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Table S1

Fitted parameters for the Freundlich and linear isotherm. Pyro750 = pyrochar; Hydro200, Hydro250 = hydrochar produced by
200, 250°C. Carbonized feedstocks are digestates (D), Miscanthus (M), woodchips (W). Level of significance are indicating
by *** <0.0001; ** <0.001; * <0.01, - <0.05.

Freundlich-Isotherm Linear-lsotherm

Feed-

Ll fon  Treatment stock Ko =+ Signf. Signf.  Residual N a SE Signf. l:;erl- SE Signf. Residual N
F Level Level  std. error Level (Yl;) Level std. error
Sandy NOs” Ctrl - 0.01 0.0 -0.1 0.7 1.6 0.06
loam Hydro200 D 0.0 0.0 F 17 04 ek 0.8 0.47
M 0.0 0.0 * -1.3 0.3 Hkox 0.6 0.23
w 0.0 0.0 -1.4 0.3 Hkx 0.8 0.07
Hydro250 D 0.0 0.0 -0.1 0.3 0.7 0.51
M 0.0 0.0 -1.1 0.4 ** 0.8 0.02
w 0.0 0.0 -0.6 0.5 1.3 0.06
Pyro750 D 09 + 04 * 1.8 + 04 Hrk 1.6 0.71
M .1+ 03 Hkx 1.5 + 0.1 Fxk 1.5 0.95
W 25 £ 03 HAE 1.8 + 0.1 HAE 14 0.94
NH," Ctrl - 1.6 + 04 bk 14 + 0.1 Hork 2.5 0.94
Hydro200 D 0.8 + 02 ok 1.1+ 0.1 Hrk 2.1 0.95
M 14 £ 03 ** 13 + 0.1  k** 1.8 0.96
w 1.6 = 03 Hkk 14 + 0.1 Hkk 22 0.95
Hydro250 D 12 = 03 Hkox 1.3 + 0.1 Hork 2.1 0.95
M 1.6 + 03 Hkk 14 + 0.1 Hrk 2.1 0.95
w 1.6 = 03 Fkx 14 + 0.1 Hkk 22 0.94
Pyro750 D 31 + 03 Hkk 1.5 + 0.1 Hkk 1.5 0.99
M 13 = 02 Fkok 1.3 + 0.1 ok 12 0.98
W 21 £ 0.2 Hkx 1.5 + 0.1 Hrk 1.1 0.99
PO Ctrl - 11.4 1.3 ok 2223 43 ok 6.0 0.82
Hydro200 D 10.4 0.9 HHx -33.4 3.8 Hkk 4.4 0.89
M 10.9 0.9 ok -26.4 3.4 Hkox 4.3 0.89
w 10.3 0.9 Hokk -25.6 35 Hkk 4.6 0.88
Hydro250 D 10.0 0.9 -31.7 3.7 ok 4.4 0.89
M 10.5 0.9 HHx -22.0 3.1 HAk 4.4 0.89
w 11.4 13 ok -22.0 4.1 Hkok 5.7 0.82
Pyro750 D -6.1 0.6 Hokk 59.1 9.4 Hkk 13.0 0.86
M 16.8 2.1 2225 52 ok 6.9 0.78
W 19.2 2.3 HAx -5.1 34 6.7 0.80
Ca®' Ctrl - 0.0 0.0 -111.7 3.8 Hkk 7.8 0.01
Hydro200 D 0.2 0.0 ok -122.5 7.1 Fkox 14.4 0.55
M 0.0 0.1 -119.3 146 *¥x 29.5 0.06
w 0.0 0.1 -120.1 107 ** 21.6 0.06
Hydro250 D 0.1 0.1 -108.2 9.8 HAk 20.1 0.03
M 0.1 0.0 * -131.6 7.7 Hkok 15.4 0.20
w 0.1 0.0 *x -140.1 58 Hkk 11.5 0.42
Pyro750 D 57 £ 23 * 13 £ 0.1  *= 38.1 0.91
M 0.3 0.1 ok -73.5 8.3 Fkok 17.8 0.67
W 0.1 0.1 -182.9 10.0  H¥x 18.7 0.15
Mg* Ctrl - 0.0 0.0 -11.4 0.5 Hkx 1.1 0.08
Hydro200 D -0.5 0.0 -17.5 0.9 ok 1.6 0.91
M -0.1 0.1 -11.6 1.6 Hkk 34 0.30
w -0.1 0.1 -11.7 1.2 Hkox 2.5 0.12



