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INEX ZilgdE el XE BTIR MiRE*
(HFHERFEHEERER, FiEE B BERNME b = VTR X 5 JE B AR S 208 3 s
36 5/ AR R FE RIS N PR B S0 %, VT 810016)

W B IEMAVEERASRATREZEEZNER, THEKEG T LERENENT
THUNITFEEH LT ERERNEAEERN, IAREFRE R G ELN A AL EE
(TR, BEBK. PERBPEERYD T LEMENERNTHEE, RAEA
AT SEABEEERE SN T L, 2T TRKKEE T HEEAMFE CEHNB. pH.
GAR. MARMEREE) M ENTEE (REMENER. MEDEMER. RAEWE.
Ea PR Ak A REE) SRR T . EREH: (1D 0~10cm + B, HAERKRT LB
HNBALIEGEESE, B8 T 1 pH. () MK RENIE I, LEMANEDER.
EYERFMENFAH ENGERNESE, MEMEDER AN ERASEHNE0~10cm + B
B, 48K 404.44~748.49 1 101.73~173.78 mg-kg'. (3) MEAR4k TR Z g fn, +3E & Al
W R R AT AR, T AR A RO R AR AR R SRR AT K. (4) HIEA B, pH FEA
REF NI ERAENTERNEER T, £, MAKRENE RN L BEENE N, 8K
A AEMER. EMER. MAENE A L ERLRTRAERMAASE, T A& Q9% R
BERENEERM L ERENE M EL S,

FETE mEEM; RREE; TEMAEMESE

Response of soil microbial activity to grazing intensity in alpine grassland of Qinghai-Tibet
Plateau. SUN Caicai, AN Haitao, DONG Quanmin, LIU Wenting, LYU Weidong, YANG
Xiaoxia"(Academy of Animal Science and Veterinary Medicine, Qinghai University, Qinghai
Academy of Animal Science and Veterinary Medicine/Key Laboratory of Alpine Grassland
Ecosystem in the Three-River-Source, Ministry of Education/Qinghai Provincial Key Laboratory
of Adaptive Management on Alpine Grassland, Xining 810016, China).

Abstract: Soil microorganisms play an important role in grassland ecosystems. Understanding the
changes of soil microbial activity under grazing conditions is of great significance for evaluating
grassland soil quality. In this study, we examined the changes of soil microbial activity under
different grazing intensities (no grazing, light grazing, moderate grazing and heavy grazing) in
alpine grassland of Qinghai-Tibet Plateau. We investigated the soil physical and chemical
properties (organic carbon, pH, ammonium nitrogen, nitrate nitrogen and available phosphorus)
and microbial activities (microbial biomass carbon, microbial biomass nitrogen, microbial entropy,
soil basal respiration and microbial quotient) under different grazing intensities by combining
indoor analysis with field sampling. The results showed that: (1) In the 0-10 cm soil layer, grazing
decreased soil organic carbon and soil ammonium nitrogen contents, but increased soil pH. (2)
Soil microbial biomass carbon, biomass nitrogen and microbial entropy showed a decreasing trend
with increasing grazing intensity, and the contents of microbial biomass carbon and biomass

nitrogen were the highest in the soil layer of 0-10 cm, which ranged from 404.44-748.49 and
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101.73-173.78 mg-kg!, respectively. (3) In grazing treatments, it showed that soil basal
respiration gradually decreased with the intensification of grazing intensity, and microbial quotient
gradually increased as the grazing intensity strengthened. (4) Soil organic carbon, pH and
ammonium nitrogen were important factors affecting soil microbial activity. In summary, soil
microbial biomass carbon, microbial biomass nitrogen, microbial entropy and soil basal
respiration tended to decrease with increasing grazing intensity and soil depth, while microbial
quotient tended to increase with increasing grazing intensity and soil depth.

