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Table S1: Detailed climatic features of the study sites. Data averaged over the period 1981–2010. The data

presented for each site come from the closest weather stations.

Variable Period BAR CHE KRA SAE SAW TOM

WMO index of the station 29838 29539 29915 29745 29736 29430

Distance site–station (km) 4 28 76 18 64 38

Air Temperature (
◦
C) MAT 2.7 1.3 2.9 2.3 1.2 0.9

DJF -14.1 -15.2 -15.1 -15.4 -17.6 -15.6

MAM 3.4 2.0 3.4 3.4 2.8 1.6

JJA 18.3 17.0 19.7 17.4 16.9 16.7

SON 2.8 1.2 3.2 3.0 2.2 0.8

Precipitation (mm) MAP 431.5 509.8 324.5 432.3 453.0 566.5

DJF 69.8 84.5 53.2 54.3 66.1 104.7

MAM 85.1 91.3 58.2 78.9 75.1 98.2

JJA 166.6 184.8 135.3 182.2 168.8 202.9

SON 107.7 146.4 76.1 106.1 115.9 157.2

Snow Height (cm) climax* 48.8 42.5 18.8 38.0 54.3 70.6

Snow Cover Duration 1 cm (days) year 157.2 167.6 141.9 144.5 149.5 178.1

Snow Cover Duration 20 cm (days) year 108.3 118.3 25.2 88.3 116.4 145.5

Soil Temperature at 20 cm (
◦
C) DJF -1.5 -6.0 -0.4

MAM 4.3 4.0 2.4

JJA 18.9 20.3 16.4

SON 6.5 7.3 5.8

Nb of days with soil frozen at 20 cm year 86.8 130.1 44.5

Average depth of soil frozen (m) DJF 20–40 40–80 0–20

WMO: World Meteorological Organization; MAT: mean annual temperature; MAP: mean annual precipitations;

D, J, F, M, A, M, J, J, A, S, O and N are the months of the year

*climax: maximum snow cover depth, mean snow depth between mid-February and mid-March
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Table S5: Parameters m and n from the model of r (t )/R (Eq. 4). “Litter” means all the dead plant material

deposited on the soil surface (senescing leaf litterfall, small branches and senescing understorey vegetation

in forests; senescing herbaceous vegetation in grasslands) i.e. mainly OL and OF horizons, and possibly

OH (at BAR, CHE, KRA and SAE) at the date of sampling.

Depth Forest Grassland

(cm) BAR CHE KRA SAE SAW TOM BAR CHE KRA SAE TOM

m Litter 0.924 0.962 0.955 0.953 0.975 0.978 0.984 0.958 0.949 0.969 1.005

−5 0.726 1.024 0.793 0.901 0.953 0.878 0.635 0.646 0.861 0.428 0.745

−15 0.651 0.707 0.556 0.855 0.926 0.634 0.241 0.480 0.401 0.398 0.510

−30 0.526 0.472 0.420 0.235 0.522 0.342 0.161 0.454 0.319 0.087 0.198

−60 0.212 0.087 0.113 0.128 0.153 0.094 0.072 0.072 0.287 0.223 0.036

−100 0.114 0.038 0.077 0.295 0.085 0.028 0.086 0.056 0.101 0.371 0.034

n Litter 0.023 0.028 0.019 0.027 0.024 0.010 0.015 0.000 0.026 0.033 0.003

−5 0.181 0.212 0.163 0.155 0.173 0.385 0.183 0.225 0.157 0.226 0.284

−15 0.214 0.291 0.267 0.213 0.329 0.326 0.230 0.254 0.316 0.313 0.372

−30 0.217 0.313 0.386 0.318 0.370 0.408 0.270 0.288 0.277 0.282 0.427

−60 0.288 0.334 0.262 0.397 0.384 0.392 0.289 0.349 0.299 0.201 0.355

−100 0.337 0.304 0.331 0.290 0.371 0.240 0.280 0.313 0.351 0.307 0.294
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Table S6: Spearman’s rank correlation coe�cient matrix between P variables and selected soil properties

as well as �ne root (diameter < 0.8mm) densities, computed separately for each investigated soil depth.

Bold coe�cients are signi�cant at p < 0.05. Depth is in cm. Qw: phosphate ions in solution;m and n are

the �tting parameters of Eq. 4; Pr : di�usive phosphate ions; E: isotopically exchangeable phosphate ions;

FRLD: �ne root length density; FRMD: �ne root mass density.

