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43.62% . 52.49% ., 50.58% . 65.29% A= 57.36 % (p<C0.05), MEE AR ERLFLEN AN B ZRIFT 37.66%
F261.26%(p<0.05); MM ARHETIRIBENE, LEMAEADE T, WA XEARLETRHER, AAHLZTU R E
f, RERH B @A R AR RN LEFPHFLER, BAAEN., BEEN. BEASAN . FEE N A RM
Bt FERBRI, ERRAFHN. 2FHN, EHENT. ZEXAN ., SH VAR T EE 94855 F E R B
T mAETEER. HCREE, R ARAR. RTAE. $RAE. REHALABUABRATRRATFA B
AR FEARBARI, RARERE, LTRRE. L EIAE. MR, FREADE. ZFBHEARFTERAE
o A8 x¢ F R BT T M.
x 8 W kHETIH; fui@hl%f}iﬂv s ALK

TR B R
FESES: Q149 imm A FHAF (FIRARS) 4774 (0S1D) :
X E 4 S 1673 -9868(2024)12-0117 - 10

Impact of Tourism Disturbance on Vegetation and
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Abstract: In order to clarify the impact of tourism disturbance on vegetation and soil microecological envi-
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ronment of forest parks, the Jiulongshan Park in Zhejiang Province was used as experimental object, and
the impact of tourism disturbance on vegetation diversity, soil physical and chemical properties, soil en-
zyme activity and soil microbial community structure were analyzed. The results showed that the vegeta-
tion coverage., litter thickness, richness index, evenness index and diversity index of Jiulongshan National
Forest Park gradually decreased with the increase of tourism disturbance intensity, among which, the
heavily interference region decreased by 72.00%, 89.47%, 63.79%, 73.81% and 55.65% , respectively
compared to the non-disturbance area (CK) (p<C0.05). Tourism disturbance had a serious effect on soil
physicochemical properties. Compared with CK, soil water content, electrical conductivity, organic mat-
ter, total nitrogen, activities of sucrase, phosphatase, urease and catalase were significantly reduced by
24.76%, 31.28%, 44.09%, 43.62%, 52.49%, 50.58%, 65.29% and 57.36% . respectively in the
heavily disturbed area (p<C0.05), while soil bulk weight and total potassium content were significantly
increased by 37.66% and 61.26% (p<C0.05), respectively. The total amount of soil microorganisms,
bacteria and actinomycetes significantly decreased, while the number of fungi gradually increased with the
increase of tourism disturbance intensity, and the soil gradually transformed from °bacterial type’ to
‘fungal type’. With the increase of tourism disturbance intensity, the relative abundance of Ciliophora,
Bacteroidetes, Firmicutes, Zygomycota, Blastocladiomycota and Verrucomicrobia significantly increased,
while the relative abundance of Acidobacteria, Basidiomycota, Proteobacteria, Actinobacteria, Chytridio-
mycota and Ascomycota significantly decreased. With the increase of tourism disturbance intensity, the
relative abundance of Penicillium , Digestibacter , Myrothecium , Streptococcus, Fusarium , Prevotella ,
Pseudomonas and Citrobacter significantly increased, while the relative abundance of Streptomyces. Bot-
rytis » Rhodospirillum , Cladosporium , Veillonella s Metarhizium and Beauver significantly decreased.
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A AEBSER BLE R SN B. PG, ASBIESE LA T U e 1 SRR MRS Bl D BIESERS G a3 A AN ()R B T 0 56
JEXS R AR L e S BAE IR S A W e v AL SRS S, LS O i L e 1 SRR AR e A A B R AR
I L I0 BHRONR W A A5 A BEAR LR e KA.

1 #MRERE
1.1 HRERHHER

WL U e 1 G ARAR A Bl 6 Wi VLA - T R, e S i AK 161 my, SRR 437 hm®, AETC R
225 d, AR 15.7 Cy R R 1171 mm ., J& SR A T BGHE 28 K. el P AR AR 35 R0k 84 %
P, ERERN3.5X10" m*, AP FAEL 150 435,

