Supplementary Figures 1-13, Supplementary Table 1, Supplementary Notes 1-2
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Supplementary Fig. 1 Location map and field monitoring and sampling schematic and photos.
(a) Location and topography of the Sulfur Ridge mixed conifer site (red rectangle) on San Antonio
Mountain in the Valles Caldera National Preserve (VCNP), Jemez River Basin (JRB), New Mexico.
(b) Light detection and ranging (LiDAR)-derived digital elevation map (DEM), (c) environmental
energy and mass transfer (EEMT) annual flux calculations, and (d) vegetation classes of study site.
Also shown in (b)-(d) are the locations of the three soil pedons, each ~20 m from and surrounding
the flux tower. (e-g) Photos showing soil pits and installation of sensor and porewater samplers.
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Supplementary Fig. 2 The excitation-emission matrixes for soil porewater dissolved organic
matter. These soil porewaters were sampled from different seasons (i.e., snowmelt, pre-monsoon,
monsoon, and post-monsoon) in (a-d) 10 cm + 30 cm, (e-h) midsoil (60 cm), (i-1) deep soil (135
cm). The excitation-emission matrix-parallel factor analysis components identified in this study
show obvious variations with time and soil depth. Porewater samples from a specific soil horizon
have generally similar excitation-emission matrix spectra.
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Supplementary Fig. 3 Relationship between corrected dissolved organic carbon (DOC) fluxes
(fooc-corr) and corrected fluxes of organic matter decomposition products CI' and SO4* (fcrcorr
and f504-corr). (a-d) Correlations between fboc-corr and fs04-corr (a0d fei-corr) are insignificant for topsoil
and surface soil (10 cm and 30 c¢cm), whereas (e-h) significant positive correlations are found in
midsoil and deep soil. These suggest that production of CI and SO+ in the deeper soil with limited
nutrients and energy for microorganisms, which may be closely linked to the priming induced by
dissolved organic matter input.
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Supplementary Fig. 4 Temporal coupling between corrected fluxes of CI" and SO4>". Corrected

fluxes of CI" and SO4> (fc1-corr and fSo4-cor) show generally consistent time series at 10 cm (a) and

135 cm (b), suggesting that they are both derived from organic decomposition. Each point represents

averaged data of two or three measured data from each independent sampling date.
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Supplementary Fig. 5 Vertical distributions of soil CO; and O, partial pressures. (a-c) Box
plots of soil O, partial pressures (Po2) of the three soil pits. (d-f) Box plots of soil CO» partial
pressures (Pcoz) of the three soil pits. Although we observed soil gas partial pressure at a 15-minute
resolution, we did not show each discrete data point (because of too many data) but rather daily-
averaged data in these plots. Vertical distribution patterns for partial pressures of a specific gas (O2
or CO») are generally similar for the three soil pits, while vertical patterns for O, and CO, are

generally symmetrical. Soil Pco2 or Po2 does not linearly change with depth but rather shows