Depth Variable Ptot Porg Pinorg Qw m n Pr (1 day) E (1 day)

-5 pH 0.100 0.191 -0.109 0.382 -0.300 -0.700 0.182 0.182

Clay fraction 0.282 0.500 -0.209 0.300 -0.227 -0.600 0.209 0.245

Organic C 0.300 0.682 -0.200 0.791 0.500 -0.773 0.655 0.673
CaCO

3
na na na na na na na na

Al oxides 0.355 0.336 -0.091 -0.191 0.000 0.336 -0.191 -0.164

Fe oxides 0.036 0.045 -0.073 -0.209 0.373 0.509 -0.109 -0.109

Al + Fe oxides 0.064 0.173 -0.191 -0.364 0.118 0.555 -0.309 -0.291

Ptot — 0.345 0.627 0.527 0.055 -0.409 0.464 0.527

Porg 0.345 — -0.364 0.318 0.227 -0.345 0.100 0.173

Pinorg 0.627 -0.364 — 0.191 -0.055 0.009 0.364 0.336

Qw 0.527 0.318 0.191 — 0.609 -0.864 0.882 0.909
m 0.055 0.227 -0.055 0.609 — -0.318 0.709 0.709
n -0.409 -0.345 0.009 -0.864 -0.318 — -0.673 -0.736
Pr (1 day) 0.464 0.100 0.364 0.882 0.709 -0.673 — 0.982
E (1 day) 0.527 0.173 0.336 0.909 0.709 -0.736 0.982 —

FRLD -0.055 0.345 -0.364 -0.145 -0.518 0.018 -0.445 -0.418

FRMD 0.236 0.482 -0.209 0.118 -0.464 -0.364 -0.055 -0.027

-15 pH 0.205 0.318 -0.045 -0.473 -0.755 -0.318 -0.227 -0.282

Clay fraction 0.296 0.609 -0.291 -0.055 -0.373 -0.491 0.009 0.018

Organic C 0.542 0.773 -0.100 0.109 -0.218 -0.536 0.045 0.064

CaCO
3

na na na na na na na na

Al oxides 0.333 0.527 0.036 0.136 0.282 0.155 0.209 0.282

Fe oxides -0.091 0.027 0.027 0.091 0.455 0.500 0.173 0.227

Al + Fe oxides 0.150 0.336 0.009 0.155 0.409 0.245 0.145 0.227

Ptot — 0.456 0.688 0.337 0.018 -0.579 0.296 0.333

Porg 0.456 — -0.091 -0.027 -0.164 -0.118 0.045 0.073

Pinorg 0.688 -0.091 — 0.209 0.027 -0.309 0.255 0.273

Qw 0.337 -0.027 0.209 — 0.855 -0.436 0.600 0.664
m 0.018 -0.164 0.027 0.855 — -0.009 0.545 0.609
n -0.579 -0.118 -0.309 -0.436 -0.009 — 0.064 0.000

Pr (1 day) 0.296 0.045 0.255 0.600 0.545 0.064 — 0.991
E (1 day) 0.333 0.073 0.273 0.664 0.609 0.000 0.991 —

FRLD -0.091 0.264 -0.336 -0.636 -0.764 -0.145 -0.691 -0.736
FRMD 0.351 0.282 0.064 0.364 -0.018 -0.464 0.400 0.391

-30 pH 0.237 0.273 0.032 0.228 -0.346 -0.793 0.533 0.551

Clay fraction -0.246 0.136 -0.464 -0.036 -0.300 -0.391 0.355 0.282

Organic C 0.400 0.843 0.009 0.474 0.328 -0.469 0.077 0.105

CaCO
3

0.176 0.324 -0.040 0.027 -0.351 -0.512 0.081 0.081

Al oxides -0.410 -0.564 -0.209 -0.400 -0.355 0.318 -0.200 -0.291

Fe oxides -0.305 -0.536 0.018 -0.445 -0.127 0.600 -0.464 -0.536

Al + Fe oxides -0.465 -0.636 -0.209 -0.491 -0.245 0.500 -0.400 -0.491

Ptot — 0.656 0.870 0.825 0.565 -0.661 0.205 0.328

Porg 0.656 — 0.282 0.691 0.573 -0.336 0.009 0.100

Pinorg 0.870 0.282 — 0.573 0.391 -0.500 0.236 0.318

Qw 0.825 0.691 0.573 — 0.745 -0.545 0.445 0.555

m 0.565 0.573 0.391 0.745 — -0.036 0.018 0.109

n -0.661 -0.336 -0.500 -0.545 -0.036 — -0.473 -0.536

Pr (1 day) 0.205 0.009 0.236 0.445 0.018 -0.473 — 0.982
E (1 day) 0.328 0.100 0.318 0.555 0.109 -0.536 0.982 —

FRLD 0.387 0.518 0.073 0.336 -0.173 -0.773 0.236 0.291

FRMD 0.155 0.336 -0.118 0.427 0.018 -0.655 0.636 0.618
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Table S6: Continued.