Keywords: alpine grassland; grazing intensity; soil microbial activity

T80 e A e € b TR ] 7 O AR 7 R e P B T, [ A B ) A A R B
HASDIRERE TS 1B KX TR e Fgeie XA 25 R 40P B S 2520 (e R A5, 2023).
KIALISK, NGB N TR, S AS KRG DIRe R, BN, i
HELE IR H 3™ E LR ((E5REE, 20210 5% & AR w78 B 1 A 3 B2 1 B b R i 3% 3
(Liang et al., 2021), ZK&# 21785 77 XA i #E 7% 20 a5 L3RR, i Hid
Xof ISR E AR SRR E DTS S AE RS (Chillo et al., 2015) . fAEMIE N3 iR B iiE K
MIAEY) (Xu et al., 2014), HAEIER. AR EELWA RTINS T AR T FH
B AR R AR TN (Singh e al., 2017) R, 20T AS (R FECHCE 52 6T v 9 5 1 - 398l A
VS TE RS2, AR T i FE R R AT RS R A R, X T E R R TSRO B T R OCE
WL

TR A W A ) Rl R ) 2 BRTE AR (W IR R A A, IR T
5x10° pm® PAEY) S E (RS, 2023). HIRGAEY AV EANS H 358G LR s
oy, T HE LSRRI CUBIERS . BRI, BEOEIAE) . LIRANUR M REE )R
MRS BB G (TspRE, 2015; B4R %E, 2023), TIRFUEM A EIE N LT T
fifi e, RERS R BT & IR IR, W 2 BRI L R OCHE (BOE SR, 2024) 0 0 38R
VILE AT FOA AT nsE xS IR IR AR (BRIE, 1999), DRk, 13540
AW I R I R 8 S B LB KT, R AR IR AR S RSB AIR L B B R bR . 14
WP A% Jo e - 338 e Ak, S 5B A BE 7, 5 ) T SRR P, , AN AT DA B 35 R f A o
£ e, i ELRE S IS PRSI (FRK 404, 2008) . B BRI, i E AR M A ROR:
ARk, PR g AR R B R R AR TE IO TR A R SRR RE 2 AR, B,
BEILARIP IR 2 R AR . AR (2024) BFITEREN, T B0 S5 R P I 3 58 1)) 3 R A
BWITIH, —J71, BT T R 5 B AR, (R IR A s S — 5, BioE
o AR A= 35 5E 0 AT B R AL N 3k o SR R R AR . ZEEIRESE (20100 WA
R, B R 7 Fh B BUE YR PR - S5 R A A P A ) A SR SRR PR 35 B R AR s - ey
&4 Rk, S IR A YE A A SR D o DR, T R R A T
BRSSP T eyt [ vy S e, - 398 o R h HL A B S

AT T AT 9 e S pe FE R A S B, 23 A AN [ TSR FE s e AN [ - 2 1) e i A= 4
TR, B X I8R5 o AR RPN Rt S %

1 BRFHX 5 AR5
1.1 BRI

HFFC XA T 5 148 e AL B 6 M FE BT (36°44'N—37°39'N, 100°23'E—101°20'E,
3150 m), ZXAEWIE 1.5°C, HEMFEWE 400 mm, J& &R KRS %, A7 X 2R AR
TR, LBAEYI LURA &5 (Kobresia humilis)« 3516515 (Stipa purpurea) F1T-4
Y (Care xaridula) NT (INEFEE, 2023),
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A FEETFIE S M- KB RGN EE A6 R, S e THBE
MG BV M PR ST, T 2014 IR, 8 5K AR 28 S RS R X3 A A LR
MEfohE R ERERFRR, Hidet-w-5- NP KRR 2 R zhaSile 585 =N,
PR FEE M IE B HRNE AR, SO FE R AR S R G RE S B YR S T RS B A H bR
TR P ARG K F BE ML IX AR50 W it, BdE 4 MEEE, 2RIk (No grazing, CK, #
R 2N 0% ) 52 BT (Light grazing, LG, BRI 258 30%~35% )~ H B iU (Moderate
grazing, MG, FHIFIHZER 50%~55%) FHEEBAL (Heavy grazing, HG, HHIFIHZN
65%~70%), BEANHAAEEE 3 NMEE, Hab 12 NMEHUMNX, B &R &R R REA X
BCE . BRI H 2018 MG, RS, BAE 6—10 HIEATIUR, & H U ]
N0 K, FRI LR RO & A A I St AT T8 (Zhou et al., 2023).

AARISAE T HURE TAE T 2023 4F 7 H 25 H58R 78 4 ANBUBUGRER, 3% 12 ANBUUNX A,
HEHL 5 mx5 m ORI, MR A, A LR R4 0~104 10~20 A1 20~30 cm -+
JR LR, REANBAUNX B S B, R S U X B R RS R 2 mm 5, — 50 K
Tt AT B3R br (CRIEANUR. pH AR BEBE MdllE, —&51E-4 cCORFEIFATIRIR
TRA7, HATRUZED AR R B BSE ARSI E .

