Plant-derived compounds stimulate the decomposition of organic matter in arctic permafrost
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Supplementary Fig. S1. Cumulative SOC-derived (a, c, e, g, i) and substrate-derived (b, d, f, h,
j) respiration over 25 weeks of incubation in different horizons of arctic permafrost soils after
addition of cellulose or protein, and in unamended control samples. Values represent means

with standard errors. Note the differences in scaling.
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Supplementary Fig. S2. Responses of cumulative SOC mineralization to addition of cellulose
or protein, plotted against SOC content and C/N ratio. Response ratios were calculated as
ratios of samples amended with cellulose or protein over control samples. Note the threshold
of circa 10% SOC and a C/N ratio of 20, above which positive responses to cellulose are

negligible.



Supplementary Table S1. Characterization of the sampled soil horizons, individually for the four sites across the

Siberian Arctic.

Number of Depth Organic C N C/N 8" °C
samples (cm) (%) (%) (%o0)
Organic topsoils 18 100+ 1.4 21.39+1.46 0.87 £0.05 25.58+1.88  -27.45+0.17
Cherskiy 7 11.8+ 2.8 20.80+1.56 1.05+0.08 20.11+1.36  -27.98+£0.10
Ari-Mas 3 125+ 5.0 17.83+6.19 0.67£0.17 25.86+3.39  -27.89+0.12
Logata 2 75+ 0.0 16.61+0.56 0.89+0.01 18.58 £0.47  -27.33+£0.50
Tazovskiy 6 75+ 0.0 2546+2.10 0.75+£0.03 3450£2.50 -26.65+0.21
Mineral topsoils 23 127+ 1.5 4.17+0.56 0.26 £0.03 15.50+0.62  -27.09+£0.21
Cherskiy 4 150+ 43 147+0.19 0.12+0.01 12.64+£0.94  -26.67+0.25
Ari-Mas 7 182+ 2.8 3.84+0.71 0.22 +£0.03 17.04+1.66  -27.57+0.22
Logata 7 9.6+ 2.1 7.12+0.80 0.49 £ 0.05 1549+0.35 -27.82+0.25
Tazovskiy 5 75+ 0.0 2.67+0.68 0.17+£0.04 15.64+£0.78  -25.70 £0.09
Mineral subsoils 29 40.6+ 4.0 1.27+0.17 0.10+0.01 11.89+0.49  -26.08 £0.27
Cherskiy 8 41.6+ 4.7 1.50+0.21 0.12+0.01 12.04 £0.52  -27.04+0.28
Ari-Mas 6 450+ 64  0.63+0.12 0.05+0.01 11.77+0.61  -25.88+0.36
Logata 8 244+ 6.0 229+0.22 0.16 £0.01 14.12+£0.62  -26.91+0.29
Tazovskiy 7 546+11.1 0.39+0.09 0.04 £0.01 928+120 -24.10+0.37
Cryoturbated 27 464+ 3.6 6.48+0.92 0.37+£0.04 16.53+0.66  -27.12+0.17
Cherskiy 4 48.8+ 3.8 14.45+2.34 0.82+0.12 17.58 £0.50  -27.49 £ 0.31
Ari-Mas 9 608+ 7.5 3.55+0.62 0.22+0.04 16.18+0.95  -27.50+0.16
Logata 8 394+ 34  8.02+1.02 0.45+0.03 1747+£129  -27.46+0.10
Tazovskiy 6 325+ 5.0 3.50=£1.17 0.20+0.05 15.09+2.03  -25.92+0.32
Permafrost 22 893+ 62 143+044 0.09 £0.02 12.02+1.30 -24.75+0.52
Cherskiy 6 675+ 39 291+1.28 0.16 £0.03 1458 +3.31  -26.88+0.48
Ari-Mas 5 825+ 47 142+0.29 0.09 £ 0.01 1634+£1.52  -23.63+2.04
Logata 5 705+ 5.6 1.06=+0.08 0.09 £ 0.00 11.67+0.32  -24.44+0.29
Tazovskiy 6 1325+ 32 0.20+0.03 0.03£0.00 6.81+£048  -23.58+0.33




Supplementary Table S2. Percentage of samples showing response ratios of SOC mineralization higher than
1.2 or lower than 0.8 after addition of cellulose or protein. Response ratios were calculated as ratios of

amended over control samples.

Response ratio > 1.2 Response ratio < 0.8

Cellulose Protein Cellulose Protein
Organic topsoils 0.0% 66.7% 17.6% 11.1%
Mineral topsoils 56.5% 56.5% 0.0% 8.7%
Mineral subsoils 40.7% 93.1% 0.0% 0.0%
Cryoturbated 32.0% 96.3% 4.0% 0.0%
Permafrost 42.9% 81.8% 4.8% 0.0%
All horizons 36.3% 80.7% 4.4% 3.4%

Supplementary Table S3. Microbial biomass C after 25 weeks of incubation, per dry soil and per soil organic
C. Different letters indicate significant differences between horizon classes at p < 0.05.

Microbial biomass C per dry soil Microbial biomass C per soil organic C

(ug C g dry soil) (mg C g" SOC)
Organic topsoils 849.60 + 106.27 a 395+039a
Mineral topsoils 17474 £ 41.50b 339+0.50a
Mineral subsoils 4898+ 5.76¢ 499+0.84a
Cryoturbated 126.60+ 1893 b 2.11+021b
Permafrost 50.00+ 7.74c 6.66+1.27 a

Supplementary Table S4. Spearman’s rho of correlations between SOM C/N ratios, microbial substrate use
efficiencies (SUE) of cellulose- or protein-derived C, and the response ratios of SOC mineralization after
cellulose or protein input (RR; calculated as ratios of amended over control samples). n.s., no significant
correlation at p < 0.05.

