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F 1 BRI K X S B At b - A g R SR AR M B (YR BN RY A
Table 1 F values from linear mixed-effects models examining the effects of nitrogen addition and precipitation changes on above- and below-ground
productivity and soil physicochemical properties in an alpine meadow®

wamr wE o gpb R REEREC LR pem bmas tmew 1 BHER SHRRE THOR
£ 10.23 0.03 1.47 5.55" 1.69 0.09 218 2214 0.09 1.92 0.87
xE Rk 3.27 0.66 1.39 1.34 0.13 0.19 0.13 2.64 0.06 0.50 0.51
HxFEAK 003 0.35 0.44 0.21 5.04° 0.58 0.84 127 0.22 0.25 0.40
& - 438 0.06 0.71 1.67 1.15 0.65 1.06 0.05 0.48 0.24
N (I - 0.94 125 127 0.68 2.18 2.17 0.70 0.76 3.36 1.11
R K - 1.01 0.64 1.95 0.14 1.13 0.07 0.54 0.05 153 0.86
a) corERn corroffen o I B KSEP<0.001, P<0.0181P<0.05
RE 0~10cm = 30~40 cm
MBC MBN LGP
N+50% - - :
N-50% - ‘
N o - T
CK+50% -
CK-50%
Ei
= ECP2 RCP SOC
N+50% - ‘
N-50% - ]
N - o
CK+50% - :
CK—-50% |

410 -05 00 05 10-10 -05 00 05 1.0-10 -05 00 05 1.0

IRz,

B 1 JZ(0~10 cm) IR JZE(30~40 om) - HERUE YA Py B8 A i (MBO) (A i (MBN) K 3EIE PEAT HLBR(LCP ) 230
WR(LCP2). A PR (RCP) M s A MR (SOC) T &l /KB AE (CK+50%: HRI50%; CK—50%: i 50%; N: &8I N+50%: %
AN HIE R N=50%: SN ELJSRR) HIMA R Y. TR ZEFRAARAEZE, <xworr o iz i I Z K1 P<0.001, P<0.0141P<0.05
Figure 1 Response ratios of the soil microbial biomass carbon (MBC) and nitrogen content (MBN), labile carbon pool (LCP1), slow labile carbon
pool (LCP2), recalcitrant carbon pool (RCP), and total organic carbon pool (SOC) of topsoil (0—10 cm) and subsoil (30—40 cm) to the changes in
nitrogen and precipitation (CK+50%: increased precipitation; CK—50%: decreased precipitation; N: nitrogen addition; N+50%: nitrogen addition with
increased precipitation; N—50%: nitrogen addition with decreased precipitation). Error bars are standard deviations. “***”, “**” ‘and “*” are P<0.001,
P<0.01, and P<0.05, respectively
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73.4%H1190.1% 5 62.2%(F3). Ft, %« /KEAE AR IR
JZ2 LK ARG T, $2 R ZUREFIPPOE 1 ZAH K
AbHR R AR IR 2 ARG 1, (88 T R0 R A 3 0 %o
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Table 2 F values from linear mixed-effects models examining the effects of nitrogen addition and precipitation changes on microbial biomass

carbon, microbial biomass nitrogen, and soil organic carbon chemical composition in topsoil (0~10 ¢cm) and subsoil (30—40 cm) of an alpine meadow®

TR S WA A BT WA AR PR Pk LRCE Pk A Pk
£ 0.67 411 3.99 16.45" 242
xKE [ K 1.31 2.82 0.60 1.72 1.24
BxFEIK 0.01 0.48 0.06 0.38 0.41
£ 0.09 0.76 3.28 0.08 0.08
Rz K 0.12 0.41 1.07 0.19 0.19
B FEIK 1.63 0.35 1.61 1.13 1.13
a) ook 5 B MK - P<0.01
Actinonmycetes AMF Fungi
| | |
N+50% 4™ ! ! :
| | |
N-50% + | | |
| | |
N b | | !
| | |
CK+50% - | | |
| | |
CK-50% ! | |
| | |
E’H T T T T
25 -1.0 00 1.0
= G- G+
| |
N+50% " 1 ’ 1
| |
N-50% 4~ ! |
| |
N L | |
CK+50% + | |
| | 0~10 cm
CK-50% ! J 30~40 cm
| |
25 -1.0 00 1.0-25 -1.0 0.0 10
gz EY,

