5542 B 4 W) S &~ £ Eild Vol.42,No.4
2022 4F 2 H ACTA ECOLOGICA SINICA Feb.,2022

DOI: 10.5846/stxb202011273042
EoRE, EE SR MRt B L AR SRR A OO B0 P b o 2 5 ) RN BT VS R . AR AR A 4R, 2022,42(4) £ 1549-1559.

Wang Y H, Tian L M, Ai Y, Chen S Y, Mipam Tserang Donko. Effects of short-term yak grazing intensity on soil bacterial communities in an alpine
meadow of the Northwest Sichuan Plateau.Acta Ecologica Sinica,2022,42(4) :1549-1559.

ABESNHEENIIALLSRSEEG T EAEE
R2:spAl

EAR WAL B RS FAE A
1 G R B 7 = S S e, IR 610041

2 PR RR A2 B, AR 610065

3 PUT RBR R BOE B ERE, I 610041

FE AR ARSI T 75 o o i ) e il A ™ 5 Rl e aed R T = B R iR A B T 5 5 SR A2
R S A ) HL S 22 N R B KRR, AN [ A X g 2 ) S A 5 5 2 R S e TS S B 71 P e i
T o S ) T SR A RO B 1, O TR IR (55 R (1 SR AE AR /hm? ) PR (2 SRAE AR hm® ) L ER B O
(3 KHEAE/hm?) 4 D HCHCREE  BEANIREESE R 3 AN A PIAR ORI S 25 SRR R0 F) o R IO B A R f
T T SR B A RO B AR AN 35 5 A O B A S0, SR o SRR S S I v s A 3R A
JSENEAF T B0 A B A K AR T R B TR AR B TR SR I IR AR AN B LR I, R T T
PAFECE A RN, AR BEORC T 028 o T IR AL, e A T TR AS R ORI B R J0 2 28 22 57 5 R MR S A AR IR B TR 1] 22 1E
ARG, KB S TR T BT It 22 Y8 38 TEA OC, B30 W A 30 X~ R 0 BT IS A ) 520 M 3 o 4 S P B ) e S I, AR S 30038 5 F
FEA VR O BE T (9 L ST R RV 25 K, DA TSR 1 1 S8 T il i S, O e R AR i Bl A AR A AR A
SRR - o FE R ) AP OH OO B BRI I AR A
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Abstract; As an important part of China, the Qinghai-Tibetan Plateau plays a vital role in the balance of global ecosystems.
Climate change and human activities have led to grassland degradation on the Qinghai-Tibetan Plateau, especially
overgrazing-induced grassland degradation. However, as one of the most dominated livestock on the Qinghai-Tibetan
Plateau, the effects of different yak grazing intensities on soil physicochemical properties and microbial communities and
structures still remain unclear. To address yak grazing effect on soil bacterial communities, we conducted a yak grazing
intensity experiment in a typical alpine meadow of the Northwest Sichuan Plateau. According to local investigations and
previous experiment, we set four grazing intensities, including control group (no grazing) , light grazing (1 yak/hm®) ,

moderate grazing (2 yak/hm®), and heavy grazing (3 yak/hm®). After two years of grazing experiments, we found that
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heavy grazing significantly increased soil available phosphorus and short term grazing reduced the bulk density in the 0—
10cm soils, while other soil properties showed no responses to different grazing intensities. The possible reason may be that
the effect of grazing on soil physicochemical properties was long-term, and the short-term grazing intensity of yak was
difficult to change soil properties. The « diversity of soil bacteria increased firstly and then decreased with the increasing
grazing intensity, but the changes were not statistically significant due to the short duration of grazing experiment. On the
one hand, yak grazing could provide available nutrients for the growth of bacteria through dung and urine. On the other
hand, high grazing intensity changed the root distribution and root exudates of plants, and increased ultraviolet radiation
reduced the diversity of bacteria. In terms of the dominant bacteria, the Chloroflexi was significantly higher under no-grazing
than that under heavy grazing, which has photosynthetic autotrophic bacteria. In contrast, other phylum had no significant
differences among grazing intensities. With the increase of grazing intensity, the relative abundance of Actinobacteri and
Firmicutes increased firstly and then decreased, while Acidobacteria and Gemmatimonadetes showed reverse trends. The 3
diversity of soil bacteria showed that grazing intensity had no significant effect on bacterial community structure. Soil total
nitrogen is positively correlated with Nitrospira. There was a significantly negative correlation between soil total phosphorus
and Acidobacteria, but soil available phosphorus was also significantly positive related to Acidobacteria, indicating that
grazing intensity indirectly affect soil bacteria may be through changing soil properties. This study provides basic data to

grazing managements and a theoretical basis to the restoration of degraded grasslands.
Key Words: alpine meadow; yak grazing; grazing intensity; soil physicochemical properties; soil bacterial community
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1 #MRERFE