maximum or minimum at 30 cm.
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Supplementary Fig. 6 Time series of proxies for mineral weathering intensity. Proxies for
weathering intensities including total cation charge flux, Sr/Ba ratio, Si flux (fs;) and Na flux (fxa)
at(a) 10 cm, (b) 30 cm, (c) 60 cm, and (d) 135 cm. These proxies show generally consistent temporal
trends, suggesting the predominance of silicate weathering in the soil weathering system.
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Supplementary Fig. 7 Time series of biogeochemical proxies at 10 cm depth. Proxies for mineral
weathering intensity and weathering congruency (WeCo) display a degree of temporal coupling with
saturation indices of secondary minerals. These proxies show generally consistent trends with
organic matter decomposition rate. Fluorescence index (FI) shows an opposite trend to the parameter
that defines dissolved organic matter (DOM) bioavailability. Fluxes of soil organic matter (SOM)
decomposition products are similar to the FI time series, suggesting that “primed” microbial activity
accelerates organic matter decomposition. The periods with specific biogeochemical characteristics
are highlighted with background colors. For example, light purple, light green, pink, and blue bands
represent the periods characterized by low, high, low to high, and high to low weathering congruency,
respectively, during which specific ultraviolet absorbance at 254 nm (SUVAjs4) and FI were
relatively stable. Small red arrows indicate changing trends (increasing or decreasing) in
biogeochemical proxies. The light yellow band defines the period with FI increase, SUVAjs4
decrease and little variation in weathering congruency, which can serve as a control group for
evaluating the influence of weathering congruency on the priming effect. Abbreviations: corrected
dissolved inorganic carbon (DIC) fluxes—fpic-corr, corrected dissolved organic carbon (DOC)
fluxes—fboc-cor, SO4> fluxes—fso4, saturation index—SI, phosphorous fluxes—fp, normalized Si
concentration/Na concentration—{[Si]/[Na]nor.
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Supplementary Fig. 8 Time series of biogeochemical proxies at 30 cm. Proxies for mineral
weathering intensity and weathering congruency display a degree of temporal coupling with
saturation indices of secondary minerals. These proxies show generally consistent trends with
organic matter decomposition rate. Fluorescence index (FI) shows an opposite trend to the parameter
that defines dissolved organic matter (DOM) bioavailability. Fluxes of soil organic matter (SOM)
decomposition products are similar to the FI time series, suggesting that “primed” microbial activity
accelerates organic matter decomposition. The periods with specific biogeochemical characteristics
are highlighted with background colors. For example, light purple, light green, pink, and blue bands
represent the periods characterized by low, high, low to high, and high to low weathering congruency,
respectively, during which specific ultraviolet absorbance at 254 nm (SUVAjs4) and FI were
relatively stable. Small red arrows indicate changing trends (increasing or decreasing) in
biogeochemical proxies. The light yellow band defines the period with FI increase, SUVAjs4
decrease and little variation in weathering congruency, which can serve as a control group for
evaluating the influence of weathering congruency on the priming effect. Abbreviations: corrected
dissolved inorganic carbon (DIC) fluxes—fpic-corr, corrected dissolved organic carbon (DOC)
fluxes—fboc-cor, SO4> fluxes—fso4, saturation index—SI, phosphorous fluxes—fp, normalized Si

concentration/Na concentration—{[Si]/[Na]nor.
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Supplementary Fig. 9 Time series of biogeochemical proxies at 60 cm depth. Proxies for mineral
weathering intensity and weathering congruency display a degree of temporal coupling with
saturation indices of secondary minerals. These proxies show generally consistent trends with
organic matter decomposition rate. Fluorescence index (FI) shows an opposite trend to the parameter
that defines dissolved organic matter (DOM) bioavailability. Fluxes of soil organic matter (SOM)
decomposition products are similar to the FI time series, suggesting that “primed” microbial activity
accelerates organic matter decomposition. The periods with specific biogeochemical characteristics
are highlighted with background colors. For example, light purple, light green, pink, and blue bands
represent the periods characterized by low, high, low to high, and high to low weathering congruency,
respectively, during which specific ultraviolet absorbance at 254 nm (SUVAjs4) and FI were
relatively stable. Small red arrows indicate changing trends (increasing or decreasing) in
biogeochemical proxies. The light yellow band defines the period with FI increase, SUVAjs4
decrease and little variation in weathering congruency, which can serve as a control group for
evaluating the influence of weathering congruency on the priming effect. Abbreviations: corrected
dissolved inorganic carbon (DIC) fluxes—fpic-corr, corrected dissolved organic carbon (DOC)
fluxes—/boc-corr, SO4* fluxes—fso4, saturation index—SI, phosphorous fluxes—#p, normalized Si

concentration/Na concentration—{[Si]/[Na]nor.
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Supplementary Fig. 10 Soil and atmospheric microclimate background. Time-series (1/2016-

12/2017) of meteorological background including precipitation, net radiation (NETRAD), gross

primary production (GPP), and soil microclimatic parameters including soil temperature and soil

moisture at 2cm, 10 cm, 30 cm, 60 cm and 135 c¢m in the study site (the Sulfur Ridge mixed conifer

site, Jemez River Basin Critical Zone Observatory, southwestern US). Also included are

precipitation data during this time period. Soil moisture kept relatively high level in spring due to

snowmelt input and spring rainfall. Monsoon rainfall led to abrupt increase in soil moisture in

