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Table S1. Avrami model parameter values describing CO» and NH3 adsorption kinetics.

Count

Material

Gas

Exposure

interval

K

Error (%)

ox wood
biochar
NH3+CO2
ox wood
biochar
NH3+CO2
ox wood
biochar
NH3+CO2
ox wood
biochar
NH3+CO2
ox wood
biochar
NH3+CO2
ox wood
biochar
NH3+CO2
HSW biochar
CO>+NH3
HSW biochar
CO2+NH3

CO2

CO2

CO2

NH;3;

NH;3;

NH;3;

CO2

NH;3

0.025 +0.008

0.024 + 0.005

0.021 +0.006

0.046 +0.035

0.013 +0.003

0.006 +0.001

0.036 +£0.022

0.004 + 0.00

0.669 £0.117

1.137 +£0.252

0.779 £ 0.073

0.500 = 0.000

0.851 +0.194

0.500 = 0.000

0.576 £0.210

0.629 +0.034

3.57+1.65

1277.45 +£1016.20

4.88 £2.98

58.66 + 80.95

3952.19 £ 859.88

37.45+24.19

6.758 £1.43

4.708 +1.73




Table S2. The binding energy (BE) peak range assignments for the XPS Cls, N1s, and
Ols core levels used for our deconvolution model.

Core level Bond form BE (eV)

Cls C-C, C=C (low) 283.0-284.0
Cls C-C,C=C 284.0-285.0
Cls C-N 285.0-286.0
Cls C-0 286.0-287.0
Cls C-OH 286.0-287.0
Cls R-C=0 (R aromatic) 287.0-287.5
Cls R-C=0 287.5-288.0
Cls (C=0)-0 288.3-288.5
Cls (C=0)-OH 288.5-288.8
Cls N-C=0 288.8-290.5
Nls N pyridine 398.0-398.9
Nls C-NH: 399.0-399.5
Nls C-O--NH4* 399.5-400.0
Nls N=C-(C=0)- 400.0-400.5
Nls N-(C=0)- 400.5-400.9
Nls NH4* 401.0-403.0
Ols R-C=0 (R aromatic) 529.5-530.0
Ols R-C=0 530.5-530.5
Ols R-C-OH (R aromatic) 530.5-531.0
Ols R-C-OH 531.0-531.3
Ols C=0 531.3-532.0
Ols C-0 532.0-533.3

Ols H20, OH 533.5-536.0




Table S3. The proportion of C, N, and O bonds in five standard compounds, based on the
binding energies (BE) and full-width at half-maximum values (FWHM) of deconvoluted
curves and relative areas, as measured with XPS.

Ammonium

Ammonium carbonate Urea \ Proline Valine
bicarbonate &
Core Bond BE f i o TR
PN & HyC
level form r(ar{%e NHg? 0?5 NH,* HN T NH, HOJ\O' NH, Oj‘\OH ., OH
e
BE area BE area BE area BE area BE area
(V) FWHM (%) (V) FWHM (%) (V) FWHM (%) (V) FWHM (%) (V) FWHM (%)
Cls g_:% 228842%_ 284.5 1.28 5737 2484 1.89 284.5 1.31 57.34 284.1 1.69 37.21 284.3 1.65 45.77
Cls - 228856%_ 285.3 1.28 21.99  285.0 1.89 4.09 285.1 1.31 20.29  285.0 1.69 36.19  285.1 1.65 25.92
Cls C-O0 286.0- 286.3 1.28 13.01 - -- 0.00 - - 0.00 - - 0.00 - - 0.00
287.0
Cls C-OH 228867%_ - -- 0.00 -- - 0.00 286.2 1.31 13.90 286.1 1.69 11.48 286.0 1.65 10.16
Cls R-C=0 287.0- - -- 0.00 -- - 0.00 - - 0.00 287.3 1.69 15.12 - - 0.0
(R o 287.5 o o . . o . o
o 287.5-
Cls R-C=0 2880 - -- 0.00 -- - 0.00 - - 0.00 - - 0.00 287.7 1.65 18.16
N 288.3-
Cls (C=0)-O0 188 8 288.6 1.28 7.62 - -- 0.00 - - 0.00 - -- 0.00 -- - 0.00
(C=0)-  288.5-
Cls OH 188 8 - -- 0.00 -- - 0.00 288.7 1.31 8.74 - - 0.00 -- - 0.00
- 288.8-
Cls N-C=0 2900 - -- 0.00 289.0 1.89 89.37 - - 0.00 - -- 0.00 - - 0.00
Nis py“g‘mc 33%%%' 3983 1.09  7.68 3987 131 2198 3980 141 227 - —~ 0.0 - —~ 0.0
Nls C-NH, 339999(;_ 399.1 1.09 59.02  399.5 1.31 454 3992 1.41 4532  399.6 1.84 47.9 399.5 1.99 6.78
C-O-- 399.5-
Nls NH,* 400.0 399.9 1.09 20.57 - -- 0.00 - -- 0.0 - - 0.00 -- - 0.00
N=C- 400.0-
Nls (C=0) 4005 - -- 0.00 -- - 0.00 - -- 0.0 400.4 1.84 52.1 - - 0.00
» 400.0-
Nls N-(C=0) - -- 0.00 400.3 1.31 26.6 - -- 0.0 - - 0.00 -- - 0.00
400.9
N-C- 400.5-
Nls (C=0) 400.9 400.8 1.09 7.39 - -- 0.00 4009 1.41 34.02 - - 0.00 400.7 1.99 93.22
Nls NH,* 2%13%_ 401.7 1.09 5.34 401.2 1311 6.02 401.8 1.41 18.39 - - 0.00 - - 0.00
Ols R-C0 329.5- - 0.00 - - 0.00 - - 0.00 529.8 1.74 73.69 - - 0.00
® 5300 : : : S : '
- 530.5-
Ols R-C=0 530 5 -- 0.00 -- - 0.00 - -- 0.00 - - 0.00 530.4 1.69 71.51
R-C-O
Ols R 530.5-531 - -- 0.00 -- - 0.00 - -- 0.00 530.7 1.74 26.31 - - 0.00
' 531.0-
Ols R-C-OH 5313 - - 0.00 - - 0.00 - -- 0.00 - -- 0.00 531.2 1.69 28.49
Ols C=0 55?;12?6_ 531.7 1.61 52.39 531.5 2.09 100 531.6 1.63 60.25 - -- 0.00 - - 0.00
532.0-
Ols C-O0 533.1 1.61 47.61 - - 0.0 533.0 1.63 39.75 - -- 0.00 -- -- 0.00