Hydro250 D -0.3 0.1 ok -19.3 1.6 Hkox 3.0 0.51
M 0.0 0.0 -12.7 0.9 Hkx 1.9 0.03
W 0.0 0.0 -13.7 0.5 ok 1.0 0.04
Pyro750 D -1.5 0.0 Hkx -20.8 1.0 Hkk 1.9 0.99
M -0.2 0.0 Hx -10.0 1.0 Hkox 2.0 0.41
W 0.0 0.1 -13.4 1.2 Hkx 2.4 0.05
K" Ctrl - 0.7 0.1 -14.7 2.4 ok 5.6 0.91
Hydro200 D 0.5 0.1 HHx -30.8 2.6 Hkk 5.7 0.81
M 0.5 0.1 ok -17.1 4.3 ok 9.9 0.67
w 0.6 0.1 Hokk -16.6 35 Hkk 8.0 0.77
Hydro250 D 0.4 0.1 Hx -33.7 35 ok 7.5 0.70
M 0.6 0.1 Hkx -22.4 24 HAE 53 0.89
w 0.6 0.1 ok -26.8 2.7 Hkok 59 0.86
Pyro750 D -1.0 0.2 Hokk -442.1 557 wxE 68.1 0.49
M -0.6 0.1 %% 1527 9.4  wEx 133 0.74
W 0.3 0.0 HAx -56.3 3.9 HAE 7.7 0.53
SO,* Ctrl - 0.1 0.0 * -15.8 0.7 Fkox 1.4 0.19
Hydro200 D 0.0 0.0 -15.5 0.6 Hkx 1.3 0.06
M 0.0 0.0 -15.1 0.6 ok 1.2 0.04
w 0.0 0.0 -15.4 0.5 Hkk 1.0 0.05
Hydro250 D 0.0 0.0 ok -13.8 0.2 ok 0.5 0.49
M 0.0 0.2 -14.8 0.8 Hkx 0.9 0.03
W 0.0 0.0 -14.7 0.6 ok 1.2 0.02
Pyro750 D -0.1 0.0 *E -19.8 0.5 Hkk 0.9 0.44
M 0.0 0.0 -16.1 0.7 Hkox 1.4 0.14
w 0.0 0.0 -35.8 1.5 Hkx 2.6 0.06
Freundlich-Isotherm Linear-Isotherm
Soil fon  Treatment }s:te:i Ky Signf. SE Signf.  Residual R a SE Signf. l:;:rl- + SE Signf.  Residual R
Level Level  std. error Level o) Level  std. error
Loamy NOjy Ctrl - -0.01 0.0 -1 £ 08 Hkx 1.8 0.06
sand Hydro200 D 0.073 0.0 ok -13.1 £ 08 ok 1.8 0.36
M 0.050 0.0 * -13.5 + 06 HAk 1.4 0.29
W 0.028 0.0 -13.1 + 08 Hkok 1.7 0.04
Hydro250 D 0.052 0.0 126 £ 1.1 Hkk 23 0.11
M 0.056 0.0 * -138 £ 09 ok 1.9 0.21
W 0.019 0.0 -12.5 + 07 HAk 1.5 0.00
Pyro750 D 0.133 0.0 ok -10.5 + 07 Fkok 1.6 0.72
M 0.256 0.0 ok -11.3 + 09 Hkk 2.0 0.85
W 0.308 0.0  **x* 79 £ 11 Hokk 2.4 0.84
NH,' Ctrl - 7.8 0.6 Hokx 1.6 0.1 Hokk 2.8 0.99
Hydro200 D 6.4 0.4 ok 1.5 0.0 Rk 22 0.99
M 8.5 1.0 Hokk 1.6 0.1 ok 4.6 0.97
W 84 L1 ** 16 0.1 kxx 4.5 0.96
Hydro250 D 8.2 0.8 Hkx 1.6 0.1 HHE 35 0.98
M 9.2 0.9 ok 1.6 0.1 ook 3.9 0.98
w 9.0 0.8 Hokk 1.6 0.1 ok 3.6 0.98
Pyro750 D 53 09 ** 13 0.1 kx* 5.5 0.96
M 5.0 0.3 Hkx 14 0.0 HE 1.6 1.00
W 6.7 0.3 Hokk 1.5 0.0  kkE 1.6 1.00
PO Ctrl - 16.6 2.5 ok -11.8 = 5.0 * 8.4 0.72
Hydro200 D 16.9 1.3 ok 205+ 3.1 Hok 4.4 0.91
M 16.7 2.7 Hkx -11.6 £ 55 8.7 0.69
W 15.8 2.7 ok -109 = 56 9.0 0.67



Hydro250 D 17.1 23 eex 201 & 53 % 76 0.76
M 16.5 24wk 15+ 48  * 8.1 0.73
w 16.9 25 w15 = 50 @ * 83 0.72
Pyro750 D 7.0 10 #5201 & 9]  wex 148 074
M 17.7 1.8 eex 203+ 4] wex 6.0 0.85
w 193 20 e 85 35 * 6.6 0.82
ca* Ctrl - 03 0.1  ** 2041 =+ 181  *** 335 033
Hydro200 D 03 0.0 k% 1087 &£ 83 153 082
M 0.2 0.0  **% 2107 + 125 ke 227 049
w 03 0.0 **% 1970 & 127 R 235 065
Hydro250 D -0.1 0.1 2241 £ 184wk 328 0.1
M 02 0.1 * 2272 £ 168 299 0.8
w 03 0.1  ** 2174 =+ 180  *** 323 035

