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Soil Microbial Biomass Carbon, Nitrogen, Phosphorus and Their Driving
Factors in Inner Mongolia Grassland Ecosystems
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CHEN Xin-li*, ZHAO Meng-1i", HAN Guo-dong"
(1. College of Grassland, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010000, China;
2. Zhejiang Agriculture and Forestry University , Hangzhou, Zhejiang Province 310000, China)

Abstract: To reveal the spatial distribution characteristics and driving mechanisms of soil microbial biomass
carbon (MBC) , nitrogen (MBN) , and phosphorus (MBP) stoichiometry under precipitation gradients, this
study collected 57 sampling points of three grassland types along a 3000 km transect in Inner Mongolia. The
spatial distribution characteristics of microbial biomass and its stoichiometry were analyzed, and their relation-
ship with climate and soil physicochemical factors was explored. The results showed that MBC content was sig-
nificantly higher than that of MBN and MBP. Microbial biomass was positively correlated with available
carbon, nitrogen, and phosphorus in the soil. MBN was negatively correlated with aridity, mean annual tem-
perature (MAT) , and soil bulk density (SBD). MBP was negatively correlated with aridity, MAT, and soil
pH. The microbial biomass carbon-nitrogen ratio (Mcn) was significantly negatively correlated with mean
annual precipitation (MAP), the microbial biomass carbon-phosphorus ratio (Mcp) was significantly positively
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correlated with aridity, and the microbial biomass nitrogen-phosphorus ratio (Mnp) was significantly positively

correlated with soil pH. Random forest analysis indicated that MAP, aridity, and soil pH were the main driving

factors of microbial biomass. This study deepened our understanding of the response of soil microorganisms to cli-

mate change and provided theoretical support for protecting the nutrient cycling function of grassland ecosystems.
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Table 1 Experimental sampling sites 2% CHCI3 E 7€ 24 /WA )5, 20 S48 FH 0. 5 mol - L ™!
i LA 2 #hIE K,SO, 0.5 mol-L ' NaHCO, #4772 3% 15 1, $ e
No. Grassland type Longitude Latitude o e B )
1 i fA) i Meadow steppe 119.78°E 51.14°N W 28 Whatman GF/C 38 B+ 38 5 , >k H TOC 43 #r
2 %ﬁ’%%’: Meadow steppe 119.78:E ::)1A14:A\I ,ﬁ( (Shimadzu TOC-L /z% ﬁu ) & J‘éF* éi YHi:L fj] 6'} *ﬁ 'DZ
3 B i) B 5 Meadow steppe 119.48°E 50.68°N . o e
4 B 5 Meadow steppe 119.30°E 50.4°0N (Skalar San—+ + R 40 43 5l #4714 Pk B A& F AT
5 i fe] 55 Meadow steppe 119.74°E 50.18°N WM R E B Y . 4 HE A Bk (Total Carbon,
6 i) B Meadow steppe 119.98°E 49.86°N . o ) e
7 B4 Meadow steppe  119.68°E  49.47°N TC) 5 M A (Total Nitrogen, TN iE R 6 % 7
8 A 5 Meadow steppe 119.84°E 49.08°N ALl 2 , 4 38 B ( Total phosphorus, TP) R
9 AT H . Meadow steppe 119.71°E 48.51°N N e . )
10 i) B Meadow steppe 119.53°E 47.95°N FH B P L @ e, 11“ %: ﬁif% 2. It (Carbon to nitro-
11 Fifi) K5 Meadow steppe 119.30°E 47.63°N gen, C/N) B #% I (Carbon to phosphorus, C/P) .
12 %y &5 Meadow steppe 119.91°E 47.05°N o ) .
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20 H AR Meadow steppe H6.11E 45.83'N 5, 0 i 080 95 Y K AR O R R T ) 2 I AT A
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23 SRR Typical steppe N7.72°E 45.67'N S DU AT R A4S DX Sl v P 2 e 9 AR, 28 T BH B e
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25 HLAI R Typical steppe 116.81°E 45.36°N He @ IR AT R S i AT
26 A # 5 Typical steppe 116.33°E 45.02°N 1.2.2 & E#H¥E  AWIEN World Climate 303 ¢
27 JUTEJE Typical steppe 115.39°E 43.90°N B T e e e A e -
28 BB FJE Typical steppe 115.93°E 44.37°N CHAS 2. 10 Je S 3R T 5 45 0 T AR 28 1RO P26 3
29 LB Typical steppe 115.78°E 44.73°N RAR BN 52 i B YA X 1970—2000 42 3 [8] A9 MAT .
30 ML 1T JE Typical steppe 115.93°E 43.89°N . o e e -
31 HLEIEE Typical steppe 116.69°E 44.64°N MAP#Q Ar‘dnyf% *ﬁéﬂ‘}‘?% o M TR AL
32 EVEEJE Typical steppe 116.24°E 4.21°N P, 32 FH Hb 2 M5 B &R 48 BOF AreGIS 10. 2 (ESRI
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38 298 i Desert steppe 115.41°E 43.88°N [ fbAb #, Horp R B (AD I 7 8 MAP
39 FE R Desert steppe 114.81°E 43.98°N k7 3% 5 B . L
40 W8 Desert steppe 114.25°E 43.87°N 5 W% 17 7% & (Potencial evapotranspiration, PET)
41 FEUIE T Desert steppe 113.64°F 43.90°N B L (AI=MAP/PET).,
42 Fic R Desert steppe 113.28°E 43.66°N 1.2.3 b b 3 38 AR 6 ] E Py o Ty
43 FEW W Desert steppe 113.03°E 43.26°N T ;EH AR A7 8 "]‘ "t' Hﬂzlxﬁjfkﬁﬁ I
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48 Fe LR R Desert steppe 111.89°E 41.79°N WO L A# ] STARTER 300 % % = pH H (OHAUS
49 Fit I B R Desert steppe 111.06°E 41.29°N ) e e o
50 2B Desert steppe 111.21°E 41.35°N Corporation, 3 [E) JE 17 B2 0% 5 M 5 , 7% {48 2 br
51 Fie LR Desert steppe 110.69°E 41.52°N 22 vh A TE JE RS E 35 40, 01 pH B
52 Fe L HL R Desert steppe 110.11°E 41.69°N
53 eI Desert steppe 109.94°E 41.47°N
54 FiE B Desert steppe 109.70°E 41.60°N 1.3 BESITS5HH
55 Fie LR Desert steppe 109.20°E 41.60°N . ) . .
56 FEHUIE Desert steppe 108.90°E 41.50N it 1 Microsoft Excel 2010 #i 4 X % 45 1t 47 %
57 Jic 5L Desert steppe 108.50°E 41.44°N B, 5% H SPSS #4: (IBM SPSS Statistics23) ¥ Z 4
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Fig.1 Carbon, nitrogen, phosphorus and stoichiometric distribution of soil microorganisms
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Note: Min, minimum; Max, maximum; Mean, average; Std, standard deviation; CV, coefficient of variationMnp, microbial biomass nitrogen