5333




Table S4. Composition of nutrient powder used for growth trial

count reagent amount in mixture (g)
1 CaHPO4*-H20 4.44

2 K2COs 8.64

3 MgO 3.88

4 ZnS04-TH20 3.89

5 NaCl 0.18

6 CaCOs 49.48

7 K2S04 1.36




Table S5. Description of growth-trial amendment treatments and irrigation amounts

) ) nutrient nitrogen  urea initial
potting TH6 (g biochar
amend. N-form urea and biochar powder (mgN (mg irrigation
mix pot))  (gpoth)
(gpot')  pot’)  pot!)  (mLpot?)
TH6  none none 0 41.7 0.00 0.62 0.00 0.00 150
0.25-fold of wood
TH6  fert 0.25x urea biochar N uptake 41.7 0.00 0.62 8.78 18.82 150
(Table 1)
0.5-fold of wood
TH6  fert 0. 5x urea ) 41.7 0.00 0.62 17.55 37.64 150
biochar N uptake
1-fold (same amount)
TH6  fert Ix urea of wood biochar N 41.7 0.00 0.62 35.10 75.29 150
uptake
1.5-fold of wood
TH6 fert 1.5x urea 41.7 0.00 0.62 52.65 112.93 150
biochar N uptake
manure equivalent on C basis
TH6  biochar NH3 gas to wood biochar 41.7 7.20 0.00 0.00 154
NH3+CO2 (Table 1)
manure equivalent on C basis
TH6 ) slurry 41.7 7.20 0.00 0.00 154
biochar+slurry to wood biochar
equivalent on C basis
manure
to wood biochar +
TH6  biochar+1x urea 41.7 7.20 35.10 75.29 154
urea-N 1-fold of wood
fert
biochar N uptake
manure equivalent on C basis
TH6 ) none 41.7 7.20 0.00 0.00 154
biochar to wood biochar
wood biochar
TH6 NH;3 gas 10% of pot volume 41.7 3.60 0.62 0.00 0.00 172
NH3+CO2
wood
TH6 slurry 10% of pot volume 41.7 3.60 0.62 0.00 0.00 172
biochar+slurry
wood 10% of pot volume +
TH6  biochar+1x urea urea-N 1-fold of wood  41.7 3.60 0.62 35.10 75.29 172
fert biochar N uptake
TH6  wood biochar  none 10% of pot volume 41.7 3.60 0.62 0.00 0.00 172




Table S6. Chemical and physical properties of wood and HSW biochars.

ox wood biochar HSW biochar
pH in water 5.2 10.3
SSA (m? g) 275.7 74
Total N (%w w!) 0.91 4.8
Fixed C (%ow w!) 63.9 46.2

Ash (Y%ow w) 0.7 39




Table S7. Germination, mass of dry shoot and root biomass, and total carbon and
nitrogen in shoot and root biomass of marigold, radish, and tomato plants. Letters

indicate significant differences between amendments within plant and biomass type (p <

0.05;n=4).
plant amend. germ. lsakil(())r(;ltass ShOOt shoot rb(;(())rtnass root root

