Supplemental Material

1 Parameterization of Ecosystems

We drew general data on the properties of different ecosystems from the available
literature. The differences between ecosystems were conservative, so when uncertainty in the
parameters remained, we maintained the baseline values across ecosystem types.
1.1 Inputs

The data on nutrient inputs into the soil system were taken from Chapin et al. (2011). Of
this total carbon input, we allocated a portion to symbionts based on data from Hobbie (2006)
and Leake et al. (2004). We divided the symbiont carbon allocation between ectomycorrhizal
fungi, arbuscular mycorrhizal fungi, and nitrogen fixing bacteria based on data of the relative
abundance of these symbionts in different ecosystem types (Steidinger et al., 2019). We divided
litter inputs into our two quality categories based on the ecosystem types. Boreal, Arctic, and
Desert ecosystems had 40% labile litter inputs, the remaining forests had 60%, and grasslands
had 80%. We used the SRDB (version 3.0) data to divide litter between aboveground and
belowground inputs, allocating 50% belowground in forests and 70% belowground in grasslands
(Bond-Lamberty and Thomson, 2014).
1.2 Loss of litter

We constrained the proportion of litter that could be lost to photodegradation by
considering the differences between ecosystems and using available data for deserts, grasslands,
and forests (Austin and Vivanco, 2006; Henry et al., 2008b; King et al., 2012). Desert and
Mediterranean ecosystems could lose between 50-75% of their recalcitrant litter to
photodegradation, tropical ecosystems could lose between 10-60%, and northern ecosystems less

than 50%.
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1.3 Stoichiometry

We considered differences in litter stoichiometry across ecosystem types using data on
the ratios present in the dominant plant species (Bai et al., 2012; Hobbie and Gough, 2004;
Moro, 2000; Ratnam et al., 2008; Zhao et al., 2014). We did not find good data for C:S ratios, so
left those consistent across ecosystem types. Root C:N ratios across ecosystem types were
constrained using the Fine-Root Ecology Database, FRED 2.0 (Iversen et al 2017; McCormack
et al 2018). We set the ratios of root exudates based on limited data and kept them the same
across ecosystems (Drake et al., 2013).

Data on the C:N:P:S ratios for mineral-associated organic matter across ecosystem types
was sparse. We conducted a literature search for reported C:N, C:P, and/or C:S ratios of mineral-
associated organic matter (Adams et al. 2018; Cordova et al. 2018; Hatton et al. 2012; Jones and
Singh 2014; Kirkby et al. 2011; Kramer et al. 2017; McFarlane et al. 2013;Rumpel et al. 2012;
Sollins et al. 2009; Stahr et al. 2017; Tipping et al. 2016), most often operationally defined as the
“heavy” fraction characterized following density fractionation procedures (Sollins et al. 2006;
Schrumpf et al. 2013). Where possible, we report molar ratios but include mass ratios when
necessary.

Ranges of animal and microbial stoichiometry were the same across all ecosystems, since
there was not enough data across ecosystems to justify differences (Cleveland and Liptzin, 2007;
Fagan and Denno, 2004; Kranabetter et al., 2019; Landis and Fraser, 2007; Zhang and Elser,
2017). Furthermore, we expect that fine scale differences driven by community turnover are
large enough that constraining these ratios at a biome scale is unlikely to be appropriate.

1.4 Substrate use efficiency
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We acquired general data on CUE from available literature sources and adapted the
known trends across temperature and chemical quality gradients (Frey et al., 2013, Qiao et al.
2019). Microbial CUE is known to vary with moisture availability, but the trends are too variable
to provide a robust parameterization in our general model (Manzoni et al., 2012). Data on
nutrient use efficiencies are scarce and we found no data to inform differences across
ecosystems. Consequently, we left the ranges of these substrate use efficiencies at baseline (i.e. 5
to 95%).

1.5 Information on stoichiometry and substrate use efficiency

We examined the value of information on stoichiometry and substrate use efficiency by
reducing the range between minimum and maximum values by 90% (increase minimum and
decrease maximum by 45% of range). These reductions replicated the inclusion of data from
field samples that would refine our estimates at a given site, but still contain variation.