Depth Variable Ptot Porg Pinorg Qw m n Pr (1 day) E (1 day)

-60 pH -0.045 0.073 -0.200 0.436 0.400 -0.636 -0.491 -0.491

Clay fraction -0.145 -0.055 -0.082 0.045 -0.555 0.055 0.782 0.782
Organic C 0.027 0.509 -0.073 0.273 0.209 -0.264 0.182 0.182

CaCO
3

-0.312 0.069 -0.461 0.144 0.327 -0.471 -0.649 -0.649
Al oxides -0.264 -0.300 -0.127 -0.491 -0.191 0.718 0.100 0.100

Fe oxides -0.164 -0.127 -0.027 -0.482 -0.073 0.664 -0.018 -0.018

Al + Fe oxides -0.264 -0.245 -0.109 -0.564 -0.227 0.718 0.027 0.027

Ptot — 0.382 0.973 0.555 0.036 -0.427 0.291 0.291

Porg 0.382 — 0.282 0.518 0.564 -0.327 -0.091 -0.091

Pinorg 0.973 0.282 — 0.455 -0.109 -0.355 0.373 0.373

Qw 0.555 0.518 0.455 — 0.509 -0.809 0.173 0.173

m 0.036 0.564 -0.109 0.509 — -0.291 -0.509 -0.509

n -0.427 -0.327 -0.355 -0.809 -0.291 — 0.100 0.100

Pr (1 day) 0.291 -0.091 0.373 0.173 -0.509 0.100 — 1.000
E (1 day) 0.291 -0.091 0.373 0.173 -0.509 0.100 1.000 —

FRLD 0.318 0.100 0.164 0.327 0.191 -0.373 -0.145 -0.145

FRMD 0.336 0.282 0.200 0.382 0.318 -0.273 -0.100 -0.100

-100 pH -0.615 -0.518 -0.591 -0.364 0.400 -0.109 -0.391 -0.391

Clay fraction 0.308 0.515 0.251 0.451 -0.847 -0.105 0.852 0.852
Organic C -0.228 0.378 -0.237 0.679 -0.287 0.164 0.342 0.342

CaCO
3

-0.673 -0.359 -0.676 -0.284 0.387 -0.019 -0.387 -0.387

Al oxides 0.041 0.073 0.009 0.018 -0.309 -0.164 0.427 0.427

Fe oxides 0.164 -0.118 0.127 -0.127 -0.073 -0.055 0.291 0.291

Al + Fe oxides 0.118 -0.009 0.073 0.000 -0.255 -0.145 0.436 0.436

Ptot — 0.260 0.989 0.132 -0.191 0.246 0.241 0.241

Porg 0.260 — 0.209 0.409 -0.709 0.227 0.500 0.500

Pinorg 0.989 0.209 — 0.091 -0.145 0.245 0.173 0.173

Qw 0.132 0.409 0.091 — -0.227 0.555 0.736 0.736
m -0.191 -0.709 -0.145 -0.227 — 0.300 -0.655 -0.655
n 0.246 0.227 0.245 0.555 0.300 — 0.291 0.291

Pr (1 day) 0.241 0.500 0.173 0.736 -0.655 0.291 — 1.000
E (1 day) 0.241 0.500 0.173 0.736 -0.655 0.291 1.000 —

FRLD -0.114 -0.009 -0.055 0.173 0.191 0.273 -0.209 -0.209

FRMD -0.210 0.073 -0.136 0.100 0.209 0.264 -0.318 -0.318

10



BAR CHE KRA SAE SAW TOM

0.1

10.0

0.1

10.0

F
o

re
s

t
G

ra
s

s
la

n
d

10 100 10 100 10 100 10 100 10 100 10 100

Isotopic dilution time (min)

P
h
o
s
p
h
a
te

 i
o
n
s
 i
n
 s

o
il 

s
o
lu

ti
o
n
 (

µ
g
/L

)

Depth (cm)

Litter

−5

−15

−30

−60

−100

Figure S1: Measurements of the concentration of phosphate ions in soil solution during the isotopic

dilution. “Litter” means all the dead plant material deposited on the soil surface (senescing leaf litterfall,

small branches and senescing understorey vegetation in forests; senescing herbaceous vegetation in

grasslands) i.e. mainly OL and OF horizons, and possibly OH (at BAR, CHE, KRA and SAE) at the date of

sampling.
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Figure S2: Fit of the model of r (t )/R (Eq. 4). “Litter” means all the dead plant material deposited on the soil

surface (senescing leaf litterfall, small branches and senescing understorey vegetation in forests; senescing

herbaceous vegetation in grasslands) i.e. mainly OL and OF horizons, and possibly OH (at BAR, CHE, KRA

and SAE) at the date of sampling.
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Figure S4: Comparison of selected soil properties in topsoils (about 0 to −20 cm) of SW Siberia (coloured

dots) and di�erent vegetation types (FOR: forests; GRA: grasslands—box- and violin-plots) at the global

scale and in Northern Eurasia (N. Eurasia), along broad gradients of soil and geology contexts. Parameters

with less than 5 values available in our compilation dataset are not displayed. The “n” provided indicates

the number of individual points used to build the box- and the violin-plots.
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