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Abstract: [ Objective ] As indicators reflecting soil fertility and biological activity, the soil microbial community plays key roles
in global biogeochemical cycles by participating in litter decomposition and nutrient mineralization. The soil microbial biomass
carbon (MBC), microbial biomass nitrogen (MBN), and microbial biomass phosphorus (MBP) are labile and available nutrients
for plants, and important for maintaining ecosystem functions. However, there is still a lack of information on the spatial
distribution of the soil microbial biomass and the potential key drivers affecting it in the alpine meadows of Northwest Sichuan
Province. Therefore, the current study aims to investigate the spatial heterogeneity of soil microbial biomass in the alpine
meadows of Northwest Sichuan and its influencing factors based on the Second Comprehensive Scientific Expedition to the
Qinghai-Tibet Plateau project. [ Method ] The typical alpine meadows in Northwestern Sichuan were investigated in this study to
determine soil MBC, MBN and MBP by chloroform fumigation method. Soil pH, water content, total carbon, total nitrogen and
total phosphorous were also measured. [ Result ] The results showed that (1) The content of MBC and MBN showed a decreasing
trend from South to North alpine meadow in the Northwest Sichuan Province. Conversely, the MBP content showed an increasing
trend from South to North while the MBC: MBN ratio showed a decreasing trend from Northeast to Southwest. Nevertheless, the
MBC: MBP ratio was more complex and showed an overall decreasing trend from South to North while the MBN: MBP ratio
showed an increasing trend from West to East. (2) Random forest modeling results showed that mean annual temperature (MAT),
mean annual precipitation (MAP), soil pH, and soil moisture (SMC) were important factors that positively affected soil microbial
biomass and its stoichiometric ratio. The structural equation modeling (SEM) results further showed that soil pH and soil bulk
density (BD) had direct negative effects on the changes of soil microbial carbon, nitrogen and phosphorous biomass whereas the
stoichiometric ratio and soil total carbon (TC) had direct positive effects on them. MAT and MAP indirectly and negatively
affected soil MBC, MBN, MBP, and the stoichiometric ratio, which was mainly attributed to the effects of MAT and MAP on soil
physicochemical properties. Specifically, MAT and MAP increased both MBC and MBP mainly by lowering soil pH, and MAT
also directly decreased TC, which increases MBN as well as decreased MBP. (3) Generally, the soil nutrients are limited in the
alpine meadows of Northwest Sichuan Province, and showed the following trend: carbon > nitrogen > phosphorus. [ Conclusion ]
Soil pH, BD, and TC had direct effects on the alteration of soil microbial biomass and its stoichiometric ratios in the alpine
meadows of Northwest Sichuan Province, while MAT and MAP indirectly affected the soil microbial biomass and its
stoichiometric ratios. In addition, the latitude and longitude showed effects on the spatial distribution pattern of nutrient limitation
in the study area.

Key words: Alpine grassland; Microbial biomass; Eco-stoichiometric ratios; Spatial distribution
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Fig. 2 Spatial distribution pattern of soil microbial biomass in different soil layers
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Fig. 3 Spatial distribution pattern of soil microbial biomass stoichiometric ratio in different soil layers
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Table 1 Pearson's correlation of microbial biomass carbon, nitrogen, and phosphorus and their stoichiometric characteristics with environmental
factor

pH SMC BD TC TN TP MAP MAT

MBC —0.41%* 0.38** —0.52** 0.18%** 0.13** 0.16** 0.07 0.19%**
MBN —0.33%* 0.29** —0.42** 0.06 0.03 0.08 —0.17** 0.20**
MBP —0.18%* 0.25%* —0.33** 0.22%* 0.09* 0.16** 0.04 —-0.08

MBC : MBN —0.14%* -0.00 -0.04 0.15%* 0.16** 0.19** 0.45%** 0.05
MBC : MBP 0.05 —0.07 0.09* —0.08 -0.06 —-0.06 0.11% 0.06

MBN : MBP 0.13** —0.14%* 0.19** —0.18%* -0.11* —0.19** —0.22%* 0.08

e ** 7E 0.01 ARFHEEE . * 78 0.05 KFACE . pH: 13 pH; SMC: +HiE/KE; BD: HHERE; TC: HIEL;
TN: e %; TP: LH4; MAP: K, MAT: ¥, T, Note: ** Significant at the 0.01 level of correlation. * Significant
at the 0.05 level. pH: Soil pH; SMC: Soil moisture content; BD: Soil bulk density; TC: Soil total carbon; TN: Soil total nitrogen;