1.6 Comparison to a global database of soil respiration data

We compared the predicted annual total litter input rates and heterotrophic soil
respiration outputs of our model across biomes and ecosystem types to the SRDB dataset
(version 3.0) to verify that our assumptions across ecosystems matched with available data
(Bond-Lamberty and Thomson, 2014). Overall, our model performed well and only

overestimated flows in forested ecosystems (Figure S6).
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Table S1: The state variable codes used in Figures S1.

Code | Description Code | Description
| Inorganic U Recalcitrant dissolved OM
E External (no mass B Bacteria
balance)
L Labile Litter F Saprotrophic fungi
R Recalcitrant Litter Y Ectomycorrhiza
A Primary detritivores Z Arbuscular mycorrhiza
S Secondary detritivores X Nitrogen fixing bacteria
P Labile particulate OM M Stronger binding mineral-associated
oM
H Protected “P” G Protected “M”
Q Recalcitrant particulate J Weaker binding mineral-associated
oM oM
K Protected “Q” T Protected “J”
D Labile dissolved OM \ Labile root litter
Recalcitrant root litter
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Table 52: The parameter ranges used for each ecosystem

pool Type Arctic Boreal Mediterranean Subtropical Temperate Tropical
Parameter Name Desert _Shrublands Tundra___|Forest Grassland__Agriculture_|Forest Grassland_Agriculture _Shrublands _|Forest Grassland _Agriculture _Shrublands |Forest Grassland _Agriculture _Desert __Savanna___Shrublands |Forest Grassland_Agriculture _Savanna___Shrublands Units Reference
iToT na. Total C inputs. 18000 18000  180.00] 38000 38000 610, 100000 100000 61000  1000.00] 250000  1080.00 1000 108000( 155000 75000 61000 2! 000 75000 250000  1080.00 61000  1080.00  1080.00[g_Cm-2year-1 Chapin 2011
Temp na Temperature -15.00 -15.00 -15.00) -5.00 -5.00 -5.00 2000 2000 2000 2000 2000 2000 2000 2000 10.00 1000 10.00 10.00 10.00 10.00 25.00 25.00 25.00 25.00 25.00(degrees C
Proplabile na. 040 040 0.40} 040 080 080 0.60 080 080 0.60 0.60 0.80 0.80 0.60 060 080 080 040 080 0.60] 060 080 080 080 0.60[na Bond-Lamberty and Thompson 2010
Proplitter na. 045 045 045 045 045 045 045 045 045 045 045 045 0.45 0.45 045 045 045 045 045 045 045 045 045 045 0.45[na Chapin 2011
PropSymbiont  n.a. Dividing total 035 035 035 035 035 035 035 035 035 035 035 035 035 035 035 035 035 035 035 035 035 035 035 035 035[na
PropEcto_Y Ectomychorrize inputs 000 080 0.80} 1.00 000 0.00 080 0.00 0.00 0.60 050 0.00 0.00 030 080 000 000 000 080 050 000 000 030 0.00[na
PropAM_Z Aruscular mychorrizae 1.00 020 020} 0.00 080 065 010 0.80 0.65 0.25 035 0.80 0.65 0.50 020 080 065 050 020 035 080 065 050 0.80|na Steidinger et al. 2019
Propfix X Nitrogen fixers 000 000 0.00} 000 020 035 010 020 035 015 015 020 035 0.20 000 020 035 050 000 015 020 035 020 0.20[na
PDegPropmin  Photodegradation Proportion 000 000 0.00} 000 0.00 0.00 050 050 050 050 010 020 0.00 020 000 000 000 050 000 010 020 000 020 0.20[na Austin and Vivanco 2006; King et al.
PDegPropmax 0.30 0.30 0.30] 0.20 0.50 u@' 0.75 0.75 0.75 0.75] 0.60 0.70 0.50 0.70 030 0.50 0.50 075 0.50 0.60 0.70 0.50 0.70 0.70|na 2012; Henry et al. 2008
iLcnmax Max Ratio CN 5300 20000  11100]  197.00 45.00 45.00 87.00 45.00 4500 200,00 87.00 45.00 4500 200,00 87.00 45.00 45.00 53.00 45.00 73.00 65.00 25.00 6500 200.00[mol mol-1
itenmin Min Ratio C:N 19.00 30,00 47.00) 38.00 15.00 15.00 19.00 15.00 15.00 3000 19.00 15.00 15.00 30.00 19.00 15.00 15.00 19.00 15.00 28.00 30,00 15.00 30,00 30.00{mol mol-1
