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Impacts of oil exploration on soil nematode communities in the Loess Plateau of

East Gansu Province, China
YE Yao',GAO Xiaoqi', FU Mengdi',SU Ronghua®, LI Junsheng', XIAO Nengwen'"*

1 State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China

2 Qingyang Environmental Protection Bureaw, Qingyang 745000, China

Abstract: Pollution generated during the processes of oil drilling and extraction is caused primarily by crude oil leaks,
drilling mud, wastewater from washing equipment, and flushing of wells. After contamination by petroleum, the physical
and chemical properties of soil may change and the community structure and species diversity of soil animals may be altered.
This study aimed to evaluate whetheroil exploitationaffects soil nematode communities and the range of such effects. Six oil
wells(38° 00" 35.2" to 38° 01’ 29.9" N and 118° 37’ 21.4" to118° 39’ 43.8" E) in theLoess Plateau of East Gansu
Province, with different exploitation periods (1,10, and 20 a), were selected for study. Triplicate soil sampleswere
collected at distances of 3, 6, 10, 20, and 50 m from wellheadsand in three directions from the well bases. Soil nematodes
were identified to the genus level.There were a total of 43 genera in 22 families, including 26 genera of bacterivores, nine
genera of herbivores, two genera of fungivores, and six genera of omnivore—predator nematodes. Dominant groups belonged
to Rhabditis and Aporcelaimus, with15.2% and 10.0% of total nematodes, respectively. Common groups (17 genera) ,

accounted for68.7% of all nematodes, whereasrare groups (15 genera) , accounted foronly 6.1% of the total.The largest
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colonizer-persister (c-p) proportion of nematodes belonged to the c-p 2 guild with 48.2% of totalnematodes.The smallestc-p
proportion was c-p 4, with2.2% of the total.The proportion of c-p 2 and c-p 5 nematodes changed significantly with sample
distance from the wellheads( P<0.01).The minimum nematode abundance occurred at 3 m (23.5 + 7.1ind/100 c¢m’) from
a wellhead.The minimum nematode abundancewas greatest (122.7 + 15.5 ind/100 c¢m®) outside of the work area (50 m).
Nematode abundance was significantly higher at 50 m than withinthe oilfield operations area (3 m,6 m,10 m,20 m). The
most abundantfeeding type was bacterivores, followed by herbivores. The number of herbivores, fungivores, and omnivores-
predatorsincreased significantly with increase in the distance from the wellheads (3m, 6m, 10m, 20m and 50 m).The
Shannon-Wiener index (H') of soil nematodes was also significantly higherat 50 mthan within the operation areas ( P<
0.05) .However, thedifferencesinSimpson index (A), Evenness index (J), and Wasilewska index ( WI') of soil nematodes
between distances was not significantin operation and non-operation areas.The H', Maturity index( MI)and WI indices were
significantly different betweenl, 10, and 20 a oil wells (P <0.05).The wells with 10 a of exploitation showed the lowest
H', MI, and Wiforthe soil nematode community, compared to oil wells used for 1 or 20 years. Oil exploitationreduced soil
moisture and increasedtotal petroleum hydrocarbon (TPH) content. However, no significant correlation was found between
the distribution of soil nematodes and soil moisture orTPH. The results showed that oil exploration did affect the composition
and community structure of soil nematodes, but the effect range was limited to wellsite operationsin therange of about 20 m
around the well bases.The Shannon-Wiener index and MIwas useful for evaluating the effect of oil exploration on the soil

nematode community.

Key Words: Loess Plateau of EastGansuProvince; oil exploitation; soil nematodes; total petroleum; hydrocarbons;

community structure

Bl AR B A e D b A R AR JB T v i v DA AR DR (R I (98) AR, 522 400 m; HPE L
A, i T E A K R AR R bR R X A PR BT R PO B 327 X2 — il TR P s A
H 1971 i EIF A& LK, B F 40 ZA4E0 s, A+ 07 Dok, #F AJF R, 2011 48 J5 il 7 & 35 3|
451.66 x 10* 1" FFRI7 = ) ORGSR IR AE 77 L % KRN AR S I 55 X, A A BT 45
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FpEl 2% 013 P45 %X ( Nematoda channel ratio, NCR) fig A PR R AT R+
LR L, — eI il S G 3 LR A B R R X R AR s (R B A R Al
FAFER G Y X+ 5 28 i 2 REMEA sl it o I LR [ 78 3% 28 Y 4 52 sl kA 3l R R 95 G 1 S )i R —
Heininger S5 AHITS Y 55 T il B/ 22 28 i 55 Y 52 IEAHOC Y T Chen S0 HiZZSHEEIUR 515
PG . BeZR B A o S R T A8 X — A O 8 B 20 m A2 A L S XU AR AL VR
X, 3T 10 2248 BT A LG IR s, VR X N Tkl e A o i, A Oy =X 3 A e o 5 35 e e i 5
RIS B 0y 2250, JF LA [Rli 25 BEAS — | FF R s DA IR 7 =X — il B4 B KPR — 4
PRI, A0 T SR X6 38 1815 G R 0 LA K 38 A W B 5% il A gtk — D ST
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LRI AER S B SCAR | H A0 TR ek s (S ), LA K D 47 il PR AR S AR AP LA B TR DX 35 e
TIEMBEEIT T BSEER

1 HRRMASHARFAE

1.1 WFFEHL X AR

A FE B I T r [ H A48 DR BH T At B B A v i XA K PR (107°29'—108°33" E,36°07'—36°517
SYVERBIFEIX , 1 IX @ T8 )5 e B i AR X AR RE K i 510 mm, 4530 8.7 C, LM 178
AP0 IR X — R 20 m, BRESASEIHIM S, KA Bl , FRIRS A SRR
1.2 FEHLAY R