Pyro750 D NA
M 0.2 00 *** 1824 £ 62k 1.6 073
w 0.2 0.0  ®*% 0406 £ 45 e 8.2 0.88
Mg Ctrl - 0.537 0.0  *% L1 & 12 ek 26 0.76
Hydro200 D -0.086 0.1 162+ 14 e 2.8 0.04
M 0.421 0.1 ¢ 127 & 12 ke 24 0.71
w 0.329 0.5 *%% 18 & 1.0  *ex 2.0 0.69
Hydro250 D 0.180 0.1  ** 160 o+ 1.1 *e* 21 038
M 0.489 0.0  *% 137 & 12 Rk 25 0.73
w 0.464 0.1  #*x 128 & 12 e 26 0.70
Pyro750 D -0.863 0.  **% 182 & 39  #kx 7.4 0.67
M 0.354 0.0 **% 113 &+ 08  *e* 17 0.78
w 0.276 01 * L1 x 18 e 37 0.29
K Ctrl - 1.300 0. **% 404 £ 43 Rk 8.9 091
Hydro200 D 1.022 0.1 %% 551 & 46 Rw 8.9 0.88
M 1.176 0.1 *%% 415 = 46 *ex 93 0.89
w 1.179 0.1  *%% 400 &+ 32 ke 6.6 0.94
Hydro250 D 0.958 0.  ** 533 & 60 Rk 17 079
M 1.198 0.1  **% 480 & 44 ek 8.9 0.90
w 1.095 0.1  *%% 474 = 50  *e* 100 0586
Pyro750 D -0.925 03  *% 3883 & 574 ek 45 034
M -0.245 01  *  -1288 & 72 ke 1.0 030
w 0.722 0. **% 601 £ 53 #kk 9.9 0.77
SO Ctrl - 02 0.1 J187 & 28 e 5.7 0.06
Hydro200 D 1.1 0.7 4163 £ 192wk 386 007
M 42 24 3876 + 638  wek 1290 0.11
w 3.6 25 3743 £ 659 ek 1340 0.06
Hydro250 D 38 24 3609 + 619 wk 1265 0.09
M 4.0 22 3855 & 584wk 1182 0.12
w 26 22 3510 & 592wk 1216  0.02
Pyro750 D 55 22 * 5973 £ 617 1152 023
M 02 0.7 4228 & 197wk 396 0.06
w 03 0.8 8063 + 261  ** 453 068



Table S2

pH-Values for every batch-solution concentration and treatment for the laboratory experiment.

pH (CaCl,)
Experiment Soil type Feedstock Char type °C
Pl P2 P3 P4 PS5 P6
Lab Sandy loam Digestates Hydrochar 200 6.3 6.1 58 56 6.0 57

Hydrochar 250 63 59 57 57 58 56
Pyrochar 750 76 72 69 67 70 65
Miscanthus ~ Hydrochar 200 6.1 58 58 55 57 55
Hydrochar 250 6.1 6.0 57 55 58 55
Pyrochar 750 69 67 65 63 65 65
Woodchips ~ Hydrochar 200 6.1 58 56 54 57 54
Hydrochar 250 62 59 57 55 58 56
Pyrochar 750 70 68 68 65 67 64

Cul - - 61 58 57 57 57 56
(pure soil)
Silty loam Digestates Hydrochar 200 7.1 69 6.7 6.7 66 6.7

Hydrochar 250 7.1 7.0 6.7 6.7 65 6.7
Pyrochar 750 79 7.7 74 74 71 13
Miscanthus ~ Hydrochar 200 7.1 68 6.7 6.7 65 6.7
Hydrochar 250 7.1 7.0 6.7 6.7 65 6.6
Pyrochar 750 73 72 70 70 69 69
Woodchips ~ Hydrochar 200 7.0 6.7 6.6 66 64 6.5
Hydrochar 250 7.0 69 68 67 65 6.6
Pyrochar 750 73 73 70 70 69 7.0

Ctrl

. - - 7 69 67 67 64 6.6
(pure soil)



Table S3

Adjusted p-values for statistical comparisons between feedstocks within one biochar type (e.g. d : m = char from digestates to
char from Miscanthus); control soil to feedstock within one biochar type (e.g. Ctrl : d = control soil to char from digestates);
and same feedstock to different biochar types (e.g. Pyro750-d : Hydro200-d = pyrochar from digestates to Hydro200 from
digestates) for each ion. . * Statistical comparison was made with GAM (general additive model). Significant differences
were assumed by p < 0.05.