iLcpmax Labile litter Max Ratio C:P 57000 160000  1430.00| 946600  600.00 60000 244400 60000 60000  1600.00| 244400 60000  600.00  1600.00| 244400 60000 60000  570.00 60000 145000 489500 60000  4895.00  1600.00|mol mol-1
iLcpmin Min Ratio C:P 28500 350.00 9400( 39200 20000 20000 32000 20000 20000 35000 32000 20000 20000 35000 32000 20000 20000 28500  200.00 33100 82900 20000 82900  350.00|mol mol-1 Moro and Domingo 2000; Ratnam et
iLcsmax Max Ratio C:5 90000 90000  900.00|  900.00  900.00 90000 90000 90000  900.00  90000|  900.00 90000 90000  900.00| 90000  900.00 90000 90000  900.00 90000 90000 90000  900.00  900.00|mol mol-1 al. 2008; Bai et al. 2012; Zhao et al.
iLcsmin Min Ratio C:S 20000 20000  20000[ 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000  20000( 20000 20000 20000 20000  200.00 20000 20000 20000 20000  200.00|mol mol-1 2014; Hobbie and Gough 2004;
iRenmax Max Ratio C:N 5300 20000  11100(  197.00 45.00 45.00 143.00 45.00 4500 20000  143.00 45.00 4500 20000 14300 45.00 45.00 53.00 45.00 79.00 65.00 45.00 6500 200.00|mol mol-1 Manzon et al. 2010; Tripathi and
iRenmin Min Ratio C:N 19.00 30.00 47.00) 38.00 15.00 15.00 38.00 15.00 15.00 3000 38.00 15.00 15.00 30.00 38.00 15.00 15.00 19.00 15.00 59.00 30.00 15.00 30.00 30.00{mol mol-1 Singh 1992; Berg and McClaugherty
iRcpmax Recalcitrant litter  MaX Ratio CP 57000 160000  1430.00| 946600  600.00 60000 212000 60000 60000  1600.00( 212000 60000  600.00  160000( 212000 60000 60000  570.00 60000 361500 489500  600.00 489500  1600.00|mol mol-1  1989; Trofymow and CIDET Team 1998
iRepmin Min Ratio C:P 28500 350.00 9400| 39200 20000 20000 39200 20000 20000  350.00| 39200 20000 20000 35000 39200 20000 20000 28500  200.00 216500 82900 20000 82900  350.00|mol mol-1
iResmax Max Ratio C:S 90000 90000  900.00| 90000  900.00  900.00 90000 90000  900.00  90000|  900.00 90000  900.00  900.00| 90000  900.00 90000 90000  900.00 90000 90000 90000  900.00  900.00|mol mol-1
iResmin Min Ratio C:S 20000 20000  20000[ 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000  20000( 20000 20000 20000 20000  200.00 20000 20000 20000 20000  200.00|mol mol-1
ivenmax Max Ratio CN 119.87 119.87 11987 19654 117.00 45.00 19654 117.00 4500 200.00 57.00 45.00 45.00 4080 31300 11625 45.00 5300  129.00 13300 137.00 45.00 65.00 89.00|mol mol-1
ivenmin Min Ratio C:N 1691 1691 1691 890 17.01 15.00 8.9 17.01 15.00 3000 28.30 15.00 15.00 26.60 1077 2037 15.00 19.00 6.20 14.27 30.50 15.00 30,00 29.00{mol mol-1
iVepmax Labile ltter Max Ratio C:P 57000 160000  1430.00| 946600  600.00 60000 244400 60000 60000  1600.00| 244400 60000  600.00  1600.00( 244400 60000 60000  570.00  600.00 145000 489500 60000 489500  1600.00|mol mol-1
ivepmin Min Ratio C:P 28500 350.00 94.00( 39200 20000  200.00 32000 20000 20000  350.00| 32000 20000 20000 35000 32000 20000 20000 28500  200.00 33100 82900 20000 82900  350.00|mol mol-1
ivesmax Max Ratio C:S 90000 90000  900.00| 90000  900.00 90000 90000 90000 90000  90000|  900.00 90000 90000  900.00| 90000  900.00 90000 90000  900.00 90000 90000 90000  900.00  900.00|mol mol-1
ivesmin Min Ratio S 20000 20000  20000[ 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000  20000( 20000 20000 20000 20000  200.00 20000 20000 20000 20000  200.00|mol mol-1 Jersen et al, 2017
iwenmax Max Ratio CN 119.87 119.87 119.87 196.54 117.00 45.00 19654 117.00 4500 200.00 57.00 45.00 45.00 4080 31300 11625 45.00 5300  129.00 13300 137.00 45.00 65.00 £89.00|mol mol-1 ’
iwenmin Min Ratio C:N 1691 1691 1691 890 17.01 15.00 890 17.01 15.00 3000 28.30 15.00 15.00 26.60 1077 2037 15.00 19.00 6.20 14.27 30,50 15.00 30,00 29.00{mol mol-1
