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Abstract  26 

 27 

Manipulating stand composition is an important management tool that foresters can use to 28 

affect the nature of forests and ecosystem processes. In mixed stands, interspecific 29 

interactions among trees can cause changes in tree performance. Nevertheless, these 30 

interactions are context dependent (cf. Stress Gradient Hypothesis, SGH). We thus 31 

investigated how intraspecific functional changes in leaf trait (19 traits) of European beech 32 

(Fagus sylvatica) were influenced by stand composition. We compared pure beech stands 33 

with four mixed stands containing from one to three additional tree species along a gradient 34 

of edaphic stress. First, we demonstrated that stand composition induced strong intraspecific 35 

leaf trait variation in beech for LDMC, LMA, phenolic compounds, leaf pH and magnesium 36 

concentration, suggesting higher nutrient acquisition by more diverse stands. Nevertheless, 37 

these results were modulated by edaphic stress. Mixed stands only conferred an advantage 38 

in relatively-stressed sites (luvisol and leptosol). Besides, the addition of oak to beech stands 39 

had unexpected negative effects in sites with less severe stress (cambisol) as indicated by 40 

the null or positive LogRR of LMA, LDMC and phenolics. This study found that stand 41 

composition is an important though often-overlooked driver of intraspecific variability in leaf 42 

quality, and potentially reflects changes in beech tree physiology and productivity. Our 43 

results also suggest that positive interactions prevail in sites with stressful conditions. Such 44 

validation of the SGH is rare in natural or managed mature forests. Lastly, we strongly 45 

recommend that forest managers consider stand composition and abiotic factors when 46 

implementing forest growth models to improve their yield predictions. 47 

48 
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Introduction  49 

 50 

Mixed forest stands are considered more robust than forest monocultures and thus have 51 

strategic value when implementing sustainable forest management (Vila et al. 2007; Knoke 52 

and Seifert 2008; Sardin et al. 2008). They are recognized as more resistant against wind, 53 

snow and insect attacks than forest monocultures, thus they decrease financial risks for 54 

foresters (Jactel and Brockerhoff 2007; Merlin et al. 2015). Additionally, forest productivity in 55 

mixed stands might be high compared to pure stands (Kelty and Larson 1992; Pretzsch et al. 56 

2010; Vallet and Perot 2011).  57 

The two main mechanisms potentially inducing higher productivity in mixed compared to pure 58 

forest stands are niche partitioning and positive interactions, i.e. complementarity and 59 

facilitation respectively (Loreau and Hector 2001). Niche partitioning (or niche 60 

complementarity) involves more effective and less competitive use of forest resources 61 

among species with distinct functional traits, such as water uptake at different periods of the 62 

year or from different depths in the soil profile. Facilitation occurs when a species increases 63 

resource availability or decreases harsh environmental conditions for another species 64 

(Bertness and Callaway 1994) resulting in higher resource use efficiency for the benefactor 65 

species. A common facilitation effect in forest stands is a higher rate of litter decomposition, 66 

and thus faster nutrient cycling induced when broadleaf species are mixed with coniferous 67 

trees compared with a monoculture (Prescott et al. 2000). These two mechanisms are not 68 

mutually exclusive and competitive interactions among species are also dependant on the 69 

environmental conditions (Cescatti and Piutti 1998). 70 

Nevertheless, the positive effects of mixed forest stands on forest productivity (i.e. above-71 

ground biomass production) and timber quality are far from being universal (Pretzsch 2005; 72 

Pretzsch and Schütze 2009; Richards et al. 2010). For example, Paquette and Messier 73 

(2011) demonstrated that tree biodiversity was less important for productivity in temperate 74 

forests growing in a stable and productive environment (high competitive exclusion), than in 75 

boreal forests where the environment is more stressful. More recently, Toigo et al. (2015), 76 



 4 

reported that along site productivity gradients tree mixtures had a more positive effect on 77 

sites with low productivity than on sites with high productivity. Such results are consistent 78 

with the stress-gradient hypothesis (SGH). According to this theory, facilitation dominates 79 

under high-stress whereas competition prevails in the absence of resource limitation 80 

(Callaway and Walker 1997). 81 

Over this last decade, ecologists have invested tremendously in trait-based approaches that 82 

capture the essential attributes of species life-history strategies. This perspective argues that 83 

the assessment of traits�¶ dispersion among species (i.e. interspecific trait variability within a 84 

plant community) allows the mechanisms behind species coexistence to be elucidated (Mc 85 

Gill et al. 2006; Adler et al. 2013) and their effects on ecosystem functioning to be forecast 86 

