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Supplementary Table 1. Spearman coefficients of correlation between environmental variables in the 12 beech stands. For abbreviations of 

environmental variables, see Table 2. Statistically significant coefficients of correlation are marked in bold with an asterisk (* for p ≤ 0.05 and ** 

for p ≤0.01) 

  

MAP MAT AT/PT Elevation LAI Circumf Age AWC pH Casoil Ksoil Mgsoil Mnsoil Fesoil Corg soil Ntot soil C/Nsoil Pinorg 

soil 

Porg soil Ptot soil BS 

MAP 1.00                                         

MAT -.69* 1.00                                       

AT/PT .83** -0.46 1.00                                     

Elevation 0.11 -.59* 0.06 1.00                                   

LAI 0.05 0.24 0.15 -0.08 1.00                                 

Circumf 0.50 -0.20 0.34 -0.34 0.15 1.00                               

Age 0.48 -0.29 0.42 -0.18 -0.21 .73** 1.00                             

AWC 0.27 0.06 .71** 0.13 0.40 0.01 0.21 1.00                           

pH -0.53 0.24 -0.51 0.22 -0.41 -0.22 0.16 -0.21 1.00                         

Casoil -0.57 0.34 -.58* -0.01 -0.51 -0.24 0.16 -0.31 .92** 1.00                       

Ksoil -0.17 0.25 -0.18 -0.22 -0.32 0.24 0.55 -0.08 .75** .81** 1.00                     

Mgsoil -0.43 0.31 -0.33 -0.04 -0.13 -0.37 -0.08 -0.02 .63* .61* 0.53 1.00                   

Mnsoil 0.16 0.11 0.30 -.61* 0.37 0.39 0.28 0.28 -0.40 -0.32 -0.02 0.23 1.00                 

Fesoil 0.42 -0.02 0.43 -0.08 .69* 0.15 -0.20 0.40 -.82** -.85** -.65* -0.51 0.26 1.00               

Corg soil -0.06 0.06 -0.27 0.24 -0.37 -0.36 -0.10 -0.30 0.36 0.43 0.21 -0.10 -.80** -0.17 1.00             

Ntot soil 0.01 -0.02 -0.21 0.18 -0.52 -0.41 -0.08 -0.34 0.33 0.41 0.20 -0.01 -.70* -0.20 .96** 1.00           

C/Nsoil -0.04 0.27 -0.09 0.17 0.16 -0.31 -0.33 0.06 -0.09 -0.05 -0.21 -0.38 -.60* 0.40 .73** .59* 1.00         

Pinorg soil -0.56 0.28 -0.38 0.10 0.35 -0.22 -0.52 -0.08 0.05 -0.13 -0.38 0.18 0.12 -0.03 -0.50 -0.55 -0.28 1.00       

Porg soil .73** -0.50 0.52 -0.03 -0.25 0.43 0.48 -0.08 -0.13 -0.23 0.06 -0.22 0.00 0.02 0.11 0.24 -0.21 -0.37 1.00     

Ptot soil -0.05 -0.20 -0.10 0.03 -0.30 0.03 -0.13 -0.42 0.05 -0.08 -0.21 -0.01 -0.02 -0.36 -0.27 -0.18 -0.52 0.54 0.41 1.00   

BS -0.56 0.21 -0.49 0.13 -.65* -0.31 0.08 -0.28 .91** .92** .68* 0.54 -0.40 -.95** 0.32 0.32 -0.17 0.04 -0.16 0.20 1.00 

DDNH3 0.12 0.43 0.18 -.94** -0.03 0.41 0.36 -0.01 -0.22 0.01 0.29 0.01 .60* 0.02 -0.20 -0.14 -0.18 -0.28 0.20 -0.02 -0.09 

WDNH4 .94** -.61* .77** 0.02 -0.01 0.49 0.37 0.17 -0.54 -0.52 -0.11 -0.40 0.15 0.35 -0.07 0.00 -0.05 -.59* .64* -0.05 -0.49 

WDNO3 .94** -.61* .77** 0.02 -0.01 0.49 0.37 0.17 -0.54 -0.52 -0.11 -0.40 0.15 0.35 -0.07 0.00 -0.05 -.59* .64* -0.05 -0.49 