summer.
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Supplementary Fig. 11 The relationship between corrected dissolved organic carbon (DOC)
fluxes (fboc-corr) and humification index (HIX). Significant positive correlations between fpoc-corr
and HIX exist at (a) 10 cm, (b) 60 cm and (c) 135 cm. As HIX is obviously higher at shallower
depths, the significant correlations may suggest that pulsed dissolved organic carbon flux is
potentially associated with dissolved organic matter input from the topsoil.
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Supplementary Fig. 12 Simplified sketch showing the calculation of priming effect. Organic-
matter decomposition rate before the input of “fresh” dissolved organic matter (DOM) is viewed as
the calculation control (Responsecontrol), While the increase in decomposition rate after the input of
“fresh” DOM can be viewed as priming effect (absolute PEpom). Abbreviations: dissolved organic
matter—DOM, specific ultraviolet absorbance—SUVA, fluorescence index—FI.
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Supplementary Fig. 13 The influence of weathering congruency on organic decomposition rate.
This figure shows an indirect evaluation of the linkage between weathering congruency and priming
effect (PE) at (a) 30cm, (b) 60 cm and (c) 135 cm. Normalized Si concentration/Na concentration
([Si]/[Na]nor) is used to denote weathering congruency with high values denoting high weathering
congruency. At each depth, four groups are classified based on weathering congruency, i.e., low to
high weathering congruency group, high weathering congruency group, high to low weathering
congruency group and low weathering congruency group. In most cases, organic decomposition rate
increases with increasing weathering congruency and decreases with diminishing weathering
congruency; organic decomposition rate generally increases in high weathering congruency group
and decreases in low weathering congruency group. Saturation index (SI)-ferrihydrite is expected
to show an opposite variation trend with weathering congruency while the fact may not necessarily
be, because saturation status of secondary minerals is determined at least by weathering intensity
and weathering congruency. Abbreviations: corrected dissolved inorganic carbon (DIC) fluxes—
foic-corr, SO4* fluxes—+so4, saturation index—SI, normalized Si concentration/Na concentration—
[Si]/[Nalnor-



Table S1 General physical and chemical properties of the three soil pedons

Sampling . ECEC
Pit Sampling Munsell
depth of Subdivision Sand Silt+ Clay  pH TOC N TIC Exchangable cations (cmol kg™) (emol  ALO;  MnO  Fe0s  Alpe Fepp Alpc Fenc Alox Feox SSA
number depth of color
porewater solid phase ke
cm cm % % gkg'  gkg' gke' Na* K' Ca¥*  Mg* gkg' gkg' gke' gkg' gke! g kg’ gkg'  gkg' gkg' mig!
10 510 Topsoil 10YR32 5267 4728 5.57 109 0.6 0 129 063 216 028 436 1330 13 204 042 033 0.93 308 109 095  1.89
_ 30 20~30 Surface soil 10YR52 562 43.84 5.86 3.9 03 0 138 055 145 018  3.56 1358 0.6 206 037 024 0.84 265 074 071 244
o 60 40~60 Midsoil 10YRS52 5466 4532 6.09 1.8 0.2 0.2 162 052 143 018 375 1369 05 199 036 02l 0.89 271 115 114 484
135 120~140 Deep soil 25Y6/4 6478 352 5.98 12 0.2 0.3 220 095 293 017 625 2187 08 270 035 0.8 1.24 267 217 086 2720
10 510 Topsoil 10YR32 450 55 5.86 220 1.1 0 104 056 28 042 488 1208 2.1 201 045 053 0.88 338 LI 114 342
_ 30 20~30 Surface soil 10YRS5/4 519 481 6.02 46 03 0.1 125 051 114 019  3.09 1377 0.6 180 043 025 0.86 291 120 084 408
e 60 40~60 Midsoil 25Y74 518 482 6.09 2.1 0.2 0 217 164 143 041  5.65 1330 05 210 037 023 0.93 346 122 145 587
135 120~140 Deep soil 25Y6/4 509 491 6.17 12 0.2 0.2 190 113 236 060 599 2155 08 290 043 0.19 1.21 350 275 127 3024
10 510 Topsoil 10YR22 480 52 571 29.4 15 0 081 077 401 034 593 1200 18 201 065 049 0.61 106 138 112 384
i3 30 20~30 Surfacesoil  10YR3/2 584 416 5.95 137 07 0 158 062 273 025 518 1335 13 194 047 032 0.59 1og 12 086 44
60 40~60 Midsoil 10YR 5/4 643 357 6.16 62 03 0.1 088 065 168 029 3.0 1496 05 197 050 022 0.56 094 130 105 457
135 120~140 Deep soil 25Y74 744 256 6.28 25 0.2 0.1 104 046 136 022 308 1583 0.5 166 050 026 0.44 008 135 068  9.94

Abbreviations: TOC: total organic carbon; TN: total nitrogen; TIC: total inorganic carbon; ECEC: effective cation exchange capability; Alpp: content of Al and Fe bound in organometallic complexes (extracted by sodium pyrophosphate); Fepp: content of Fe
bound in organometallic complexes (extracted by sodium pyrophosphate); Alpc: content of Al extracted by dithionite-citrate; Fepc: content of Fe extracted by dithionite-citrate; Alox: content of Al extracted by acid ammonium oxalate; Feox: content of Fe

extracted by acid ammonium oxalate; SSA: specific surface area.