Sandy loam Silty loam

NOy NH, PO sO> ca¥ wMmg” K" NO;  NH,” PO SO  ca® Mg K
Pyrochars d:m <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <001 <001 <001 <0.01
d:w <0.01 <0.01 <0.01 <001 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01
m:w <0.01 003 <001 <001 <001 024 <001 <0.01  <0.01 <0.01 <0.01 <001 005 <0.01
Ctrl:d <0.01 <001 <001 <001 <001 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01* <0.01 <0.01
Ctrl: m <0.01 010 <0.01 <0.01 <0.01 003 <0.01 <0.01 <001 0.1 <001 <0.01* <001 <0.01
Cul: w <0.01 002 <001 <001 <0.01 002 <0.01 <001 001 010 <0.01 <0.01* <0.01 <0.01
Pyro750-d : Hydro200-d ~ <0.01  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01* <0.01 <0.01
Pyro750-m : Hydro200-m  <0.01 023  <0.01 <0.01 <0.01 029  <0.01 <0.01 <001 <001 <0.01 <0.01* 043  <0.01
Pyro750-w : Hydro200-w  <0.01 _ 0.17  <0.01 _<0.01 <001 _ 0.74  <0.01 <0.01  <0.01 <0.01 <0.01 <0.01* 090 <0.01
Pyro750-d : Hydro250-d ~ <0.01  <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <001 009 <001 <001 <0.01* <001 <0.01
Pyro750-m : Hydro250-m  <0.01 ~ 0.18  <0.01 <0.01  0.03 029 <0.01 <0.01 <001 <0.01 <0.01 <0.01* 024 <0.01
Pyro750-w : Hydro250-w  <0.01 0.0l <0.01 <001 001 _ 0.06  <0.01 <001 <0.01 <001 <0.01 <0.01* 021  <0.01
Hydro200 d:m 033 098 <001 076 <0.01 000 <0.01 029 <001 002 <001 062 <001 <0.01
d:w 032 098 001 076 <001 <001 <0.01 029 <001 002 <001 062 <001 <0.01

m:w 053 098 081 076 064 063 077 067 093 095 098 0.68 051 053
Ctrl:d 005 065 <001 032 <001 <0.01 <0.01 043 037 003 <001  0.14 051 <0.01

Ctrl : m 0.03 065 004 044 <001 003 <0.01 043 <001 099 <001  0.50 0.18 045

Ctrl : w 003 065 003 032  <0.01 002 <0.01 050 002 099 <00l 050 <001 045
Hydro200-d : Pyro750-d ~ <0.01  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01* <0.01 <0.01
Hydro200-m : Pyro750-m  <0.01 023  <0.01 <0.01 <0.01 029 <0.01 <0.01 <001 <0.01 <0.01 <0.01* 043 <0.01
Hydro200-w : Pyro750-w _ <0.01 _ 0.17  <0.01 _<0.01 _<0.01 074 _ <0.01 <0.01  <0.01 <001 <0.01 _<0.01* 090  <0.01
Hydro200-d : Hydro250-d ~ <0.01 ~ 0.61 0.2 <0.01 023 002 035 0.66 <001 028 <001 002 <001 083
Hydro200-m : Hydro250-m  0.06 ~ 0.83 027 048 012 029 0.1 065 058 097 078 0.60 059  <0.01
Hydro200-w : Hydro250-w _ 0.11 0.8 097 073 001 004 0.2 079 056 088 099 0.49 003 <0.01
Hydro250 d:m 033 021 <001 011 <001 <0.01 <0.01 046 014 022 094 0.68  <0.01 0.2
d:w 033 021 <001 008 <001 <001 <0.01 046 040 022 094 0.68  <0.01  0.09

m:w 033 075 036 067 045 0.5 025 046 054 098 094 0.68 0.88 056
Ctrl:d <0.01 015 <001 000 001 <001 <0.01 053 003 049 <001 078 <001 <0.01

Ctrl : m 002 068 049 008 003 007 <001 053 003 099 <001 078 0.03  0.05

Ctrl: w 011 08 098 015 001 003 <001 0.63 003 099 <001 078 0.04 001
Hydro250-d : Hydro200-d ~ <0.01  0.61 0.2 <001 023 002 035 0.66 <001 028 <001 002 <001 083
Hydro250-m : Hydro200-m  0.06 ~ 0.83 027 048 012 029 0.1 065 058 097 078 0.60 059 <0.01
Hydro250-w : Hydro200-w _ 0.11 _ 0.88 097 073 001 004 0.2 079 056 088 099 0.49 003 <0.01
Hydro250-d : Pyro750-d ~ <0.01  <0.01 <0.01 <0.01  0.01 <0.01 <0.01 <0.01 009 <001 <001 <0.01* <0.01 <0.01
Hydro250-m : Pyro750-m  <0.01  0.18  <0.01 <0.01 003 029  <0.01 <0.01 <001 <001 <0.01 <0.01* 024 <0.01

Hydro250-w : Pyro750-w <0.01 0.01 <0.01  <0.01 0.01 0.06  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01* 021  <0.01



Table S4

Adjusted p-values for statistical comparisons of same biochar type and same feedstock between sandy and loamy soil for
each ion. * Statistical comparison was made with GAM (general additive model). Significant differences were assumed by p
<0.05.