TDredN 0.43 0.19 0.42 -.76** -0.01 0.48 0.42 0.04 -0.31 -0.11 0.26 -0.13 0.44 0.10 -0.06 0.00 -0.08 -0.48 0.45 -0.03 -0.18 

TDoxN 0.53 0.01 0.40 -.58* 0.22 0.41 -0.01 -0.04 -.81** -.68* -0.36 -0.45 0.46 .63* -0.24 -0.17 0.06 -0.22 0.33 0.01 -.73** 

TDN 0.49 0.14 0.39 -.72** 0.05 0.45 0.22 -0.03 -0.52 -0.31 0.07 -0.20 0.47 0.32 -0.10 -0.03 0.00 -0.46 0.36 -0.11 -0.42 

NLandolt 0.24 0.03 0.36 -0.35 0.27 .75** .60* 0.27 0.02 -0.06 0.39 0.15 .62* -0.08 -.66* -.68* -.63* 0.12 0.26 0.17 -0.05 

RLandolt -0.56 0.25 -0.49 0.11 -.62* -0.18 0.18 -0.20 .84** .79** .58* 0.45 -0.26 -.79** 0.15 0.14 -0.14 0.13 -0.28 0.12 .85** 

FLandolt .60* -0.26 .70* -0.41 0.35 0.56 0.47 0.42 -0.57 -0.55 -0.13 -0.10 .82** 0.37 -.68* -0.57 -0.55 -0.10 0.44 0.09 -0.55 

LLandolt -.58* 0.43 -0.37 0.13 -0.10 -0.45 -0.35 0.07 0.34 0.46 0.16 0.24 -0.27 -0.32 0.17 0.02 0.33 0.13 -.80** -0.33 0.47 

TLandolt -.90** .70* -.76** -0.20 0.05 -0.30 -0.38 -0.22 0.36 0.42 0.11 0.33 0.03 -0.26 -0.12 -0.23 0.07 0.55 -.84** -0.08 0.37 
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Supplementary Table 1. (continued) 

 

  DDNH3 WDNH4 WDNO3 TDredN TDoxN TDN NLandolt RLandolt FLandolt LLandolt TLandolt 

DDNH3 1.00                     

WDNH4 0.20 1.00                   

WDNO3 0.20 1.00** 1.00                 

TDredN .92** 0.52 0.52 1.00               

TDoxN .60* .62* .62* .69* 1.00             

TDN .82** .63* .63* .92** .88** 1.00           

NLandolt 0.44 0.24 0.24 0.43 0.16 0.31 1.00         

RLandolt -0.12 -0.55 -0.55 -0.30 -.68* -0.48 0.00 1.00       

FLandolt 0.52 0.54 0.54 0.56 0.55 0.54 .66* -0.54 1.00     

LLandolt -0.12 -0.43 -0.43 -0.23 -0.41 -0.25 -0.24 0.46 -0.57 1.00   

TLandolt 0.00 -.83** -.83** -0.34 -0.35 -0.34 -0.10 0.54 -0.49 .67* 1.00 
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Supplementary Table 2. Spearman coefficients of correlation between foliar variables (morphological traits, nutrient concentrations) in the 12 

beech stands. Statistically significant coefficients of correlation are marked in bold with an asterisk (* for p ≤ 0.05 and ** for p ≤0.01) 

  

