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RIS R AL RS E R 2 IR IB L
ilpite Xy E= AN A0 A

WAk TWE KRk LEFE ITAHNA
(AL IR SR AT B 25 T SRR T S0 5 A M SRR S 6 TR AT I T A S0
L SO K27 A B 2B 100875, L 50)

FHE PR i X AR R IX, SR T2 2 RS SE T 100 ANEEDT GIUBOX. 47 A JERCHUX. 53 4S), SR il
S AR I 45 A KRB T 0 T T RO - R RN - S M A LS . AR R R
WORERINT H3ER (P = 0.005) FIHLF2R (P = 0.045), FEAIL T HHEE /KR (P = 0.022), KUK E W15 8] BEC LR
- LA AR T 3R K BB 7 5 HOBCX Y - HE R 354 KH(P = 0.015) 5 Ca> (P =0.006) . 245 /34 (P =0.004) B3
E T ARBCROX., AR TP T R A R 3370 R . il i s R R, MRS 97% AU JELU, 5 4 1 5
X143 R 9 488 A~ AT #RAE 4325 B3/ (operational taxonomic units, OTUs), B FFI R4+ H 5 676 4~ OTUs. JUHX S5 3E
DX F1 - R A0 PR L PR R A 2 5 3, 5 . e SRR ) o T R - AN R R AL R R LA
TR L2 BIUHOR B, R . E . MY FE ) 18R SR | S RUREEE R B E . S —2 R0 AR L)
(R AFDGE 2 B 55 RO B L Yk L Fl R S TE A OG, T S A R UM DG R A T TR S S e R
AHG; SRS AT TAAEN B 5 e 3R | MY 0 TE A O FHF VR T TR A 2 B S50k . S8 S IR ARG, Wi S5 R
A TR AL M R B AR S FRETR DRI EE TR T AR B S L SR A A MY R
B TEARSC, T S0k . iR B 2 UM OG; G T 1T A 2 8 S A SO I i o B A T IR G, TS
AR YR B ORI OG. ARSI, IR R OB AR R 5 R 5 A el - R Ak SR - R M BT S5 A A TR
[ SR, % 58 2 38 5 R 4 =22 18] A58 AR TR, AT AT S35k e & 540 0 A8 AR b K b i 28 S D A,

5B A= S R I BAT TR L

REA WG SRR SR TR IR R AR

TESES Ql42

0 3I5

BE A N 3G RV £ 55 5K B 3, Bl B K&
SRAE WL A B B, 2 B BR Y T Z PR
P TR S R Iz i R R R —, R
LW LSRR | S 2 REVE R AR S R G T RE Y
B Yk RO, 4. ak BE B2 5 1 A b A 2R A
19728 Ak, B ARRE B B o B, 5 BUET 2E Bl W W S b B 1
b, mAGIRA Y Z PR R DU A S R IIRERY R
% WeHGE 2538 B AR D, R E K4 A +f&
FZ) ) A2 AR D RE T R CAR W i AR S MR T AR B
R T AR RS, OO T AR Y RE TR W R 2 R
PR A —E W oTEk®. BOr, &R e ek
1/4 19 il 1o 1T AR, B 2 AR LR P XL [ 5 el mf

* BB LA B U A A L TR B3 H (2021FY 100700)
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il 1 SR PR AP M, IR AR BRAMRAE S R G I 55k 0L 5
SO B AR BT IR AR S IR A T BORIIE T,
PR AT 0 BERE L Ml 1 R BB AR S R BRI ZR S R T,
PASE B AR 25 0847 H A,

o B2 OB BOrY R M B 2 — A Rk
[ AL, A B 52 ) A AR s R S TR UL R SR
JE TP - A B A T B AR AR, X TR AR S RS
T REA TR - iR Al 28 5 5 20 VL JORCRE R R
G R HE Tt 0 20 i S5 L 4 i ) 2 M A - SR AN A
IR R, ZF M EIEAT A RE A R K - e FLER B |
34 - e U, S A MUK B E R R 36
0 PRI B VL AR REfie 2E 37 0 I 2R, 45 1 e R 1k
U Al 8 A, B i R e SR o A7 v T, AR
pH, T8 £ 3 RUAE PR, B AL, TR K B SRS A
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FNFE o106 P AR Ak AT DL S 255 e - 3 Al 2 ) B T 1 4
B K FE g,