21 BAEGRERK BT

Table 1 Experimental design of grazing intensity

b 8 Sk B NX AR
Treatments Number of Tibetan sheep(heads) Area of plot(hm?)
eI
) 0 0.05
No grazing, CK
LEIES Cid
. . 2 0.66
Light grazing, LG
Hh EETRAR
2 0.51
Moderate grazing, MG
AR

. 2 0.39
Heavy grazing, HG

1.3 E T E SRR

IR Y B (MBC). % (MBN) SR &7 25 KoSO4 #2HL-TOC Al e % (XS
M55, 2019), HEHRE N 0.45 A1 0.54; LIEIREFER (SBR) [HIlE S % R4 /KE%
(2006) et (1) % = 2% AR IR E .

TIEEHAHLER (SOC) B TE T (FLASHAMART) #H47i%E; 1% pH @it pH
THHATI S AR (NHS-ND FIREAZ (NOs-ND I8 I (7] Wi o A A AT I e s 33
B (AP) SKH 0.5 mol-L'NaHCO; iz #&-FHEH i b vz g Tl e (4 5, 2000).

TAEPIE (qus) FITAEYIARUIE (geo) BITHE AR CRAIESE, 2018):

gve=MBC/SOC

qco=SBR/MBC
1.4 HEabe

ARG A4 Y 20 0k R A RN 5 25 55 ARG o d s 5 R 25 5 22 43 BT (One-way ANOVA)
MZ EELE (Duncan) LA A UL BEANAS 6] 4 J2 18] S FE AL ME BT . e A sl
R HIEIERHIRIR SR 2R () 25 57 38 Pearson A ISME T IR AL M R 5 M A YA
Ve BRI R . KA SPSS 20.0 X HE T4t 1 04, @it Origin 2023b 47
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2.1 AR ok SRR A R ()

FHEE 1 AT, AN RSB B AN R B R M U AR [F] . 7R 0~10 em £2, CK
SEEE R A LA LIRS A S R R E A T A EE; 13 pH 7E CK 4B E KT HAh
AL IR ASRAE LG AR N By S B i A8 i e ka A
75 10~20 cm + )2, THEEPUBRE S BUUE R 2 R AN S RIS S A
YIRDUNTE MG AP . 1F 20~30 cm )2, 38 HURR AR A& BU7E S U A B R 22 S A4S
B HEEAEAE LG AR .

B 1 TR g A R KR

Fig.1 Effect of grazing on soil physical and chemical properties

e B A RN PR R F — LR AR AL B (8] 22 7 3 (P<0.05).

Note: different lowercase letters indicate significant differences between different treatments of the same soil layer
(P<0.05).

2.2 ANFTEARCER P IR A AR B R AR AL
AN TR T R R 2 R SRR AR R R (B 2). BEIBCHCREE N, £+



2 R B R A . 7E 0~10 cm 2, LMY BRI
TGN 404.44~748.49 mg-kg!, i CK ACEE A AV &R m T H A s b 3
(P<0.05), 1M HG ZLFE N A E (K 7£ 10~20 A1 20~30 cm )=, TIEFAEYE
YRR A TE FE 2 ) 135~525.57 Al 115.93~334.02 mg-kg™!, JEUHCHE B bR, Ity
ARG, HAA A A 2 5 B ¥ (P<0.05). fERUTE, LAyt B
BITE 0~10 cm T2 8, BE TIRIRBE IR, L300 0 A P R T A

£ 0~10 cm + 2, HIEFUEYIEYRELE CK A i, N 173.78 mg-kg', HG 4bH i
X, N 101.73 mgkg'; 7E 10~20 cm )2, CK AFEHHIEHAEM AV EREE S T HAK
WOREE (P<0.05); 7E20~30 cm 2, BHBCHGRE 3G, T35 A ) S0 A .
TES AL EE, IR AR H I RIN 0~10 em L2 H 5, 20~30 cm T2 AR, 7£
HrERRAEMEYERESRE (P<0.05).

B 2 AFEIRUEERE R AR N 2R

Fig.2 Changes of soil microbial biomass at different grazing intensities
e B EAE AR . AFRRS FREROR A — LR A FEIA B ] 7 R B2, A RVNG TR IRE
AEFRANF LR A 2 R (P<0.05), FIA-,

Note: The data are average + standard error. Different uppercase letters indicate significant differences between
different treatments of the same soil layer, and different lowercase letters indicate significant differences between
different soil layers of the same treatment (P<0.05).The same below.