1.2 MRAE
1.2.1 FE¥%t

LB F 2020 4F 6 IR S50 . 7E 7843 AT UK L G AR 5 Gk IR A R S b 2 S8 Y SR | BEEROIL
el B AR T T B8 S R AT G, DR AG DR O LU e, AL WL B RO L i
0.96 g/kg. 1.05 g/kg. 19.55 g/kg 1 11. 06 g/kg; S50 IX S i B S A — 3, 32 UL I #E (Betulapla-
typhylla Suk.) . KW (Equisetum hyemale L.). - F & B (Carexrigescens) . %75 B & K (Carexussu-
riensis) . JUBEH R (Carexschmidtii ) EFEY) R £, TRWILEE 4 DA, BT TH(CK), BE T LD,
HRE T4 (MD) R BE T4 (HD). LABE B3 % 32 1 8% 322 3 4 S X0 43 i it T 90 5 3 4K s (BE g i, T
oo BRI iRIE T EEAE 0 £ 90 m WHIN. K TIARE N 4 9. BRWEE T8 90 m L,
JLF W NG, AE R THX (CK) 5 60 m 2 90 m 35 [, KM N 34 80 A e 06 s . AR R
THX(LD); 30 m £ 60 m WHl, A8l NFA, FEHNA — & & 0GRS, B4R R T4
X(MD); 0 % 30 m G, AKGEFABE, ANERERE BRI R, 9AEEE X (MD).

1.2.2 MEIAFE T &

B 22 B 1 00 2 7 0 - 3 R ST A R TR A AR B AE ML P B 2 m X2 m B/NIX 10 A, X X N A VR
JEREEFEATREI , [R] s 3 0 R BIF 22 A A BRRE Sb () W R B R L B DL OB R, Ui S AR R4 G Pielou
Y50 B F8 BGHA T 5E

JP=—>P,InP,/InS (D

AOF, P, REYFEZEME(P, =M SE X EE - HEwE), SIRERETNHEY YR EE.
P2 Shannon-Wiener Z £ 54k

H=—>,P,InP, (2)

XN Z R B A E B E. (2> H, H 8% Shannon-Wiener Z M5, P, UK EH
JE 48 5.

(D)=1— >,(P,)* (3)
A 3O, (D)f4F Simpson P EETE %k,

Bl TN BOREYE: , H4S” R AR B AL AR L R 0~30 em IREER) LI MRS 1R, IR S LA
3y 1 Gy TR AR A LA S . G A R AR MR SR R AT SR [ I X RE AR Y 4 K R AT
WO s 26 2 SRyl NP LL R IR B, REREA AT AR TS A fL AR 2 mm B0 R R AT 0 O
DA R 4 S8 R A PE BT AT A 5 5 3 i R R IR— S 15 9 Bk, 0 7E — 80 CRARIR vKAH i IR A7, JFXT
TIERETE LS . A RS/ B AT AN . 7R S BRI g e A b B B 22 RO R B E R O 2 A BT
FL AR RS 3 AR I 4 S K B R 8 pH (L, 5 B P4 2T AR A S AR I R T A, R R T Ak R R
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PR . B DL R AN AR, IR E ] NaOH # il —4H 86 B0 LL (s . AR IMAE SR IR AN 45 i i L K
M43 06 B 2 D R LB U e b 2 AL, B e A B S E, HEA ECR I
3 0 7 LB B

FI ] FastDNA © SPIN Kit for Soil i 7] & %t + 5 DNA #E47 P 42 B, I 38 i BAs B e e ) 2 HAK
JiiE, f& B Multiskan SkyHigh nanodrop 8 ¥ £ 43 ' % B R 15 %5 I e B 5 8 498 8. DNA fE I Bid . R H
Mmeq W6, 4545519 F341-R806, ¥4 V3-V4 X, SC B 38 5 0 5. 4% B8 4 B I A% o . X% PCR

MR R PEAT R 12,25 uL KEMAiK, %4 0.5 pL IE/ M 5149, 2 pL DNA ##, 2 uL dNTPs
uﬁgj925nmmvn‘azspLIaq%<mrth5UAA> 2.5 L. 10 X PCR buffer, W FFHK KN 4 min
A PE (95 “C) 30 s ZEPE(95 °C) 30 siB k(55 C) 30 s FEJE(72 C), AN FRER 30 K. &
AL 72 °C R HEAT 6 min MYIEMIALFE. XF PCR 914 7™ 9 1| FH BB B Jig Fl Uk G B2 Oy 1 00) BEAT ARSI 855 A
[l B DNA g SR, BL1 s 1 A HeBIIF R S iR A A3, ik TA Y TR (i) B A BRA B 48— 58 i
WP b 3. 454 48R DNA BOAR . 760677 B3 im0 P b AR b, 45 A B4 TS, 1TSA Sk 4 B
ITS IX. 34T A R 5 PCR W AR REEAFAE . 2 min FUAEHE (98 C)—15 s BHE(98 CH—30 s Bk
(55 C)—30 s FEJE (72 °C) . AN i ﬁii%ﬂ\§%TWZC?Lﬁ6mmML@iﬂ 455 A ol
W7 S 5E R PCR = E b B, DL 1+ 1 B0 Lo 40 % B 8 7= W R AT 45 R IR A 05 D
1.3 HESH