A S W R R A ) 2 A P ) A R G
TE il A= 25 3 G0 v 1 T T AR R0, TR A BLR
O B SR A S O TR AR G T E
SN PR AN KT &R, X - B A W A T A N )
AE A IAHIEZERG Y, - el A= X B K -, i+
HEZEAY | pH. M 9L S5 T or UG, AT DL A SV B AN )
E 928 AR B R 4P 8 s E 2L TERM A S R G
o, TR A RE A AR BRI WU RE TR B 2 AR A
B, S e AR . R A APE DA b SR U2
HET AR 4 ) D fig K 37 o R 25 B 5 e B
AL BE 08 3 A A A - 49 PR Ak TR R R 4 R
Wy B FE Vi 2H L, T AR R RIS 2R Sl DX ) AR AR 2
ARG, RO B RGN B 2 BRI T ek S &, OF
T A0 7 P8 35 48 7 ik 46 T 1] (Actinobacteriota) , 3 il
TR A F# R ] (Ascomycota) P7

TERRM D, K E G ZhRE o 4 B A S WG B M,
BB A KAV B W), BT A AN O B A 3 )
FRE P 77 A B RE W, 3 2338 2ok 8 37 OO0 e 2r +
AR RED Y. K& WM BT A RE8 B M W A
77 0 FVRE T 2H R, 3 T () 422 52 ) - 38 Ak 2R ) A VR PO
TR | R B AR AT R 2 S SO T AR A= ) R ) i )
SIHCE, AR R 43, G . A ALY R 2R, B
24 i R R AR R B A, v R R A O TR
AT A A Y W R A S B SR Y, AR T
S B A A AT TR T I TR SR PR Ve Y
R, AR T A3 B AR KB,

AL A N B A R 30 AR RO s, A
ERE BB S m kB RKE S5, BAEW

4—11 H, Ao B R M, AT A B RO S,

TENFE AP, RO 0 E 2l 3 7 AR S A
S iR AL, BEAS 1B A S W AR Y, B

THE 2 A R R O 20%00. AR 5 R R B,

OB AU 3 b FR R RS W A A TR, R
R i 23 51 T AT 800 X b T 9 e 0 7 A — R Y
SO UL DR, AS I 5 7 2R G R A 1 S B R
JZE AR 1 75325 12 HCHL 7Y (4 A5 AR AORE T, X
DAL AR K R AT 4TI A, O SCHE B Ml A BRI A - A
30U 5 0 e 0 R B, TR ST AR M PR -
P Tt R - 8 3l A W A s LSRG R R, O (12 LR
3L 1) AR RO B 2L T E R A e A
PEIT? 2) HCHCaR 0 5 i, AR AR - 3 B A S5 ] A2
2 3) BT P A 1 500 Bl 4 e A W e v &4
LALBESRS- A IS

1 MRE5ERE
1.1 RN AR XA T AR PRSI S el AR
(129°05'00"~131°18'48" E, 42°31'06"~ 44°14'49"
N), R 5P Wiz, w5 Wl f B VA 4B i X B0
P 5~1 477 m, AR A R ISBE A 22 XA,
FEERR N 5.60 °C, 45V FE /K i 618 mm, T RGN
110~160 d, 148 Jy W5 A5 8. 2 4F Z 95 0 0, Horp 5—
10 A MAEKZ, 11—84E 4 A MK S, HFRE S
F > 92%, FRARIEAY LR A V5 1 A Ch P K
2T AN ML T B 26 I, /DA AE 28 FhBF A 5 2K 08,
VA% db 1§ (Panthera tigris altaica) #1 7% 4L 85 (P. pardus
orientalis) J T 525, WFFE XA K0 0 ik s 58,
RN EEIRR 8~12 H « km P4,
1.2 BUFFAESHMIRE 2015 F 2 FXEHEKA
IR A O X e o AR HEAT TR A, R A T RS
4000 km’. WA X G ON T A SE N, B A A
A AR PO B a5, AR R B R RE B
J ST B TR] 5 I FH 48 # =8¢ GPS(HOLUX Inc., m-241,
o E S )W & R 3 H L Rl AreGIS 10.3(ESRI
Inc., Redlands, CA, USA)iTHEH7 . WIEH %M
A A5G, B I X FE SO R 43 o0 T M R A i
X AR X

