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Effect of temperate grassland deterioration on soil microbiological
characteristics at different depths
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(1. Shenzhen Graduate School, Peking University, Shenzhen, Guangdong 518055, China)
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Abstract: [Objective] The deterioration of grasslands has become one of the major environmental
problems in China. Both soil microbial biomass and extracellular enzyme activity are important
indices, influencing soil nutrients and environmental quality. We aim to reveal the effect of grassland
deterioration on soil microbiological characteristics along a depth profile. [Methods] The Inner
Mongolia steppe was selected due to its typical deterioration features. We took samples at different
depths (0 to 100 cm) from four grasslands including mature grassland, moderately deteriorated
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grassland, severely deteriorated grassland and extremely deteriorated grassland. We measured soil
microbial biomass and the activity of extracellular enzymes involved in carbon and nitrogen cycling.
[Results] Microbial biomass and enzyme activity at the topsoil layer showed the same trend in different
deteriorated grasslands: mature grassland > moderately deteriorated grassland > severely deteriorated
grassland > extremely deteriorated grassland. The differences between the 10—20 cm and topsoil in
microbial biomass and enzyme activity were reduced with deterioration, and the microbial biomass and
enzyme activity at the 10—20 cm layer were higher than that at the topsoil in the extremely deteriorated
grassland. [Conclusion] Microbial biomass and enzyme activity at the topsoil layer decreased with
grassland deterioration. When the deterioration of grasslands became more severe, the differences in
soil microbiological characteristics between the surface and the 10—-20 cm soil were less. These results
provide a new method for assessing the degradation of grasslands, and thus offer important theoretical
bases for the restoration of degraded temperate grassland.

Keywords: Temperate grasslands, Deterioration, Microbial biomass carbon, Microbial biomass

nitrogen, Microbial enzymes activity
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Figure 1 Geographical location of the sampling sites and experimental plots
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Table 1 The basic vegetation characteristics of different deteriorated degree grassland

Z5 WA EE AW FEYFh

Sites Species richness Biomass (g) Main species

MG 69 403.27+60.18  2£EE (Leymus chinensis) . /R EERF4E 3 (Bromus japonicas) . JLt-464 . i
Ji R (Poa  sphondylodes) . T %% % % (Carex korshinskyi) . Hb #i
(Sanguisorba officinalis) . ALLEHH (Bupleurum chinense)

MDG 43 306.99£86.44 DI N/R4&S(Stipa baicalensis) . 2EEL | R RRAOR | BB K (Potentilla
longifolia) . T{PEE

SDG 52 268.20+53.31  DUMM/REFS . PRAERFEZ . BEBTRAR . MEEE | REREXH. B
BRI . BE (Artemisia frigida) . PI¥RE (Artemisia capillaris)

EDG 32 278.32491.05  LEX FEPEEEL | V& (Agriophyllum squarrosum) ., ¥ 2B (Setaria viridis) .

I, ¥ (Digitaria sanguinalis) . JCT=%E 7%

T EAEY R e P (R

Note: Biomass values were means+standard error.

*2 ARRLEEERAEL R TIRERELIER

Table 2 Basic physical and chemical indicators of soil in different sampling sites and soil layers