AEYDIE TR I IR AR R S A MUK B LR, e 3 S M MU AT o5
Eefsilo 75 0~30 cm £ )2, FRUAE I35 2R 30 BB TRCHC3 FE P 8 o 52 L& B Ak a3 (1 3D,
H e CK ALFE R E Rt iR, TIAE HG ACFE R /. 78 CK AbBE, T4
RETE 0~10 1 10~20 cm L EMZEF AR, HBHEEET 20030 cm L2 (P<0.05); 7E LG
AIHG ALBE, TlA 535 b 2 IR 35 B 7£ HG 402, 0~10 em -2 AP0
TESTHAALE,

B 3 AR BUBR BE A A MR R 2 A

Fig.3 Changes of soil microbial entropy at different grazing intensities

2.3 AR E - SR I AT AR A2 Ak
B 4 SR, JECHOG - ERL R IR RN Rl A AR R A AE — 2 RSN . £E 0~10 A1 20~30 cm



T2, IEEREEIR AR S U B ] 2 RN E # FE 10~20 em 2, HIERRREIRAE CK
AR i, HG RO B AR o 75 A5 JHUHCA B 573 T A I TS0 AP 5 P ) 0 A - 458 R il e R A AR 1

TR AR 05 e TS FEE ) 3G AN TS 38 K 7E 0~10 em )2, TR AR 75 5 U
PR ZE AR 1E 10~20 em L), FCEMAREHELE HG AL¥ & & 1E 20~30 cm L=, Tl
APREHEE MG Ab B . CK I HG AR, AR RIA 10~20 cm 24t
B 5 =y, T AE LG I MG Ab3, A= AR e 2 iR moin ok, (B L2 R Z R AR E .

Bl 4 N [RITBUHC B SR A P R AU 3R AL

Fig.4 Changes of soil basal respiration and metabolic entropy at different grazing intensities

2.4 RNFEBCGERE R TR S IR E Y R I AR AR R R

M2 2 AT, CK AR, H3EA VRS H3R YA Y. & ZEREEIR 2 EAH S,
pH 5 HIEGRAEYIE SR ERERAE AR (P<0.05); TIEESHES HIEMAY Y &
s B WA EEEEMK (P<0.01), 5 3ERERIFFIN 2 IEME (P<0.05). LG A3
T, LEEAVRKS TIEMAY AR, AR IR, S ER R S A
ey IR SRR R IEAE R (P<0.05). MG ACBRTR, HIEH YIS S
Ve R B SCEYDE R IEARDC, TS RCEY AR R A0S 18 pH 5 LRI
YRR, B WMEYREEE M. HG AFN, 13 pH 5 HIERZEYIEERR. )
AP SRS ARG, TSR AR 2 R IEAE DG (P<0.01).

R 2 ANFBARE B SREA A BT S SR A M A R A AT
Table 2 Correlation analysis between soil physical and chemical properties and soil microbial biomass at
different grazing intensities

TR P EEEAN
Grazing intensity Index 50¢ ot NO-N NHeEN AP
MBC 0.74* -0.68* 0.65 0.95%* -0.30
MBN 0.76* -0.79* 0.66 0.97** -0.24
CK SBR 0.76* -0.54 0.49 0.73%* -0.37
qmB 0.44 -0.56 0.41 0.83%* -0.11
qco, 0.52 -0.14 0.16 0.25 -0.28
MBC 0.78%* -0.63 0.37 0.08 -0.52
MBN 0.84** -0.59 0.46 -0.02 -0.43
LG SBR 0.28 -0.46 0.54 -0.38 0.20
qMB 0.71%* -0.59 0.39 0.10 -0.56
qcox -0.51 0.19 -0.08 -0.47 0.78%*
MBC 0.76* -0.81%* -0.36 -0.03 0.12
MG MBN 0.87** -0.87%** 0.06 0.36 -0.09

SBR 0.55 -0.66 -0.39 0.01 0.42




qMB 0.71%* -0.81%* -0.36 -0.05 0.16

qco, -0.69* 0.69%* 0.03 -0.21 0.37

MBC 0.08 -0.83** -0.39 0.57 0.19

MBN 0.47 -0.64 -0.47 0.30 0.25

HG SBR 0.12 -0.62 -0.27 0.38 0.43
gMB -0.01 -0.84%** -0.39 0.60 0.14

qco; 0.07 0.85%* 0.64 -0.22 0.35

E: ¥R P<0.01, **%IR P<0.05. MBC: RUEMAEYERG; MBN: GUEVIAEYER; SBR: LI AN
Wes qus: WY geoa: TAEVIAUI: SOC: 3G pH: 13 pH; NOs-N: 3RS NHa-N:
TSR AP LA