B 2

FJZ(0~10 cm) FE 2 (30~40 cm) L3 28 B (Actinonmycetes) MAIEH R B (AMF). BB (Fungi). 2524 IR M40 B

(G—)FIE 22 [RBHPEAH B (GH) I BE AR IR TR & S0 2. 7K B (CK+50%: HERT50%; CK—50%: TR 50%; N: ZU I N+50%: %
AN EIE R N=50%: SN ELUSRR) FIWA S B iR ZERE O ARAE S, s fllx 22 57 i 2 K P<0.0141P<0.05

Figure 2 Response ratio of the phospholipid fatty contents of actinonmycetes, AMF, fungi, and Gram negative (G—) and Gram positive (G+)
bacteria of topsoil (0-10 cm) and subsoil (3040 cm) to the changes in nitrogen and precipitation (CK+50%: increased precipitation; CK—50%:
decreased precipitation; N: nitrogen addition; N+50%: nitrogen addition with increased precipitation; N—50%: nitrogen addition with decreased
precipitation). Error bars are standard deviations. “**” and “*” are P<0.01 and P<0.05, respectively
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F 3 BN K B AR %) v FE B A) 2 (0~10 o) R JZ (30~40 om) T3 i AE Wi JIE g I 82 & 25

W] VB RS AR Y A

Table 3 F values from linear mixed-effect models examining the effects of nitrogen addition and precipitation changes on soil microbial
phospholipid fatty acid contents in topsoil (0~10 cm) and subsoil (30-40 cm) of an alpine meadow®
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A 4.90" 4.85" 5.56" 4.55" 2.88
R K 0.41 1.30 1.27 1.71 1.85
RxPEK 0.43 0.14 0.90 0.23 0.36
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Figure 3 Response ratio of the activities of invertase (INV), cellulose (CEL), cellobiohydrolase (CBH), o-1,4 glucosidase (aG), B-1,4 glucosidase
(BG), B-1,4 xylosidase (BX), p-1,4-N-acetylglucosidase (NAG), urease (URE), peroxidase (PER), and polyphenol oxidase (PPO) of topsoil (0-10 cm)
and subsoil (30-40 cm) to the changes in nitrogen and precipitation (CK+50%: increased precipitation; CK—50%: decreased precipitation; N: nitrogen
addition; N+50%: nitrogen addition with increased precipitation; N—50%: nitrogen addition with decreased precipitation). Error bars are standard

deviations. “**” and “*” are P<0.01 and P<0.05, respectively

pHFITP X Bl % PR HE /7 45 R STk & = i 2h, 7358
11.8%F111.6%. FET- B PR IK B e 22 o0 7 22 0 ik
B, 3R WIPLEA & o BT PR AEAS 5] kb B JR] 22 57
ANEE(P>0.60). Rk, & /KekZE st R4 ¥IPLFA
B RN VE RS R KRR, pHZ B ZE IR
BT

2.6 FEBE TIEGAEY) BEEMES TIEAALRE
FH - REL B A 77 7 . BE 848 & 1) Cronbach’s alpha
7N<0.001), BTAGB, BGBFIBNPPLIAH A A& A
TR A ), DA 7 R i AR e, DUk e
TR A= IRIPE . DA i B /> — e X 45 44 J7 1%