S D T (°C) SWC (%) pH DOC (mg/kg) TOC (g/kg) DN (mg/kg) TN (g/kg)
MG 1  24.8+2.6ABb 0.085+0.008Ca  6.18+0.08Aa  198.06+22.52Bb  36.95+7.03Bc  26.92+5.65Bb  3.04+0.53Bc
2 17.3+14Aa  0.080£0.005Ba  6.22+0.07Aa  137.03£14.26Aa 32.23+3.74Bbc 18.63+2.43ABab 2.61+0.28Bbc
3 162+0.8Aa  0.075+£0.005Ca  6.39+0.09Aab 117.37+4.04Aa  23.22+1.97Cab 16.02+0.39Aa  1.80+0.16Cab
4  155+04Aa  0.074+0.003Ba  6.51+0.08Ab  129.91+1.30Ba  18.78+1.03Ca  16.64+1.28Ba 1.4240.73Ca
5  159+1.4Aa  0.085+0.004Ba  6.36+0.06Aab 100.98+1121Aa 12.39+1.72Ba  12.86+1.31Aba  0.88+0.13Ba
MDG 1  21.1#1.6Ab  0.037+0.003Ba  6.41+0.02Ba  134.05+16.81Aa  12.07+0.77Ac  20.67+2.13ABc  1.12+0.08Aa
2 18.7+1.1ABa 0.033+£0.003Aa  6.49+0.02Bab  136.26£16.72Aa  9.47£0.75Ad  17.90+1.97ABbc 0.92+0.03Aab
3 18.6%0.5Ba  0.033+0.003ABa 6.58+0.02Bb  113.05£11.62Aa  7.61£1.08Ac  13.50+1.47Aab  0.69+0.04Ab
4 18.2+0.6Aa  0.033+0.003Aa 6.68+0.04Bc  105.20+5.64Aa 5.53+0.50Ab  14.64+1.71ABab 0.56+0.04Ac
5  17.8£0.7Aa  0.033+0.003Aa  6.75+0.04Bc  102.44+7.23Aa 3.30+0.50Aa  11.75+0.80ABa  0.41+0.04Ad
SDG 1  259+3.1Bb  0.027+0.003ABa 6.64+0.04Ca  112.19+4.57Ab  10.51+0.92Aa  13.58+0.40Ab  1.03+0.08Aa
2 20.8+2.0BCa 0.040+0.001Aa 6.62+0.03Ba  116.57+2.56Ab  12.96+1.14Ac 13.77+0.25Ab  1.23+0.12Ac
3 19.5%0.6BCa 0.038+0.003Aa 6.72+0.05Bab  114.47£9.70Ab  12.72+0.63Bc  14.18+0.81Ab  1.23+0.05Bc
4  19.5+03Ba  0.030£0.001Aa  6.74+0.04Bab  105.21+8.68Aab  8.84+0.43Bb  11.25+0.79Aa  0.81+0.04Bb
5  18.5+0.5Ba  0.030+0.001Aa  6.79+0.02Bb 89.75+2.24Aa 491+035Aa 10.42+0.38Aa  0.53+0.02Aa
EDG 1  30.1+0.6Cc  0.017+0.003Aa  6.69+0.03Cb 97.48+4.98Aa 3.16+0.12Ac  17.03+1.59ABab  0.42+0.03Abc
2 21.842.3Cb  0.033+0.003Ab  6.53+0.01Ba  155.43+7.99Ac  10.32+0.35Ac  22.75+1.88Bc 1.01+0.08Ac
3 19.9+0.5Cab  0.043+0.003Bb  6.75£0.03Bbc  128.06+2.25Ab 9.52+0.31ABc 19.56+1.06Bbc  0.92+0.05Ac
4  19.5+03Ba  0.040+0.006Ab  6.84+0.03Bcd  98.54+1.88Aa 6.59+0.43Ab  14.78+1.10ABa  0.63+0.05Ab
5  19.1+0.3Ba  0.033+0.007Ab  6.91+0.07Bd 92.35+1.86Aa 3.02+0.43Aa  13.91+0.87Ba  0.37+0.03Aa
. S: FEHh; D: LIEIREE; T. THEREL; SWC: LIRS /KE; DOC: AIEPEAPLRSf; DN: AlEMASH; TOC: AL

Wi

TN:

MARE. B8 1: 0-10 cm; 2: 10-20 cm; 3: 20—40 cm; 4: 4060 cm; 5: 60—100 cm. FEHEHE AT {E+
FrfERR; [R—3 R R RS B R [ — 1 2N R AR EE Z Al 22 57 W 0, AN FV/NG SR 30R Rl — iR BE R AR 2 2 ] 1Y
225 M (Duncan’s ZH#H [L#, P=0.05).
Note: S: Sites; D: Soil depth; T: Soil temperature; SWC: Soil water content; DOC: Dissolved organic carbon; DN: Dissolved nitrogen;
TOC: Total organic carbon; TN: Total nitrogen. Column 2: 1: 0—10 cm, 2: 10—20 cm, 3: 20—40 cm, 4: 40—60 cm, 5: 60—100 cm. Values

were means+tstandard error; Different uppercase letters in each column indicate significant difference at the same layer; Different lowcase
letters in each column indicate significant difference in different degraded grassland (Duncan’s multiple range test, P=0.05).
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Figure 2 Soil microbial biomass in different deteriorated grasslands at different depths

I ARKRE TR — 22 R FHR R B 2 (8] 25 5 B, ARVNG 58 20K Al —IB AR T R W) )2 Z A1y 22 5 T #54

(Duncan’ s ZH K, P=0.05); iREBICFEIRHER.