Sk B HUTE PR 7 B N A 3 0 BCR B A 1
BR2E, AT 5T SR U5 PRl B SR A Ty T R O,
TR I8 R R AR 4R . R L S L WS AR At
SRV R R T M R RIORR R, g bR R A At
PRI N T AR I8 20 9K Ol 25 m R 8507 e AR AR Y (digital
elevation model) I FA5%. FAPRBTFE X K43 100 m x
100 m B9 HH#& , SR JH K-means 52 v % 7 A B 485 A 1 4
TR ST, I XF 43 45 kAT J5 22 43 LA UE 45
LI I 22 S 5 0 3 . ARG R BoR, HF 5% X 0] 43
Sk 4 e H Y (B 1), B2 Hi I 75 52 BURE A UL IR 2.
SR FH LR RE b 3, 78 R 2 MR D9 AR i 5 2R A7 B
MUY 2 ke, i E 100 SR, i 4 X 47 4,
e X 534N (E 1),
1.3 ##iEZE  f# ] GPS(UniStrong, G138BD, China)
F% # (SUUNTO, MC.2, Finland) %} £ H 5 £, IFi0 5%
TR . BN REHBBEST 20 m x 20 m KRy, XFEE TS
W JF A M 42 (DBH) =3 em #4791 &, i 5% H DBH #1
B S B, A FE B N BEMLIE 3 A4S Smox S m [
FEARFETT, 5A Tmx 1 m BFARFET, id 2 f B
B, e R B S R L R RE AR 1 B2 Ab
AHAL CRE ML B 200 35 8 WL SCHk [38]), XM AREHLN R & 5
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W A Bl Wy B RE 5 T Sl R AT

14 #ERESTEBUMERNE ABIETHE.
R 2 R R I RE W, BT A - S S B S B AE &) T
RAMAT R, B M 7E AR 0 2 09 w7 ) X 1 46
VST AR Y 3 AN HE SR AE S SR AE#E A - =28
I 72 {X (Delta-T, WET-2, UK) il & + e i, § 3R, % ]
TV A R . R SR A R 10 om % 10 cm %
20 em 3, TR A5 SR F VU 4375 B 200 g, 33 2 mm i,
BEARES 0 20 Ly BEfh (29 50 ) %€ T 50 mL G
# PE & i, T 48 5 DNA S04 G 55 1 REdh (2
150 g) % A [ B4 rh, H A e Bk v L. BTl
FE S S TACE KA T A7, BRI E. 50 g i E T
—-80 C VKA A AF, T 4 5 DNA B9 42 8L, 150 g
TE % N HEAT T 5 R B 48 5% B OR A7 . A B o il
JE 1Y A Ak 2 Pk BT S AR AL 4 pH, A LK BT 40 A, &
K, n R AL BB B85, BEL a0 . SRR . AL
B HRPE R OR L BS L BE L BN BT R T A TR
o e HE o o 9 R 0 e 41,

1.5 tESDNAMRERSESSEENF LR 201
BT CBORE 7 5 20 AN R BCHRORE D5 1 - HERE SO T
e 3 . RS A 035 g, FIH EZNA®
soil DNA kit j5| £ ( Omega Bio-tek, Norcross, GA, U.S.)