1935



SRR A e T A IR ) 5 W A R A BSR4 7K 5O F) S BBk i

F 4 EAINANEE K AT 1 FE B A 22 2 (0~10 cm) FR 2 (30~40 cm) 35 B 1k 500 RV 5 R0 SR Y P

Table 4 F values from linear mixed-effects models examining the effects of nitrogen addition and precipitation changes on enzyme activities in

topsoil (0-10 cm) and subsoil (3040 cm) of an alpine meadow”

THEE AT RN SRR

o-1,4%%  p-1,4%% P-LAKEE B-1,4-N-Z B

wEg TR 2

B B T ] 2 B Bl Wl A
£ 0.16 0.00 534" 14.617 0.07 1.88 18.95" 7.73" 0.05 4.64"
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ExBEK  1.03 2.47 413 2.75 1.13 7.80" 18.52"" 1.03 1.49 2.96

A 0.18 0.05 0.12 1.07 1.57 0.10 0.04 048 23297  11.227
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@) ‘ool s G B EPEKSEP<0.001, P<0.01 F1P<0.05.
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Figure 4 Redundancy analysis of soil microbial phospholipid fatty acid contents (PLFA: A) and enzyme activity (Enzyme: B) and environmental
factors. BGB: belowground biomass; BNPP: belowground net primary production; MBC: soil microbial biomass carbon content; MBN: microbial
biomass nitrogen content; pH: soil pH; SOC: soil organic carbon content; TK: soil total potassium content; TN: soil total nitrogen content; TP: soil

total phosphorus content; Clay: soil clay content; Silt: soil silt content; Sand: soil sand content. Depth: soil layer
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Figure 5 Structural equation model of the response ratios of soil physiochemistry+plant (Soil+Plant), microbe (Microbe), enzyme activity
(Enzyme), and soil organic carbon pool (Carbon) to the changes in nitrogen addition and precipitation. Solid, dashed, and dotted lines represent
positive, negative, and insignificant relationships. The numbers above the arrows were the standardized path coefficients. The weight for each line was
ten times the standardized coefficient. R%, explanatory power of the models to response variables. “**”, “*”_and “ns” indicate P<0.001, P<0.05, and
P>0.05, respectively. pH: soil pH; Microbe: soil microbes; Enzyme: enzyme activities; Carbon: soil organic carbon pool; INV: invertase; URE: urease;
G+: Gram-positive bacteria; Fungi: Fungi content; MBN: microbial biomass nitrogen content; LCP1: liable carbon pool; LCP2: slow liable carbon

pool; RCP: recalcitrant carbon pool
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Elucidating the response mechanisms of soil microorganisms and enzyme activities to nitrogen (N) deposition and altered
precipitation regimes is crucial for understanding carbon cycle processes in alpine meadows under global change. Based on a
manipulative platform involving N addition (10 g/(m” a)) and precipitation alteration (£50%) established in 2017 on the northeastern
Tibetan Plateau, we analyzed the responses of soil microbial biomass carbon and nitrogen (MBC, MBN), phospholipid fatty acids
(PLFAs), enzyme activities, and soil organic carbon (SOC) chemical fractions in surface (0—10 cm) and deep (30—40 cm) soil layers in
2024. Results showed that N addition enhanced aboveground biomass, surface SOC, and total nitrogen while inducing surface soil
acidification, with no significant effects on belowground biomass (BGB) and soil phosphorus/potassium content. MBC, MBN, and
PLFAs remained stable in surface layers but declined in deep layers. N addition increased surface urease activity but suppressed
hydrolytic enzymes and deep-layer oxidative enzymes. Surface slow labile SOC increased whereas deep-layer labile and recalcitrant
SOC decreased. pH and BGB jointly regulated SOC dynamics by mediating microbes and enzyme activities. These findings highlight
that nitrogen and precipitation alteration drive soil carbon stability through dual pathways of environmental filtering and metabolic
substrate availability.

nitrogen addition, precipitation alteration, soil microbial biomass, microbial phospholipid fatty acid content, soil hydrolase
and oxidase
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