Cellulose Protein
C/Nvs.SUE C/Nvs.RR SUEvs.RR C/Nvs.SUE C/Nvs.RR SUE vs. RR
Organic topsoils n.s. n.s. n.s. -0.554 n.s. n.s.
Mineral topsoils n.s. n.s. n.s. n.s. -0.472 n.s.
Mineral subsoils n.s. n.s. n.s. n.s. n.s. -0.455
Cryoturbated -0.468 n.s. n.s. n.s. n.s. n.s.
Permafrost n.s. n.s. n.s. n.s. n.s. n.s.

All horizons -0.481 n.s. n.s. -0.343 n.s. n.s.




Supplementary Table S5. Responses of native SOC mineralization and microbial biomass in different horizons
of arctic permafrost soils to the addition of cellulose or protein. Response ratios were calculated as ratios of
amended over control samples. Values represent means + standard errors, bold values indicate significant
differences in SOC mineralization between amended and control samples at p < 0.05 (Welch’s paired t-test).

Response ratio of SOC mineralization Response ratio of the microbial biomass
Cellulose Protein Cellulose Protein
Organic topsoils 1.00 +£0.04 1.51+0.16 1.07+0.10 1.20+0.13
Cherskiy 0.97+0.10 1.56 +0.17 0.99 £0.18 1.34+0.19
Ari-Mas 1.07 £0.06 0.75£0.11 1.29+£0.26 0.89+0.26
Logata 0.92+0.15 0.77+£0.06 0.97 £0.54 1.38+0.21
Tazovskiy 1.00 +0.05 2.07£0.23 1.09 £0.07 1.11+£0.32
Mineral topsoils 1.22 +0.06 1.41+0.10 1.64+0.20 1.57+0.30
Cherskiy 1.31+0.04 2.11+£0.06 0.94+£0.24 2.88+1.42
Ari-Mas 1.27+0.13 1.11£0.08 2.04+0.36 1.27 +0.28
Logata 1.21£0.12 1.12+0.10 1.36 £0.18 1.14+£0.06
Tazovskiy 1.09 + 0.07 1.68 +0.17 2.06 +1.08 1.52+0.59
Mineral subsoils 1.31+0.10 2.20+£0.13 1.56+0.28 1.53+£0.30
Cherskiy 1.75+0.29 287+0.21 1.39+£0.85 1.69 +0.92
Ari-Mas 1.11+0.09 1.70+0.25 2.17£0.79 2.10+0.47
Logata 1.08 £0.08 2.11+0.17 1.63 £0.25 1.10+0.33
Tazovskiy 1.29+0.13 1.97+0.23 0.69 £0.21 1.04 £0.68
Cryoturbated 1.22 +0.09 2.09+£0.16 1.34+0.14 1.48+0.16
Cherskiy 0.89 +0.08 2.61+0.30 0.65 +0.24 1.30+0.16
Ari-Mas 1.50+0.18 1.91+0.18 1.49+£0.26 1.37+0.16
Logata 1.08 + 0.05 1.45+0.08 1.71+£0.14 1.16 £0.16
Tazovskiy 1.17+0.18 2.89+£042 0.94 +0.32 2.29+0.55
Permafrost 1.23+0.09 1.63+0.12 1.14£0.20 1.28+£0.22
Cherskiy 1.02 +0.08 1.87+£0.36 0.93+£0.27 1.15+£0.43
Ari-Mas 1.63+0.21 1.71+0.35 1.05+0.25 1.16 £0.13
Logata 1.10£0.08 1.48 £0.04 1.12+£0.39 1.47 £0.63
Tazovskiy 1.17+0.17 1.46 £0.05 1.64 +0.87 1.33+0.44




Supplementary Table S6. Microbial substrate use efficiency of cellulose- or protein-derived C in different
horizons of arctic permafrost soils. Substrate use efficiency was calculated as the ratio of substrate-derived C in
microbial biomass over substrate-derived C in biomass plus cumulative respiration after 25 weeks of incubation.
Values represent means =+ standard errors.

Substrate use efficiency

Cellulose Protein
Organic topsoils 0.048 + 0.006 0.036 £ 0.004
Cherskiy 0.041 £0.011 0.036 +0.004
Ari-Mas 0.045 +0.017 0.030 + 0.006
Logata 0.054 +0.011 0.059 +£0.010
Tazovskiy 0.056 + 0.007 0.031 £ 0.009
Mineral topsoils 0.064 + 0.006 0.041 + 0.004
Cherskiy 0.077 +0.012 0.045£0.011
Ari-Mas 0.069 £ 0.012 0.045 £ 0.006
Logata 0.055+0.010 0.050 = 0.006
Tazovskiy 0.055+£0.012 0.021 £+ 0.003
Mineral subsoils 0.132+0.019 0.058 +0.006
Cherskiy 0.083 +£0.019 0.067 £0.012
Ari-Mas 0.152 +0.028 0.078 +0.008
Logata 0.108 +0.014 0.044 + 0.004
Tazovskiy 0.208 + 0.075 0.028 +£0.020
Cryoturbated 0.080+0.010 0.046 £+ 0.005
Cherskiy 0.048 £+ 0.006 0.055 £0.022
Ari-Mas 0.091+0.018 0.053 +0.009
Logata 0.098 £ 0.017 0.043 +0.004
Tazovskiy 0.052 £0.012 0.029 £+ 0.007
Permafrost 0.199 + 0.040 0.121 £0.018
Cherskiy 0.235 +0.096 0.100 £ 0.034
Ari-Mas 0.112+0.051 0.077 £0.025
Logata 0.233 + 0.060 0.210+0.017
Tazovskiy 0.242 +0.183 0.082 £ 0.019




