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500 i F CHCL;, # B S I 21 2 m A 3
mLCHCL; W BUME R GHKIMA 5 mLCHCL, 2
W5 mL AER, FA 1 mL P EEE e/ ME R, M 2 EL
AMEEIN 5 mL BBEMCE M BEM . 32 CKRIBERARIKS
WY MA1mLL: 1 MEEE: BH,1 mLo. 2 M
KOH |, #%%,37 CAKB M 15 min, MA 0.3
mL 1M EERZ,2 mL 2 %%,2 mL 84 K E 3 (120 ~
200 R)#R% 10 min, EREREBERERERE, 4K
T, A 200 ul IF C 5% 5 ¥R 2 1K 15 U6 3 T 30 S B
B ERRNAE, CYEN .

W &% .l Agilent 6850 K £ 6% (FID #
Meas) orHr PLFA M 4. % &4 N HP-5 4
(25.0 mL X200 um X 0. 33 um),#EER 1 ul, 3%

H10: 1, R (H) BRI B4 N, BIBRRESR, M
# 0.8 mL/min, RALEIRE 250 °C, &0 288 F
300 °C ,#FHIJE 10. 0 psi(1 psi=6. 895 kpa), &
JFFAEHR 170 CR1G.5 °C/min F+ £ 260 C, K5
40 C/min HIRZE 310 C, 44+ 15 min. FWAIEH
B2 3@ 17 MIDI Sherlock 4 4 % 58 & 4t (Version 6. 1,
MIDI, Inc., Newark, DE) # 47, br 7 & g T £ H
MIDI 2 w] #5 C9-C20 #IHE BB § B , PLFA H C19.0
MR E PLFA M4&XT &8, FiAlEEREN
2IREREWTHIE.

FIF Microsoft Excel 2007, SPSS 19, 0. Sigma-
plotl2. 5 #ITZEHE M .ZREEHSITEE
o, Kb BRI ELYIE 2,

R1 IHESLEGE

Table 1 Latitude and longitude of soil sample
HERS HFREaE HARS [ F=8273-7: HERS HEasE HARS BEEZGE
) N 29°47'52. 96" N 29°47'44, 75" N 29°47'44. 84" N 29°47'43. 76"
E106°02'38. 45" E106°02'01. 72" E106°02'24. 66" E106°02'34. 83"
i 1m
i
1 2 3 4 5m
B2 #AEHRXiEt
Fig. 2 Design of the surrey sample area
*k2 BEEBEREBORERED
Table 2 Biomarkers of some microbial groups
AR PLFAs Sk
i14:0,i15:0,i16:0,a16:0,i16:1 G,16:1 20H,i17:0,a17:0,cy17:0,cyl9.:0w8c,11:0,12,
M [13—15]
0,15:0,20:0,16:1w9c,16:1w5c,18:0
FERAM%E  al6:0,16:1 20H.16:1wbc,16:1w9c,cy17:0,18,;0,18:1w9¢, cyl9.0wse [16—18]
EXMHEEE  i17:0,a17.0,i116:0,i16:1G,16:1 20H,al6:0,a15:0,i15:0, [19,16]
HE 18:1w9¢,18:3w6c(6,9,12) [9,20]
& 10Mel7:0,10Mel8:0 [13,17]
FA Y 18:3w6c(6,9,12),20:4w6, 9. 12, 15¢ [21]
1.4 RUWFEZH L BUEMBHZEARITSH _P,—P, 0
R==5—*X 100%

A 1 AR 24 SRR R 5 7 AR Ml iR F 3 B 4 0
A Yy B AR

(1) e A Yy b P AR T R 00 AR AL R R SR R0w
£ B X R X AR AL

KPR BARE : MY PLFA WAL E,; P, FER
5 MY PLFA I EE; P, RARSE « MY
PLFA X B{E>
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O+ EgAYZAEHEARETEALXN:
SRI =iso/anteiso

K, SRI F+EHAEYZIFEI AR EG iso B
FE A iso FRAEVERE A BR 45 % & & i {H ; anteiso R HE
/5 anteiso FFIEPEAE A BR 46 % & 2 B{H .