Supplementary Note 1: Soil properties and seasonal variations in water-energy
fluxes and soil microclimate

General physical and chemical properties of the three soil pedons are
summarized in Supplementary Table 1. The content of clay + silt, which can reflect
the contribution of very fine fractions to the soil system, generally decreases with
depth. Total organic C (TOC) and N (TN), as well as the C/N ratio, also decline with
depth (Supplementary Table 1). TOC shows significant correlations with the contents
of Al (Alpp) and Fe (Fepp) bound in organometallic complexes (extracted by sodium
pyrophosphate) but does not show significant correlations with the contents of Al
(Alox) and Fe (Feox) of organic complexes, short-range-order Fe (Al)-oxyhydroxides
(extracted by acid ammonium oxalate), or the contents of Al (Alpc) and Fe (Fepc) of
organic complexes, which includes reducible “free” iron oxides, including those that
are isomorphically substituted with Al (extracted by dithionite-citrate). Soil specific
surface area (SSA) increases with depth, ranging from 1.89 to 30.24 m? g%,

Gross primary production (GPP), net radiation (NETRAD), and soil
temperature at different depths generally follow similar seasonal patterns, increasing
in spring/summer and declining in autumn/winter (Supplementary Fig. 10). This
pattern suggests that both GPP and soil temperature are directly controlled by
NETRAD. GPP is thought to be closely associated with the interactive influences of
air temperature, NETRAD, and soil hydrology. Soil temperature remains stable during
January—March and notably increases during April—July. Soil moisture also shows
similar seasonal trends with depth, reaching a minimum in summer when high air
temperature coincides with low rainfall (Supplementary Fig. 10).

Supplementary Note 2: Homogeneity in source dissolved organic matter (DOM)
from different soil depths

DOM can be produced within a soil system (e.qg., autochthonous microbial
exudates) or can be transported from the surrounding area (e.g., allochthonous
terrestrial DOM leached from plant litter and soils). Fluorescence index (FI) higher
than 1.55 is generally associated with microbially-derived (autochthonous) DOM,
mainly from extracellular release and leachate from land algae/bacteria; terrestrially
derived (allochthonous) DOM generally has relatively low FI (< 1.4), sourced from
terrestrial plant and soil organic matter (SOM). In this study, the FI values at 10 cm
are notably lower compared to other horizons, with values ranging from 1.2 to 1.4,
indicating that DOM in the topsoil is mainly terrestrially derived (autochthonous),
from decomposition/leaching of plant litter, root and SOM in forest floor layers. This
is consistent with the observation that the terrestrial humic-like fluorophore and
tryptophan-like fluorophore are enriched at shallower soil depths, as revealed by
excitation-emission matrix-parallel factor analysis (Supplementary Fig. 2). At 30 cm,
the FI values in summer notably increase but are still less than 1.55 (Supplementary
Fig. 8). This observation suggests that microbial activity and contributions to DOM
below the topsoil are considerable and sensitive to soil temperature.



FI increases linearly with depth yielding values greater than 1.4-1.5 at 30-135
cm (Fig. 2), suggesting greater enrichment of DOM composition by microbial
residues (autochthonous constituents). Excitation-emission matrix-parallel factor
analysis also suggests that microbial humic-like and tryptophan-like fluorophores are
preferentially enriched in the deep soil (Supplementary Fig. 2), consistent with FI
variation. Accordingly, DOM below the topsoil can be supplied by both terrestrial
input and microbial release, with increasingly larger microbial contributions with
depth (Fig. 2). Vertical variations in DOM sources resemble the patterns reported in
previous studies (e.g., ref.%). In those studies, DOM in surface soils is characterized by
a vegetation-type signature (dominated by lignin-derived phenols and plant-derived
carbohydrates), whereas subsoil (>30 cm) DOM is dominated by microbially derived
carbohydrates and nitrogen-rich compounds®. Downward transport of DOM in soil is
accompanied by preferential adsorption of hydrophobic, aromatic compounds
(terrestrially derived) by soil mineral components, which can also result in relative
enrichment of microbially derived compounds. On the other hand, once introduced
into soil, terrestrially derived organic matter is transformed into microbial byproducts,
and the resulting DOM may exhibit microbial molecular structure even though it may
have originated as terrestrial material?.
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