SLA Leaf 

 length 

Leaf  

width 

Dry mass of  

100 leaves 

Leaf 

 area 

C N Ca Mg K P S 

SLA 1.00                     

Leaf length 0.46 1.00                     

Leaf width 0.45 .85** 1.00                   

Dry mass of 100 leaves -0.20 .62* .68* 1.00                 

Leaf area 0.42 .85** .99** .64* 1.00               

C -0.11 0.06 -0.13 -0.05 -0.07 1.00             

N .65* 0.22 0.08 -0.17 0.15 0.29 1.00           

Ca 0.11 0.52 .78** 0.46 .74** -0.36 -0.10 1.00         

Mg 0.43 0.47 .62* 0.30 .59* -0.27 -0.03 0.53 1.00       

K -.68* 0.02 0.20 0.57 0.13 0.01 -0.55 0.43 0.07 1.00     

P 0.11 0.32 0.17 0.08 0.20 0.40 0.06 -0.15 0.08 0.08 1.00   

S 0.35 0.02 -0.10 -0.20 -0.08 0.01 .64* -0.09 -0.15 -.60* -0.43 1.00 

Al -0.42 -0.24 -0.15 0.24 -0.17 0.15 -0.31 -0.38 -0.11 0.15 0.34 -0.18 

B .62* 0.34 0.46 0.17 0.50 0.09 0.55 0.32 0.23 0.07 0.24 -0.05 

Ba 0.34 0.22 0.08 0.06 0.07 -0.27 0.19 -0.26 0.19 -0.41 0.50 0.12 

Cu 0.38 -0.16 -0.38 -0.51 -0.33 0.29 .80** -0.43 -0.17 -.60* -0.01 0.55 

Fe -0.17 -0.19 -0.18 0.09 -0.17 0.13 -0.01 -0.52 -0.17 -0.23 0.28 0.06 

Mn 0.49 0.17 -0.12 -0.19 -0.06 0.20 0.45 -0.54 -0.10 -.59* .61* 0.12 

Ni 0.48 0.11 -0.09 -0.35 -0.03 0.11 .66* -0.40 -0.12 -.74** 0.48 0.37 

Zn 0.32 0.52 0.41 0.38 0.37 -0.12 0.06 0.38 .64* 0.27 0.16 -0.06 

Lignin -0.11 0.03 -0.06 -0.17 -0.02 0.25 -0.04 -0.28 -0.22 -0.34 -0.16 -0.09 

Phenol -0.15 -0.33 -0.36 -0.34 -0.31 0.17 0.02 -0.41 -.62* -0.10 0.46 -0.31 

13C -0.21 0.21 0.34 0.54 0.27 -0.05 -0.22 0.43 0.55 .72** 0.24 -0.34 

15N -0.08 0.26 0.38 0.37 0.38 0.13 0.50 0.34 0.01 0.11 -0.15 0.39 

C/N -.78** -0.35 -0.27 0.04 -0.34 -0.10 -.95** -0.07 -0.13 0.52 -0.01 -0.58 

Lig/N -0.53 -0.13 -0.04 0.03 -0.06 -0.02 -.83** 0.05 -0.18 0.33 -0.04 -.60* 

N/P 0.16 -0.25 -0.17 -0.21 -0.15 -0.24 0.20 0.08 -0.15 -0.27 -.92** 0.52 

N/K .71* 0.07 -0.14 -0.51 -0.07 0.19 .84** -0.34 -0.09 -.90** -0.04 .74** 
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Supplementary Table 2. (continued) 

  Al B Ba Cu Fe Mn Ni Zn Lignin Phenol 13C 15N C/N Lig/N N/P N/K 

Al 1.00                               

B -0.40 1.00                             

Ba 0.44 -0.08 1.00                           

Cu -0.27 0.14 0.19 1.00                         

Fe .89** -0.41 .62* 0.07 1.00                       

Mn 0.31 0.06 .77** 0.47 0.56 1.00                     

Ni 0.14 0.18 .75** .63* 0.46 .90** 1.00                   

Zn -0.32 0.41 0.06 -0.15 -0.50 -0.12 -0.20 1.00                 

Lignin -0.22 -0.21 -0.23 0.15 0.02 0.01 0.00 -0.48 1.00               

Phenol 0.31 -0.03 0.24 0.16 0.40 0.51 0.46 -.66* 0.15 1.00             

13C 0.15 0.29 -0.02 -0.36 -0.19 -0.32 -0.37 .73** -.68* -0.44 1.00           

15N -0.15 0.37 -0.09 0.29 -0.03 -0.22 0.05 -0.05 0.06 -0.17 0.10 1.00         

C/N 0.34 -.62* -0.24 -.67* 0.05 -0.45 -.62* -0.13 0.08 0.03 0.17 -0.45 1.00       

Lig/N 0.15 -0.53 -0.34 -.64* 0.01 -0.36 -0.52 -0.39 0.49 0.20 -0.21 -0.39 .81** 1.00     