(dry) nitrogen carbon (dry) nitrogen carbon

%) @por)  owwh) (UMY gporh)  ewwh {0V
marigold  0x fert 80.0 + 1.99 + 142+ 44.6 £ 0.82 + 0.99 + 435+
23.1a 0.26 ab 0.38 ab 1.01a 0.14 ab 0.15a 0.83 a
marigold  0.25x fert 55.0+ 238+ 1.30 £ 44.6 £ 1.01 £ 0.94 + 43.0 £
412a 0.36 ab 0.24 ab 1.33a 0.18 ab 0.08 a 0.95a
marigold 0.5x fert 75.0 £ 2,62+ 1.14 £ 453+ 0.97 £ 0.95 + 439+
342a 041a 0.17 ab 0.85a 0.17 ab 0.11a 0.62 a
marigold 1x fert 55.0 £ 2.65+ 1.62 + 452 + 0.98 + 1.07 £ 448 +
342 a 0.51a 0.51 ab 097a 0.13 ab 0.11a 047a
marigold 1.5% fert 55.0 £ 2.80+ 1.86 £ 452 + 0.86 + 1.10 £ 43.0+
19.2 a 0.39a 0.16 a 033 a 0.08 ab 0.14a 330a
marigold manure 80.0 + 1.93 + 1.27+ 44.5 0.76 = 1.00 = 424 +
biochar 16.3a 0.13 ab 0.26 ab 0.20a 0.26 abc 0.27a 0.81a
marigold manure 60.0 £ 1.96 = 1.39+ 44.02 £ 0.97 = 0.89 = 42.8
biochar+slurry 432 a 0.42 ab 0.61 ab 1.09 a 0.14 ab 0.08 a 094 a
marigold gﬁ‘)‘;‘ﬁ;‘r’ 65.0 + 124+ 1.59 + 335+ 0.59+ 0.86 + 319+
CO»+NH; 473 a 0.83 bc 1.16 ab 22.4 ab 0.41 bc 0.62 ab 213 a
marigold dgiry manure 30.0 + 0.60 + 0.47 + 114+ 0.20 + 0.22 + 9.04
biochar+1x 20.0 a 1.19¢ 0.94b 229b 041c 0.44b 18.1b
marigold  wood biochar 65.0 + 2.62 0.94 + 451 £ 0.94 + 0.88 + 425+
192 a 0.13a 0.12 ab 0.61a 0.25 ab 0.29a 241 a
marigold wpod 350+ 233+ 1.09 + 44.6 + 0.81+ 0.96 + 438 +
biochar+slurry 34.2 a 0.29 ab 0.08 ab 0.52a 0.15 ab 0.19a 048 a
marigold wood biochar  60.0 £ 270+ 1.39+ 458 + 0.96 + 0.94 + 43,7 +
NH3+CO2 432a 0.33a 0.28 ab 043 a 0.14 ab 0.16 a 0.60 a
marigold Wpod 60.0 + 3.10+ 137+ 46.0 = 1.20+ 091+ 43.0+
biochar+1x 283 a 0.17 a 0.05 ab 0.17 a 0.17 a 0.10a 248 a
radish Ox fert 90.0 + 0.77 £ 143 £ 419+ 231+ 0.81 £ 40.9 =
11.6a 0.14b 0.40 abc 1.18 ab 0.27c 0.17 a 4.18 a
. 0=x 05+ 80+ 9+ Ry == 18 £ -
radish 0.25x fert Z(l)g a (l)gi ab (1)2(3) abc 327491 a (2)2; be 822 a ‘2“9; a
radish 0.5x fert 80.0 + 0.89 + 1.86 £ 42.2 + 320+ 0.83 + 41.7+
163 a 0.12 ab 0.55 abc 1.18 ab 0.29 abc 0.15a 2.30a
radish Ix fert 65.0 + 1.08 + 1.96 + 41.9 + 3.05+ 1.07 + 43.1 +
342a 0.17 ab 0.28 abc 2.10 ab 0.61 abc 026 a 445a
radish 1.5x fert 85.0+ 1.34 £ 205+ 434 + 3.04 £ 1.00 £ 39.6 £
192 a 0.34a 0.68 ab 147 a 0.90 abc 026 a 6.99 a
radish manure 90.0 + 0.74 £ 1.34 40.4 + 291+ 0.72 £ 42.8 +
biochar 20.0 a 0.15b 0.34 abc 1.92 ab 0.73 abc 0.06 a 1.53a
radish manure 90.0 + 1.00 £ 1.19+ 30.1 292+ 0.68 + 40.5 +
biochartslurry 20.0 a 0.13 ab 0.29 be 349b 0.32 abc 0.03 a 427 a
radish g:zgﬁg‘: 650+ 098+ 212+ 418+ 3.50 + 1.01+ 40.6 +
10.0 a 0.21 ab 046 a 1.34 ab 0.36 abc 022a 2.39a

