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Effect of grazing intensity on carbon metabolic characteristics of soil microbial
communities in an alpine steppe in the regions around Qinghai Lake*
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/ANigimet A grazing intensity management experiment was set up in Gangcha County, Qinghai Province, on the Qinghai-
Tibetan Plateau to explore the effects of grazing intensity on carbon metabolic characteristics of soil microbial communities in
an alpine grassland in the surrounding area of Qinghai Lake. The treatments, that included grazing exclusion (CK) and other
five grazing intensities from 30% to 70%, with increments of 10%, were started in 2010. Soil microbial carbon metabolic and
distributional features along a grazing intensity gradient were analyzed using the Biolog-ECO microplate technique using soil
samples collected in July 2014. The results showed that: 1) Amino acids and carbohydrates were the main soil microbial carbon
sources in the study area. 2) The types of carbon sources and their utilization in grazed grasslands were similar, but they were
significantly different from those of the grazing exclusion grassland. 3) The Shannon-Wiener, Simpson, and McIntosh indices
of the grazing exclusion and medium grazed (G4) grasslands were significantly higher than those of the lightly and heavily
grazed grasslands, and their patterns were similar to those of soil organic carbon and total nitrogen. These results indicate that
grazing can significantly influence carbon metabolic characteristics of soil microbial communities of the alpine grassland in
the area surrounding Qinghai Lake, and that grazing exclusion and medium grazed (G4) grasslands can maintain higher soil
microbial community diversity.
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CK 6.24 + 0.19abc 62.09 + 1.59a 2.05 +0.86a 9.97+0.20a  6.60+0.16a 44.57 +2.40a 0.51 +0.05a

G3 5.69+0.12¢ 59.49 + 1.33a 372+ 1.03a 10.45+0.13a  6.80+0.11a 40.9+3.0la 0.49 +0.03a

0-5 G4 6.49 + 0.06ab 64.76 £3.92a 13.98 + 11.79a 9.98+0.59a  6.39+0.22a 3531+ 1.77a 0.62 £ 0.04a

G5 6.86 £0.12a 62.53 +2.86a 7.83 +1.98a 9.11+0.32a  6.87+0.10a 36.57 +3.06a 0.67 £ 0.05a

G6 5.96 £ 0.25bc 55.76 + 1.56a 4.23 +1.76a 946+0.56a  6.75+0.10a 33.40 £ 4.96a 0.55+0.08a

G7 6.03 +0.12bc 55.85+ 1.34a 6.27 + 1.65a 9.28+0.32a  6.89+0.09a 35.86 +2.67a 0.67 = 0.03a

CK 5.95+0.46a 49.77 +3.73a 4.46 +2.85b 840+0.18a  6.87+0.15a 41.13+1.93a 0.71 £ 0.03a

G3 6.07 +0.29a 52.05+2.67a 17.46 + 6.54ab 8.57+0.05ab  7.08 = 0.10a 41.65 +2.09a 0.76 + 0.06a

510 G4 5.81 +0.23a 57.01 +3.16a 6.20 +2.18ab 9.96+0.82a  7.06+0.08a 36.12 + 1.50a 0.75+0.03a

G5 6.48 £ 0.26a 53.91+2.0la 23.68 + 7.46ab 8.32+£0.06ab 7.25+0.03a 38.70 +£2.22a 0.65 = 0.08a

G6 5.88 £0.25a 47.02+2.57a 11.73 + 3.34ab 8.15+£0.79ab  7.17 £ 0.10a 37.59 + 1.34a 0.81 +0.02a

G7 572+0.27a 48.36 +2.68a 35.27 +12.85a 8.52+0.52b  7.16+0.12a 34.88 = 1.49a 0.85 £ 0.04a

CK 5.16 +0.32a 41.46 +2.35ab 22.39 +£6.51b 8.05+0.06a  7.35+0.04a 37.29 + 1.42a 0.81 +0.02a

G3 4.66 +0.10a 39.07 +0.80a 84.37 £ 19.08a 840+0.92b  7.45+0.03a 38.20 = 1.70a 0.83 +£0.03a

10-20 G4 5.23 £0.26a 46.57 + 1.47b 69.96 + 14.37ab 9.01 £0.48ab  7.45+0.03a 3576 + 1.75a 0.80 +0.02a

G5 5.19 £ 0.16a 40.52 + 1.03ab 102.88 + 19.60a 7.82+0.13b  7.47+0.03a 39.73 £2.05a 0.77 £ 0.03a

G6 4.81 +£0.09a 38.14+ 1.77a 90.74 + 7.65a 791+£0.29b  7.45+0.03a 37.32 + 1.84a 0.87 +0.01a

G7 4.48 +0.16a 35.29 +0.80a 86.18 £ 11.99a 7.93+0.39b  7.47+0.03a 35.41 £0.59a 0.80 +0.03a

F PSR R N 2 AR SR (A — b 2 [ — 9 R AR Rl 3R 25 5 i 3 (P <0.05) .