N/P -0.48 -0.03 -0.52 0.18 -0.35 -0.41 -0.14 -0.15 0.20 -0.36 -0.39 0.09 -0.24 -0.10 1.00   

N/K -0.33 0.20 0.27 .80** 0.04 0.53 .72** -0.10 0.20 0.02 -0.55 0.17 -.76** -.62* 0.29 1.00 
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Supplementary Table 3. Spearman coefficients of correlation between foliar variables and environmental variables in the 12 beech stands. For 

abbreviations of environmental variables, see Table 2. Statistically significant coefficients of correlation are marked in bold with an asterisk (* for p 

≤ 0.05 and ** for p ≤0.01) 

  

SLA Leaf 

 length 

Leaf 

 width 

Dry mass of  

100 leaves 

Leaf  

area 

C N Ca Mg K P S 

MAP 0.34 -0.22 -0.42 -.70* -0.38 0.08 .59* -0.34 -0.27 -.66* -0.22 0.53 

MAT 0.01 0.28 0.28 0.55 0.27 0.02 -0.29 0.08 0.38 0.16 -0.10 -0.08 

AT/PT 0.34 -0.27 -0.56 -.59* -0.52 -0.12 0.52 -0.51 -0.47 -.69* -0.27 0.57 

Elevation -.70* -.59* -0.47 -0.25 -0.53 -0.24 -0.42 -0.13 -0.44 0.32 -0.05 -0.17 

LAI 0.05 0.19 -0.01 0.23 -0.04 0.00 0.13 -0.47 0.06 -0.35 0.15 0.26 

Circumf 0.46 0.40 0.09 -0.08 0.10 0.17 0.37 -0.06 0.29 -0.23 0.08 0.08 

Age 0.48 0.08 0.01 -0.21 0.02 -0.29 0.29 0.17 0.24 -0.14 -0.34 0.12 

AWC 0.08 -0.30 -0.50 -0.16 -0.51 -0.36 0.17 -0.49 -0.42 -0.37 -0.34 0.50 

pH -0.43 -0.01 0.27 0.45 0.20 -0.52 -.63* .63* 0.29 .76** -0.41 -0.47 

Casoil -0.28 0.09 0.41 0.48 0.37 -0.38 -0.55 .69* 0.28 .66* -0.44 -0.41 

Ksoil -0.03 0.26 0.38 0.45 0.35 -0.31 -0.17 .59* 0.28 0.43 -.62* -0.08 

Mgsoil -0.06 0.38 .61* .64* 0.56 -.60* -0.14 .76** 0.31 0.34 -0.37 0.11 

Mnsoil .81** .69* 0.49 0.21 0.52 -0.13 .66* 0.18 0.32 -0.49 0.18 0.51 

Fesoil 0.18 -0.19 -0.40 -0.31 -0.38 0.38 0.49 -.71** -0.14 -.62* 0.16 0.57 

Corg soil -0.45 -.65* -0.31 -0.27 -0.32 0.07 -0.39 -0.06 -0.07 0.20 -0.50 -0.21 

Ntot soil -0.34 -.62* -0.25 -0.31 -0.24 0.04 -0.21 0.06 -0.05 0.15 -0.52 -0.11 

C/Nsoil -0.41 -.66* -0.55 -0.34 -0.57 0.25 -0.34 -0.50 -0.16 -0.10 -0.32 0.07 

Pinorg soil -0.16 0.33 0.22 0.42 0.18 -0.13 -0.36 0.03 0.21 0.28 .68* -0.43 

Porg soil 0.31 -0.16 -0.22 -0.50 -0.18 -0.06 0.43 -0.08 0.06 -0.35 -0.16 0.07 

Ptot soil 0.07 0.23 0.13 -0.04 0.15 -0.03 -0.09 0.15 0.10 0.14 0.57 -0.55 

BS -0.36 0.03 0.27 0.37 0.23 -0.40 -.63* .61* 0.09 .704* -0.29 -0.56 

DDNH3 .78** 0.50 0.35 0.03 0.42 0.10 0.42 0.11 0.34 -0.49 -0.13 0.26 