iWcpmax Recalcitrant itter  MaxRatio C:P 57000 160000  1430.00| 946600  600.00 60000 212000 60000 60000  1600.00( 212000 60000  600.00  160000| 212000 60000 60000  570.00 60000 361500 489500  600.00  4895.00  1600.00(mol mol-1
iwcpmin Min Ratio C:P 28500  350.00 9400( 39200 20000 20000 39200 20000 20000  350.00| 39200 20000 20000 35000 39200 20000 20000 28500  200.00 216500 82900 20000 82900  350.00|mol mol-1
iwesmax Max Ratio C:S 90000  900.00  900.00[ 90000  900.00  900.00 90000 90000 90000  90000|  900.00 90000 90000  900.00| 90000  900.00 90000 90000  900.00 90000  900.00 90000  900.00  900.00|mol mol-1
iwesmin Min Ratio C:S 20000 20000  20000[ 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000  200.00 20000 20000 20000 20000  200.00|mol mol-1
iDenmax Max Ratio CN 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00{mol mol-1
iDcnmin Min Ratio C:N 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00{mol mol-1
iDcpmax Dissolved organic ~ MaxRatioCP | 100000 ~ 1000.00  1000.00( ~ 1000.00 ~ 100000  1000.00 100000 100000 100000  1000.00| 100000  1000.00 100000  1000.00| 100000 100000  1000.00 100000  1000.00 100000 100000 100000  1000.00  1000.00|mol mol-1 Drake et al. 2013
iDcpmin matter Min Ratio C:P 10000 10000 10000( 10000 10000  100.00 10000 10000 10000 10000 10000 10000 10000  10000( 10000 10000 10000 10000  100.00 10000 10000 10000 10000  100.00|mol mol-1 .
iDcsmax Max Ratio C:5 90000 90000  900.00| 90000  900.00  900.00 90000 90000  900.00  90000|  900.00 90000  900.00  900.00| 90000  900.00 90000  900.00  900.00 90000 90000 90000  900.00  900.00|mol mol-1
iDesmin Min Ratio C:S 20000 20000  20000[ 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000  20000( 20000 20000 20000 20000  200.00 20000 20000 20000 20000  200.00|mol mol-1
Menmax Max Ratio C:N 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 23.00 15.00 27.00 27.00 27.00 21.00 27.00 27.00 27.00 27.00{mol mol-1
Menmin Labile compounds  Min Ratio C:N 5.00 5.00 5.00] 5.00 5.00 5.00 5.0 5.00 5.00 5.00 5.00 5.00 5.00 5.00 8.00 9.00 5.00 5.00 5.00 600 5.00 5.00 5.00 5.00{mol mol-1
Mcpmax sorbed tomineral-  MaxRatioCP | 126000 126000  1260.00( 1260.00 126000  1260.00 126000 126000 126000 126000 126000 126000  1260.00  1260.00{  367.00 126000 126000  1260.00  1260.00 126000 126000 126000  1260.00  1260.00|mol mol-1
Mcpmin associated organic  Min Ratio C:P 72.00 72.00 72.00] 72.00 72.00 72.00] 72.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00| 85.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00|mol mol-1 Adams etal. 2018; Cérdova et al. 2018;
Mcsmax matter Max Ratio C:S 400.00 400.00 400.00} 400.00 400.00 400.00] 400.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00| 400.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00| mol mol-1 Hatton et al. 2012; Jones & Singh 2014;
Mesmin Min Ratio C:S 20000 20000  20000[ 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000  20000( 20000 20000 20000 20000  200.00 20000 20000 20000 20000  200.00|mol mol-1 Kirkby etal. 2011; Kramer etal. 2017;
cnmax Max Ratio CN 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 27.00 23.00 15.00 27.00 27.00 27.00 21.00 27.00 27.00 27.00 27.00{mol mol-1 McFarlane etal.. 2013:Rumpel et al.
cnmin Recalcitrant Min Ratio C:N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 8.00 9.00 5.00 5.00 5.00 5.00 600 5.00 5.00 5.00 5.00{mol mol-1 2012; Sollins et al. 2009; Stahr et al
icpmax compounds sorbed to MaxRatio G | 126000 126000  1260.00| 126000  1260.00  1260.00 126000 126000 126000 126000 126000 126000  1260.00  1260.00{  367.00 126000 126000  1260.00 126000  1260.00| 126000 126000  1260.00 126000  1260.00(mol mol-1 2017; Tipping et al. 2016
