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ARG TR, 23R E0-10cm), L3Eit BILEEE . BB f & @ B AL &
M4 TR L 638 hn sk, LB vk a3 MR Y5 FrBR, H gk Bk, A%
KZE(10 cm—20 cm), L mE . ARNHEFRMAED TR, AT S E MR E
Kmdg K, LEMAEMME RAEDFALIEBBE M EALH A % 0-10 cm>10 cm—20 cm.
A ESATERER: R TFHEHT, LERAEDR T EMAY EZ N FEDE M
BEMIEN, LEBERERANKT. AV ST EMAL, TERICAHE. i L m
B . KA MIF 4K (P<0.01). 5HMAMHERILFAX(P<0.05);, ZabBeh L@ AMAE
WEF . RAMEEAX(P<0.01), 5mf E A0 X (P<0.05). [45# ] & F 4T 4 L3R %
AT, MAY SR IEMERE I, LEMAEDRET. MAENET L LEBERZN
A EM* A,

KPR AR, MANBKE, LEMAEY T, LRBITH

EEWE: dERM BB TS DR R 5 A 285 7R 50 58T MR I F 5 3 i 2R (No. 2010-06)
*BIF{EE: X caoshubao2@163.com
S EHE: 2011-10-17; ¥ HEA: 2011-11-25



742 wiHhgaAR 2012, Vol.39, No.6

Effect of short-term grazing on soil microorganisms and soil
enzyme activities in Meadow Steppe

CAO Shu-Bao® LIU Quan-Wei' WANG Li-Qun** WANG Hao-Ran?
WANG Jing-Yao?

(1. Ecosystem National Observatory System of Hulunbeier Grassland Chinese Academy of
Agricultural Science, Hulunbeier, Inner Mongolia 021008, China)
(2. College of Life Science, Northeast Agricultural University, Harbin, Heilongjiang 150030, China)

Abstract: [Objective] In order to provide microbiology basis for protection, restoration and
reconstruction of meadow steppe ecosystem in Inner Mongolian Region. To investigate the
response of grassland soil microbes and enzyme activity in different grazing intensity.
[Methods] Soil samples were collected from six different grazing intensity, the variation of
different grazing intensities on the soil microorganisms, soil microbial biomasses (Carbon
and nitrogen), soil enzyme activity and the interrelationship among them were analysised.
[Results] The reseults showed that the number of microorganisms in different grazing areas
had the same changing trends: bacteria>actinomycetes>fungi. The number of soil microorgan-
isms and soil microbial biomass (Carbon and nitrogen) were higher in grazing areas than
no-grazing areas. In 0—10 cm soil depth, the trend of the activities of catalase, invertase and
protease was performed increased first and then decreased along with the increasing of grazing
intensity, Moreover the activities of these enzymes in grazing areas was higher than
no-grazing area. Compared with 0—10 cm, the descending range of the number of bacteria and
fungi and the microbial biomasses (Carbon and nitrogen) were increased along with the in-
creasing of grazing intensity in 10 cm—20 cm soil depth. The number of soil microorganism,
soil microbial biomass, the activity of soil enzyme were higher in soil depth 0—10 cm than
10 cm—20 cm in the vertical distribution. Correlation analysis indicated that the number of soil
microorganism was significantly correlated with soil microbial biomass. The soil enzyme activ-
itiy was positively related to the number of soil microorganism and soil microbial biomass.
The activities of catalase and invertase were extreme-significantly correlated with the number
of bacteria and actinomycetes (P<0.01), and significantly related to soil microbial biomass
C (P<0.05); the activity of the protease was extreme-significantly correlated with the number
of fungi and soil microbial biomass C. N (P<0.01), and significantly related to the number of

bacteria (P<0.05). [Conclusion] Moderate grazing incereases soil microorganisms, soil mi-
crobial biomasses and soil enzyme activity. There were positive correlations between soil mi-
croorganisms, soil microbial biomasses and soil enzyme.