WDNH4 0.28 -0.09 -0.33 -.59* -0.28 0.25 .58* -0.28 -0.38 -.61* -0.23 0.55 

WDNO3 0.28 -0.09 -0.33 -.59* -0.28 0.25 .58* -0.28 -0.38 -.61* -0.23 0.55 

TDredN .69* 0.31 0.12 -0.21 0.20 0.13 0.46 -0.05 0.13 -.63* -0.29 0.35 

TDoxN 0.56 0.26 -0.04 -0.32 0.04 .58* .68* -0.34 0.00 -.72** 0.17 0.52 

TDN .62* 0.36 0.13 -0.20 0.20 0.38 .59* -0.10 0.06 -.66* -0.19 0.53 

NLandolt 0.46 .63* 0.30 0.27 0.30 -0.28 0.23 0.15 0.29 -0.17 -0.01 0.11 

RLandolt -0.28 0.04 0.20 0.30 0.15 -0.36 -0.57 .63* 0.26 .73** -0.18 -0.43 

FLandolt .79** 0.38 0.10 -0.17 0.16 -0.10 .77** -0.16 0.03 -.70* 0.10 0.49 

LLandolt -0.41 0.00 0.05 0.26 0.01 -0.11 -.69* 0.13 -0.21 0.30 -0.19 -0.14 

TLandolt -0.18 0.37 0.45 .61* 0.40 -0.02 -0.54 0.34 0.37 0.49 0.27 -0.34 
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Supplementary Table 3. (continued) 

 

  

Al B Ba Cu Fe Mn Ni Zn Lignin Phenol 13C 15N C/N Lig/N N/P N/K 

MAP -.58* 0.07 -0.02 .83** -0.25 0.19 0.45 -0.20 0.36 0.09 -0.57 0.20 -0.45 -0.37 0.36 .78** 

MAT 0.45 -0.28 0.06 -0.43 0.33 0.01 -0.30 0.23 -0.13 -0.41 0.27 -0.29 0.15 0.15 0.07 -0.31 

AT/PT -0.39 -0.05 0.19 .72** -0.06 0.39 0.53 -0.20 0.19 0.20 -.63* -0.04 -0.43 -0.41 0.43 .73** 

Elevation 0.15 -0.31 -0.05 -0.13 0.03 -0.33 -0.20 -0.34 -0.08 0.32 0.03 0.08 0.56 0.29 -0.20 -0.36 

LAI 0.45 -0.23 .67* 0.19 .66* 0.45 0.56 0.06 0.21 -0.16 -0.05 0.15 -0.08 -0.22 -0.25 0.26 

Circumf -.67* 0.36 -0.05 0.41 -0.55 0.10 -0.02 .60* 0.25 -0.40 0.06 0.05 -0.34 -0.33 0.04 0.41 

Age -.84** 0.50 -0.27 0.26 -.78** -0.22 -0.16 0.54 -0.01 -0.41 0.07 -0.02 -0.35 -0.37 0.47 0.29 

AWC 0.06 -0.18 0.33 0.24 0.19 0.27 0.29 -0.02 -0.21 0.01 -0.27 -0.17 -0.15 -0.38 0.36 0.32 

pH -0.12 -0.03 -0.43 -.65* -0.39 -.76** -.84** 0.24 -0.21 -0.33 0.50 -0.01 0.47 0.39 0.19 -.80** 

Casoil -0.17 0.10 -.58* -.72** -0.44 -.78** -.85** 0.19 -0.09 -0.36 0.38 0.00 0.36 0.43 0.31 -.71** 

Ksoil -0.55 0.22 -.60* -0.32 -.65* -.70* -.73* 0.39 0.06 -.60* 0.27 0.20 0.01 0.10 0.57 -0.34 

Mgsoil -0.01 0.02 0.04 -0.42 -0.05 -0.38 -0.32 0.13 -0.30 -0.32 0.27 0.39 -0.06 0.00 0.21 -0.35 

Mnsoil -0.24 0.43 0.53 0.29 -0.02 0.51 0.56 0.46 -0.23 -0.24 -0.02 0.19 -.76** -.67* 0.01 .60* 

Fesoil 0.35 -0.18 0.47 .62* 0.56 0.56 .65** -0.13 0.05 0.01 -0.24 0.08 -0.31 -0.49 -0.10 .65* 