to phosphorus ratio; Mcp, microbial biomass carbon-phosphorus ratio; Mcn, microbial biomass carbon-to-nitrogen ratio. The same as below
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Fig.2 Relationship between microbial and soil stoichiometric ratios
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Table 2 Climate and soil environmental factors :
BRMEZE VM ROl R/ME MAP T 0
Std Mean Max Min MAT
T R Aridity 0.11 0.74 0.88 0.50 0
K MAP/mm 74.82 301.75  447.00 195.00 SBD 0a
AR MAT/C 2.37 1.35 6.03 —3.33 e
AT SBD/(grem ) 0.25 131 185 0.84 1 PH —04
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- S £ 2= =2 = |_o.6
2.4 TEMEVYHREBEEESEEITERSHE E3 tTEMEYRERBRELESHMFITERS
B F B8 X R E IR E F B0 48 3 1

H1 I 3B, Mnp 5 Aridity MAT J 14 pH
AR B IE A, Mep 5 Aridity MAT & & 3% 154
K, 5 MAP 8 3 50k ¢, T Men 5 Aridity 2 18 3%
IEAASE, 5 MAP £ 8 3 G Al 6.
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Fig. 3 Correlation heat map of soil microbial carbon,
nitrogen and phosphorus and their ecostoichiometric
ratios with environmental factors
TE : Aridity, T 5 B8 80 MAP, AR P B K 4 s MAT, 4R 3 i 5
SBD, + 878 & s pH, B 0 ; Minp , Sl 4= 9 i (8 EE s Mep, i
P BB W L s Mon, B /R W) SRR LE s MBP S84 ) 5 B s MBN, i/
P A MBC, SR W 5+, 3278 P<<0. 05, IIZ5 A 0. 057K - I

.3 50, R P<C0. 01, (NE5 R 1E 0. OLKF ERF, FIH

Note: Aridity, soil aridity; AMP, nean annual precipitation; AMT,
annual temperature; SBD, soil bulk density; pH, soil pH; Mnp,
microbial biomass nitrogen to phosphorus ratio; Mcp, microbial bio-
mass carbon-phosphorus ratio; Mecn, microbial biomass carbon-to-
nitrogen ratio; MBP, microbial biomass phosphorus; MBN, micro-
bial biomass nitrogen; MBC, microbial biomass carbon; *, indicates
P<20. 05, meaning the result is significant at the 0. 05 level; **, indi-
cates P<C0.01, meaning the result is significant at the 0.01 level.

The same as below



59 WO NSO RO AR ZS R G RUE W A Wy B R S K S R R 3431

TE ik S L Men

TR L Mep

Tl A L Minp

:3!5 SBD SBD
S MAT MAT
8
Q
3
3 pH pH
(=W
i VNG MAP
2
& Aridity Aridity
L L L 1 1 1

SBD

MAT
pH *

MAP

* Aridity

0 2 4 6 8 10 12 14 16 18 0 2 4
Y7 Z I 43 He Increase in MSE/%

WITIRZEEANE 43 kL Increase in MSE/%

1 1
8 10 12 14 16 0 2 4 6 8 10 12 14
Y7 Z I 43 He Increase in MSE/%

4 EBEFNEFNLEMEDRIBILENEANEEY
Fig.4 Relative importance of predictors on the soil microbial carbon, nitrogen, and phosphorus ratios
{E o, 78 P<20. 05, BIZESRAE 0. 05K b W 35 5%, 3R P<<0. 01, MIZ5SRAE 0. 017K btk 3%

Note: *, indicates P<<0. 05, meaning the result is significant at the 0. 05 level; **, indicates P<<0. 01, meaning the result is significant at the 0. 01 level
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