cpmin mineral-associated  Min Ratio C:P 72.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00 85.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00 72.00{mol mol-1
csmax organic matter  Max Ratio C:S 40000 40000  40000| 40000  400.00 40000 40000 40000 40000  40000| 40000 40000 40000 40000 40000 40000 40000 40000  400.00  400.00(  400.00 40000 40000  400.00  400.00|mol mol-1
Jcsmin Min Ratio S 20000 20000  20000[ 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000  20000( 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000  200.00|mol mol-1
Acnmax Max Ratio CN 20,00 20,00 20,00 20,00 20,00 20,00 20.00 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 20,00 20,00 20,00 20,00 20,00 20.00{mol mol-1
Acmin Min Ratio C:N 4.00 4.00 4.00] 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00) 4.00 4.00 4.00 400 400 4.00] 4.00 4.00 4.00 4.00 4.00{mol mol-1
Acpmax primary Animal Max Ratio G 30,00 30,00 30,00 30,00 30.00 30.00 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 30,00 30,00 30,00 30,00 30.00 30,00 30.00{mol mol-1
Acpmin Min Ratio C:P 600 600 6.00} 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 600 600 6.00 6.00 6.00{mol mol-1
Acsmax Max Ratio C:S 40.00 40.00 40.00) 40.00 4000 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00) 40.00 40.00 40.00 40.00 40.00|mol mol-1
Acsmin Min Ratio C:S 600 600 6.00} 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 600 600 600 6.00 6.00{mol mol-1 Buchkowski et al. 2019
scnmax Max Ratio CN 20,00 20,00 20,00 20,00 20,00 20,00 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 20,00 20,00 20,00 20,00 20,00 20,00 20.00{mol mol-1
scnmin Min Ratio C:N 400 400 .00} 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00) 400 4.00 400 400 400 4.00] 400 400 4.00 4.00 4.00{mol mol-1
scomax Secondary Animal  MaxRatio CP 30.00 30.00 30.00 30.00 30.00 30.00 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 30.00 30.00 30,00 30.00 30.00 30.00 30.00 30.00 30.00{mol mol-1
Scpmin Min Ratio C:P 600 600 6.00] 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 600 600 600 6.00 6.00{mol mol-1
Scsmax Max Ratio C:5 40.00 40.00 40.00) 4000 4000 4000 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00) 40.00 40.00 40.00 4000 40.00|mol mol-1
Scsmin Min Ratio C:S 600 600 6.00} 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 600 600 600 6.00 6.00{mol mol-1
Benmax Max Ratio C:N 481 481 481 481 481 481 481 481 4.81 4.81 481 481 481 481 481 481 481 481 481 481 481 481 481 481 4.81{mol mol-1
Benmin Min Ratio C:N 4.06 4.06 4.06 4.06 4.06 4.06 4.06 4.06 4.06 4.06 406 406 406 4.06| 406 406 406 4.06 406 4.06} 4.06 4.06 4.06 4.06 4.06|mol mol-1
Bepmax sacterial Max Ratio C:P 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70 79.70{mol mol-1
Bepmin Min Ratio C:P 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60 64.60[mol mol-1
Besmax Max Ratio C:S 15000 15000  150.00(  150.00 15000 15000 15000 15000 15000  150.00| 15000 15000 15000 15000  150.00 15000  150.00 15000 15000 15000 15000  150.00 15000  150.00 150.00|mol mol-1
Besmin Min Ratio C:S 30,00 30,00 30,00 30,00 30,00 30,00 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 30.00 30,00 30,00 30,00 30,00 30,00 30,00 30,00 3000[mal mol (0 incanaugh et al. 2016
Fenmax Max Ratio CN 951 951 951 951 951 951 9.51 9.51 9.51 9.51 9.51 9.51 9.51 9.51 9.51 9.51 951 951 951 951 951 951 951 951 9.51{mol mol-1
Fenmin Min Ratio C:N 7.25 725 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 725 7.25 7.25 7.25|mol mol-1
Fepmax Soprotrophic fungi Mo Ratio CP 12500 12500  12500( 12500 12500 12500 12500 12500 12500 12500 12500 12500 12500 12500 12500 12500 12500 12500 12500 12500 12500 12500 12500 12500  125.00|mol mol-1