Sandy loam vs. Silty loam

NOy NH," PO/ S0 Ca®" Mg** K*

Ctrl <0.01 <0.01 <0.01 <0.01 <0.01 <0.01  <0.01
Pyro750-D <0.01  <0.01 0.11 <0.01 <0.01* <0.01 0.03
Pyro750-M <0.01  <0.01 034  <0.01 <0.01 <0.01  <0.01
Pyro750-W <0.01  <0.01 0.55  <0.01 <0.01 <0.01  <0.01
Hydro250-D <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Hydro250-M <0.01 <0.01 <0.01 <0.01 <0.01 <0.01  <0.01
Hydro250-W <0.01 <0.01 <0.01 <0.01 <0.01 <0.01  <0.01
Hydro200-D <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Hydro200-M <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Hydro200-W <0.01 <0.01 <0.01 <0.01 <0.01 <0.01  <0.01




Table S5

Fitted parameters for the Freundlich and linear isotherm of fresh (T,) and aged Biochars (T,). Pyro750 = pyrochar; Hydro200
= hydrochar produced by 200°C. Carbonized feedstocks are only Miscanthus. Sites are: 1= Bortfeld, 2=Querenhorst, 3=

Volkmarsdorf. Level of significance are indicating by *** <0.0001; ** <0.001; * <0.01, - <0.05.