FUAEHERAEFRBARXAAEM 100 MEHIEE S

PEH 1198 5 DNA. #4752 DNA #] H NanoDrop 2000
(Thermo Scientific, USA ) 7l 5 Jig Bl B8 ¢ Fi vik A 0 ¢
vt P9 R 0 S 2 P (Bt I A6 o i 73 B0 1%, HL3%)
SRE SV - em™ FHL UK BT [E] 20 min). PCR: ¥ 338F
(5'-~ACTCCTACGGGAGGCAGCAG-3") FlI806R( 5'-GGA-
CTACHVGGGTWTCTAAT-3") # 344 16S rDNA V3-
V4 5748 X ; Bl ITS1(5-CTTGGTCATTTAGAGGAA-
GTAA-3') Fl ITS2(5-GCTGCGTTCTTCATCGATGC-
39" 44 E B ITSTor ITS2. F JH 2% 35U i 5E 1 A )
PCR 4" 34774, LAt 2 9 38 i i oy . ff H TruSeq®
DNA PCR-Free Sample Preparation Kit i#F 17 3C J4 #4 4 .
WP TAF F 17 56 3 AR W B 2 B A B2 W) 98 A
T Tllumina 23 &) #) Miseq PE300 | ¥ - &, | H
Ui 00 - 04 T3 1, A /N e B S PR R A T L s I

1.6 SBRENFHIBOLE WFSERUE, 1] FASTP
(https://github.com/OpenGene/fastp, version 0.19.6) K 4
XoF A i S 4 W00 P 4 44 B 45 s fift ] FLASH Chtp:/
www.cbeb.umd.edu/software/flash, version 1.2.11) #k {4
VEAT PR i H| UPARSE #/4:#9 (http://driveS.com/
uparse/, version 7.1) 7E 97% FH AL P 7K T 5 7 51 S 2K
A% & OTUs (operational taxonomic units), 73 B >R F 41


https://github.com/OpenGene/fastp
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P SILVA %4l & (Silva 138.1) il ITS /9 E B UNITE
¥ 2 (Unite 8.0) 3 13 feature-classifier 4 14 JE 47 4
HERE, J5 220 BT ) OTUs B 40 247 02 4 FEEE i 5 /N 971
BOdy OTU K HEAT il 40 7.

1.7 WMHEEE 4R B (grazing intensity, 1) i F
EX KRB B, HREH BB T REE0E, JF
I S I A A BN AN NG B AT R T B Y R
I AN BB 25 WL Sz R T8 48 e A 5 g 50, ] ke, AS A 5
R FE L OO L K RN B
HEC= B A T SR o B . e il g B (grazing
history, Hg) & A #3785 51 4R FR 5 5 & % B (livestock
density, D, ) & L REF T TRKNE & HGE; KE LA
Bl B (frequency occurrence, Fo)#R ¥E it 4% # (2019
AF 7—10 A ) 204 AEHLW I B4 BV 15, B3 dAE R
— AN A S, GEIE R AR A A Y B
HELE R 1, ASHBUE N 0, 718 H BB, B H A ik
B AR S A & L TR AU

H;=t, (D

D, = — 2

n
PR
S

S

Fo=—o, (3
2.0
i=1
IG:(HG+D3L+FO)’ (4)

K o FORBAFEH T AE S BT I 0] n, RN K FH
Bt SRR HUTE RO A N RN K & K
B O, Fm A IRER.
1.8 BFELESSZ oM FHEEEZHERESL
(non-metric multidimensional scaling, NMDS) F1# # £
JCIT 2257 B (PERMANOVA) X i X 5 9E o X+
S5 PR AR J5T AR AR ) 2H SRS AR Y 22 Sk AT T
. T — 20 VPAG A AR B T P R B AR
K N, FRATEE ST T LA A 3 B b Bk i AR A
T GRS A L s ) AN R R - Qi
I BE ) SRy [T N, HURE A R BE ML ) L
TRA VAR ( generalized linear mixed models, GLMM),
T B 08 B 5 o0 A5 . GLMM B Y f) #g 2 1l ) R 35
& Y glmmTMB F J54.