1.1 ARSI MR

ARG 5 DA 75 7 1 B 2R 5 114 D ) 1| 48 BT SO % S 1 1 3 M 0 D B DG g R R R 2 5 ey I ek e ( 32°
48'N,102°33'E) , ¥4k 3504 m , 4EXREIK A 747 mm , B8 Z= [ K 0] 1k 2 4ERE K HERY 80% , AE XS IEN 1.5°C
TRIE X AT AT W) AP 25 Sk 5 L B ( Kobresia pygmaea ) FEFEBE I ( Elymus nutans ) F% A2 & B ( Kobresia
humilis) , TR S LR £
1.2 R SR

A 3T 224 b DX 1) 28 TR A A T S b PR A R X R BT A U, 5 A A S SR KR B0 K 43
4 AT AL B X R ZH (A5 R EETOMC (1 SRR /hm?) RO (2 Sk R4S /hm® ) FIE E RO (3 Sk 4R/
hm?) . BEAMAEFEREHLE B 3 A ESE BB A 1 hm®  JEBCBCRE B TS R 0.33 hm® A b B T
B 10 hm®H'% ) 3K 2008 4F 2 2014 4R35 R M e 4= BB, SR FRGCE  H— | J8 T 45 il
SRIE AR IS R AR L R 4 — 2014 AR50 b FRLRE R B — 47 et 1 2015 42 5 H AT
G, BT R REAER) 5 A R AIEI9 AN A), IR AR vT DAZERE ML L [ TG 3 CREFITROK . 2016 4F 8 AR,
TEAREH A FEHLIER 6 1~ 50 emX50 cm BEJ7, 7EUREEHN B & 5 A RE 7 A H45R 8 5 4~ 0—10 em T4,
TRA LA~ R i SRS B L5 PR 43, — 3437 101 52 36 %5 )5 7E — 80°C ¥ VR A A7 T - R 20 TR A v T
T4y H AR5 FH T 3 A S a2
1.3 B

B ASRIT e LR AP B AEJ BS AR EE 2 0 5 i A T, AR AR I ik o o . £
SRR NPET R A H AR E ; IR AT R A6 T 0.15 mm G B A X T FEE
Hrp 2R PR ZEDE , 20 H NaOH #5 al—4R 86T Lo Gk e , 240 FH @ 6 EETHENN & ; - 388
8R4 Rad 2 mm G R B KT AR FLA A AR R IR O I R , A AL A NaHCO, 12 $2— B i 1L
I E , HSU ] IR ER AR — KB CRE I E |, pH FH AL 000 5 | 38 LR R FH B 4% R 4 B Ak A
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(5'-GTGCCAGCCGCGGTAA-3") XJ 4T 16rRNA JEH 1Y) V4A—V5 X 4T PCR 7314, KA A NEB AR 1 Q5
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W, B G — UG 72°C HEM S min,, K PCR 334 7= ] 2% B BEWHEE S H Sk RN , T AXYGEN /A ] i 8 i
(SR & e AT U BE B, FH lumina 23 7] #4) TruSeq Nano DNA LT Library Prep Kit il £ 7 SC /%, % H
Mlumina MiSeq M5 50
1.5 it
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Canoco 5.0 ZATEREE IR X B 152 ), FH 2 04020 M (PCA ) RBHPH & [ A AH R &R
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2.1 A[EHCHCER T A A 5

TERLHCRARAE S B H T pH AT RSN, LB A% MRS X AN [ T35 FEE F g o 249 AT 5 2
F(P>0.05;3 1), SXTIRAAA LG, A RIHCHGR BE A 1 AT 5 1 18 pH 3 BRI, A0 8 A0 A0 M i 8 T A )
THEAE R E/D T AR (P<0.05) , -3¢ pH FECCR BE AT, OB AR ARTEAS R HOHC B2 AL B A5
TRV EE AR 0, S8 5 A S5 R B i L1 2% T A5 B8 A 0 8 A A, SF- 8% 38 i E 2 31 O 16.20% I
20.37%

R1 TEHGREX TR SR

Table 1 Effect of different grazing intensities on soil physicochemical properties

SRR X B2 UK HhRE U o B2
Soil indicator Control Light Moderate Heavy
TIKE SM/ % 21.26+3.03a 24.70+2.29a 24.96+1.36a 24.45+3.65a
+ IR E BD/ (g/cm?) 1.32+0.02a 1.19+0.02b 1.25+0.02ab 1.18+0.08b
25 TN/ (g/kg) 2.97+0.24a 3.21+0.22a 3.18+0.26a 3.62+0.53a
2 TP/ (g/kg) 0.77+0.03a 0.89+0.07a 0.82+0.06a 0.81+0.13a
24 TK/ (g/kg) 16.97+1.04a 17.00+1.09a 16.42+0.83a 15.75+0.36a
FHRUAE AN/ (mg/kg) 225.44+34.75a 272.34+30.98a 268.34+21.74a 273.44+34..00a
F3HE AP/ (mg/kg) 3.96+0.53b 4.50+0.38ab 5.08+1.00ab 5.53+0.35a
AL AK/ (mg/kg) 134.68+67.78a 161.61+55.06a 192.38+15.37a 165.06+38.52a
pH 5.92+0.09a 5.83+0.06ab 5.68+0.05¢ 5.74+0.05bc
HHUF SOM/ (g/kg) 66.88+6.10a 74.28+0.91a 64.86+8.22a 68.81+9.46a