Keywords: Grazing intensity, Microorganism, Soil microbial biomass, Soil enzyme activity
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JEEXF IR AR DR B J5 SRR SR, R DX el 7
Ol FTHFEE A S BAT B2 45 = T 5L

TIERAE YR A S R SR T ALK, @
o R S AR AR S RO S R G RE R
BRI, S £, B3R
TIEEY R RS RS IR RN, IR
TR FACIO RN, e AL A R G PR E SR
R AR AW, RIS e 3R A3 (A AR
Fe A3 ETES, L3S S i A
R, 18 AR S RS s
FGURAEAR, 1% VLI -3 AE TR B,
R, AT AN I FRIA /N DR i A B, T
FEAN R BE T et S E MR . )
S P N A B SC R, A it—2B AR
s, R AR SR

1 MRS

1.1 5 X

W58 XA T 52k AR DR AT HR X,
AR BHBENTE A DR B A 8 R G 1 R B AR
LI 2 Bh T ORE L, N: 49°19'349"-49°20'173" .
E:119°56'521"— 119°57'854", 34k 666 m—680 m,
JE T TR RR AR, AR5 °C— -2 °C,
B SRS ) 36.17 °C Fi1-48.5 °C, U
#1110 d 245, AP REoKEE 350 mm, H3EH
SRS L BT A AR A ) S B+ e R R L)
M

1.2 RAFEHIgIt

PRI X B AR AR 6 AN/, 1N 6 4
CHGREE, BA/NXHEAL 5 hm?, S50 X i A
30 hm?, L) 500 kg 4= — R & A 4= B,
A A, BUCR B R S,
250-300 kg U A 2 Sk 5ok A il AN ) s A e
f ST, 6 BB R AR LBl 00 2, 3,
4.6.8 3%, HIEE X530 G 0.00: 0. 00 Auhm?,
G0.23: 0.23 Au/hm® ., GO0.34: 0.34 Au/hm’
G0.46: 0.46 Au/hm?®, G0.69: 0.69 Au/hm?, G0.92:
0.92 Au/hm®* ek e T 2009 4F 6-10 H |
2010 4 6-10 Hi#kf7, L& mi A mesin .
1.3 RWHZE
1.3.1 H@MERESFHAIE: T 20104F 8 A1k
B IKCRAE, AR50 XA AR 4E 0-10 em,
10 cm—20 cm +JZIEER T FE, FR A REEEE
10 TR AT, BRARARFATR, i 2 mm b,
W RAER FREST PG —15 4 °C WKAEIRAE,
F M E YR KRR IE; S — =
DI, A it T e i
1.32 MERSFA R HIHEMA YIS RBEECR
PRI R FHRR AR o T 3R 3 AR o 2k
RE R AR TR, R R AR 1 SRR
5 BB DT REMPZr st 54—
SIANEAE, 3RS, & IBHEFRIL LRI,
TR 30 °C 1557 2 d LB MIIZ A 28 °C 1557 4 d
M 7d 5, ST g e I E SR
A EZE—R RN LS e e kT

G0.00 G0.34 G0.92
0.00 Au/hm? | 0.34 Au/hm?* | 0.92 Au/hm?
0k 3k 83k

G0.46 G0.69 G0.23
0.46 Au/hm?> | 0.69 Au/hm? | 0.23 Au/hm?
43k 6k 23k

B 1 FRMHGEE R &I
Fig. 1 Experimental design of grazing intensity
TE: SR ATF RIS X T, 55 AT R KR ERE R, B AT A SR

Note: The first row was grazing area code; The second row was carrying capacity; The third row was the number of beef cattles.
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AL SR FH = R R B o FeALEER A 3,5-—
THHK IR L, SRR Folin-Ciocalteu [t
o WREER PR B U R A L (. TS 85d R H
Spss17.0 BEitRA AT 7 22 53 BT RRE AR 53 HT

2 HRnH

21 WEMEFHAEARRELE

T AR R B AR 1. A
KR EZ AN . BRI R AL, X
PR A X, (5 S 90.02%-95.58%);
HUOR R, & 4.21%-8.90%; E /D, X
i 0.10%-0.26%. =91 8807E 0-10 cm +)Z,
G0.92 %5, 10 cm—20 cm, G0.34 f =, M2 K

