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Test S1: Methods
Microbial CUE was determined based on the biogeochemical-equilibrium model as described in Equations (1), (2), and (3). The EEAC:N ratio was calculated using the formula BG/(NAG+LAP), and EEAC:P was calculated as BG/AP. The molar C:X ratios of labile substrates were employed as estimates for LC:N and LC:P. The availability of labile substrates for carbon, nitrogen, and phosphorus was assessed by measuring the amounts of dissolved organic carbon, nitrogen, and phosphorus extracted from non-fumigated control samples during chloroform fumigation analysis. Additionally, microbial biomass C:N and C:P ratios (BC:N and BC:P) were calculated as molar ratios.

      (1)

                                                                                                                                 (2)

                                                                                                                                      (3)
In the model, KC:N and KC:P​  represent the half-saturation constants for microbial CUE based on the availability of carbon, nitrogen, and phosphorus. It is assumed that growth rates reach their maximum when the ratios of available nutrients align with the microbial biomass stoichiometry, and that growth efficiency is directly proportional to the geometric mean of nitrogen and phosphorus availability in relation to carbon. For all model scenarios, we set KC:N​  and KC:P  to 0.5, and the CUEmax was assumed to be 0.6.

[bookmark: _Hlk202118321]
[bookmark: OLE_LINK8]Table S1. Responses of soil microbial biomass to N and P addition (mean ± SE, n = 4)
	　
	Total
PLFAs 
 (nmol g-1)
	G+
 (nmol g-1)
	G–  
(nmol g-1)
	Actinobacteria 
 (nmol g-1)
	Nonspecific
bacteria
 (nmol g-1) 
	Fungi 
(nmol g-1)
	G+/G-
	F/B

	Control
	130.47
±6.02ab
	25.20
±1.94ab
	42.73
±1.61ab
	24.26
±1.32ab
	20.34
±0.87ab
	17.94
±0.49a
	0.58
±0.02a
	0.20
±0.01a

	N
	100.28
±10.95b
	20.34
±2.34b
	32.22
±3.42b
	17.58
±2.15bc
	17.16
±2.06b
	12.97
±1.14b
	0.63
±0.02a
	0.19
±0.01a

	P
	147.98
±8.39a
	30.88
±2.51a
	46.30
±2.08a
	24.70
±1.83a
	25.39
±1.36a
	20.70
±0.79a
	0.66
±0.03a
	0.20
±0.01a

	NP
	105.23
±6.86b
	21.60
±1.68b
	33.96
±2.55b
	16.99
±1.21c
	20.22
±1.06ab
	12.47
±0.98b
	0.64
±0.02a
	0.16
±0.01b

	Two-way ANOVA
	

	N
	19.46**
	10.95**
	20.80**
	18.53**
	8.78*
	55.53***
	0.12
	15.87**

	P
	1.85
	2.63
	1.12
	0.02
	8.28*
	1.63
	3.28
	3.08

	N×P
	0.58
	1.07
	0.13
	0.96
	0.50
	3.41
	2.52
	2.40


[bookmark: OLE_LINK6]Data with different letters were significantly difference at 5% level among different nutrient addition treatments. *p < 0.05; **p < 0.01


Table S2. Overview of the models used to estimate the upper limit of MAOC stabilization capacity. x stands for the mass proportion of fine soil particles.
	