TP: Soil total phosphorus; MAP: Mean annual precipitation; MAT: Mean annual temperature. The same below.
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Fig.4 Order of importance of variables in the random forest regression model of soil microbial biomass and its stoichiometric ratios with
environmental factors
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blue arrows indicate a negative effect; solid lines indicate a significant effect and dashed lines indicate a non-significant effect.
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Fig. 5 Structural equation modeling of microbial biomass and its stoichiometric ratio with environmental factors
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Table 2 Total, direct and indirect effects of environmental factors on microbial biomass and its stoichiometric ratio

HHH T

B
Environmental MBC MBN MBP SMB RATIO
Effect
factor
MAT B Total effect 0.14 0.16 -0.10 0.08
BN Direct effect 0.00 0.08 -0.17 0.00
[8] 4% N Indirect effect 0.14 0.07 0.07 0.08
MAP AR Total effect 0.06 -0.20 0.04 0.09
BN Direct effect 0.00 -0.25 0.00 0.00
[8] %54 N Indirect effect 0.06 0.05 0.04 0.09
pH SN Total effect -0.27 -0.21 -0.16 -0.03
EIEHUY Direct effect -0.26 0.00 -0.13 0.00
[8]#%# 1 Indirect effect 0.00 -0.21 -0.03 -0.03
BD SRV Total effect -0.52 -0.41 -0.33 0.10
HIEHUY Direct effect -0.43 0.00 -0.26 0.14
[A]$E3% 0 Indirect effect -0.09 -0.41 -0.07 -0.04
TC BN Total effect 0.01 -0.07 0.12 -0.03
HEESUY Direct effect 0.01 -0.08 0.12 0.00
[EJ 4L Indirect effect 0.00 0.01 0.00 -0.03

HRFEAME (£ 1), 5 Pan FPKHFZT 45 RILA
—F, FHN. (1) +3E pH nl RS A 1524y
B A R D S A 2 P AR tR O T 52 i Al A W A
HE (2) 44 pH B9k AE & S8 IEMUE MR
RS, 25 MBC il MBN & A28 41 128,
(3) WA =R, BT pH IfMCE A Rk,
PRS2 MBP 3801270, [k A ooas £ S 801 4
HRK AT M R A AR A, ] B2 5 i el A 0 R
U, HRAEmEmAESRE P RMEY AR
FIREE L PO ARBF5Ed, SMC SHEYEY RS
WEIFAE(FE 1), SMC ] figiid s 3 & b0
W A W 1 43 TC RN A 4 3% A0 4 BT A B2 i
s A YR, KR e E A Y
RO ARE R R R EP, e RS 1+
R EEAMED ARG RE (£ 1) 52
AR TR, 10 B 4 3mSR 25 el AR Tl Ak W ) AR 0 PR
MR HIEAEY YR . BRI ] &
U EY YR ARG, TC JE A ¥4 )7
EMEEREZ — (K 5), HaTPCAREw AR

RERMASET, (R EwRIE st 3, sk, A
KM AHEFR/r 5 MBC, MBP 2IEMHXE (% 1), HE
FIEFR AR SR — B, XS AT AR —
.
32 IEREVEVENFETEILSBEERE

AN

MBC : MBN #& {4 5 3 fy 2R b ) P4 R 38 965 114 43
A% ; MBC @ MBP U ARt PU g4 ; MBN :
MBP %A 5 J m b (& 3 ), B T A X 5k
TRE AR 52 B0 PR R ) VG 3B 38 1 R A, DR IR ) 26
W5 X I A B I (& 1), Chen ZEP717E 1
FERA SR W], MBC : MBN 525 S IFAH G,
i MBC : MBP il MBC : MBP 54 i & A, A
SCAFGRES R (K 3) 52 EA—8. XATfEERE N
T B e G 25 o A ML Y A A, DT G n
MBC ) 2R, B HEA T & ik REECY, A5 IH
FEZEIH MBN : MBP Fifi 5 45 & 38 i A7, 5
TP R B R LR AR A A, RS IR
A=Y ER I AF A" PO pH 8% 5 MBC : MBN
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