Freundlich-1sotherm

Linear-1sotherm

S T e sose SEE Lo YEESSSeL P eepy s s §EIE N
To NOy Ctrl 1 + + -0.58 + 0.1 -24.22 + 33 Hokk 6.57 <0.01
2 + + -0.28 £+ 0.0 *k -7.98 + 1.0 HkE 2.34 0.44
3 + + -0.65 + 0.1 -21.95 + 50 Hokk 10.17 0.09
Pyro750 1 + + -024 £+ 0.1 * -11.58 + 23 * 1.12 0.25
2 + + 025 + 00 Hkk -3.58 + 23 Hokk 1.14 0.85
3 + + -036 + 0.1 -15.84 + 24 wk 1.05 0.09
Hydro200 1 + + 0.06 =+ 0.0 -11.58 + 22 Hkk 4.99 0.03
2 + + -020 £+ 0.0 -3.58 + 23 5.47 0.31
3 + + 0.02 + 0.1 -15.84 + 24 Hokk 5.09 0.01
NH4~ Ctrl 1 349 + 04 ok 140 + 0.1 Hkk 1.71 0.96 + +
2 542 £ 08 ook 202 £+ 02 Hkk 2.78 0.93 + +
3 416 + 0.5 Fkk 185 + 0.1 Hkk 1.91 0.96 + +
Pyro750 1 799 £ 06 ok 224 £ 0.1 Hokk 1.96 0.97 + +
2 563 + 05 ok 206 =+ 0.1 Hkk 1.76 0.97 + +
3 830 £ 1.1 ook 229 £ 02 Hkk 1.74 0.97 + +
Hydro200 1 415 + 04 ok 170 + 0.1 Hokk 1.92 0.97 + +
2 664 £ 05 ook 228 + 0.1 Hkk 1.82 0.97 + +
3 410 + 04 Fkk 173 £ 0.1 Hkk 3.66 0.92 + +
PO, Ctrl 1 + + 2115 + 1.8 Hkk -18.70 + 35 ok 5.07 0.89
2 + + 1845 + 27 Hkk -27.36 + 69 *k 8.52 0.74
3 + + 2331 + 23 Fkx -14.37 + 37 Hox 5.84 0.86
Pyro750 1 + + 2501 + 46 Hkk -31.24 + 94 ok 4.72 091
2 + + 9.14 =+ 2.1 Hkk -7.08 + 6.0 * 6.77 0.81
3 + + 27.03 + 26 Hkk -25.33 + 45 HEE 4.48 091
Hydro200 1 + + 2333 + 1.8 Fkx -23.46 + 35 Hx 9.75 0.65
2 + + 1227 + 15 Hkk -10.25 + 38 10.55 0.54
3 + + 1973 £ 1.5 Hkk -11.21 + 2.6 ok 571 0.87
Ca®' Ctrl 1 + + -024 £+ 0.1 -41.22 + 152 * 33.60 <0.01
2 + + -0.09 + 0.0 *k -45.54 + 6.2 HkE 13.74 0.48
3 + + -040 =+ 0.1 -56.70 + 145 ok 31.60 0.13
Pyro750 1 + + 029 + 0.1 17.12 + 139 * 27.00 0.04
2 + + 0.12 += 0.0 Hk -9.80 + 102 Hkk 10.44 0.36
3 + + -0.01 £+ 0.0 -13.02 + 10.6 HkE 28.84 0.08
Hydro200 1 + + -0.12 + 00 . -33.89 + 121 33.25 0.21
2 + + -0.11 £+ 0.0 * -37.98 + 46 23.69 0.31
3 + + -040 =+ 0.1 -64.74 + 134 24.49 0.05
Mg“ Ctrl 1 + + -0.05 =+ 0.1 -5.24 + 23 HkE 3.15 <0.01
2 + + -0.08 + 0.1 -7.26 + 1.5 Hokk 3.17 0.07
3 + + -0.01 =+ 0.1 -6.72 + 14 HEE 3.15 0.03
Pyro750 1 + + -0.18 + 0.1 * -2.75 + 1.5 . 3.49 0.24
2 + + 0.04 =+ 0.1 -2.79 + 1.0 * 2.24 0.03
3 + + -0.08 + 0.1 -4.46 + 1.1 Hokk 2.37 0.13
Hydro200 1 + + -0.04 =+ 0.1 -4.99 + 22 * 4.82 0.01
2 + + -020 + 0.1 -6.88 + 2.0 wk 441 0.21
3 + + 0.07 + 0.1 -6.40 + 1.1 *k 3.92 0.04
K" Ctrl 1 + + -045 + 0.1 ok -49.12 + 48 ok 9.31 0.45
2 + + 093 + 02 -45.84 + 233 44.34 0.06
3 + + -0.16 + 0.1 . -25.72 + 135 27.77 0.06
Pyro750 1 + + 213 = 0.1 ok -172.96 + 165 HEE 16.46 0.58
2 + + -1.03 £ 0.1 -82.88 + 104 ok 18.16 <0.01
3 + + -1.84 £+ 0.1 Hkk -158.92 + 72 HEE 9.71 0.51
Hydro200 1 + + 025 =+ 0.1 * -52.39 + 57 ok 10.82 0.30
2 + + -0.01 + 02 -59.17 + 137 HkE 25.87 <0.01
3 + + 060 + 0.0 Fkx -26.92 + 22 ok 4.61 0.92
SO* Ctrl 1 + + -0.03 + 00 -1.47 + 03 Hokk 0.78 0.16
2 + + 0.10 + 0.1 -10.91 + 35 *k 7.35 0.03
3 + + -0.05 + 00 -0.78 + 0.6 1.29 0.21
Pyro750 1 + + -0.03 + 0.0 -4.09 + 05 HkE 1.16 0.13
2 + + 0.19 + 0.1 Hk -6.10 + 14 Hkk 3.19 0.39
3 + + -0.02 £+ 0.0 -3.28 + 04 HkE 0.97 0.05
Hydro200 1 + + 0.03 + 0.0 -0.45 + 04 0.94 0.16
2 + + 0.19 + 00 Hkk -5.90 + 07 HkE 1.48 0.73
3 + + -0.01 + 00 0.14 + 03 0.77 0.06