The values are mean + standard error. Different letters in the same column and soil depth indicate significant difference (P < 0.05).
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Fig. 1 Average well color development (AWCD) of soil microorganisms.
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Table 2 AWCD and diversity index of soil microbial communities
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+ R O B P AWCD Simpson 5% Shannon-Wiener#§ % Mcintosh$§ %
Soil depth (6/cm) Grazing intensity Simpson index (D) Shannon-Wiener index (H") Mcintosh index (U)
CK 1.21 £0.055a 0.954 +0.0002a 3.33+0.009a 7.35+0.283a
G3 1.12 £ 0.050a 0.954 £ 0.0005a 3.31+0.013a 6.92 +0.245a
0-5 G4 1.20 + 0.066a 0.949 + 0.0013ab 3.32+0.017a 7.42 +0.342a
G5 1.08 = 0.068a 0.952 +0.0014a 3.29+0.016a 6.70 = 0.355a
G6 1.25+0.063a 0.949 + 0.0012ab 3.29+0.011a 7.55+0.302a
G7 1.19 £ 0.041a 0.941 + 0.0053b 3.30 £ 0.015a 7.27+0.188a
CK 1.09 +0.078a 0.945 + 0.0006a 3.27 £ 0.024ab 6.84 +0.375a
G3 1.20 £ 0.084a 0.944 +0.0021a 3.22+0.027b 746 +0.347a
510 G4 1.29 + 0.066a 0.941 £ 0.0023ab 3.28 +0.019ab 7.80 +0.337a
G5 0.98 +£0.077a 0.933 +0.0027bc 3.25+0.027ab 6.23 +0.395a
G6 1.14 £ 0.049a 0.931 +0.0018¢c 3.32+0.014a 7.06 £ 0.252a
G7 1.04 +0.073a 0.933 + 0.00152bc 3.28 £ 0.032ab 6.72 +0.374a
CK 0.97 £0.051a 0.937 +0.0019a 3.22+0.023a 6.32+0.247a
G3 0.66 +0.014b 0.919 £ 0.0022bc 3.07 £ 0.026b 4.44 £ 0.069b
1020 G4 0.87 +0.012a 0.926 + 0.0049ab 3.21 £0.094a 5.68 +0.059a
G5 0.61 +0.035b 0.910 £+ 0.0035¢ 3.04 £ 0.031b 447 +0.182b
G6 0.69 +0.039b 0.921 +0.0009bc 3.22+0.025a 4.53 +0.264b
G7 0.63 + 0.054b 0.918 + 0.0042bc 3.16 £ 0.036a 4.47 £0.335b
R B A TR G ] — £ — B R 2 5 3 (P <0.05)
The values are mean + standard error. Different letters in the same column and soil depth indicate significant difference (P < 0.05).

a a a a a ZREYI Polymer 1.6

a abc ab ab ab MIKILEZE Carbohydrate 1;

ab abc a ab abc ZHILFRIE Amino acid 10
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Fig. 2 Utilization efficiency of different carbon sources by soil microbial communities. 1-3 after every treatment (set CK-1 as an example) indicate soil depth
(1: 0-5 cm; 2: 5-10 cm; 3: 10-20 cm). Different letters in the same line indicate significant difference (P < 0.05). The colors represent the utilization efficiency of
different carbon sources by soil microbial communities.
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Fig. 3 Correlation analysis between soil physiochemical parameters and indices and AWCD of soil microbial community.

*kk P <0.001.

25 AEMBGREE T T ERMEYBIERNANER S

S

ECOMR _F B W 1l 43 g 5 K 2P Bk k& 926 (10
F) R (TR RA W (4Fh) | M8 (2F) | 2
fe&d (2F0) P FERRZE (6F) . X192 hiy HHER LY
AWCD A7 i A= W D i 32 W40 40 A, 2 JBOHH o o7 45 iF A1 K
TUYAT6N A5, RFLTTHRAIA 5185.99%. FLf 4 —F
4% (Prinl) [ 518k % 4152.122%, 45 — 3 %4> (Prin2) B 57k
F49.073%, H53-6F B4 1Y BTRREE 43 ) 2h 8.353% . 7.270% .
4.989% ., 4.184%. 55— M . F Lo 0 BT 25 TR N
61.1951%, T Ak B3 1R Y 70 55 — . 58 32 il o0 b A 38 A

(B EAT A3 BT, 4877 DRk 12 2 s i XT3 i 3 1) 5 i) 7k
IR LLF H, B — R BB IR B R A W2 At
B2 RIR A KL A W2, 58 — 3 04 B9 3 BRI AT 1)
FACE Y, BRI ARIA Y. 276 % 85— T oy
GRS A o AR IR AL, 5000 b X R TR AR
T BB UIAH OC BRI IR 32 245 2 SE R 2 ik K AL & 2.