G OTU i da 31 50 A0 X6 32 B2, 55 40 & A B P
AR = BE <1% 09 I3 kg A, B AH X 32 B2 >5% B9 IH
W . Rk F Spearman #H &4 43 A1 4 B 1 EL TR AH

XFFEBET S T TH R A 5 RS e I Z AN G &R

fdi H 3 T OTU /K F- ) NMDS H# 47 B £ #f 1 BF
5%, JF 38 of B 4 999 Wk 1 AH L ¥ 7 M (analysis of
similarities, ANOSIM) X i 4 IX 5 AR OO IX - S Al 2
PIRE VR 22 5 AT R 3, I8 enviit oRE5H T 999 IR
AR 9 A ) R T 2R R B L b A R
T A BT A IR A S ] OC R A B E ML DL
A A A B AE vegan W SE . A T B LR AR (A A
2 B2 M, AT T AR i ) R IR b AH OC R 2L
(Pearson correlation coefficient) LI & 77 2= i ik N T
(variance inflation factor, VIF) (Fff {4 6. B4 7), fx 2%
Ko g6 9 A8 AL FE AR . BERE L BB B L R 3R
pH KA A A8 s . v o B | ] sS4
B S BORAE YY) 1 B, AT R AR DG R AR
# XA < 0.7, VIF{H < 3. AW 58 £ 20 A FLH R
4.2.1 (R Core Team, 2017) #f4, YEEI i H ggplot2 fu.

2 H£R

21 MM EEEBAMFRHNE MM NMDS F
PERMANOVA 45 2 7R, X 5 il 45 X 1 458 3
A o A8 A i 2N ] O (B R 0.21, P < 0.001) (Fff
1 2) . A [A]  48 H Ah  JB A2 X R I Y e
BLANER 1 TR, X R R (2= -1.970, P =
0.048) . % i (Z = —2.870, P = 0.005) bz + 445 (7 =
—2.900, P = 0.004) . + 4 7] 52 i K'(Z = —2.438, P =
0.015) 5 Ca*(Z =-2.767, P = 0.006) Jfi fiF /3 B ¥ 4k 3%
AR RCBCX, T S K B (Z2=2.293, P=0.022),
+ I AH(Z=3.965, P<0.001), + 335 Na'(Z =
2399, P < 0.016) 51 it 43 2034 i A TAE UK X, HoAth
T HERRAE TS AR (R BB S A AL . A . 2. 2.
A AR . AL, RT3 i MR 4 B0 F R
Z BN T S

Wi 5 A i B2 S, 3 %% B (Z = 3.600, P < 0.001)
ERGIN, A PR (Z=-2.180, P=0.026) . & (Z=
—2.150, P=0.031) . &%81(Z=3.900, P < 0.001) Fl 445
(Z=-2.001, P=0.045) it & 3 4 b & F R (K 2 ), H
il S RRAEHE AR (5% L oK L L R AR R 4
A A ERUEE T RS KT, Nat, Mg, Ca¥' i
OB I R A7 B OB s e (] 3, BRHAA 8).
22 WX TIEMEDBENRNE L iR
FF 20 R = B R 41, 3545 2 755 547 20 ¥ 91, 12 TR
FE S /N T F0 B 42 262 T 3K 15 2 416 741 Z 41T )T
H1), %1434 9 488 4~ OTUs, $ 41 17 139 49 332 H 529 &}
928 J& ; AR 1% 1040 555 55 FLIA T 41, 4% BEAE 5 i /NP
Y% 16 672 HPEE155] 916 986 SELFEFS, X170 M 5 676