Freundlich-Isotherm

Linear-1sotherm

Sampling . Signif. Signif. Residual N Signif. Signif.  Residual ..
Time Ion  Treatment Site KF + SE Lovel + Lovel std. error a + SE Level Intercept (Yo) + SE Level  std. error adj R
T, NO;y Ctrl 1 + + -028 + 0.0 ok -4.37 + 1.1 ok 2.66 0.68
2 + + -0.66 + 0.1 -23.61 + 4.1 ook 8.28 0.08
3 + + -037 £+ 0.0 ok -9.05 + 22 ok 5.02 0.35
Pyro750 1 + + 036 + 0.1 -11.78 + 22 HHx 4.86 0.14
2 + + -043 £ 0.1 -16.04 + 42 *x 8.89 0.01
3 + + -040 =+ 0.1 -13.17 + 27 ok 6.15 0.13
Hydro200 1 + + -030 + 0.0 HAk -5.38 + 038 HHE 1.80 0.82
2 + + -0.01 £+ 0.0 1.69 + 04 Hox 1.01 0.07
3 + + -0.18 £+ 0.0 Hkk -5.45 + 08 ok 1.93 0.80
NH4™ Ctrl 1 515 £+ 06 Hokk 195 + 0.1 Hkk 2.30 0.95 + +
2 626 + 0.7 Hkx 1.72 £ 0.1 Hkk 322 0.96 + +
3 761 £+ 04 ok 1.86 + 0.1 ok 1.46 0.99 + +
Pyro750 1 357 + 03 ok 158 + 0.1 Fkox 1.53 0.98 + +
2 587 + 05 Hkx 1.64 + 0.1 Hkk 242 0.98 + +
3 813 + 04 Hokk 1.88 + 0.1 Hkx 1.48 0.99 + +
Hydro200 1 470 + 04 ok 1.89 + 0.1 Hkox 1.62 0.98 + +
2 815 £ 04 Hokk 1.80 + 0.1 Fkx 1.75 0.99 + +
3 865 + 04 Hkx 1.87 + 0.0 Hkk 1.54 0.99 + +
PO,> Ctrl 1 885 £ 20 ok 094 =+ 09 Fkx 8.35 0.73 + +
2 1927 + 09 Hokk 0.63 £ 06 Hkk 3.10 0.96 + +
3 1779 += 1.8 Hkx 0.84 =+ 038 Hkk 6.51 0.86 + +
Pyro750 1 482 + 14 *x 0.61 £ 06 Fkx 7.35 0.79 + +
2 11.02 + 15 ok 051 = 05 Hkox 5.20 0.90 + +
3 1488 + 1.8 Hkx 076 + 038 HAk 6.76 0.84 + +
Hydro200 1 899 + 19 Hokk 0.86 + 09 Hkx 7.65 0.76 + +
2 1793 + 1.1 ok 0.67 =+ 07 Hkox 3.47 0.95 + +
3 21,13 £ 1.7 ok 0.86 + 09 Fkox 6.32 0.87 + +
Ca** Ctrl 1 + + 0.05 =+ 0.1 -63.16 + 11.8 ook 25.70 0.33
2 + + -0.05 + 0.0 -91.15 + 8.1 ook 16.93 0.08
3 + + 000 + 0.0 -72.50 + 52 ook 11.26 <0.01
Pyro750 1 + + -0.01 £+ 00 -97.45 + 7.6 HHE 15.80 <0.01
2 + + 0.01 =+ 00 -46.66 + 85 ok 18.77 <0.01
3 + + -0.05 + 0.0 * -66.36 + 38 ok 8.30 0.24
Hydro200 1 + + 0.04 + 0.1 -61.33 + 107 HHE 23.27 0.03
2 + + -0.05 + 0.0 -77.71 + 6.0 ok 12.69 0.11
3 + + -0.06 + 0.0 -59.91 + 64 ok 14.00 0.15
Mg* Ctrl 1 + + 0.13 + 0.1 . -4.17 + 12 Hox 2.72 0.18
2 + + -0.56 + 0.1 HAk -13.12 + 29 HHE 5.84 0.57
3 + + <042 £ 0.0 Rk -10.80 = 07 ok 1.43 0.92
Pyro750 1 + + -0.09 + 0.1 -9.26 + 2.1 ook 4.44 0.04
2 + + -048 + 00 HAk -9.89 + 09 HHE 1.84 0.91
3 + + -048 + 0.1 Hkx -10.20 + 21 ok 4.42 0.63
Hydro200 1 + + 0.00 =+ 0.1 -5.71 + 13 ook 2.83 <0.01
2 + + -0.56 + 0.1 ok -13.80 + 1.8 ok 3.64 0.78
3 + + -0.55 + 00 Hkk -10.40 + 0.7 HHE 1.55 0.95
K" Ctrl 1 + + -0.11 += 03 -24.06 + 199 41.60 <0.01
2 + + 0.68 + 02 * -28.87 + 121 * 24.69 0.33
3 + + 058 + 02 * -41.89 + 112 *E 22.51 0.33
Pyro750 1 + + -039 + 04 -10.45 + 268 56.52 0.05
2 + + -1.29 + 04 ok -64.78 + 397 62.76 0.39
3 + + 046 + 03 -32.39 + 153 31.61 0.14
Hydro200 1 + + 074 + 04 -7.57 + 279 59.06 0.16
2 + + 059 =+ 02 * -32.47 + 108 ok 21.98 0.33
3 + + 0.65 + 02 wx -43.18 + 103 ook 20.71 0.41
SO.* Ctrl 1 + + 0.17 = 0.0 ok -4.44 + 03 ook 0.72 0.91
2 + + -0.08 + 0.1 -7.56 += 1.8 ok 3.83 0.07
3 + + 0.16 + 0.0 Hkok -6.63 + 05 ok 1.19 0.76
Pyro750 1 + + 0.14 + 0.1 * -7.88 + 15 HHE 3.41 0.24
2 + + -0.11 = 0.1 -8.96 + 3.0 ok 6.27 0.06
3 + + 020 =+ 0.0 ok -7.45 + 1.0 ook 2.29 0.56
Hydro200 1 + + 0.13 += 0.0 Hkk -4.41 + 0.7 HHE 1.68 0.53
2 + + -0.03 £+ 0.1 -7.86 + 1.8 ok 3.88 <0.01
3 + + 0.12 + 0.0 ok -7.10 + 08 ok 1.69 0.49




Table S6

pH-Values for every batch-solution concentration and treatment for the field experiment. Carbonized feedstocks are only
Miscanthus.