Note: Different uppercase letters indicate significant difference at the same layer, different lowcase letters in each column indicate significant
difference in different deteriorated grassland (Duncan’s multiple range test, P=0.05); Error bars indicate standard errors.
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IR —E, UL R R AR S T A
AR AR CHERUE L IERZh 2, Hr,
1020 cm 2 HIEMAYEA S EME TRIZLIE
(AR K —46.6% . —34.8% . —53.4% ., +59.6%
(£ 3). MHRITEMEERTREE 4), BAORE
XA A AR W AR e A R E
(P<0.001), A[RITREEX; 350 AR Yy A Py R
2SR (P<0.001), {HRIREE 5B LRREE A28
HAEHA 2 (P=0.217),
23 ARBRUEBENETER TIEME KR
BEE AT

TETHERZ, £ FhK A B 0 1 R X e R A AR B
TR REAG,  RIOEGTE PR R 3 SR RE > AR AU
> 7 B IR AU > R IR AU AR (1A 3), BbSh, 7
W SREEHL, BG. NAG. LAP (3G HEAE 0-10 cm
B, #1020 em B3R 69.5%. 57.4%.
53.6%, ZJGS18 T FE, HEGRILFE LA IR AL

=3 1020 cm TIERERTFRELIEMEYZ
BHER TR

Table 3 The change rate of soil microbial characteristics
between 10—20 cm and 0-10 cm layer

Type MG (%) MDG (%) SDG (%) EDG (%)
MBC -37.9 ~26.6 -25.5 +271.0
MBN ~46.6 -34.8 -53.4 +59.6
BG -69.5 -53.5 ~14.4 -6.6
NAG -57.4 432 -3.7 +22.1
LAP -53.6 ~49.6 -1.0 +0.6

F4 WEREAESNER

Table 4 Two-way ANOVA results

HHY ¥ dr FiH P{H
Type Factors Fvalue P value
MBC 1B 3 4194  <0.001
T IEREE 4 2211  <0.001
IR B < - IR IR 12 9.57  <0.001
MBN  iBfb#REE 3 9.56  <0.001
TR 4 824  <0.001
IR AR B x IR 12 1.40 0.217
BG IBEBREE 3 1344  <0.001
T IEREE 4 1770  <0.001
IR B < - IR IR 12 8.82  <0.001
NAG  BfbEBE 3 2134 <0.001
TR 4 1845  <0.001
R R < - TR 12 1084  <0.001
LAP IRAEHREE 3 3293  <0.001
SRR 4 9.93  <0.001

IR R > T 3T 12 625  <0.001

FEHLF ) NAG FEEMEAE 1020 cm AP E
F, HAE 20-100 cm )2 BRI MY 3 Tl
PGP B T, MG IR AR B,
10-20 cm JZ/) BG B fll LAP B MEAHE: T3R)Z2 0%
TRITREE AR /INGR 3)0 WUH T 20T 4 R R (8
4), RIEFEEEXT 3 Fb A ERAAE WK A G O 52 M A
F(P<0.001), AN[AITRBEX - S8 A: M A= W) /K figt g it
ALY 25 S B35 (P<0.001), HIRE S5iBLFLE K
2 H AR Y 5.3 (P<0.001),
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Figure 3 Hydrolytic enzyme activities soil microbial biomass in different deteriorated grasslands at different depths
I ARKREFRRIR R — 2R FIR AR Z 225 R, ARVNE FRFRIR R —IBAGRR R T AR 12 22 1 22 5 W 2
(Duncan’s ZH L, P=0.05); i=ZEEERHER.
Note: Different uppercase letters indicate significant difference at the same layer, different lowcase letters in each column indicate significant
difference in different deteriorated grassland (Duncan’s multiple range test, P=0.05); Error bars indicate standard errors.
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Table 5 Pearson’s correlation coefficients between soil properties and soil microbial biomass and enzyme activities

Type MBC MBN BG NAG LAP
MBC 1
MBN 0.941** 1
BG 0.732%%* 0.709%* 1
NAG 0.757** 0.733** 0.974** 1
LAP 0.596** 0.605%* 0.899%* 0.907** 1
T 0.061 0.040 0.520%* 0.442%* 0.475%*
SwC 0.601** 0.521** 0.403%* 0.447%* 0.416%*
pH —0.688** —0.613** —0.536** —0.577** —0.592%**
DOC 0.687** 0.579%* 0.737%%* 0.772%* 0.634**
TOC 0.822%** 0.709** 0.674** 0.731** 0.611**
DN 0.627** 0.434%* 0.676** 0.670%* 0.486**
TN 0.837** 0.721%** 0.690** 0.750%* 0.615%*

TE: %2 78 0.05 K BWEE; **: 76 0.01 K 3.

Note: *: Indicate significant difference P at 0.05 level; **: Indicate significant difference P at 0.01 level.
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