CO2+NH3



radish

radish

radish

radish

radish

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

manure
biochar+1x

wood biochar

wood
biochar+slurry

wood biochar
NH3+CO2

wood
biochar+1x

0x fert

0.25x fert
0.5x fert
1x fert

1.5x fert

manure
biochar
manure
biochar+slurry
manure
biochar
CO2+NH3
manure
biochar+1x

wood biochar

wood
biochar+slurry
wood biochar
NH3+CO2
wood
biochar+1x

75.0 +
19.2 a
90.0 +
200a
90.0 +
11.6a
80.0 +
163 a
90.0 +
11.6a

85.0
192 a

85.0+
192 a
55.0+
379a
65.0 +
444 a
100+ 0.0
a
85.0+
19.15a
85.0+
30.0 a

70.0 +
258a

550+
379a
100 +
0.00 a
90.0 +
11.6a
90.0 +
11.6a
85.0+
100 a

0.94 +
0.12 ab
0.84 +
0.12 ab
091+
0.26 ab
1.23 +
0.26 ab
1.15+
0.11 ab

3.04 £
0.37 bed

337+
0.57 abed
3.65+
0.27 abed
331+
0.67 abced
277+
0.51d
2.84 +
0.26 cd
3.06 =
0.36 bed

399+
0.21 ab

3.77
0.38 abc
3.09 +
0.23 abed
321+
0.34 abed
3.69 +
0.26 abed
4.06 £
042a

1.51+
0.33 abc
1.10 +
0.12¢
1.17+
0.20 bc
1.52+
0.19 abc
1.39+
0.19 abc

1.13+
0.12¢

1.19+
0.17 be
127+
0.15 be
1.68 +
0.52¢
241+
0.38a
1.01+
0.11c
1.00 =
0.13 ¢

1.12 +
0.12¢

1.14 +
0.17 ¢
0.96 +
0.06 ¢
1.07 =
0.12¢
121+
0.10 bc
1.18 +
0.06 be

41.1+
0.40 ab
42.8 +
0.91 ab
423 +
0.49 ab
429 +
0.68 a
423+
1.07 ab

42.1 +
0.54 abed

423+
0.73 abcd
42.6
0.45 abcd
42.8 +
0.74 abc
433+
0.69 ab
412+
0.34d
41.1 =
0.50d

41.6 £
0.22 cd

422+
0.63 abcd
42.0 +
0.42 abcd
41.8 +
0.85 bed
434 +
0.82a
435+
0.80a

4,10+
0.20 a
3.13+
0.27 abc
2.82+
0.24 be
3.81+
0.44 ab
3.88+
0.61 ab

0.47 =
0.09 be

0.56 =
0.10 abc
0.55+
0.13 bc
0.52+
0.11 be
0.34 +
0.13 ¢
0.52 +
0.05 be
0.56 =
0.09 abc

0.56 +
0.03 bc

0.63 +
0.11 ab
0.59 +
0.08 ab
0.56 £
0.16 bc
0.64 +
0.07 ab
0.80 +
0.03a

0.80 +
0.06 a
0.72 £
0.15a
0.78 £
0.07 a
0.83 +
0.11a
0.84 +
0.08 a

1.18
0.08 ¢

1.26 +
0.11 be
1.24 +
0.16 be
1.53 +
0.30 ab
1.76 =
0.14a

1.09 =
0.06 ¢

121+
0.11c

1.29 +
0.07 bc

1.13+
0.07 ¢
1.02 £
0.07c¢
1.09 £
0.06 ¢
1.14 +
0.04 ¢
1.18 +
0.07 ¢

42.7 +
0.78 a
42.6 £
148 a
423+
1.30 a

42.8 +
1.03 a
436 +
0.29 a
424 +
0.47
abcde
42.8 +
0.29 ab
433 +
0.58 a
436 +
0.39a
42.6 +
0.66 abc
412+
035e
413+
0.53 de
424 +
0.90
abcde
41.5+
0.83 cde
425+
0.42 abcd

41.8 +
0.27 bede
431+
0.18a
43.17 +
0.11a




Table S8. Total aluminum (Al), sodium (Na), macronutrients (Ca, K, Mg, P, S),
micronutrients (Micros; B, Cu, Mn, Mo, Zn), and heavy metals (H. metal; Cd, Cr, Pb) in
plant shoots. Letters indicate significant differences between amendments within plant

and biomass type (p < 0.05; n=4).