o541 B S5 BROMOBCO AR b 50 e 50 (5] = 398 38 Ak T A Al 2 0 R K 2L R 1 5 T 665
F1 BMHXE5ERMXIEEXER(CEYESTHER EEMT EANNER EEHRIE %K
N R SLIA TN TR
1T - -
B |95y Z P
HR/(S e m™) 36.680 + 1.59" 29.130 + 1.72° -1.970 0.048
/(g cm™) 1.220 +0.03" 0.960 + 0.02° -2.870 0.005
HkE/g - kg! 31.840 +2.97" 51.390 +3.71" 2.293 0.022
7315 5.520 = 0.08 5.610 + 0.08 0.290 0.774
BHL 550 (g - kg™ 69.400 + 5.10 66.680 + 3.76 -1.630 0.013
SRR (g - kg 3.050 £0.23 2.990 +0.14 -1.606 0.108
LRI (g - kg ™) 0.770 + 0.06 0.840 + 0.04 1.046 0.295
SRR (g - kg ) 13.490 + 0.46" 15.990 + 0.38" 3.965 <0.001
AR (g - kg ™) 14.730 £ 0.43 15.380 + 0.33 -1.280 0.200
SR (g - kg™) 12.890 + 1.33" 9.430 + 0.85" -2.900 0.004
TR (g - kg ™) 9.970 + 0.85 8.850 + 0.78 -1.226 0.220
M B 8 (g - kg ™) 2.710 £ 0.49 3.500 + 0.65 -0.283 0.777
MR T 8 (g - kg 135.050 + 8.62 106.450 + 7.43 —1.644 0.100
] K i 5 (g - kg™ 0.520 + 0.02° 0.390 + 0.02° —-2.438 0.015
A A2 Na BT 734 (g - kg') 0.800 +0.07" 1.250 +0.07° 2.399 0.016
A Ca i 5 (g - kg™) 11.630 £ 0.90" 9.290 + 0.46° -2.767 0.006
A M g™ i 34 (g - kg™) 2.360 +0.26 2.250+0.10 0.254 0.799
T+ R P25 (P < 0.05).
80 |
15| 2 =
o “ 23t
N o0
5 5 60t 2
. X Exy
23t s =
B = I
A % oot
S = 40} &
+H i H
1.1} i B
i H
. . 20 L . . 't . . . .
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125
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25¢
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B3 B At B R AT 4 At Y 35 & A K2
[T LT K B A X R R R TR

A~ OTUs, & F 181170 49 165 H 375 F} 856 J&.

1E B ACE ffi i1 %% . Chaol = & J¥ 15 % . Shannon
22 FEME 48 O I IXORT R O X o 2 BE M EAT T
i, X B AU B A 7% Shannon ZAEMEIE B & & T
AR X5 A0 DX R R DX ) B R R T o 2 RO
e % 22 5 (K 4).

£ A L TR R VR 2L B D B A S, TR R R X i
SEARTC X, AT 1K A R R, 82
AR TR ] R TE 1] PRAF BT . SR8 B ] A5 1 34
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021

a

Y -~ ,
e
~ N e AR
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e
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NMDS1

FREVAT] L AT T A DR 0T R O DX AR X
- 8 B Y A S

T OTUs 7K *F- 4 Bray-Curtis 5 25 ) NMDS X i
e DX 55 A TR DX 240 R R L T R O o A (1L 4), IR 4
4 ANOSIM #5 % & LA (= J1{E R 0.09, P =0.021)
([ 4-a) I BB (JE S {H R 0.15, P=0.042) ([ 4-b) 2
] 2 ) 25 5 K T AL N, 38 BRSO Bl x40 B A T
(O HE T 2% 5y I LA B 3 Rg . B — IR B R T 1 B
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0.4

02}
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FEAEH 0.15 o B
o JETAkIX
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Bl 4 ET OTUs 7KF#0 Bray-Curtis R B HIFE 8 % % REAL BB SIERMEEE (a) FEE (b) BEFAIUE
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FER AN 2 Fron, Hop, U L S RS F
B R AR BB 7 2 (P < 0.05), T T A5

