a mine-spill on 1998 (Figure 1). 

We analysed trace elements (TE) in fine roots and leaves of planted 

holm oaks (Quercus ilex), and in soil underneath. We sampled root 

tips for ECM identification.  

• Molecular Identification  

56 ECM species were identified by fungal primer pair ITS1/ITS4 

• Plant Status 

Translocation Factor of TE was calculated as leaves to                       

root TE concentration ratio. 
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Figure 1. Study area and 

sludge accumulation levels 

• Functional Trait Characterisation 

Three ECM traits with different functions were measured 

(Figure 2). 

Emanating hyphae: resources acquisition  

Rhizomorphs: resources acquisition  

Melanization (blackness): protection against TE toxicity 

• Statistical Analyses 

The effects of soil contamination on ECM communities 

and traits were studied by RLQ and fourth corner analyses. 

The interactions among soil properties, ECM traits and 

host tree status were studied by SEM  

Figure 2. Studied morphological traits pictures and classification    

Conclusions: 

• Abundance of root tips with emanating hyphae was lower in trace elements 

contaminated soils suggesting a reduction of the absorbing area in these soils. 

• The unexpected lower TE transfer in contaminated areas, besides soil 

acidification, can be explained by the reduction of the absorbing area (lower 

presence of emanating hyphae) but further research is needed to understand if 

there is a TE bioaccumulation in fungal tissues. 

• ECM emanating hyphae is both a response and effect trait. 

Changes in soil properties and contamination by trace elements affect ECM community 

composition and ECM response traits. 

Emanating hyphae and rhizomorphs traits seemed to be mostly driven by soil trace elements 

but also by nutrient content. Both traits are affected by the spilled trace elements, especially 

by Cd and Zn (mobile and toxic elements), probably inducing a lower production of these 

structures in contaminated soils. Moreover, emanating hyphae and rhizomorphs traits 

correlated negatively with total C and nitrate (Figure 3a,b).  

Melanization positively correlated to calcium carbonate content while it was independent of 

contamination levels (Figure 3a).  

Figure 3. a) Fourth corner analysis applied to soil properties (TE and nutrients) and ECM functional traits (emanating 

hyphae, rhizomorphs and melanization); b) RLQ analysis including the ordination of three matrices: ECM species, soil 

properties and ECM functional traits. 

a) b) 

Model Fit 

  χ² = 0.491 

  df = 1 

  p = 0.483 

  RMSEA= 0.000 

  CFI= 1.000 

Figure 4. Structural Equation Model. Arrows represent 

causal paths from predictor to response variables. 

Black numbers represent standardised estimates. Red 

numbers represent squared multiple correlations. 

Asterisks represent significant effects. Translocation 

Factor calculated as leaf to root TE concentration 

ratio. 

We developed a SEM analysis to understand the effect of the toxic mine spill, measured as 

soil total TE concentration, on the holm oak status through the translocation factor (transfer 

of trace elements from roots to leaves). The conceptual model proposed that soil trace 

elements were predictors of the translocation factor response, and that soil pH and 

emanating hyphae trait were both responses to the soil contamination and predictors of the 

translocation factor (Figure 4). 

Toxic spill showed a direct negative effect on the TE translocation factor, meaning that in 

contaminated areas the TE transfer to holm oak leaves was lower.  

Conclusions: 

• ECM community composition was affected by soil trace elements contamination and 

by nutrient content. 

• Trace elements contamination determined the distribution of ECM traits related to 

resource acquisition functions (those that determine the exploration type: 

emanating hyphae and rhizomorphs). 

• Melanization degree trait, contrary to the suggested role for protection against 

heavy metals, did not correlate with the contamination levels. 

• Although ECM traits correlated with nutrient content in soil, the effect of trace 

elements was higher. 

HYPOTHESIS I: Trace element soil contamination affects  

ECM species composition and their functionality 

HYPOTHESIS II: ECM functional traits mediate in the effect  

of TE contamination on plant status  
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