Note: *indicates P<0.01, ** indicates P<0.05. MBC, Microbial biomass carbon; MBN: Microbial biomass
nitrogen; SBR: Soil base respiration; gms: microbial entropy; gcoz2: microbial quotient; SOC: Soil organic carbon;

pH: soil pH; NO3™-N: soil nitrate nitrogen; NH4"-N: soil ammonium nitrogen; AP: Soil available phosphorus.
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TIEHAEDE AR AR S ARG I EE  RIERIAE A 7y, FAEYRE R/ AE—E
FERE b B T 370 355K (Zechmeister-Boltensternet al., 2015) . JBUAE N FEE #
EZENFH TR —, SEHAER RGBSR B2 M. BT ) SR
Je B R SRR 22 57, USO8 AR W) B S e A7 E — S 1 0 o 38 S U 2 A 3380
A AR (N FTEE, 2018). Qu 2 (2023) PLETREJFAN %, W50 HEE U 6 /18
B, SARBURCEMAHLL, EHAE A E S AL T 24%M 51%. =5 (2008)
PRI 7 75 8 e o e 9 o ) AN [ TSRO 0 I AR M E Ak, AU I, BETSURUE )
PRI I e A W 2 TR A A TR RN, AR T IR e FE R X, IR A A Y E
T A0 A 7 2 R T A i ) 8 o 2. 25 PARAIC o SR DRLAE T B TBCHC s B R 3G, e R R AR W)
IR, TRRS WA T LR AE KK, Fik, MBEGRERIEHE, +
B A ER . B ERWEIC. Shoh, AR R, TIRGAE A ERE L E RN
RIMEWT RS, RN 0~10 em L EM LAY ER S, X5CHAM RS RMER. Helt
JREDE, AT 10~20cm 122, 0~10cm L2 (REL) TIEFAEYE NIEER, 1iH 0~10
cm 1 JE R R WA I ) A BLBUR T 15 K (Liu et al., 2012). 5341, M35
BRGNS, FHET 0~10 cm L2, WER TSRS E IR E, Bk, 240533
X BE 55 (2R 9 5, 2016).

W, LIRECEYIRSE N A S A B, RPN IR R e R (BARSE, 2023) . 3
S B ANATGE, RIEMAEYOR T AR AE KR EIEAETE 2Rk E, X RYER IR
fiX, 1M SOC BRI, B, LEEMAEMAEYERIFS, MAEYRIRSEAK 8
JG5E, 2020). Anderson (2003) PARRAR LIRS, B FCRRALINE 2548 T IR R AR
th, SEHRFH, UREVRBRAENT 2.0 B, RS AV AAE 2 0252 B PRE e .
AR, IR R R R S AR Y 1) DS (Cao et al., 2021), (HELATFTEER A,
AEMSE (IR K& SMEDEE EMERXu et al., 2014), 7T, 0011
A D R DR A AE — 8 NI 1 o AN ST, B A= 000 I TS0t P 1) 38 i S 23 R R
MR, X2 TR, IR A 0 A B2 DA B T S IR B Ak, AR T 118
WAE RIS SAK, 3 S 8 E DR R

TIPS A MR R E R AR 2 —, R AR S KRG AP I R E B
B4y (Yuan er al., 201200 T 3EIERRPFIAT AT 23 52 21 LB A0 P BURFAE A 4%, 40 3583
AT BURFAE R AR B, 2 S B AR MR v A SR AR R R AR AR Ak, 31T TA) 42 1 A 4%



TIEIEAEIFI SR (Yuan ef al., 2019). AWFFLH, TIEEEARIFIRAE 0~10 1 20~30 cm -2
MZEFARE, (HTE 10~20 cm 12, HEE BT T RSP, DB S| 13
AP AN AR RRAE [ AN P4, JER S BRI R P I e R A B AR AL, (H2, BET
W P T i, BRI A U A FH PRI, 3R B R OO R 3 i A W i AR . T A
AP G e S R B (19 AR Ak B T - B M e, AR AR ER /)N, SR BT B
MY EFH T COy b, TP Rz, HBRA, RO IERBCHZ
(Brookes, 1995). AW, #EL (0~20 cm) IR ISR BE OR300
NICRAR G TH i, TR A B R B fIG, 7E 3 B O B R ey, X R Y IR AR
AR Z BN T, K 2 A T 4R B S A KR E o eSS
B TR P A B 5 T TS A D R B AE AR T 7E 10~30 em T2 & T 0~10 ecm )2,
ATRESR AR TR E L, RE LA S, LI B s, A AR R R ik
B, 2024), TIRRUAEYINEIR AT RE AR, SR - AR ) TR R A

