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Spatial pattern of soil microbial biomass carbon and its driver in
temperate grasslands of Inner Mongolia

PENG Xiao-Qian WANG Wei~
(College of Urban and Environmental Sciences, Peking University, Beijing 100871, China)

Abstract: [Objective] We aimed to explore spatial pattern of soil microbial biomass carbon (C) and
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its driver in temperate grasslands of Inner Mongolia. [Methods] Soil samples were collected from
5 discrete depths (0—10 cm, 10—20 cm, 20—40 cm, 40—60 cm, 60—100 cm) for 17 study sites. The
variations of microbial biomass C, major abiotic and biotic factors were analyzed across three
community types and five soil depths. Effects of abiotic and biotic factors on microbial biomass C
were evaluated. [Results] Soil microbial biomass C in meadow steppe was significantly higher than
that of typical steppe and desert steppe. In 0—10 cm soil layer, coefficient of variation among
different grassland types was higher than the variation among different sites within meadow steppe
and typical steppe and lower than desert steppe. In 0—100 cm soil layer, coefficient of variation
among different sites in meadow steppe was lower than typical steppe and desert steppe. Soil
microbial biomass C showed significant positive correlation with mean annual precipitation, soil
moisture, clay content, soil nutrient content, aboveground biomass and root biomass and negative
correlation with mean annual temperature and soil pH value. With the increase of soil depth, soil
microbial biomass C, coefficients of variation among different sites in the same grassland type and
among different grassland types all decreased significantly. Relationship between soil microbial
biomass C and abiotic factors weakened with soil depth increase. Correlation index between soil
microbial biomass C in 0—10 cm soil layer and 10—40 cm soil layer was more than 0.5.
Nevertheless, correlation index of microbial biomass C between 0—10 cm soil layer and 40—100 cm
soil layer was less than 0.3. [Conclusion] Soil microbial biomass C in temperate grasslands of Inner
Mongolia showed obvious vertical distributions. Besides, the effects of abiotic factors on soil
microbial biomass C dramatically declined with soil depth.

Keywords: Temperate grassland, Microbial biomass carbon, Influential factors, Grassland types, Soil
depth
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Figure 1 Location distribution map of 17 study sites along climatic transect of Inner Mongolia
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Table 1 Information of sampling sites

Tl eesions eRgmaly stes Longl@de and Grassland Dominant and sul?domlnant plant MAP (mm) MAT (°C)
latitude type species
E 119°22'53.04"
ER N 50°1022.35" 368 1.7
E 118°24'45.10"
DW N 45°47'56.74" 327 0.6
E 119°12'45.75"
OB N 49°59'51.24" 368 1.9
B E 116°40'47.76"
DLB N 42°27'59.04" 390 0.6
E 117°8'45.56"
SH N 42°33'54.43" 433 0.6
E 114°56'48.72"
AB N 44°1'59.88" 249 1.0
E 116°33'9.36"
XL N 43°3225.8" 329 1.6
E 115°17'12.06"
ZB N 42°23'40.38" 326 2.7
E 116°17'
DL N 42°02' 389 1.4
E 109°48'9.9"
DS N 39950'48.24" 357 6.7
E 109°24'49.38"
Yi N 39°31'49.92" 382 5.7
A E 113°6'55.38"
SLA N 44°35'25.68" 204 1.0
B E 114°4'13.8"
SLB N 43°5322.5" 223 2.1
E 112°21'35.58"
SR N 42°32'55.56" 198 3.8
E 111°53'55.86"
Sz N 41°46'37.14" 227 3.5
E 110°25'5.64"
DM N 41°3658.08" 267 7.5
E 107°57'40.38"
ET N 38°58'19.2" 267 7.5
1.3 EFENHF 1.4 RWEHE
(Multi N/C3100) 2013 7
(WET-2 sensor) 3 1mxlm
Delta-T pH  (Model 10 m
PHS-2)
(Mastersizer 2000) I m 0-10 om
(Vario EL IIT) ELEMENTAR  10-20 cm 20-40 cm 4060 cm  60-100 cm
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50 cm 10 cm

( )
( )
2 mm AlCc
SPSS 18.0
R3.2.0%
20 °C SigmaPlot 12.0
. 2 SR540H
201 TIEEMR
0.452!
pH 24 3
10 g 25 mL pH
30 min pH
(SR (P<0.05)
P) H,SO4-HC10,4 (P>0.05)
1.5 HitHh pH
(P<0.05) 6.4-9.7
(P<0.05)
0-10 cm 10—100 cm C N P
(P<0.05)
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Table 2 Characteristics of soil physiochemical properties and root biomass at five depths in meadow steppes