K H QUIME A X6F J 4 I 77 250406 36 A7 25 Z2 M4 %% . A UPARES $ 4 6 A %8 80408 72 AH 8L 97 %6 LA
LK AT A S BG4 i, IR T AN Silva B8 7B Unite 088 72 G0 1T 45 A0 BRBE V% 40 0 SR
EXCEL 2010 %Xt s 80 5 i A7 g it . 8 X AER s SPSS 16. 0 #4741, LA Duncan ikt 17 22 5%
e T

2 HREHSH

2.1 AEFHBEIEHSHEENZE
MR 1 AT, R T P Wi v L e 1l SRR Bl AR 2 RS e R, RO L A VR R
oL REREARRS WA R SRR BRI AR BB A 200~920% ., 0.4~3.8 cm, 2. 1~
5.8, 0.22~0.84, 1.06~2.39 Hl 0. 69~0. 84. 7£ TP B A W3 K 0 i B b o JUJk Ll B 58 AR bR 28 el 7
i Vi 400 V5L B A A B i BE 5 S O AN BT T R e, i EA R S ST EE L IR SRR R
G2 TR B R W FEAR. SR Z THX (CKOM L, 5 T8 X (SD) 1 Al 7% 9y J5 5 T A w7 o FE BRI T
89.47% . 72% ., HIS R, ZHMU K FEERRTREET 63.79% ., 73. 81 %M 55.65% , =R H AL
ﬁ%%x@<o%Lmamﬁﬁﬁﬁﬁwm¥WKﬁﬁ%ﬁigxw>o%)m%%%,%%$ﬁ
A 2 AT U L R R AR ObR 2 el ) R B G B R Y R B L [RIAE S AR R L XS BE R 2 AR I 3 4R
BT B RO AR i 500 TG G R
F1ORBEFHX AL L E R IR E AR S R %
B/ i 5 W IR/

TPeom y FE R 5] B8 A Z TR AL P B 6 4L
0 cm
Xf R CK 92a 3. 8a 5. 8a 0. 84a 2. 39a 0. 84a
BETH LD 83a 3. 2a 5.1a 0.73a 2. 16a 0. 82a
1 B4 MD 58b 1.6b 3.3b 0. 49b 1. 83b 0. 78a
HE T SD 20c¢ 0. 4c 2. 1c 0.22¢c 1. 06¢ 0. 76a

e KPR —FNG FRPFRRZE R BA G2 L (p<<0.05). THE.
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2.2 AEFHZE T EELERB G

M1 3R 2 AT, R U T o 5 e i VL e ol R S AR B S B MR, A BT, pHOfHL &K
HLBESR CGHR. 2. SRl 1.025~1.411 g/cm’, 7.83~8.58, 7.05% ~9.37% .
62.5~92.4 ps/cm”, 6.05~10. 82 g/kg. 0. 53~0. 94 g/kg. 0. 93~1.06 g/kg Ml 19. 36~31. 22 g/kg. FiH
TR EEI R, LRI E R R A R RIES KR BSR, AUUR ., 2 2 E& S B AL, W pH {E .
TR W T 5RZ T (CKOAM I, T4 IX (SD) [ 4 38 25 i it A4 40 5 it 43 5l
BT 37.66% F1 61.26%, FKEL, HLR L A HLE A A E = FEAK 24. 76 %0, 31,2806, 44.09% Fl
43.62%, ZRYHAAGIIFE L (p<<0.05), (HE TELHEE&E ., pH EHZUANE, ZRARA5%ITEE
X (p=>0.05). MR, AR TR F 2T e 1l ARAR A Bl Y RS A B A0 () I 4
Ao, AL, SRR S K& KR TR, (HJ2 A 2 B e 4l &5 5 ) pH (.