Fepmin Min Ratio C:P 90.90 90.90 90.90 9090 9090 9090 90.90 90.90 90.90 90.90 90.90 90.90 90.90 90.90 90.90 90.90 90.90 90.90 90.90 90.90 90.90 90.90 90.90 9090 90.90|mol mol-1
Fesmax Max Ratio C:S 15000 15000  150.00( 15000 15000  150.00 15000 15000 15000  150.00| 15000 15000 15000 15000 15000 15000  150.00 15000 15000 15000 15000 15000 15000  150.00 150.00|mol mol-1
Fesmin Min Ratio S 30,00 30,00 30,00 30,00 30,00 30,00 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 30,00 30,00 30,00 30,00 30,00 30,00 30,00 30.00{mol mol-1
Ycnmax Max Ratio CN 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00{mol mol-1
Ycnmin Min Ratio C:N 10,00 10.00 10.00 10,00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10,00 10,00 10,00 10,00 10,00 10.00 10.00 10,00 10.00{mol mol-1
Ycpmax Ectomychorrize  MaxRatio CP 26900 26900  269.00| 26900  269.00  269.00 26900 26900 26900  269.00| 26900 26900 26900  269.00|  269.00 26900  269.00 26900 26900 26900  269.00  269.00 26900  269.00  269.00|mol mol-1
Ycpmin Min Ratio C:P 17700 17700 177.00( 17700 17700  177.00 17700 17700 17700 17700 17700 17700 17700 17700 17700 17700 17700 17700 17700 17700 17700  177.00 17700  177.00  177.00|mol mol-1
Yesmax Max Ratio C:S 15000 15000  15000( 15000 15000  150.00 15000 15000 15000  150.00| 15000 15000 15000 15000  150.00 15000 15000 15000 15000  150.00] 15000  150.00 15000  150.00  150.00|mol mol-1
Yesmin Min Ratio C:S 30,00 30.00 30.00 30.00 30,00 30.00 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 30.00 30.00 30,00 30.00 30.00 30.00 30.00[mol mol-1  Landis and Fraser 2008; Kranabetter et
Zcnmax Max Ratio CN 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00{mol mol-1 al. 2019
Zcnmin Min Ratio C:N 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10,00 10.00 10.00{mol mol-1
Zcpmax Aruscular mychorrizae M@ Ratio P 26900 26900  269.00| 26900  269.00  269.00 26000 26900 26900  269.00| 26900 26900 26900  269.00(  269.00 26900 26900 26900 26900  269.00|  269.00  269.00 26900  269.00  269.00|mol mol-1
Zcpmin Min Ratio C:P 17700 17700 177.00(  177.00 17700  177.00 17700 17700 17700 17700 17700 17700 17700 17700 17700 17700 17700 17700 17700  177.00| 177200  177.00 17700  177.00  177.00|mol mol-1
Zcsmax Max Ratio C:5 15000 15000  15000(  150.00 15000  150.00 15000 15000 15000  150.00| 15000 15000 15000 15000  150.00 15000 15000 15000 ~ 15000  150.00] 15000  150.00 15000  150.00  150.00|mol mol-1
Zesmin Min Ratio C:S 30,00 30,00 30.00 30,00 30.00 30.00 3000 3000 3000 3000 3000 3000 3000 30.00 3000 30.00 30.00 30.00 30.00 30.00 30,00 30.00 30,00 30,00 30.00{mol mol-1
Xcnmax Max Ratio CN 30,00 30,00 30,00 30,00 30,00 30,00 3000 3000 3000 30.00 3000 3000 3000 3000 3000 3000 3000 30,00 30,00 30,00 30,00 30,00 30,00 30,00 30.00{mol mol-1
Xcnmin Min Ratio C:N 800 800 800} 800 800 .00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 800 800 800 8.00| 800 800 800 800 8.00{mol mol-1
Xcpmax Nitrogen fixers  MexRatio CP 10000 10000 10000( 10000 10000  100.00 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000/ 10000 10000 10000 10000 100.00|molmoll Gl onc St ot ool 2016
Xcpmin Min Ratio C:P 50.00 50.00 50.00 50.00 50.00 50.00 50.00 5000 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00{mol mol-1 g
Xcsmax Max Ratio C:S 15000 15000  150.00(  150.00 15000 15000 15000 15000 15000  150.00| 15000 15000 15000 15000  150.00 15000  150.00 15000 15000 15000 15000  150.00 15000  150.00 150.00|mol mol-1
Xcsmin Min Ratio C:S 30.00 30.00 30.00 30.00 30,00 30.0% 3000 3000 3000 3000 3000 3000 3000 30.00 30.00 30.00 30.00 30.00 30.00 30,00 30.00 30.00 30.00 30,00 30.0%.“\ mol-1