EVENORE, SRR ITE G0.00 &
%, EEEEAE 0-10 cm F1 10 cm—20 cm + /2%
A G0.23, G0.34 I =T G0.00 (P<0.05), 5
0-10 cm #H L, 10 cm—20 cm +J2, G0.00 F[& T
35.9%, G0.23 T P& I 36.98%, G0.46 T [& T
47.90%, G0.92 TR T 57.81% . H &1
0-10 cm 2 Ptk oo v BE 38 hnmi k4 i, G0.92 & 2%
T T HAhIR 5 X (P<0.05), J& G0.00 %) 2.57 1%, &
GO0.34 /i 1.59 %, TMi7E 10 cm—20 cm + )2, HH
BRI R £ i X 44 48 3 R T G0.00 (P<0.05),
H5 0-10 cm #f kL, 7E 10 cm—20 cm +JZ G0.00
TR T 56.42%, G0.23 % T 54.34%, G0.46 % T
57.65%, G0.92 FI& 1 72.63%. JHLkE%cE: S40%

G0.00 /b
TR JRE 6T e B S fR A e R WL Y Y

MEFE BRI A2, HPZEEAR R,
BECHEE IR B e TH R, GO.34 fie i o

x1 AFBHBERE T L RBEYR RN

Table 1 Changes of soil microorganism’s quantity under different grazing intensities

g1l HEF e
E@iﬂl(xmslg Bacteria Fungi Actinomyces
TERE  BUReRE o - B
Soil dent N Kot L) A ) o L
pth  Grazing  Total amount 5 4 (x10°g 1)
(cm) intensity  (x10%g dry (x10°g ++) Per- (x10%g ++) Per- N Per-
soil) Number centage Number centage (><105/ q centage
(x10%g dry soil) (%)  (x10%gdry soil) (%) soi?) ry (%)
0-10 G0.00 17.74 16.74a+3.16 94.15 2.80a+0.42 0.16 10.09a+1.32 5.69
G0.23 31.56 29.92b+3.95 94.75 4.60b+0.55 0.15 16.11bc+3.31 5.11
G0.34 31.31 29.43b+5.43 94.00 4.53b+0.84 0.14 18.33c+1.31 5.85
G0.46 29.57 27.71ab+8.07 93.68 4.70b+0.26 0.16 18.23c+2.38 6.15
G0.69 25.55 24.02ab+2.14 93.92 6.76¢%0.70 0.26 14.85b+2.93 5.81
G0.92 33.06 31.65b+10.64 95.58 7.20c%0.56 0.22 13.93b+1.04 4.21
10-20 G0.00 11.37 10.70a+0.64 94.09 1.22a+0.30 0.11 6.60a=0.49 5.80
G0.23 20.06 18.84b+3.97 93.91 2.10b+0.11 0.10 12.03b+0.56 5.98
G0.34 20.50 19.06b+4.37 92.99 2.03b+0.15 0.10 14.16b+1.57 6.91
G0.46 15.86 14.43ab+1.90 90.98 1.99b+0.67 0.13 14.11b+2.16 8.90
G0.69 15.04 13.84ab+2.28 92.02 1.87b+0.57 0.12 11.81b£3.29 7.85
G0.92 14.59 13.33a+1.79 91.39 1.97b+0.22 0.14 12.36b+1.60 8.47

RPN 5B AR Rl CHOR BE R 22 5 1235 (P<0.05).

Note: Different small letters in the same row are significantly different at the 0.05 level.
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Table 2 Changes of soil micro-biomass under different grazing intensities(mg/kg)

Graiﬁi[n?igiisity Soil microbial biomass C Soil microbial biomass N

0-10cm 10 cm—20 cm 0-10cm 10 cm—20 cm
G0.00 385.96a+9.26 340.00b+12.04 27.22a+4.25 23.98a+6.13
G0.23 491.52b+7.80 382.45c+10.64 36.03ab+4.46 33.70b+4.32
G0.34 482.46b+23.05 283.14a+27.79 38.92b+3.66 32.41b+4.57
G0.46 483.53b+28.69 262.18a+20.28 35.65ab+4.82 24.63a+2.94
G0.69 487.13b+11.42 255.66a+15.74 33.71ab+2.11 20.07a£2.20
G0.92 529.12¢+7.68 254.17a+31.22 39.60b+7.14 19.12a+3.80

T PR ING 5B AR RO BE R 22 5 1235 (P<0.05).

Note: Different small letters in the same row are significantly different at the 0.05 level.