AT AR PR FR R ZE R B3 (P<0.05) ; SM: T3 & /K Z Soil moisture; BD; T3 & Bulk density ; TN ; 4> A Total nitrogen;; TP . 4 Total
phosphorus ; TK ; =8 Total potassium; AN : £ %L % Available nitrogen; AP : 4 % Available phosphorus; AK : 48 Available potassium;SOM : 4 #L

Soil organic matter
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3T Mumina MiSeq “F- 15 X A [] il 443 B 0—10
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62315647, i1 55 B ] 5 BH HE 45 0 A0 5 A4 R A 3
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8492 >, 4 TR BE AL =1 OTU (5 2 & 110 37.15%;
XTRRZH A 1 OTU $05 BB 1Y 4.19% ; 52 8 i o A
OTU (5 & 1Y 4.09% ; ™ B2 O A OTU i 21y
5.16% ; FEEUAOMA OTU 5 B 3.98%
222 HIEANH o 2R intensities

T e I 2R BN S WL AE 2 1 T TR B X R VR S8BT o, AT4#R 49252572 Operational taxonomic unit
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Fig.1 OTU Venn of soil bacteria under different grazing
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REPE AR, (A RO B 2 [l TS o ZREPEIR RO JC R EME22 5 (R 2) o CHUR BEAY Simpson 454X
KT IREH (EA 20 8] ) 22 S AR /0N, FT L JRE 3 6 A4 TBOHOT 1 S 240 T R E Vi 1 28 5 BE R 3 OTU 5207185 Chao 1
5 ACE 55005 BUARTR] B9 KL, 255 v B2 OO B2 BE TCHOS o 18> B B2 JICHC, Shannon 18 550U Sy rh B2 Tl 440> B2
BORRBEHCH X IRAL, AU BRI o ZREPEANAFAE B35 25 57 (P>0.05) 5 (HLE5 SRR W] vh 2 MO B 2
TIER BRI 1~ 5 R

R2 TRMHEENTRAE o SHEEY

Table 2 The « diversity index of soil bacteria in different grazing intensity

EiR e Xof B2 BRI HhEE O il 91T
Index Control Light Moderate Heavy
<7 M2 7% A7 R - HE
+ = *.)'(Zﬁé r.i;fﬂ L 0.9963+0.0003a 0.9967+0.0003a 0.9966+0.0003a 0.9968+0.0001a
The Simpson index
- o g e 1
Chao 1 & Eﬁﬁlﬂﬁﬁ 3635.1400+820.42a 3944.9000+876.61a 4174.1400+973.53a 3419.2300+190.14a
The Chaol estimator
ACE A48 %

. 4“&',5.#”1‘#5?& 3649.8200+845.53a 4008.5100+855.43a 4305.1400£1099.95a 3457.6500+256.45a
The ACE estimator

sk A7 R I K
AR 9.9200+0.0436a 10.0267+0.1387a 10.0467+0.1358a 10.0433+0.0493a

Shannon diversity index
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Fig.3 Abundance of soil bacteria under phylum classification
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Fig.4 Analysis of unweighted UniFrac NMDS and weighted UniFrac NMDS in soil bacterial communities under different grazing intensities
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Fig.5 PCA analysis of bacterial community and soil factors
PCA: 8543 Hr Principal component analysis; SM: + 37 7K % Soil moisture; BD: +3E75 5 Bulk density ; TN ; 4% Total nitrogen ; TP ; 2 Total
phosphorus ; TK ; 24 Total potassium; AN ;AL Available nitrogen; AP : H %8 Available phosphorus; AK; # 4% Available potassium;SOM: &

HLIE Soil organic matter
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TIZRGEWN , 0 RGN TR & R U Y AR 2 m) 3R 2 A4 A 4 mT DA 3 h IR 2 1
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3.2 IR AR O 3R 2 T R AN TR VR 2H I A AR Y5 R

TV RS RGP i S APLBT5 PR A R vh R SR 3 T AR T X — D RE AT
TR RS . ARBFSE PRSI T AT o ZREMETRE0E BN B3 (HRE A 1 B O 2 1 Jin
S BRSCHG N 080 B, I HLAE BTSRRI B R K-, T 3 B TS 2 /NI B B v T SN R A TR Y 2R
PEFIEE B, AR R IERZ WS SR I 20 b B2 bE A4 1 R B S HEMA T O Y A LA R T
A% 5 RIS 55 5% 05 | DA R A4 RS AR FLKE R Y4 0 85 A 880015 R 7 | v ) 43 Ak R 188 Jin Ay 40 B 1)
PR TR AL TR S, E R RO AR RS AR A OLiE I R )Z 2 mm YRR b
FERIMRFRGT E R SR + K o A LG 3o A e ) S AR S D 0y T 2 0 ) 40 R ) 2B A
FEANEZFEE TR, B PR R R AR T A0 B Y Simpson 18 85, % H & 48 B0 2 R B 3 Li
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