Corg soil 0.10 -0.27 -.64* -0.17 -0.01 -.59* -0.57 -0.46 0.31 -0.04 -0.10 -0.07 0.43 0.47 0.40 -0.31 

Ntot soil 0.03 -0.16 -.62* -0.03 -0.03 -0.54 -0.46 -0.50 0.22 0.02 -0.13 0.05 0.23 0.32 0.45 -0.20 

C/Nsoil 0.43 -.59* -0.27 -0.06 0.35 -0.22 -0.26 -0.38 0.20 -0.12 -0.16 -0.30 0.48 0.32 0.22 -0.08 

Pinorg soil .58* -0.23 .69* -0.34 0.48 0.42 0.18 0.18 -0.33 0.24 0.38 -0.22 0.29 0.15 -.82** -0.41 

Porg soil -0.55 0.16 -0.06 .72** -0.27 0.14 0.19 -0.15 0.36 0.17 -0.34 0.15 -0.42 -0.23 0.26 0.44 

Ptot soil -0.04 0.03 0.28 0.06 0.01 0.37 0.16 -0.06 0.05 0.55 0.01 -0.17 0.01 0.21 -0.54 -0.17 

BS -0.15 0.00 -0.51 -.71** -0.42 -.64* -.79** 0.08 -0.11 -0.07 0.29 -0.16 0.46 0.55 0.18 -.78** 

DDNH3 -0.38 0.24 -0.03 0.20 -0.19 0.28 0.19 0.25 0.22 -0.30 -0.27 -0.17 -0.56 -0.22 0.40 0.48 

WDNH4 -.61* 0.02 -0.16 .72** -0.28 0.14 0.35 -0.26 0.50 0.09 -.64* 0.26 -0.43 -0.24 0.39 .75** 

WDNO3 -.61* 0.02 -0.16 .72** -0.28 0.14 0.35 -0.26 0.50 0.09 -.64* 0.26 -0.43 -0.24 0.39 .75** 

TDredN -0.52 0.11 -0.13 0.41 -0.23 0.24 0.20 0.01 0.48 -0.20 -0.53 -0.10 -0.54 -0.15 0.55 .62* 

TDoxN -0.15 0.01 0.16 .70* 0.16 0.56 0.53 -0.09 0.35 0.00 -0.46 0.09 -.59* -0.36 0.07 .81** 

TDN -0.41 0.06 -0.10 0.52 -0.10 0.28 0.30 -0.05 0.49 -0.21 -0.53 0.10 -.59* -0.22 0.43 .73** 

NLandolt -0.55 0.21 0.25 0.17 -0.39 0.19 0.14 .60* 0.10 -0.36 0.04 0.04 -0.33 -0.27 0.06 0.23 

RLandolt -0.15 0.01 -0.42 -.65* -0.52 -.62* -.75** 0.43 -0.50 -0.29 .59* -0.28 0.44 0.29 0.06 -.73** 

FLandolt -0.42 0.41 0.48 .64* -0.06 .63* .75** 0.19 0.08 0.04 -0.36 0.16 -.81** -.66* 0.13 .80** 

LLandolt 0.27 -0.46 -0.26 -.81** 0.02 -0.39 -0.52 -0.07 -0.04 -0.14 0.00 -0.39 .66* .63* 0.07 -0.52 

TLandolt 0.46 -0.12 0.07 -.80** 0.13 -0.16 -0.37 0.42 -0.42 -0.32 .58* -0.30 0.44 0.29 -0.38 -.61* 



8 

 

Supplementary Figure 1. Relationships between (A) MAP and MAT, and (B) MAP and AT/PT in 

the 12 beech stands. MAP: mean annual precipitation; MAT: mean annual temperature; AT/PT: 

drought index: mean ratio between actual and potential transpiration June to August (1981–2010)  
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Supplementary Figure 2. (A) Mean long-term annual precipitation and (B) mean long-term 

temperature in March–August derived from MeteoSwiss grid-data products RnormY8110 and 

TnormM8110 (horizontal black lines), and the deviation from the long-term mean for 2016 (light-

coloured bars, left) and 2017 (dark-coloured bars, right). Sites are sorted according to MAP (1981–

2010) modelled by Remund et al. (2014; see also Table 1) 

 

(A) 

(B) 