Plant Amendment Al Ca K Mg Na P S Micros H.
metal
shoot gkg! gke' gkeg' gkg' gke' gkg!  gke! gkeg! 1B kg
maricold O fert 467+ 836+ 807+ 517+ 06+ 44+ 317+ 023+ 045+
g0 ¢ 125a 068a 085a 047a 029a 092a 0.63a 003a 028a
maricold 025 fert 466+ 822+ 684+ 519+ 062+ 385+ 271+ 021+ 028+
gold - D.eox e 21a 037a 097a 045a 0.12a 066a 055a 003a 0.09a
maricold 0.5x fert 449+ 783+ 637+ 507+ 036+ 328+ 241+ 020+ 040+
gold Lox e 1.17a 088a 04a  083a 026a 075a 045a 0.03a 022a
maricold  1x fert 55+ 839+ 638+ 564+ 043+ 3.67+ 253+ 023+ 026+
£0 ¢ 1.55a 208a 082a 1.73a 034a 086a 044a 004a 0.06a
maricold 1.5 fert 561+ 733+ 6.63+ 480+ 049+ 349+ 262+ 021+ 059+
gold L.oxie 1292 1.12a 045a 07a 026a 04la 032a 003a 059a
maricold manure biochar | 466 924+ 764 507+ 027+ 440+ 307+ 020+ 026+
g0 ure broc 253a 1.15a 1.12a 0.58a 022a 056a 024a 003a 0.02a
marieold  MANUTE 6.63+ 878+ 965+ 495+ 0.64+ 493+ 350+ 0.19+ 032+
& biochar+slurry 2.54a 2.03a 276a 146a 038a 1.75a 158a 0.04a 0.11a
narieold MAnUrCbiochar 257+ 665+ 696 396+ 060+ 406+ 287+ 016+ 020+
g4 CO+NH; 23a 456a 477a 280a 048a 296a 2.06a 0.12a 0.15a
marieold  MANUTE 565+ 7.2+ 103+ 413+ 097+ 435+ 316+ 0.8+ 020+
g biochar+1x 0.00a 0.00a 0.00 a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00 a
marieold  wood biochar 375+ 724+ 756+ 39+ 0.6+ 3.9+ 215+ 021+ 017+
g0 0od bioc 0.75a 0.52a 034a 02la 002a 0.15a 0.08a 002a 004a
marieond o0d 510+ 694+ 876+ 395+ 048+ 416+ 267+ 021+ 024+
& biochar+slurry 0.33a 1.11a 1.12a 0.59a 024a 0.53a 043a 0.03a 0.11a
arigopd  Wood biochar 6.54+ 761+ 796+ 430+ 028+ 344+ 252+ 022+ 042+
g% NH3+CO0; 373a 086a 23la 044a 028a 064a 068a 004a 033a
maricold wood biochars1x  469F 796+ 728+ 468+ 052+ 301+ 223+ 019% 033%
& 20la 084a 068a 049a 024a 037a 026a 005a 0.17a
43.0+ 7.01 +
. 237+ 1783+ 878+ 241+ 247+ 044+ 058+
radish — Ox fert 6093 385, 428a 1.54a 2}-)19 030a 052a 0.10a 0.12a
a al
7.28 +
. 106+ 226+ 173+ 752+ 259+ 269+ 041+ 029+
radish — 0.25x fert 391a 553a 534a 1.99a 1}-)70 077a 0.63a 008a 0.12a
al
adish 0.5x fert 13.1+ 225+ 1828+ 862+ 949+ 235+ 258+ 045+ 044+
s X e 642a 6.00a 472a 193a 120a 040a 062a 004a 0.19a
adish L fert 115+ 247+ 180+ 877+ 950+ 259+ 229+ 045+ 033+
427a 450a 423a 14la 1.88a 022a 03la 003a 0.10a
20.1 + 7.93 +
. 29+ 176+ 783+ 280+ 296+ 051+ 446+
radish —1.5x fert 2415 5334 676a  157a 227 118a 190a 0.17a 74la