. pH (CaCl,)
Sa.::‘;ﬁ}mg Site Chartype °C

© Pl P2 P3 P4 P5 PG
T, ) Hydrochar 200 60 64 63 62 61 6.1
Bortfeld Pyrochar 750 67 69 69 67 67 66

(sandy loam)
Cl (puresoil) 61 65 64 63 63 62
2 Hydrochar 200 63 66 66 64 64 63
Q“em“z‘:;;‘)(l"amy Pyrochar 750 68 67 71 69 69 68
Ctrl (puresoil) 64 68 68 66 66 65
3 Hydrochar 200 66 67 67 66 65 65
Volkmarsdorf — po e 750 64 73 73 72 71 71

(sandy loam)
Cl(puresoil) 70 69 70 67 67 67
T, ) Hydrochar 200 65 64 63 61 61 60

Bortfeld

(sandy loam) Pyrochar 750 65 62 62 60 60 59

Ctrl (pure soil) 67 66 66 64 60 63

2 Hydrochar 200 6.7 66 65 64 63 63
Querenhorst (loamy  poyopar 750 69 68 68 66 65 6.5
sand)

Ctrl (pure soil) 66 65 65 63 65 63

Hydrochar 200 6.6 6.6 6.5 6.4 6.4 6.3
Pyrochar 750 6.9 6.8 6.8 6.5 6.6 6.6
Ctrl (pure soil) 67 66 66 65 66 64

3
Volkmarsdorf
(sandy loam)

Table S7

Adjusted p-values for statistical comparisons of the field incubation between biochar type (Pyro750 vs. Hydro200) and
biochar type to control (Ctrl) for each ion and sampling time (Ty & T)).

To Ty
Site R R R
NO;  NH," PO/ SO> Ca®* Mg K" NO,  NH," PO, SO> Ca¥' Mg" K"
1 Pyro750: <001 <001 014 <001 <0.01 1 <0.01 <001 0.04 1 <005 <0.01 <0.05 1
Bortfeld Hydro200
Ortic)
(sandy loam) Ctrl: Pyro750  <0.01 <0.01 015 <001 <0.01 1 <0.01 <005 013 088 <001 <001 <0.01 1
Ctrl: Hydro200 <001 <001 1 <001  0.70 1 1 091 1 1 0.05 1 008 092
2 Py‘°752° : <0.01 1 049 026 <001 <001 024 <001 <001 <005 045 <001 <001 <0.01
Querenhorst Hydro200
(loamy sand) Ctrl : Pyro750 006 073 038 <001 <001 <001 006 0.14 1 <001 067 <001 <001 <0.01
Ctrl : Hydro200  <0.01 1 061  <0.01 1 091 068 <0.01 <001  0.46 1 0.24 1 1
3 Pygﬁso : <001 <001 030 <001 <001 049  <0.01 <001 <001 022 053 061 <0.05 1
Volkmarsdorf Hydro200
(sandy loam) Ctrl: Pyro750  <0.01 <0.05 041 012  <0.01 1 <0.01 1 027 1 043 1 <0.05 1

Ctrl : Hydro200 <0.01 <0.01 0.87 <0.01 1 1 <0.01 <0.05  <0.01 1 0.27 1 <0.05 1




Table S8

Adjusted p-values for statistical comparisons of two sampling times (Ty & T) of field incubated biochars. Comparisions are
for same biochar type or control each ion. * Statistical comparison was made with GAM (general additive model). Significant
differences were assumed by p <0.05.

Tovs. Ty
Site
NO,  NH," PO/ SO Ca* Mg”* K'
. ctrl <001 <0.01 <0.01* <001 048 <005 <0.01
Bortfeld Pyro750 <001 052 <001* <001 <001 <0.05 <0.01
(sandy loam)
Hydro200 009 <001 <0.0l* <001 <005 028 <0.01
2 Ctrl <001 <001 <0.01* 0.1 <001 <001 <0.01
Querenhorst Pyro750 <001 <001 <0.01* <001 <001 <0.01 <0.01
(loamy sand)
Hydro200 <005 <001 <0.01* <001 <00l <001 <0.01
3 Ctrl <001 <001 <0.01* <001 <001 <001 0.6l
Volkmarsdorf Pyro750 <001 <001 <0.01* <001 <001 <0.01 <0.01

(sandy loam)
Hydro200 0.45 <0.01 <0.01* <0.01 0.07 <0.01 <0.01