0-10 cm 10-20 cm 20—40 cm 40—-60 cm 60—100 cm
Type
ST (°C) 22.17+0.84a 20.5+0.73ab 18.89+0.62bc 17.61+0.63cd 16.17+0.60d
SM (%) 15.32+1.04a 14.76+1.18a 14.88+1.19a 14.67+0.81a 13.02+0.86a
pH 6.96+0.14a 6.98+0.16a 7.23+0.19ab 7.62+0.20ab 7.89+0.26b
Clay (%) 4.79+0.66a 6.56+0.71a 5.08+0.67a 5.31+0.83a 5.39+0.76a
STC (mmol/kg) 2 704.80+£267.93a 1 959.06+246.22b 1 808.98+257.09bc 1 637.94+187.19bc 1 174.76+91.48¢
STN (mmol/kg) 204.66+17.69a 147.21£14.51b 135.03+15.25bc 103.30+11.03cd 71.43+5.60d
STP (mmol/kg) 15.29+1.32a 14.31+1.54ab 13.06+1.36ab 12.64+1.22ab 10.78+1.20b
RB (g/mz) 352.25+£62.29a 145.33+£20.10b 154.63£11.00b 69.45+6.44¢ 34.14+6.44d
+ (P<0.05). ST SM
Clay STC STN STP RB .

Note: Values in this table was means + standard error. Different small letters in the same line are significantly different at the 0.05 level. ST:
Soil temperature; SM: Soil moisture; Clay: Clay content; STC: Soil total carbon content; STN: Soil total nitrogen content; STP: Soil total
phosphorous content; RB: Root biomass.
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Table 3 Characteristics of soil physiochemical properties and root biomass at five depths in typical steppes

Type 0-10 cm 10—20 cm 20—40 cm 40—-60 cm 60—100 cm
ST (°C) 26.48+0.67a 24.24+0.60b 23.424+0.63b 22.69+0.67bc 20.96+0.66¢
SM (%) 4.76+0.55a 4.84+0.36a 5.32+0.49a 4.92+0.44a 4.40+0.46a
pH 7.97+0.13a 8.13+0.15ab 8.31+0.16abc 8.45+0.14bc 8.64+0.11c
Clay (%) 3.31+0.39a 3.39+0.34a 3.08+0.31a 2.24+0.27b 1.89+0.14b
STC (mmol/kg) 1 256.76+86.40a 1 213.49+144.94a 910.19+128.36ab 798.70+114.32b 793.33+146.35b
STN (mmol/kg) 95.12+7.63a 83.1348.16a 55.94+5.85b 42.04+4.57b 42.91+10.52b
STP (mmol/kg) 10.68+0.31a 8.65+0.46ab 6.66+0.57b 6.55+0.74b 7.49+2.15b
RB (g/m?) 167.71441.30a 58.23+7.27b 45.93+6.10b 16.8843.03¢c 16.63+4.05¢

*4 TORERAREIRE LIZEBHERMREY) ST UHFE

Table 4 Characteristics of soil physiochemical properties and root biomass at five depths in desert steppes

Type 0-10 cm 10—20 cm 20-40 cm 40-60 cm 60—100 cm
ST (°C) 30.06+0.91a 27.63+0.76ab 26.65+0.67bc 25.82+0.79bc 25.11+£0.93¢
SM (%) 2.59+0.51a 2.92+0.29a 3.03+0.28a 3.15+0.35a 2.97+0.47a
pH 8.17+0.10a 8.22+0.76a 8.34+0.06ab 8.58+0.09bc 8.81+0.10c
Clay (%) 4.59+0.65a 4.32+40.44a 3.48+0.47ab 2.28+0.29b 2.74+0.48b
STC (mmol/kg) 610.59+79.96a 578.16+72.89a 581.46+52.77a 453.69+63.94a 408.15+£66.95a
STN (mmol/kg) 68.03+7.87a 64.52+6.95a 52.9843.69a 36.71+3.18b 22.36+1.47b
STP (mmol/kg) 9.00+0.68a 8.66+0.85ab 7.93+£0.71ab 6.65+0.70bc 5.53+0.62¢
RB (g/m?) 142.67+26.89a 61.16+13.98b 41.45+8.24b 17.02+4.04¢ 13.14+2.68d