ab



radish

radish

radish

radish

radish

radish

radish

radish

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

manure biochar

manure
biochar+slurry

manure biochar
CO2+NH3

manure
biochar+1x

wood biochar

wood
biochar+slurry

wood biochar
NH;3+CO2

wood biochar+1x

0x fert

0.25x fert

0.5x fert

1x fert

1.5x fert

manure biochar

manure
biochar+slurry

manure biochar
CO2+NH3

manure
biochar+1x

wood biochar

wood
biochar+slurry

wood biochar
NH;3+CO2

wood biochar+1x

7.08 £
1.60 a

7.53+
2.79a
10.86

+3.06

a
10.47
+2.45

8.50+
4.75a

7.89 £
4.00a

20.6 £
24.53

133+
6.78 a

453+
1.52a

4.90 +
0.37a

478 +
1.94 a

5.00 +
0.70 a

4.90 +
231la

6.53 +
142 a

590+
233a

5.15+
133 a

4.67 =
133 a

585+
1.67a

547+
2.59a

5.88+
244a

545+
0.59a

255+
6.28 a

26.7 +
9.82a

260+
4.87a

268 +
4.56a

213+
6.27a

182+
1.38a

20.6 £
2.6la

237+
2.80a

12.8 +
1.27 be

123+
0.48 bc

10.65 +
0.87c

102 +
0.86 ¢

10.15+
1.16 ¢

16.8 +
1.77 a

149 =
1.60 ab

122+
0.60 bc

12.8 +
1.60 bc

12.1+
1.04 be

12.0 +
2.14 bc

10.6 =
0.58 ¢

113+
1.34c¢c

202 +
5.05a

19.6 =
4.77 a

185+
230a

174 +
331la

163 +
421a

19.0 +
342a

182+
3.05a

202 +
6.06 a

12.48 +
049 a

12.88 +
0.99 a

1251 +
1.39a

12.16 +
0.08 a

12.8 +
049 a

13.29 +
0.55a

1393 +
123 a

13.6+
0.74 a

129 +
097a

13.8 +
0.55a

14.0 +
0.61a

12.1+
142 a

12.6 £
044 a

7.69 +
1.73 a

7.56 +
2.08a

8.63 +
1.57 a

8.67+
122 a

6.27 £
1.86a

5.90 +
0.81a

6.29 £
123 a

7.59 £
0.88 a

5.06 +
0.47a

5.08 +
0.52a

442+
0.20a

4.54 +
0.15a

4.69 =
0.50 a

5.08 +
0.50 a

451+
0.37a

4.27
0.23a

423+
0.68 a

422+
0.10a

432+
0.60 a

421+
0.50 a

424 +
0.50 a

372+
1.92b

377+
1.18b

741+
4.38

6.89 £
2.04

ab
4.46 +

2.54

5.09+
3.02

4.76 +
0.94

ab
6.40 +

2.15

ab
248 +

0.52

2.53+
0.33

251+
0.49

3.08+
0.73
ab
433+
1.10a

244+
0.88 b

341+
1.90

2.67
0.31
ab
1.95+
0.50b

2.14+
0.22b

2.84 +
0.26
ab
229+
0.44b

1.92 +
0.23b

2.84 +
0.68 a

2.76 £
0.34a

2.89
040 a

2.56 £
0.47a

238+
045a

237+
0.57a

2.10+
0.39a

240+
0.56 a

339+
0.57
abcd
3.04 +
0.22 cd

2.87+
0.28 cd

311+
0.55cd

3.76 £
0.71
abc
436+
0.33a

422+
0.36 ab

375+
0.51

abc
3.57+

0.47

abcd
317+

0.06

bed
3.69 +

0.32
abc
282+
0.31cd

2.59 +
0.40d

3.07+
1.18 a

275+
045a

2.58 +
0.30a

2.06 +
0.25a

246+
0.40a

259+
0.68 a

1.90 +
045a

2.18+
0.49a

381+
0.89

ab
3.10+

0.35

abc
3.02+

0.47

abc
358+

0.59

abc
391+

0.92
ab
4.12 +
0.52a

395+
0.51a

324+
0.33

abc
3.18+

0.58

abc
3.04 £

0.38

abc
356+

0.55

abc
2.60 +

0.06

236+
0.24c

0.46 +
0.08 a

0.45+
0.11a

0.51+
0.08 a

0.48 +
0.03a

041+
0.08 a

0.40 +
0.03a

043+
0.04 a

0.44 +
0.06 a

0.19+
0.02a

0.18 +
0.0la

0.17 £
0.02a

0.16 +
0.01a

0.18 +
0.02a

0.22 +
0.04 a

041+
0.46a

0.16 +
0.0la

0.15+
0.02a

0.22 +
0.0la

0.22 +
0.03a

0.19 £
0.0la

0.19 £
0.02a

0.20 +
0.05a

0.33 +
0.12a

0.67 =
0.64 a

0.33+
0.12a

0.40 +
0.32a

0.25+
0.16a

041+
0.18a

0.59 £
0.35a

0.10+
0.02a

0.08 +
0.01a

0.08 +
0.02a

0.11+
0.04 a

0.16 +
0.05a

0.14 +
0.03a

1.99 +
379a

0.1+
0.01a

0.1+
0.02a

0.08 +
0.00 a

0.23 +
0.32a

0.11+
0.06 a

0.08 +
0.01a




Table S9. Total aluminum (Al), sodium (Na), macronutrients (Ca, K, Mg, P, S),
micronutrients (Micros; B, Cu, Mn, Mo, Zn), and heavy metals (H. metal; Cd, Cr, Pb) in
plant roots. Letters indicate significant differences between amendments within plant and
biomass type (p < 0.05; n = 4).