FHIAE M 2 B, I WU A A BN pH 2 S LI M B ) AR &K .
TP EOCR R R EY E K E B TR, AT IR MR T R, A
FRAK e LA NI EZRIE (Wang et al., 2021). 7oL, MHHETFLIEEESR, HSEAHE
S A A T R R o (2RI A, 2012), KA PR AR IR 73 iRt 5 SR BREEAE FH = £E B2 A (Cui et al,
20200, AWFFLH LI pH 5 IR AR ER . B AR A AR (] S A
KKEZ, SOAWRER T (ML, 1996). T HEFR K Z -3 pH EEKE, *f-iEfH
WUBI AR =R 5E A, N T 3P e MR B T I AR W B 1k, 51 T R R MR V8 R AR R,
52 308 w47 € U/ S/ = e 1] o e e S IR 730 7
4 & #

TR BRAR T 3 AR RN L3 A R o B SUAABR TR 3 s R0 - R R B g o, 3
AEVIEEY TR E D A AN 005 S5 BRI o 5 SR A B ) - 3 S et e B4 2R B
NREL (0~10 cm) femr, HERBUBACEE R FIFEK T 10~20 em 12 (1 L IEEEREPRIR . fil
A WA R R A L It TR EE BN N K . 3R MR . pH R AN B A5 U R M - 3 ik
W R il P 1) BB R T

EEPEN
RO, IR, AR, SF. 2024, TR IR SR UK 1N RIS R SRR A M A A R A2 1 2 A R AL

WAL, AR AR, 44(4): 1-17.

fifi- F. 2000. 3R AT. dbat: A EROE H R A

O, =, BREHE, %5 2023, WEHTRE Ll XA [R] A oR) A O 20 3 A W A i e R A St
IR, 1 2EHk, 41(1): 28-40.

MRIEE. 1999, IR AR Wil e 77 VEBUIR AR LI BN, I, 30(6): 284-287.

MWz, FIZHE, ECiE, 4. 2019, SERAZARMRMB-PIRERET. KI:RFIFIT, 26(1): 260-265.

HRAkR, PUERL, D00, 51996, bR B R IEMAY SASIIER SR, EHEER, 4(4): 240-245.

gyt ERI, XIES, % 2023, FEFTIE H 5 RIS 2 56 A A SR AR A 0 A6 0 e e SR e e 7 P D TR 4 3
M. 3, 55(6): 1223-1229.

ZE[ERE, MRS, PEEEME, %2010, 3K )R S BUAE YRR bRx) R AR M AE R R . G RSR[5
mi, AR EER, 30(4): 976-983.

25 WA, fTLnl, gk B, 2% 20120 AMNETHLA RSN LEEEMEA AR m. M AESFER, 23(5):
1153-1158.

O, skak, £ O, &, 2015 BAFAEMY EEAEY EER R AR BRI, 40(7):
1608-1614.

W AR 2024, JECHCTE PSRN E P 4 A ot e o ] IR W3R AR B 2 THAR I I B2 M (T = 2E 618 30).
2L MK

WEH, T 48 2016, ISR IRA ER SR Y AE Y BRI S (R 0 AT IR R L AR IE R, 43(9):
1918-1930.

BRME, B¥EE, £, 55 2018, SR3RMED X 5 B T4 )RR S ZE R RRAE. VT ek B R



55353, 27(8): 1858-1865.

£ o9, 30 B, W M@, & 2021 [ B AR B0 TR I i S R SRR E R s
254, 41(17): 6862-6870.

JRAKEL, 15 RS, SR, 4. 2008, - IEREIRCS N E DT T STEERE. o E Vb, 28(1): 57-65.

IR, HAIR, MR, 55, 2023, BB A FI5E S UBON 75 58 e i e 28 B ) 39 IR D RE v RO S 82
HEZS AR, 34(11): 3127-3134.
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