22 TENMEMERMNZTESH

2 0—-100 cm
5
3
> > 3
(P<0.05)
31.71 mmol/kg
4.11 mmol/kg
19.71 mmol/kg 2.08 mmol/kg
1.95 mmol/kg 0—10 cm 14.2 mmol/kg 2.25 mmol/kg
(0—10 cm) (10—100 cm)
1020 cm  40-100 cm 3
0-10 cm 10—20 cm
20—40 cm 20—40 cm
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Figure 2 Vertical patterns of soil microbial biomass C in three grassland types
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Note: Letters in horizontal axis were abbreviations of our study sites. A: Meadow steppe; B: Typical steppe; C: Desert steppe; D: Three
grassland types.
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Table S Coefficient of variation among different sites in same grassland type and among different grassland types (CV, %)

0-10 cm 10—20 cm 20—40 cm 40-60 cm 60—100 cm
Grassland type

Meadow steppe 36.32 38.37 37.76 33.82 48.02

Typical steppe 44.09 63.81 48.43 66.68 90.78

Desert steppe 66.52 48.73 38.56 50.09 68.08

Among grassland types 56.50 58.85 62.08 58.76 72.18

0.5 4 5
0—100 cm
60—100 cm
0.2 pH
23 FMLEMEYERNES (P<0.01)
(P>0.05)
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Figure 4 Linear correlations between soil microbial biomass C and abiotic factors
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Figure 5 Linear correlations between soil microbial biomass C and biotic factors

6 pH

pH 8.5 pH 9.0
[13]

3 i
3.1 TERMEMERAE S

[23-25]

(P<0.001)

ko6 ITEMEVERSEEVET. EYRFHHEXERRD

Table 6 Correlation index (R?) between microbial biomass C and abiotic and biotic factors

Abiotic factors Biotic factors

Soil depth (cm) ~ MAT MAP ST SM  pH Clay STC  STN STP AB RB

0-10 0.45 0.28 029 046 074 048 058  0.69 0.48 0.09 0.34

10-20 0.52 0.15 028 037 063 027 036 062 0.27 0.13 0.06

20-40 0.53 0.22 035 058 073 043 048 068 0.43 0.11 0.35

40-60 0.38 0.05 026 037 036 029 022 048 0.30 0.15 0.27

60—100 0.23 0.02 0.17 025 031 030 038 034 0.30 0.05 0.02
MAT MAP ST SM Clay STC STN

STP AB RB .
Note: MAT: Mean annual temperature; MAP: Mean annual precipitation; ST: Soil temperature; SM: Soil moisture; Clay: Clay content; STC:
Soil total carbon content; STN: Soil total nitrogen content; STP: Soil total phosphorous content; AB: Aboveground biomass; RB: Root
biomass.
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Table 7 Best model accounting for variation of soil microbial biomass C

Meadow steppe Typical steppe Desert steppe
SD (cm) AlCe AdJuzsted AICe Ad]uzsted AICc Adjuzsted
Best model R Best model R Best model R
MBC~ST MBC~MAP+
— — - L -+ -
0-10 LSTNLAB 17.65 0.74 pH+ST+RB 27.12 090 MBC~MAT+SM 28.17 0.94
MBC~MAT MBC~MAT+SM
— - ~RB+
1020 +STC+AB 15.26 0.71 MBC~RB+STC  29.31 0.96 +ABARB4STC 41.21 0.95
MBC~MAP
20-40 MBC~MAP+pH —18.44 0.68 L STNESTP —0.80 0.77 MBC~MAP+pH —15.49 0.73
MBC~MAP+ MBC~MAT
- - e — —
40-60 MBC~MAP+STN —22.55 0.68 STASTCASTP 16.69 0.73 MAP+STP 7.79 0.65
MBC~MAT MBC~MAT
— ] - —
60-100 MBC~MAP+pH 8.17 0.65 MAP-LSTP 7.95 0.74 MAP+STP 7.80 0.54
SD MBC MAT MAP ST SM Clay
STC STN STP AB RB

Note: SD: Soil depth; MBC: Microbial biomass; MAT: Mean annual temperature; MAP: Mean annual precipitation; ST: Soil temperature;
SM: Soil moisture; Clay: Clay content; STC: Soil total carbon content; STN: Soil total nitrogen content; STP: Soil total phosphorous content;
AB: Aboveground biomass; RB: Root biomass.
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