OHGE M B E S ERBUE R FERIEF 7
PR R Z IR B R E T B AR R,

H=—>,P InP,/InS

Kp,H WS BR(PLFA Zp 5GP A
iR EHEPMEYM I RERZH;S R
AREEBEPR A, hEREEDEBRRH
i 5 e i T R 2 AR\ Ui LTS B B R i AR B LR,

(4) 1 35 1 A 0 52 A b i i 5% il BB S

12 F 2 30 b3 v 1 AR 1 S R L iR IV sh R
MR R, MR SH—N/MERMELER BE,
5— 1/ HEXESARER, BZEHEFHLE
FEE S, % /INEE X BT 7E B B B B A i 1 T R R 9
BAERE,

2 ERESH

2.1 THEHEMEDERENTW

2.1.1 PLFAs A% & E4t
mE3IAFEH,PLFAs A B A BIFRNE

BEENEBBABEE, THEWE 2 m A4 PLFAs

B AP B AR TR, A iRic Mo A R A 2R A

B R ERRRLIRFEE S L RREYEEY

WMAE., R ANER, ZRIVEFESIFEHER
BB IE IR 24 Fh, HE B K EEM 94.62%,
AP E LA NE E2REEAE . EH.
R KRB S PLFAs 4% & B4 3 i B Wi
B M Y 45. 05%,30. 10%,30. 81%,7. 50% 4. 67 %
M 0. 91% ., B2 bR iR 3h &2 e i B /VRE X 50 AR
X (CKOH H A R AE 18 %6 ~57 % Z 18], E R A
RIE 19%~100% , LR A B FTE 23%~100% .
2.1.2 PLFAs 244729 % & # L4

MEEAERE H PLFAs AW iric R ER
FIRBRHMAEY . B FH AW EH AR R EEY
(£ 4., ZRVIKIFZ WA PLFAs W HnicfE 13§
B ARTT 48R 4 MR (D EYRICEREND, B
BEXPAmAREEKYH, M 17.0 WHE, E 324
ANBEIR g s X & B R 13, 632 nmol, UK A&
BEEBHRMEEL/NEB DB (D EWIRd
BE/N FELZLER AT MY, 10140
ME, B 48 DNIMER PR ST, R Xt &8 8
N 63.584 nmol , LY EME B ENEEZE/NE
PR () EMbRic & K, E& AP T A
SR, 01 18.0 10Me BB, (LA 40 M /NEE
X v 4 A, Hoa X & B BRI 131, 600 nmol, 87K Ml
AEYREBETENENTEREB OB (OEYR
ICHE K, AE & A0 38 P Y A3 AR D SRR e AR B0 B A,
16:0 4HE, £ 48 NIER P EH 4, B4EX & &
5 676.136 nmol, A Y EMEBFENEEZ/NE
BB GE 3.

®3 REEMEDHIRBRER

Table 3 Representative microorganism frequency of occurrence situation

DR A Oy B

Bk / £ E (nmoD)

X 1 IER 2 NEEX 3 X 4 NEEX 5 CK
THRE 17:0 2/0.813 6/0.9242 6/2.622 6/ 2.958 8/ 3.062 8/ 3.25¢4
AT 14:0 8/4.012 8/ 4.970 8/7.918 8/7.614 8/ 18.586 8/ 20.485
T 18:0 10Me 2/ 3.479 6 /21,156 8/ 24.072 8 / 24.893 8 / 28.013 8 / 29.989
MR 16.0 8/ 72.217 8 / 90.931 8 /119.441 8 /135.774 8/ 120.037 8/ 137.735