MR WA 5 53 1 A5 00 1 (&1 4, B Dy 18] #5428 3T 6 /R A
R B, M R n AR EE . S5 Rk, Al —+ 2 AE
AR 1 A 2 LA AR R e VR R B 2, {H10-20
cm )2 i CKORT G4 T 3% 3 1 1 55 S Ath &b 380 [ 1 e 052 ) FH
K. CKILEAFHE— . =Tl ik, 0-5 cmt )2 G6

http://www.cibj.com/

Chin J Appl Environ Biol ) JH 53551244k



690 TR JEE X PR VA ) M X5 2 Dt R S BRR A aB 41

R3 3IMEBRIRER S HEEF

Table 3 Loading factors of principle components of 31 sole-carbon sources

25 TR 7Y ERI ERS2
Category Carbon source types Prinl  Prin2

B-HI S -D- %Ki 1 p-methyl-D-glucoside  0.1858 —0.1789

D-2F-F| bR -y-INJI§ D-galactonic acid-y-lactone  0.0834 -0.2004

D-AK B D-xylose 0.1921  0.2393

kAL i-JR BE R i-erythritol 0.1974  0.0059

W2k D-H #2 % D-mannitol 0.1952 -0.1890

Carbohy- N-,Jit-D-7 %5 B 1% N-acetyl-D-glucosamine  0.2137  —0.1412

drate  p_#f 4k 4% D-cellobiose 0.1936  -0.1355

a-D-7j % BE-1-W BZ a-D-glucose-1-phosphate  0.1835  —0.1381

o-D-F B a-D-lactose 0.1863  0.1739

D,L-a-3 1% H i D,L-a-glycerol phosphate 0.1357 -0.1431

L-{E & iR L-arginine 0.2005 -0.2189

R L-KI T4 Wt L-asparagine 0.2135 -0.1046

%A%n?fj’@ L-HE LT L-phenylalanine 02024 02319

acid L-%2%4 % L-serine 0.2179 -0.1087

L-75 2 Ji# L-threonine 0.193 0.1691

H & W -L-7% & R Glycyl-L-glutamic acid 0.136 0.2837

TR 12 B i Pyruvic acid methyl ester 0.1288 -0.2142

D-FF iR D-galacturonic acid 0.126  -0.2594

%Ek -7 T B2 y-hydroxybutyric acid 0.1881  0.0957

Carboxylic D-#j % i [liifik D-glucosaminic acid 0.2172  0.1465

acids 4 ik Itaconic acid 0.1769  0.1443

a-1 il {2 a-ketobutyric acid 0.057 0.0433

D-3H % D-malic acid 0.1701  -0.0216

7540 Tween 40 0.1782 0.0971

s A% 1580 Tween 80 0.1444 —0.1352

Polymer o- 3R 145 a-cyclodextrin 0.2207  0.1171

JFHE Glycogen 0.2294  0.0356

Bty ¥ 2-3% JE K Wik 2-hydroxy benzoic acid 0.1293  0.4317

P};ecrilgélc 4- 2 BRI R 4-hydroxy benzoic acid 0.2133 -0.0011

M2k KB Phenylethyl-amine 0.2076  0.0228

Amine [l Putrescine 0.0828 -0.3109

4 3 1 CK-1 10 G5-1
Al 12CK-2 11G5-2
3CK-3 12G5-3
2F 14G3-1 13 G6-1
il [5G3-2 14G6-2
- 6G3-3 15G6-3
£ 0 3 17 G4-1 16 G7-1
a 8G4-2 17 G7-2
- 19G4-3 18G7-3
2k A
B T R 2 46

_2Prin1 0
B4 FEMBHETEMEMBEIREEIRS D S0 B)5 T
1-3 (4NCK-1) Zral s 2% E (1. 0-5 cm; 2: 5-10 cm; 3: 10-20
cm) .

Fig. 4 Principal component analysis of soil microbial community function
at different grazing intensity.1-3 after every treatment (set CK-1 as an
example) indicate soil depth (1: 0-5 cm; 2: 5-10 cm; 3: 10-20 cm).
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