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Supplementary Materials and Methods
1. Analysis of extracellular enzyme activity and putative microbial physiological traits

Extracellular enzymes related to the degradation of organic carbon (B-1,4-
glucosidase  [BG], cellobiohydrolase = [CBH]), nitrogen (B-1,4-N-acetyl-
glucosaminidase [NAG] and L-leucine aminopeptidase [LAP]), and phosphorus (acid
phosphatase [AP]) were quantified within 48 h of sample collection by fluorometric
methods [1-3]. Briefly, 1 g soil was homogenized with 125 mL acetate buffer (50 mM,
pH 5.0) and stirred vigorously for 2 h using a magnetic stir plate. Then, 50 puL of soil
slurry mixed with 100 pL fluorometric substrate solution (200 umol L) and 50 pL
acetate buffer were incubated at 25 °C for 4 h, in the dark. The reaction was stopped by
adding a 10 pL aliquot of 1.0 M NaOH. A multifunctional microplate reader was used
to measure fluorescence at 365 nm excitation and 450 nm emission wavelengths and
expressed in the unit of nmol h! g! [4].

The lengths and angles of enzymatic vectors can be used to illustrate relative
microbial resource acquisition strategies [4-5]. Vector length and angle were calculated
as:

Viengtn = SQRT (x? + y?) (1)

Vangie (degree) = Degrees (Atan2(x,y)) (2)
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In these functions, x represents the relative activities of C vs. P acquiring enzymes
([BG + CBH]/[BG + CBH + AP]) and y represents the relative activities of C vs. N
acquiring enzymes ([BG + CBH]/[BG + CBH + NAG + LAP]). SQRT signifies the
square root of the sum of the squared values of x and y, and Atan2 represents the four-
quadrant inverse tangent.

2. Calculation of microbial metabolic efficiency

Microbial metabolic efficiency can be represented by qCO2 and CUE, where
higher metabolic efficiency equates to lower qCO2 and higher CUE [6]. Soil qCO2
signifies microbial respiration per unit biomass and is expressed in the units of mg CO>—
C mg! MBC d! [7]. According to the biogeochemical equilibrium model, CUE was

indirectly calculated as equations (3-5).

_ Sc:nXSc.p
CUE = CUEmayx x \/(KC:N+SC;N)X(KC;P+SC;P) )
Se:n = Ben/Len X 1/EEAcy 4)
Sc.p = Bep/Lep X 1/EEAcp (5)

Where EEAcn and EEAce were calculated as In(BG)/In(NAG + LAP) and

In(BG)/In(AP), respectively. Lc:x is the molar C:X ratio of labile substrates (e.g., labile

carbon, nitrogen and phosphorus represented by DOC, inorganic N (NHs" + NO3") and

available P, respectively). Bc:x is the molar ratio of microbial biomass carbon, nitrogen
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and phosphorus. According to thermodynamic constraints of the saturating Michaelis-
Menten formulation, CUEmax represents the maximum microbial growth efficiency, and

was set as 0.60. Kc:x was fixed to 0.50 and represents the half-saturation constant [6].
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Supplementary Figures

Figure S1. Cumulative CO:2 fluxes during incubation at 25°C (A) and 15°C (B).

Figure S2. Cumulative CO2 emission for incubations at three time points of 7 d (A, B),

28 d (C, D) and 98 d (E, F).

Figure S3. Calculation of Q10 (mean +std dev) at different groups.

Figure S4. Metabolic quotient (qCOz, respiration per unit of microbial biomass, mg

CO>-Cmg ' MBC d™).

Figure SS. Microbial resource acquisition strategy.

Figure S6. Excitation-emission matrix (A, B, C) of DOM for three fluorescent

components.

Figure S7. Hydrophobicity of DOM after incubation as determined by SUV260.

Figure S8. Correlation heatmap between microbial resource acquisition traits and

optical properties of DOM.

Figure S9. Principal coordinates analysis (PCoA) of bacterial communities in different

groups at incubation temperatures of 25 °C (A) and 15 °C (B).

Figure S10. Redundancy analysis (RDA) at OTU level demonstrating the effect of soil

physicochemical properties on bacterial communities for different groups.
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74  Figure S1. Cumulative CO2 fluxes (mean +std dev) during incubation at 25 °C (A) and

75  15°C (B). SM, no added viruses; DV, added-inactive viruses; V, added-active viruses
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with no dilution; 2! V, added-active viruses with 2-fold dilution; 10"' V, added-active

viruses with 10-fold dilution; 25 and 15 signify temperature (25°C and 15°C) during

the incubation.
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Figure S2. Cumulative CO2 emission (mean +std dev) for incubations at three time
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89  Figure S3. Calculation of Q10 (mean +std dev) at different groups. SM, no added viruses;

90 DV, added-inactive viruses; V, added-active viruses with no dilution; 2-' V, added-active

91  viruses with 2-fold dilution; 10"' V, added-active viruses with 10-fold dilution.
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94  Figure S4. Metabolic quotient (mean +std dev; qCOz, respiration per unit microbial

95  biomass, mg CO>—C mg' MBC d™'). SM, no added viruses; DV, added-inactive viruses;
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96 V,added-active viruses with no dilution; 2-' V, added-active viruses with 2-fold dilution;

97 10!V, added-active viruses with 10-fold dilution; 25 and 15 signify the temperature

98 (25 °C and 15 °C) during the incubation. Different lowercase letters represent

99  significant differences at p < 0.05.
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114  PARAFAC analysis.
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117  Figure S7. Hydrophobicity of DOM after incubation (mean +std dev) as determined by

118 SUV260. SM, no added viruses; DV, added-inactive viruses; V, added-active viruses
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119  with no dilution; 2! V, added-active viruses with 2-fold dilution; 10! V, added-active

120 viruses with 10-fold dilution; 25 and 15 signify the temperature (25 °C and 15 °C)

121  during the incubation. Different lowercase letters represent significant differences at p

122 <0.05.
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Figure S8. Correlation heatmap between microbial resource acquisition traits and

optical properties of DOM. Cumulation, cumulative CO2 emission; qCOz2, metabolic

quotient, CUE, carbon use efficiency; CO:, the CO2 emission rate; HIX, aromaticity

degree of DOM; C1 (humic-like), C2 (quinone-like), and C3 (protein-like), different

3D-fluorescence components of DOM; SUV254, represents the humification of DOM;

SUV260, represents the hydrophobicity of DOM; Length, relative C:nutrient acquiring

ratio; Angle, relative P:N-acquiring ratio.
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Figure S10. Redundancy analysis (RDA) at OTU level demonstrating the effect of soil
physicochemical properties on bacterial communities for different groups. NO3, soil
nitrate-N; NH4, soil ammonium-N; AP, available phosphorus; SOC, soil organic carbon;
TN, total nitrogen; DOC, dissolved organic carbon; DON, dissolved organic
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acquiring ratio) and angle (angle, relative P:N-acquiring ratio); HIX, aromaticity degree
of DOM; C1 (humic-like), C3 (protein-like), different 3D-fluorescence components of
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148  DOM; MD, relative molecular mass of DOM; SUV260, hydrophobicity of DOM; MBC,

149  microbial biomass carbon; MBP, microbial biomass phosphorus. *p < 0.05; **p <0.01.
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