2.2 TEMEVZHEHESHR

2 4 AT & 52 ARl ik i e o B L 0 R e
BE A B BR At 24 F', PLFAs FT#8/R 094 W i v
TR ELES B3Rl i i b o BB 4 TR T
=0 AR EMEE6.0), FEME G+ (15:0 is0,16:
0 iso) ARAATEE/REME G—(19:0 cyclo w8c) ¥
K 48 A R T, PLFAs {6 & F LA K B

o7 B E A B ER R BRER B AT B (1811 wTc), BE A BA
(18:2 w6 ,9c) 7E WAL &f vt BUAT 3 A ) 8 F o 1
EERE.ZREEETE, N TZhERENHED
HH[18:3 w6c(6,9,12) |, R4 (20:4 w6,9,12,
15¢) SEFE MK AT 48 4> T4 A BLATIK L PLF As B &
LR &5 B R .
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Table 4 Agricultural tourism impact index of the PLFAs biomarkers of the microbial community in the soils

B F# Species % 4 Peak Name X Freq. PLFAs ff & #1/nmol Batb/% H b E
EE N8 16:0 48 676.136 15. 82 0.519
HEME G+ 15:0 iso 48 438. 448 10.26 0.418
MR BRERE G— 19:0 cyclo w8 48 356. 448 8. 34 0.378
iz 17:1 iso w9c 48 282. 144 6. 60 0.321
HHE 18:1 w9c 48 303. 48 7.10 0.311
HEHE Gt 160 iso 48 247,472 5.79 0. 301
HEHAE G+ 15:0 anteiso 48 175. 904 4.12 0. 247
FRKRHEHE G+ 16:1 20H 48 162,272 3.80 0. 247
PR EFHE G— 18:0 48 181. 632 4.25 0. 242
HEHAE G+ 17:0 iso 48 162.128 3.79 0. 240
&3 MAT 18:1 wic 42 199. 928 4.68 0.198
ML HE 18:0 10— methyl, TBSA 40 131. 600 3.08 0.153
I 16:1 wic 39 129. 056 3.02 0.149
gl ) 18.:2 w6,9¢c 42 130. 408 3.05 0. 144
R E L G— 16:1 w5e 40 110. 616 2.59 0.136
REHHE G— 170 eyclo 40 75. 392 1.76 0.104
MAHE 17:0 10— methyl 42 57.392 1.34 0. 086
WEHHE G+ 17:0 anteiso 40 59.536 1.39 0. 085
i1 <] 14:0 48 63.584 1.49 0. 080
HEMAE G+ 14:0 iso 30 22. 416 0.52 0. 056
M 16:1 wc 28 27, 400 0. 64 0. 041
E A 20:4 w6,9,12,15¢ 22 24. 368 0.57 0.033
HH 18:3 wée (6,9,12) 24 12. 344 0. 29 0.027
THE 170 32 13. 632 0.32 0.023
Fiiie) 12:0 7 9.104 0.21 ?
) 13:0 8 5.392 0.13 7
REHY 20:0 5 4,824 0.11 ?
(o &EX7] 11:0 20H 8 41,224 0. 96 ?
Mty 11:0 30H 7 7.560 0.18 ?
WY 11:0 anteiso 8 7.888 0.18 ?
MY 11:0 iso 30OH 6 10. 680 0.25 ?
HE G— 12:0 30H 7 3. 856 0.09 ?
wMEY 12:0 anteiso 8 8.984 0.21 ?
MED 12:0 iso 7 38. 304 0.90 ?
MAED 12.1 at 11—12 13 55,224 1.29 ?
i) 13:0 iso 7 3.160 0.07 ?
WY 14:1 w5c 13 13.008 0. 30 ?
FRRBEME G+ 16:1is0 G 11 11,312 0.26 7
REME 18:1 w7c 11—methyl 12 9.128 0.21 ?

T o R R HL R BT 4% A G 1 AR FE R R o ) RO SR AR TE — BRSO RN 2 KL H P IR AR R AR R R E CK M BRIX g 0 {H
AEAFHEWHEEARN T RETEREPEEL.
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LR 4 AT, 7R BT I R P BEARR L M X
ARBTG5 R B A R 2 M R U e o
SRR, TR W A W B R TR R K I U B
BT B IR+ 0 A H A B, AR R YR A
A BR B MBI B A SR EC RS
ERETRE, DERBERE  EEREEEME K
AFN LR R ERESB A YRR, BE
ST A4 I8 F R 32 5 e RO .