x2 ARZRLERFERAEERETRTHLEENERETL

. AL/ HkE/ mSsFR/ HHLT/ &R/ W/ S/
T  pH{E ?
(gecem ) % (pseem ™) (gekg ) (gokg ") (g kg™ (g kg™
*f B8 CK 1. 025¢ 7.83a 9.37a 92. 4a 10. 82a 0. 94a 1. 06a 19. 36d
2T LD 1. 201c 8.19a 9.11a 75.6b 9. 56a 0. 88a 0. 95a 21. 66¢
iR T4 MD 1. 286b 8.35a  8.28b 62.5b 7.23b 0.73b 0.93a 27.02b
HE T4 SD 1.411a 8. 58a 7.05¢ 63.5b 6.05¢ 0. 53¢ 0. 96a 31.22a

2.3 AETFTHBEE L IEHEFEENZE

AL 1 AT, B R U TSR R G SR, WVT LR Ll SRR T L S R A L B RR . R RN A Ak
UG TG MR R BB W REAR R . 5 R AZ T I (CKD 82 B T4 X (LD) 4 e 0 128 1k 22 5 3 A
HAGIH 2 L (p=>0.05); HEETHIX (MD) L HEREMEBE . BRI BE . bRl A1 4010 0B M 23 0l i 25 IR
32.04% . 23.72% . 44. 63 % F1 40. 99 % (p<<0. 05) ; 1M 5 FE T4 X (SD) (1 - HEREME B . BB MG . JR G A it
AL SR 1 T 4 B R AIG 52. 49 %, 50.58 %, 65. 29 % Al 57.36% , 2 F I HAG G L (p<<0.05). H
W BT iR I T ATt R L e 1L S ARAR S Bl SRR . BRIR G . DR R A Al S
2.4 AEFHEEN T EREVHESHFIE

MR 3 AT LA R T X VT L 5 AR bR el ol A W B i A A B S A, AR ) R
M. B BCREEGE . A/ B R B AR 4 0 157 X107 ~1. 73X 10" cuf/g.
7.12 X107 ~8.42X10° cuf/g. 3.16 X 10° ~4.26 X 10° cuf/g. 4.27X10°~5.68X10° cuf/g. 1. 67~2.66
M 1.00~1.80. B THLomBERG o, R4 M Sim . AU PR . e A B . A TR/ BT LU (E R T/ B TA
VU 4 72 W AT, T L B S DU T SR A2 T XA L (CKD B2 T4 X (SD) T 33 A= 9 e i L 4
WL AR A TR/ T LG (R R R 2 TR/ LT LG A A B REAR 9. 33060, 15,4400, 24,820, 37.22% Fl
44,44 %, T HEECRE WL TE 34. 81 %, ZR W HA G ¥#E X (p<C0.05). MULFRW, iRlE T8 EFIKT
JUE L E GRS L TR R, BT T B AN/ TR R TR/ L T L AR

3 REFHRMAZLERHZRLAEHEREDEENZME

‘ MY B/ 4N / B/ Lk / R N
T e ok B i ) YT/ EBE T TR / L TR
(X10" cuf/g (X10° cuf/g) (X10° cuf/g) (X10° cuf/g)
Xf IR CK 1.73a 8. 42a 3. 16¢ 5. 68a 2. 66a 1. 80a
2T LD 1. 69a 8.18a 3. 32¢ 5.42a 2. 46a 1. 63a
4 MD 1. 63b 7.65b 3.81b 4. 85b 2.01b 1. 27b

HE T SD 1.57¢c 7.12¢ 4. 26a 4. 27¢ 1. 67c 1. 00c
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CK: M, LD: 3BT, MD: T, SD: W T, B RS RR 2% 555 %% 5K F (p<0.05), F.
B 1 AT LR L E R 2 vk T 1 A B0

2.5 AETFHEBEN T EREDEHEEMNZME
2.5.1 wmEABEELEMN

M 2a, & 2b AT AT, R 3 T R VL e L 5K AR R T A R U A R AR BT B S e,
PN A kR B AR, BEE TR B R OR . IR R AT T BB DL R AR T TR T ) A R S
AW TR, HZRSE T, WATETT. JERER ] BUFF R ] 255 W] LA RCPE SO 11 Y AH X =F BE A T 42
T, SRZTHXEAMEL(CK), EETIX(SD) M - BEh BRFF BT, AETE B8 11 A SR B 1) AR G = B
PIRW N R, FREMEE N 21.82% ., 22.40% F1 16.77% , HEEME ], FEEI]. S5 H]. JEBEHE
VLA RCAUAT T 1] 00 AR R 32 B2 34 G B T 48 T BE 43 0l S 30. 2606, 57.79% . 80.80% ., 74.67 0
133.4%, 2R HEAZRITFE X (p<<0.05); FiF TR R, HRKEE ., 2lFshwE L LIk EE
(R AF X = BE AN T B, (EZ WAL IR A B L A B R AT R 8 L IR B LA S Bk T s 4 A X S R A P 4R T
HRZ T (CK), T IX (SD) HIELLIF S s . 5 28 3K 0 Ja A FL K 3 43 il 4 7+ 14. 63 20 .
32. 17 Y0 1 40. 39 % . i #7456 BR AT 18 )& (Citrobacter) . #EER i J& (Streptococcus) . ¥ G J& ( Prevotella) Fl
AL M2 B )&/ (Nitrospira) M= BE W) 43 51 42 F+ 46. 68% . 87.62% . 119. 86 % f1 211. 11% . Z R EF SR
TR L (p<<0. 05). WL FR W, R I T X i VL U LU 58 3R AR 2 il - 38 ol A 0 At AR R 5 A 7 A
RS, AN T A B AR X T kR ARk
2.5.2 HARABELEMN