Plant Amendment Al Ca K Mg Na P S Micros Ee tal
root gkg! gkg' gkg! gkg! gkg! gkg'  gkg'  gkg'  E ke
arisold Ox fort 101 + 421+ 139+ 297+ 227+ (1)22 * g'g; 039+ 166+
g 125a 043a 33abed 0.63ab  64la b 0.16a 0.56a
marisold 095x fort 594+ 375+ élééi 3.05+ 18.9 + (1)"3‘? £ 231+ 030+ 127+
g X 525a 02a ' 122ab  335a ' 028b 0.07a 033a
abed abcde
maricold 0.5 fert 34.9+ 401+ 9.00+ 314+ 17.9 + éég £ 204t 025+ 1.03z
g : 1652 038a 184cd 057ab  1.76a - 035b 005a 0.16a
127+
naricold  1x fert 71.6 + 397+ 8.18+ 341+ 199+ 207 210+ 032+ 1.53%
g X 758 a 0.78a 2.76d 1252 844a 7 046b 0.16a 1.10a
130+
maricold 1.5 fert 33.9+ 383+ 936+ 2.81+ 192+ 0T 216+ 027+ LIk
£0 X e 150 022a 104bed 047ab  340a o 014b 006a 024a
narigopd | MANUTE 312+ 396+ 1723+ 228+ 192+ (1).;2 * 3'22 £ 020+ 059+
g biochar 149 a 022a 244a 0.44 ab 4.64 a al.)cd at.> 0.03 a 0.48 a
1.48 +
marieold  MmAnure 268+ 345+ 154+ 171+ 148+ 0T 231+ 0.9 057+
& biochartslurry 133 a 0.38a 3.00ab 0.44 ab 298a al‘)cde 044b 0.07a 04la
. mantire 38.5+ 398+ 15.6+ 244+ 185+ 193+ 2% goax 069+
marigold  biochar 13.8 044a 244abc  0.16ab  2.04 027a 2% 007 0.53
C02+NH3 .0a . a R anc . a . a . a ab . a . a
1.94 +
arigolq | Mmanure 283+ 481+ 182+ 2.86+ 261 00T 395% 028+ 007+
g biochar+1x 0.00 a 0.00a 0.00a 0.00 ab 0.00a ch 0.00a 0.00a 0.00a
14+
marigold  wood biochar 192 351+ 151+ 172+ 149+ 75 226+ 034+ 055+
3.17a 070a 235abc 044ab  42la .0 048b 03la 020a
1.75 +
marigold 004 31.8+ 363+ 164+ 145+ 140+ 00T 268+ 021  0.54%
biochartslurry 15.5a 023a 248a 047b 2.10a chd 04ab 0.04a 040 a
arigolq | Wood biochar 535 365+ ;30'515 220 174= ééi * 3"6‘2 026+ 083z
g NH:+CO2 443 a 0.57a °: 094ab  4.92a : ' 0.11a 08la
abed cde ab
aricold | Wo0d 342+ 4.10 + }ié * 2.85+ 184+ 112+ 204+ 024+ 065+
g biochar+1x 13.8 a 0.56 a chd 0.54 ab 248 a 0.15¢ 042b 0.04a 0.43 a
dish Ox fort 267+ 495+ 887+ g' jg £ 172+ (2)'33 * é'gg £ 020+ 000+
8.19a 0.79a 2.17bed 1.76 a ' ' 0.02a 0.00a
abcd abcde ab
dish 025 fort 368+ 447+ 663+ 3;2 149+ é‘?g * é"l‘é £ 023+ 000+
: 4.06 a 029a 1.35cd : 158 : ' 00la 0.00a
bede de ab
dish 0.5x fort 381+ 464+ 790+ (3)22 * 149 + (1)‘2(1) * (l)'éz‘g £ 023+ 000+
=X 1512 046a 2.14bed - 2.66a : ' 0.03a 0.00a