2.3 ITERNEYREIRMES
Wil S ATEHNAFRSEN 1,4 FRRHHE . E

2B E2 R EHZ WS
BB T 4 m, BAS B EM2ER AR AL E MR A
YA ARBEFI W KRB A 2
ARG 2 I PR TR L B 22 R P R 2 vk o
PERAE 2 m, AEAE 3 m, BEAMIBL R
MFEASYWEKZZEFERL. A3 LRPHRE . E
22 PR BT LB 2 PG B L R A T A B R gk
B 2 m, Jo vk K 87 B4k R R A B ) HL ik M
B .

A=A
-7

k5 HFRFERBEHEIEREDTLEE(N)
Table 5 Tourism impact the rate of change in soil microbial properties in Qicaimengyuan
o I L IR CEE AL
1 2 3 4 5 CK B /m BEE/m
M —46,17C —52.35C —57.61C —25.01B —2.45A 0A 4
FERBEHE —33.23B —57.12D —61.98E —47.22C —1.89A 0A 4
B2 RS —47,23C —53.66CD —60.61D —19.84B —4.47A 0A 4
1 HE —53.02B —100.00E —73.38D —62,45C —6.99A 0A 4 *
HMARH —47.66C —100.00D —100.00D —40.32C —10.78B 0A ?
R —100.00E —9.42D —100.0E 127.34A  13.53B 0C ?
M —23.23B —18.15B —5.16A —6.22A —1.23A 0A 2
F 2K —21.68B —15.33B —6.11A —4.25A —2.28A 0A 2
BEXREAMEMAE  —19.15B —15.18B —2,33A —3.,59A —1.11A 0A 2
’ HE —28.22C —18.37B —13.22B —4.11A —2.0l1A 0A 3 ?
MR E —23,11B —90, 24D —100.00E —52.01C —90.00D 0A ?
FAHY —100.00C 2.65A —100.00C —25.36B —1.99A 0A ?
] —43.23C —28.35B —5.24A —4.20A —1.48A 0A 2
EERPEEE —31.66C —19.30B —7.17A —5.00A —4.78A 0A 2
B2 RHENE —29.45B —25.44B —4.30A —4.55A —1.69A 0A 2
’ HE —29.27C —19.38B —6.27TA —4.87A —4.00A 0A 2 ?
TR —27.54B —99.20D —100.00D —100,0D —91.07C 0A ?
A2 —20.00D 2.65AB —100.00C 10.36A —4.56BC 0B ?
T —44.12D —33.35C —27.31BC —23.01B —3.72A 0A 4
FERAHE —37.28C —30.11C 21.94B —16.62B —1.19A 0A 4
WZCPHIESTE  —42.25D —36.64C —25.31B —18.82B —3.87A 0A 4
' HE —33.02B —100.00D —93,38D —52.46C —7.95A 0A 4 !
HMAHE —57.63D —100.00E —100. 00E —30.30C —19.73B 0A 2
B E —100.00D —4.47C 157.89A —100.00D 16.58B oC ?

LA ARRFERRERBE (p<<0.01);“7" AP LIEHIW B X F AW IR HE R .

BAL BEEELE Ll m & HEMEYZEMN
BNDE FEHRSE 2 m ARZEMBHEE. BE

Y R B B R B A AL e B A O AL
AL LK B EEN, X R T
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SHEGEETHFENBEY FEERMAERS,
ST E R, AT SR A B PLFAs TR A —
SEREE, EERKF EEAKHE, SREWA
FO X LR AR BRI, TR
R WA BT IR, B R R W g R A
W) e v S WA T T B S R R R A R A o B Rk
LBk L A A B AOK B T S R R I
R B o - S RAAE W A B B L L B B R LR S R
P oF - 5 fol A ) B9 B 0 L TR 5 O R 5 R UL A A
YA PR R AR B, (H R 7R SE SO A AR A
B B R AR i A W 52 B T R LR 2 e B A AR
i 4 BF 52 AT LAFE B A A K B AT E BT .