B 2c. B 2d AT, R I T MR WY S 5 T U e Ll R AR bR S Bl TR R VR A5 A . P B TR A R
FRE R AR EA. WA TR, BT VRS E AT AR K, [FnERgE R, 41
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TN TR R TRM S EE AR T M. 5R2 TP XM (CK . BT IX (SD) + 4
MURRPETH 1T, FREGE T, a0 04 1T LA B4 18 1T 09 4 X 35 B8 A BT B IR, AR I B2 4K Ik Ol 58.. 790
27.92% , 44. 0306 F1 25. 07 %, (HIZZF BT, 425 W T TR AR AT 3= B 43 S48 A 191, 23 % A1 181. 97 %, 22
S A G EE L (p<T0.05); iz TH00E R, R WE . LW EIE . W EE L S EE R
ARG 2 BER BT R B, (R 3R 7T s . AR JE L 5 A JE DA R B R R DT R G T R B T . SR
Z T XAH L (CKO 3 BE T4 X (SD) 4 3 oy i 5% 160 0 s . 2 A8 Ja . - 308 S T076 ) D B A 16 52 s 1 A
Xt B B R, R EAR T 50% . 52.56% . 38.70% F1 71.02% , {H LI hHFH)E . G EEE .
Bk 0 TR J LA R A 16 B TR Y AH G T B 0] S B R R R R L IRIROE 47,4726, 82,499, 160. 04 % FlI
68.95% ., ZRWHEAGIFE L (p<<0.05). MULRM, HiR TP xE i VU B 5 2% bRk 2\ el 4 18 B 7
FEVE S5 1 7= A2 ) 0 R ), TR O A AR AR N 3 B R AR L 3 R AL

3 itig

HRE RV 5 0 A5 TR S AT O, A0 R B A 4 0 25 WA I e 2 R T o 40 00 %
WL REE BT — s (R TR R ARG R L B AR e TR R 0 L L 1 R R A
BRI REYIEIE . R R RS R, 20 B R RORI £ R R RO TR T e (G 1T A RO M 2 LR B
F G T S (p=>0. 05). AL S5 P F B EE" T R 45, FUIB R AT A 2 e e 1K A0 M0% . B MM
Vi L A ALK 22 ST, AT R B P BB X BB Pl 3T . S ECT 0 A  k BAJEA
HE— S5 HF ST 5 250025 SRt B A TR T A U A AR TR A2 R e TR T D L T 7 1 B A X
BRUS 5 Sy o SO A S ISV SRS A A SR A7 T B A IR A R O R
Wy P AR A T T SR

TR RS SR pH . A KR AL R 3 B T . ARG R R
W, B T ARSI RO Ul R AR AR B pH (L Bk, R AR, 2SR, 2 e
BB A o 1015 d 0 4 0 DS b TF. RS 450 5 EAF NG | BRI i 4% SR — 80, Hiie ik
B S B T N2 A T BT 0 R RS A B B R R MOIR B0 5 K L Rk
Jy YV O U D P T WA TG T R | B R T ok R AR L 3 T A ) R b MR K I
DR SRR 45 UK £ 34 . R R A K. 0 pH B SR A . O i T BRBE I B E K
SRERAR . R L A 25 UK b 2 . 4 TOHLIR A LR AT A B K 0 % SO SR B3R @ ko
B8 AL TT B S8 p L T A0 BT R 22— S /M 3 S O P A, ) 6 A 7
SECRY VA T A2 AL AT WU A i MR 0 BB b A L Ao I B U A 9
IR B R, TR T, O HHA. BLE EEORE T AR, AR S REES SHEA S
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