A. Entire Web o~ = C,N,P&S

B. Leaf litter C. Root litter
Decomposition

E. Heterotrophic
microbes

G. Mineral-associated
organic matter T

Figure S1: The most complex soil system considered in our analysis of C, N, P and S flow (A).
The system can be broken into logical parts wherein empirical information on mechanisms and
stoichiometry are available (B-G). Squares indicate biotic pools, circles labile abiotic pools,
diamonds recalcitrant abiotic pools, and the hexagon indicates the external source/sink. Colors of
each box indicate higher level groupings: cyan =mineral-associated; blue = microbial; black =
dissolved; orange = particulate; purple = animal; brown = litter (leaf, wood, and root); magenta =
inorganic. Grey fill indicates that the pool is physically protected and cannot be directly

decomposed, except by secondary detritivores (e.g. earthworms). See Table S1 for letter codes.
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Figure S2: A version of Figure 3 for nitrogen (A-B), phosphorus (C-D), and sulfur (E-F).
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Figure S3: A version of Figure 4 for nitrogen (A-B), phosphorus (C-D), and sulfur (E-F).
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Figure S4: A version of Figure 5 for nitrogen (A-B), phosphorus (C-D), and sulfur (E-F).
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Figure S5: A version of Figure 6 showing all the biome and ecosystem combinations. Note that

the exact relationships are sensitive to new information. The usefulness of the analysis is to show

how differences in the value of stoichiometric information can be evaluated.
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Figure S6: The comparison between our model output ranges (red dots and dashed lines) to the
values collated in the SRDB (version 3.0) database (boxplots: when data was available).
Boxplots represent the 25th to 75th quantiles and the median. Total litter flow includes leaf litter,

wood, and root litter.
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