4 &5

(DR FR B TE S LM E BB MRS
UHBEEAE 4 m LI, SERULAE 1 m 5B 5
EYZHHBERK,2~5 m EEAZEWHEEK
KEMEEHR., AZHENLEBEYRE S D
HE L FE KBNS EXRAR EENEYE
B B M HE B AN B AR R R A
BEAWBIRE TZE, BA I B,

(2533t AP 4E R PLFAs 4T 2R M5
iR vh FE B #5158 ), 40 B8 32 AR AR i v i B
B & . PLFAs bRic ¥R (16.0) JFEHE G+
(15:0 is0,16:0 iso) LA RAA B /REHAE G—(19:0
cyclo w8e) Z R IR IEF MBE R K HW[18:3
w6c(6,9,12)], A (20:4 w6,9,12,15¢) F K
Ay AR AR BN, Z i B E DS e
Y RBERTEMLEREAMARX, 7 ERERE
R S M R A BB K ST S
HEREX.ZWHEARBRKYEMN AR HFEER
W, INEE 4HTE (18:2 w6,9¢) ,JRZRE (18:0 10— meth-
yl, TBSA) U RBREMATHE (18:1 wic) 5. B FA
B R T — e RS IR R AR R A
YWRER , RBFETHRIEE, T — 5 % E S Lt
FE N [R) Bt BE 32 AR ol ik I b o B - SR A W R E S AT
AL BB .
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Impact of agricultural tourism activities on microbial community structure
of soil in karst area: A case research of Tongliang district
of Chongqing Huangjuemen Qicaimengyuan

WANG Shuai'? , WANG Jie!"* ,LUO Yun-zhong',XIE De-ti"* ,GAO Ming'?,

ZHAOQO Zhen-yang* ,CHENG Yang',CAI Yang-yang'
(1. College of Resources and Environment , Southwest University , Chongqing 400716, China;

2. Agricultural Nonpoint Source Pollution Control Engineering Technology Research Center
in the Three Gorges Reservoir, Chongging 400716, China;
3. Institute of Soil Science, Chinese Academy of Sciences, Nanjing, Jiangsu 210008, China;
4. School of Geographical Sciences, Southwest University , Chongging 400715, China)

Abstract To conduct the matic studies on the impact of agricultural tourism on the ecological environment of
soil can provide a theoretical basis for rational development of leisure agriculture tourism and provide a scien-
tific basis for assessing the impact of future agri-tourism activities on the environment. For this study, soil
samples were collected on both sides of tour trail in Qicaimengyuan of TongLiang Huangjuemen. Through
field investigation, sampling and sample analysis by using phospholipid fatty acid spectrum graph method
(PLFAs), the community &composition of soil microorganisms, impact range of agri-tourism and its degree
of impact were investigated in this study. The results show that impact range on microbial community struc-
ture falls within 4 m (p<C0. 01),while the soil microbial biomass clearly declines in the direction to the tour
trails. Within the scope of that impact of agricultural tourism,the similar tendency between the biomass and
touring range commonly occurs in bacteria, Gram-positive bacteria, Gram-negative bacteria and fungi with
the distance from the smaller trails have a clear downward trend. This biomass decline also happens in actino-
mycetes in some areas, but not in protozoa, The analytical results of biodiversity and impact indexes, with da-
ta derived from PLFAs analysis, show that Burkholderia bacteria (19: 0 cyclo w8c) is most likely to be af-
fected by the tourism activity, whereas arthrobacter [18: 3 w6c (6,9,12) ] is the least affected. And the im-
pact degree is closely related to the percentage of microorganism in the total biomass. The research indicates
that agri-tourism activities have caused damage to soil microbial community structure and have affected soil
ecological stability,
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