(Lavorel 2013). In this context, the role of the intraspecific variability of plant traits has largely 87 

been neglected (Albert et al. 2011; Jackson et al. 2013). In forest ecosystems, tree functional 88 

traits are variable and this variability is driven both by genetic and ecological factors (e.g. 89 

Bresson et al. 2011; Robson et al. 2012). This variation might be as important as inter-90 

specific variation (Pluess and Weber 2012). Furthermore, some studies have demonstrated 91 

that intraspecific trait variation might also have significant effects on ecosystem functioning 92 

such as nutrient (nitrogen and carbon) cycles through changes in leaf decomposition (Lecerf 93 

and Chauvet 2008; Grigulis et al. 2013). In forest ecosystems subject to intense land use and 94 

to strong competition between trees, the functional-trait attributes of a given timber tree 95 

species are likely to be influenced by management decisions such as tree density, stand 96 

composition, soil fertility and the combination of these factors. The intraspecific variations 97 

induced by these biotic interactions might in turn affect tree productivity and ecosystem 98 

processes e.g. nutrient cycles (Trap et al. 2013a). Some interspecific variations in simple 99 

traits have been recognized to strongly impact forestry outcomes. For example, Leaf Mass 100 

Area (LMA), a morphological trait, is negatively correlated with the photosynthetic rate, and 101 

the potential relative growth rate is positively correlated with litter decomposition rate (Poorter 102 

et al. 2009). Leaf carbon allocation to fibres (i.e. hemicelluloses, cellulose and lignin) is a 103 

chemical functional trait also strongly linked to litter decomposition, since cellulose and lignin 104 
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have negative effects on litter decomposition rate and therefore nutrient turnover 105 

(Haettenschwiler et al. 2011; Freschet et al. 2012; Trap et al. 2013b). In this ecological, 106 

economic and scientific context, there is an important need to better understand both intra- 107 

and inter-specific variation in leaf traits, to further our understanding of ecosystem functioning 108 

in relation to local environmental characteristics. 109 

 110 

The aim of this study was thus to characterize the functional changes in leaf traits of 111 

European beech (Fagus sylvatica L.) induced by mixed stands, i.e. tree species biotic 112 

interactions. Beech is the most abundant broad-leaved tree species in Europe with high 113 

economic value for forestry. The total area of beech-dominated forests in Europe is 114 

estimated to cover ca 14�–15 Mha (excluding the Caucasian mountains). Beech occurs on a 115 

wide range of soils including acid podzols and calcareous rendzic leptosols, but they grow 116 

best on well-drained cambisols and luvisols and do not tolerate waterlogging or severe 117 

drought (Brunet et al. 2010). In our study, we compared pure beech stands with four mixed 118 

stands containing from one to three additional tree species. These stands were studied on 119 

three different types of soils (cambisol, luvisol and leptosol), representing a gradient of 120 

decreasing soil water holding capacity and rooting depth, in order to test the SGH. Nineteen 121 

beech leaf traits were studied, including LMA, LDMC, stomatal density and chemical traits 122 

(fibres, phenolic compounds, nutrients and pH). We hypothesised that (1) stand composition 123 

strongly impacts beech leaf traits; (2) the beneficial effects of mixed stands on Fagus 124 

sylvatica increase with stand diversity, and (3) this positive effect of mixed stands increases 125 

with the increasing severity of edaphic constraints (SGH). 126 

 127 

Materials and Methods  128 

Study sites and soil properties  129 

This study was performed in eight beech (Fagus sylvatica L.) forests (Appendix 1) all located 130 

in Upper-Normandy (north-western France). These forests were Bord-�/�R�X�Y�L�H�U�V�� �������������¶�1����131 

���������¶�(�������������P���D���V���O�������%�U�R�W�R�Q�Q�H���I�R�U�H�V�W���������������¶�1�������������¶�(�������������P���D���V���O���������(�D�Z�\���������������¶�1�������������¶�(����132 
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TABLES 639 

 640 

Table 1. Physico-chemical characteristics of the three soils types (mean and standard 641 

deviation in brackets, n=15). 642 

Required parameters are missing or incorrect.643 
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Table 2. Intraspecific variation in those beech leaf traits not significantly affected by 644 

stand composition (mean of leaf traits and standard deviation in brackets). F = pure 645 

beech stand, FQ = beech-oak stands, FC = beech-hornbeam stands, FCQ = beech-646 

hornbeam-oak stands, F+ = stands with beech and three or more others species. 647 

Stand composition effect and soil type effect were tested by mixed-model ANOVA. 648 

Stand composition x soil interactions were always non-significant and were not 649 

reported in this table. The significance level was p = 0.05 (with n=3, except for 650 

stomatal density n=9).  651 

Required parameters are missing or incorrect. 652 

653 