	Land use
	Size class
	Linear regression

	Six et al., 2002
	Grassland
	0–50 µm
	0.32x+16.33

	Georgiou et al., 2022
	Grassland
	0–50 µm
	0.74x

	Six et al., 2024
	Cropland and Grassland
	0–50 µm
	0.78x

	Hassink, 1997
	Grassland
	0–20 µm
	0.37x+4.09

	Six et al., 2002
	Grassland
	0–20 µm
	0.42x+2.21

	Feng et al., 2013
	Grassland
	0–20 µm
	0.89x





[image: ]
Fig. S1. A Priori conceptual structural equation model of hypothetical relationships based upon theory, past experience, and logic (Six et al., 2002; von Lützow et al., 2006; Kleber et al., 2015; Rowley et al., 2018; Sowers et al., 2018; Ye et al., 2018; Cotrufo et al., 2019; Fang et al., 2019; Zhang et al., 2021; Cotrufo and Lavallee, 2022; Hu et al., 2023; Fan et al., 2024; Hansen et al., 2024; Kang et al., 2024). Each single-headed arrow represents a causal relationship such that the variable at the tail of the arrow is a direct cause of the variable at the head.
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[bookmark: _Hlk184399819][bookmark: _Hlk184400610]Fig. S2. The effects of N and P addition on total aboveground biomass (a), plant litter (b), and plant biomass over 0.1% relative abundance (c). Different lowercase letters above each bar in the same panel indicate statistically significant differences between treatments.
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Fig. S3. The effects of N and P addition on the relative abundances of dominant bacterial (a-j) and fungal (k-m). Different lowercase letters above each bar in the same panel indicate statistically significant differences between treatments.
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Fig. S4. The effects of N and P addition on microbial carbon use efficiency (CUE). Different lowercase letters above each bar in the same panel indicate statistically significant differences between treatments.
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Fig. S5. The effects of N and P addition on C/N ratio of MAOM(a) and POM(b). Different lowercase letters above each bar in the same panel indicate statistically significant differences between treatments.
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Fig. S6. The relationships of MNC/ SOC with MAOC/SOC and MAOC/ (MAOC + POC).
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Fig. S7. The upper MAOC limit predicted by MAOC saturation models with different particle size thresholds (<20 μm and <50 μm) and the observed MAOC content. The circles represent the upper MAOC limit predicted utilizing the particle size thresholds of <50 μm from the models of Six et al. (2002), Six et al. (2024) and Georgiou (2022). The triangles represent the upper MAOC limit predicted utilizing the particle size thresholds of < 20 μm from the models of Hassink et al. (1997), Six et al. (2002) and Feng et al. (2013). The pentagrams represent the measured soil MAOC content.

[bookmark: _Hlk187398584][image: ]
Fig. S8. Pearson correlations of the proportion of microbial necromass carbon in SOC (BNC/ SOC, FNC/ SOC, and MNC/ SOC) with different soil particle sizes.

image2.wmf
::::

 

 /1/

CNCNCNCN

SBLEEA

´

=


oleObject2.bin

image3.wmf
::::

 

 /

CPCPCPCP

SBLEEA

´

=


oleObject3.bin

image4.png
Soil propertics

PLFA

CUE

DIN AP pH
_— Sl mineral
|| Maoc Fe Al Ca Mg

NAC





image5.tiff
Plant aboveground biomass (g m™)

3500 500
a b
a
3000 -
a 400
2500 T
=0T E
@ b
2300 4
2000 o 300
b 5 be "
B
1500 Sogp
% ¢
1000 ¢ ]
c = & T
100 l
500
0- T 0- T
Control N P NP Control N p NP





image6.tiff
NP

NP

Control N

Control N

0

NP

13

=t z z

] i

a.ﬁ g g

“ o

= & = E

(%)rxopororgy” d N
T T S
- S

=l

- b* z ?m

T Y =

S a <
v moosworptseg d

NP

NP

F

S

Control N

.

Control N

.

3

0
4

- <
(%) E3OpPEUOTIEW

opd

E3
(% ymI00kwolosmIo d

=

Control N

Control N

Control N NP

NP

Control N

Control N





image7.tiff
CUE

a a
0.4
.
a T l J.
03 I
0.2
0.1
0.0 T T T T
Control N P NP





image8.tiff
a MAOM-C/N b POM-C/N
144 144
a
a a
a ==
124 124 “
a b
104 a 104
=== b
b opbm e
== ==
81 81

Control N P NP Control N P NP




image9.tiff
MNC/SOC

0.60

0.70

0.65

0.55

1:1

8
T

© Control
ON
oP
O NP
T T T T T T T T T T
0.4 0.5 0.6 0.7 08 04 0.5 0.6 0.7 0.8
MAOC/SOC MAOC/(MAOC+POC)





image10.tiff
@
S

40

30

Observed or predicted MAOC (g kg'')

=]

* Observed MAOC
® <50um; Six etal (2002) @ < 50um; Six et al (2024) @ <50um; Georgiou et al (2022)
A <20pm; Hassink {(1997) A < 20um; Six et al (2002) A <20um; Feng et al (2013)

Control N B
° ° .
] ° e o © °
. . ° °
HE ° e I : MR
e * o ° e ° . e o ° .
*
4 A
A X a * % X
4 . * A 4 a x
* a *
4 2 4 2, 4 A 4 * 2
A b
00 0 F @2 @2 SN VAN RS ek o2 ol RPN RCER T
& e < v




image11.tiff
0-2 um . . ‘
2-20 um . . .
o @ O @
0-20 um . . .
o @ ® @
0-50 . ‘ ‘ 0.8
\%OC C\%OC \%OC




image1.wmf
0.5

::::::

{()[(

 

)

/

()]}

 

maxCNCPCNCNCPCP

CUECUESSKSKS

´´+

=

+´


oleObject1.bin