JE R BOE S, LIRS ) B
FUAE W) ~F 5 88 A 35 5 W) L TR R 2L

F*2 AENMEERFZERSHETENEZMERLE
ik g SN}
NMDS1 NMDS2 R P NMDS1 NMDS2 R P

JHCHCR BE -0.202 0.979 0.128 0.066 -0.085 0.996 0.384 <0.001
(273 0.136 -0.991 0.148 0.062 0.826 —0.564 0.217 0.008
Wiz -0.033 -0.999 0.338 0.001 1.000 -0.017 0.282 0.002
LR —0.463 0.886 0.219 0.010 —0.644 0.765 0.407 <0.001
FR L —0.849 0.528 0.091 0.179 -0.999 0.037 0.027 0.630
R IEL 0.820 0.573 0.057 0.345 -0.327 —0.945 0.453 <0.001
BN G —0.487 -0.873 0.023 0.649 -0.788 -0.616 0.000 0.999
RS T K —0.433 0.902 0.024 0.652 —0.848 -0.529 0.150 0.039
AL AEHRK T A4 -0.986 -0.166 0.045 0.449 0.097 0.995 0.068 0.254
RIS Mg T4 5 —0.980 0.200 0.011 0.837 —0.980 -0.198 0.024 0.644
Y+ -0.210 0.978 0.223 0.010 -0.823 0.567 0.270 0.009

HE— 2D XL SR TR B A X 2 5 PR 55 A2
18 1T Spearman AH 3¢ M43 B (552 3) & B AR 5
TG BT YRR R R B A W R OE R OGS TR S AR TR T
THFRIMESEEEREEMEX, 5F8RE
] AT T AR R 8 53 28 00 LT T AR X 2 3 &2
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Abstract Long-term forest grazing is a major anthropogenic disturbance in Northeast China Tiger and Leopard

National Park, posing great threat to forest ecosystems due to heterogeneous and unpredictable changes in forest

structure, function, and biodiversity. Understanding the responses of soil properties and microbial to grazing is useful

for forest management and biodiversity conservation. The effects of long-term forest grazing on soil physicochemical

properties and soil microbial community composition in the Northeast China Tiger and Leopard National Park were

assessed in this study. Soil samples were collected in the summer in 2021, from 47 cattle-grazed forest plots and 53

un-grazed forest plots. High-throughput sequencing technique was used to analyze soil bacterial and fungal

communities in two forest areas. Generalized linear mixed model and non-metric multidimensional scaling were used

to assess effects of forest grazing on soil properties and microbiome. Continuous forest grazing was found to

significantly increase soil bulk density (P = 0.005), soil conductivity (P =0.045), but decrease soil water content (P
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= 0.022); livestock grazing may therefore damage soil structure and reduce soil water retention capacity. Soil
exchangeable K" (P = 0.015) and Ca** (P = 0.006), soil total calcium (P = 0.004) were significantly higher in grazed
forests than un-grazed forests, grazing disturbance therefore accelerated soil nutrient accumulation in the National
Park. A total of 9 488 bacterial operational taxonomic units (OTUs) and 5 676 fungal OTUs were obtained according
to a 97% sequence similarity level. Non-metric multidimensional scaling revealed that composition of soil bacterial
and fungal community differed significantly between grazed and un-grazed forests. Soil bacterial community
composition was primarily influenced by slope, electrical conductivity, plant richness, whereas fungal community
composition was significantly influenced by grazing intensity, elevation, slope, plant richness, electrical
conductivity, total nitrogen and available phosphorus. The relative abundance of Proteobacteria was found
significantly positively correlated with grazing intensity, elevation and electrical conductivity, but negatively
correlated with plant richness. Relative abundance of Actinobacteriota was positively correlated with the electrical
conductivity. Relative abundance of Chloroflexi was significantly correlated with electrical conductivity and plant
richness. Relative abundance of Basidiomycota was significantly positively correlated with elevation and slope, but
negatively correlated with electrical conductivity, available phosphorus and plant richness. Relative abundance of
Ascomycota and Mortierellomycota were found significantly positively correlated with electrical conductivity,
available phosphorus and plant richness, but negatively correlated with elevation and slope. Relative abundance of
Rozellomycota was significantly positively correlated with total nitrogen, available phosphorus and plant richness, but
negatively correlated with elevation and slope. These data suggest that forest grazing practices affect soil properties
and microbes differently. Given the strong interaction between soil and microbiome, changes in soil microbial
community structure can be expected to substantially alter soil function. This will have important ecological service
implications, particularly for wildlife habitat and carbon storage in key regional priorities for biodiversity.

Keywords forest grazing; soil physicochemical properties; soil nutrient pool; soil microbial community;

national park
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