22 TEWEME

AFBHCREE T, RIEHEY . ASE
AR IR 2, HrhiEYEm . A S ETE
254.17-529.12 mg/kg F1 19.12-39.60 mg/kg =[],
Z AR EE AR, #E 0-10 cm, AW
B, ASEYL G092 kim, E®HT
G0.00 (P<0.05), 7£ 10 cm—20 cm + )2, +3EfE
P&k TE G0.23 f i, & T &KX
(P<0.05); fA:¥nim A #E G0.23 F1 G0.34 # i, it
T H AR X (P<0.05) ., 1 ek Fhsk
RIEETT AR TREEE, 50-10 cm 12
Eb#2, 10 cm—20 em + 2 YAk 7E G0.00 T k%
T 11.9%, G0.23 FF&T 22.19%, G0.46 FF& T
45.78%, G0.92 T P& T 51.96%; %l 4= ¥ & A A1
G0.00 FF&T 11.83%, G0.23 R 1 14.89%,
G0.46 FF% T 30.8%, G0.92 FF% T 46.66%.
2.3 TIERGIEMH

+ 4 A SRR AR S A AL B A AL
FRA R IREE AR AR S S S N
AHACEYIFAL, G P sm B i H R RAE 1- 4%
AR AR, H LR IR R K A, ik
3R R AR IR, A X R A 2,
£ 0-10 cm )2, i bE G G0.00 f Ak, 3%

T HURUX (P<0.05), i X 2 6] TG it 3 22 5
EeALREAE 0-10 cm )2, G0.34 fiwrmy, BEST
G0.00; 7£ 10 cm—20cm +)Z, 8 b S BTk
it 25 ik e DX 1 T 2 25 5% o AR R AE 010 em Al
10 cm—20 cm )2, X ) 2 S X IR X
(P<0.05), MM 24500 X ¥ T0 3 25 5
24 TEMEVHE. MEYMEREEEEE
BEXA

241 TIEMEYBESHEMESHEXMYE:
WA R T IR E YicE: . Y E A
KT AN 3 iR AN A BB S5k
SRR . E M 56 (P<0.01), 5 flE M A A
K (P<0.05); MLk S YRR . A D
FEHHIE(P<0.05), M AMER SHMAEY K. A
UM, ULEH U W RefE— e R bR
2 55 % 1 e BB 1 RN 3R 0 LA A WL e Ak
JIE XS L P A e, 2 IR W AR R R
— PRI

242 TIEWMEMHE. MEYESEEEEME
K UEWECR . Y RS AR SC AT
Z5NER 3 PR MEEGE S AL ARG .
Ab T I 35 AR 56 (P<0.01), 588 1t 3 H0 6
(P<0.05); FLERZHE 58 IR i & AH5C(P<0.01);
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Hydrogen peroxidase
activity (mL/g)
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a

m10-20
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a a
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Grazing intensity

O o0-10
A

E10-20
A

G0.00 G0.23 G0.34 G0.46 G0.69 G0.92

Grazing intensity

B2 FEMBGRETLIREFERTL
Fig. 2 Changes of soil enzyme activities under different grazing intensities
1 ARRIKRING FRES> 2R T3S MEFE 0-10 om F1 10 cm—20 cm + /2 22 7 1 3 (P<0.05 ).
Note: Different capital and lowercase letters indicated soil enzymatic activity at the 0-10 cm and 10 cm—20 cm depths of soil layers
in different grassland types significant differences at P<0.05.

£3 WAENKE. BEYEREINEE X
Table 3 The correlation coefficient among soil microbial quantity,
microbial biomass and soil enzyme activities

A B C D E F G H |
A 1
B 0.404 1
C 0.695* 0.259 1
D 0.718** 0.792** 0.615* 1
E 0.663* 0.688* 0.617* 0.801** 1
F 0.797** 0.393 0.819** 0.626* 0.506 1
G 0.741** 0.301 0.837** 0.614* 0.562 0.787** 1
H 0.624* 0.735** 0.531 0.887** 0.730** 0.660* 0.570 1
| 0.064 0.296 0.402 0.096 0.498 0.185 0.339 0.118 1

A I B FE; C R, D uEraEik; B UEYR A B R LA G FEILEE; H A 1 IREE. < BEA
FK(P<0.05); **: # 2.3 1% (P<0.01).

Note: A: Bacteria; B: Fungi; C: Actinomyces; D: Microbial biomass carbon; E: Microbial biomass nitrogen; F: Hydrogen peroxidase;
G: Invertase; H: Protease; I: Urease. *: Remarkable correlation; **: Extremely remarkable correlation.
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