bede de ab



radish

radish

radish

radish

radish

radish

radish

radish

radish

radish

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

tomato

1x fert

1.5x fert

manure
biochar

dairy manure
biochar+slurry

manure
biochar
CO2+NH3

manure
biochar+1x

wood biochar

wood
biochar+slurry

wood biochar
NH3+CO2

wood
biochar+1x

0x fert

0.25x fert

0.5x fert

1x fert

1.5x fert

manure
biochar

slurry

manure
biochar
CO2+NH3

manure
biochar+1x

50.2 +
843 a

477+
292 a

32.8+
6.55a

304+
7.02 a

372+
11.08 a

39.6+
19.0a

46.1 +
224a

27.8
15.0a

373+
8.83a

29.1+
9.27a

26.7 =
8.19a

36.8 +
4.06 a

38.1+
15.1a

502+
843 a

47.7 %
292 a

32.8+
6.55a

304+
7.02 a

372+
11.1a

39.6+
19.0a

451+
0.57a

443 +
0.51a

5.61+
0.82a

5.12+
0.23a

498 +
0.46 a

575+
1.02a

524+
1.05a

4.64 £
0.63a

4.59 =
0.82a

4.69 =
045a

495+
0.79 a

447+
0.29a

4.64 +
0.46 a

451+
0.57a

443 +
0.51a

5.61+
0.82a

5.12+
0.23a

498 +
0.46a

575+
1.02 a

6.13 +
0.86d

9.61
3.64 bed

13.8 £
0.95 abc

150+
4.6 ab

8.95+
1.74 bed

105+
5.66
abcd
13.2+
3.39
abcd

17.56 +
3.63a

817+
0.47 bed

791+
2.47 bed

8.87
2.17 bed

6.63 +
1.35¢cd

79+
2.14 bed

6.13+
0.86d

9.61
3.64 bed

13.8 £
0.95 abc

145 +
4.6 ab

895+
1.74 bed

105+
5.66
abcd

3.62+
0.56
bede
3.70 =
0.78
bede

4.86
0.90 ab

4,62 +
0.62 abc

395+
0.76
abcde

524+
0.81a

3.19+
0.51 cde

3.03+
0.55de

291+
0.49 de

2.49 +
0.19¢

4,16 £
0.43
abed

375+
0.33
bede

3.68 +
0.32
bede
3.62+
0.56
bede
3.70 =
0.78
bede

4.86
0.90 ab

4,62 +
0.62 abc

395+
0.76
abcde

524+
0.81a

162 +
1.30a

17.8
391a

14.15 +
1.82a

15.7+
3.02a

16.0 £
3.75a

17.5+
2.23a

132+
235a

134+
3.76 a

162 +
448 a

129 +
299 a

172+
1.76 a

14.94 +
1.58 a

14.88 +
2.66a

162 +
1.30a

17.8 =
391a

142 +
1.82a

157+
3.02a

16.0 +
3.75a

17.5+
2.23a

1.75+
0.46
de
2.46 +
0.42
bede

3.59+
0.36a

3.46+
0.45
ab

235+
0.42
cde

332+
0.91
abc
215+
0.39
de
284+
0.43
abced

1.74 =
0.10e

1.60 +
0.05¢

253+
0.29
abcde

1.96 +
0.19
de

1.90 £
0.41
de

1.75+
0.46¢

2.46 +
0.42
bede

3.59+
0.36a

3.46+
0.45
ab

235+
0.42
cde

332+
091
abc

1.75+
0.26
ab

2.08 +
0.67 a

1.47 +
0.09
ab
1.69 +
0.35
ab

130+
0.15b

1.74 +
0.48
ab

133+
0.26 b

1.51+
0.23
ab

1.25+
0.19b

1.15+
0.17b

1.46 +
0.07
ab

141+
0.16
ab

1.46 +
0.29
ab
1.75 +
0.26
ab

2.08 +
0.67 a

1.47 +
0.09
ab
1.69 +
0.35
ab

1.30+
0.15b

1.74 +
0.48
ab

024+
0.03a

0.25+
0.08 a

0.20+
0.02a

0.18 +
0.01a

0.20+
0.0la

021+
0.05a

027+
0.09 a

0.19+
0.04a

0.22 +
0.03a

0.20 +
0.04 a

020+
0.02a

023+
0.0la

0.23 +
0.03a

0.24 +
0.03a

0.25+
0.08 a

0.2+
0.02a

0.18 +
0.01a

0.20 +
0.01a

021+
0.05a

0.00 +
0.00 a

0.00 +
0.00a

0.00 +
0.00 a

0.00 +
0.00 a

0.00 +
0.00 a

0.00 +
0.00 a

1.36 +
273 a

0.00 +
0.00 a

0.00 +
0.00 a

0.00 +
0.00a

0.00 =
0.00a

0.00 +
0.00 a

0.00 +
0.00 a

0.00 +
0.00a

0.00 +
0.0a

0.00 +
0.00 a

0.00 +
0.00a

0.00 +
0.00 a

0.00 +
0.00 a



tomato

tomato

tomato

tomato

wood biochar

wood
biochar+slurry

wood biochar
NH;3+CO2

wood
biochar+1x

46.1 =
224 a

27.8 £
15.0a

373+
8.83a

29.1 £
927a

524+
1.05a

4.64 +
0.63 a

4.59 =
0.82a

4.69 +
0.45a

132+
3.39
abcd

17.6 =
3.63a

8.17+
0.47 bed

791+
2.47 bed

3.19+
0.51 cde

3.03+
0.55 de

291+
0.49 de

249+
0.19e

132+
2.35a

134+
3.76 a

162 +
4.48a

129 +
299a

2,15+
0.39
de
2.84 +
0.43
abced

1.74 +
0.10e

1.60 £
0.05¢

133+
0.26b

1.51 %
0.23
ab

1.25+
0.19b

1.15+
0.17b

0.27 £
0.09 a

0.19 £
0.04 a

0.22 +
0.03a

0.20+
0.04a

1.36 +
273 a

0.00 +
0.00 a

0.00 +
0.00a

0.00 +
0.00 a
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Figure S1. Van der Waals interactions between NH3 and COx. (A) chemisorption (B) H-
bonding (C) Van der Waals COl’nplGXError! Reference source not found.'
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Figure S2. Normalized XPS spectra for Cls, N1s, and Ols core-level electron excitations
of five standard compounds. Spectral deconvolution is also displayed in the fitting of
multiple Lorentzian-Gaussian curves to each spectrum. Assigned peak positions of C, N,
and O bonds and the relative peak areas associated with those bonds is outlined in Tables
S2 and S3.
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Figure S3. (A) Three replicate thermograms depicting the weight of change with
exposure to COz (orange) followed by NHs (blue), separated an argon purge (gray). (B)
Three replicates of gravimetrically-measured CO> and NH3 adsorption onto HSW biochar
(blue) overlaid with modeled adsorption curves using the Avrami fractional order model
(black line). (C) Three replicates of gravimetrically-measured CO> and NH3 adsorption at
three sequential exposure intervals (1,2,3) onto ox wood biochar (colors) overlaid with
modeled adsorption curves using the Avrami fractional order model.
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Figure S2. Wide-scan XPS spectra for unexposed HSW biochar depicting a prominent
peak for nitrogen (N1s) and no peak features for silicon (Si 2s, Si 2p, Si 2p1/2, Si 2p3/2).
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Figure S3. Narrow scan XPS spectra in the Cls region showing peaks for the K2p region
for potassium between 296-290 eV, highlighted with black arrows. The K2p 1 peak
between 293-290 eV increases in area by 2.7-fold in HSW biochar CO>+NH3 compared
to HSW biochar.