2013 4F 9 A K PR FEBOT REFE G 1 a(HF TAHITT) (10 a(FEMUFIIV ) F120 a( VATV 97 45 2
L FERE BRI T 30020 3 m 6 m 10 m 20 m A1 50 m 4, LU e ) 3 AN J7 ) 8 S A fR A R 2
90 A~ HERESE Y BEASREESE 2 mx Im BEJ7 FERET N BEFE 3 A B, AR AEIRE R 0—15 em Y
T4 HBLRA G, HK 2 500 mL ARG SR SRR h IR A 2 5000 % UKAE 4 °CORA7 7 Bl L0 =
o3 A HURIEA T B A AT, DL 3 DT A E AN RIE S AR
1.3 - HERARYE R

T RER R KR K /A TRIME-PICO-IPH TDR MI5E . % 2.5:1 #7K - Mol 4 H KR,
eI EL L pH AU E pH . 3847342 (total petroleum hydrocarbon, TPH) K FHE il E ! . FREL5.00
g W HRE RINAEEGH & P %, #7515 min, 4000 r/min 2.0 10 min, T8 FH W8 LI, 54°C ik 78 %
2, T K Nk 2 FRE, RIEH 2 A FATHRE

A ML (organic carbon, OC )il R Analytikjena multi N/C 3100 TOC {X#ME . 85 H AR KT P k¢
FHBFER AR 3d 0.5 mm i, FREEFE S 300 mg 247, A IURE S, INAFRRRIR L, 105—110 °C HEFE T4 12 h,
TEALIA B E
1.4 Ziligreg %oE

B HFERE 100 em®,3 d NFHECHERY Baermann JiSh 520 B2k 1R 48 b IS AE 4k du BIRMOF R 4 & 2
mL, ] 4% 48 /R DARIER I E . CF B F B8 Goodey BIMZER G AP E s R IF %) S Y
R dk) " R iU e B8 RS B R AR
1.5 TR RER Z R

T+ 3Lk M ARKTE Yeates 25430 4 ANEFFRZEAT 230K £ 41 B2 ( Bacterivores, Ba) (B B 25 ( Fungivores,
Fu) M) 77425 (Herbivores , PP ) A1 42 £ £ 2% ( Omnivores-predators, OP ) , 28 B8 i 22 5 Rl 43 ) B v Ry 4>
PRBE G 2 BB B 4 > 10% 3R 51%—10% 0% WLJE s <1% A 8™ .

MR A B A S22 FE BN T . Shannon-Wiener ZAEVEFEE(H') , H' =— 2 P,nP, ,P,=n/N,XH P,
RS E T § R RA LB s, R 5 § BRI IMARK N O T BRI AR B L Pielou 385 BEHR B
(J'),J'=H'/InS,S FIREE™) . Simpson EHEEFEE(A), A = X, (n/N)* , A = DL H PP R dUsiza e
(Maturity index, MI) , MI = z v(i) < f(i) ,o(i) S5 i PPk d B AR I 5 SR (colonizer persister, c-p) fH; /(i) 56
i PR A PR B B SR B EE 1) 2 HE % ( Nematoda channel ratio, NCR) , NCR = N,/ ( Ny, +
Ny,) , FU AR TR 46 %k ( Wasilewska index, WI ) ' . WI = (Ny,+N,,) /Npp , Ny, HE AL BB N, EEE
RARCR Ny RIS RBCRE D AR LR AN R A A T s S, Bk U 43 S5 A colonizer persister
(c-p) FlE, 535 % Neher 57,

1.6  HdlEtr
Kl R 1] SPSS #1F: (13.0 FL, SPSS Inc.) 434, A [) 45 BIR 3l - F0A [] B B0 R A A 398 4 1R i) 22 53 1)
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ANOVA F3r#7 , Jb B[] 22 55 5 35 P 4G 56 R FH B /Ml 22 725 ( Least-Significant Difference, LSD) J7i% . BEV% HEF (il
H Canoco for win 4.5 #3743, SR LI % 43 B ( Canonical Correspondence Analysis, CCA ) Xf 4
T BRI ATREVEHEY R A E R log (a+1) HEATALFR DL SR IE S0 A R R

2 HREHS

2.1 SR - 48 BT 1 5 il

FEIFEEARTFEE S (3 m 6 m 10 m 20 m 150 m) TIEPEFTABAR S (R 1), TIEEIKITE 50 m RAF A
b =ik (8.98+1.26) % , 35 i T H B RFRIE B 3SR . RIS AME (TPH) WRIETE 3 m F1 6 m W35
=T 10 m .20 m A1 50 m,

UK 2R T 2253 M1 26 I AN R 8 385 /KRR TPH R B 25 4 B2 3 (P<0.001) | {HA R AFE &S pH HAA
LR & 22 AR E (P>0.05) . ANEIFFRAEB M 148 pH {EH1 TPH A B3 25 5 (P<0.05) , (A [F]AEBR
O ACRRMA YR G EEF ARE . TR FRANE B e JE 38 HAH (P>0.05) (£ 2)

F1 ERFRTEFTEENER(N=18)
Table 1 The soil quality of sample sites( N=18)

BB ok AT AHL
Distances Moisture content/% pH Total petroleum hydrocarbon/(mg/g) Organic carbon /(mg/g)
3m 3.69+0.31b 8.77+0.13a 9.99+1.92a 13.53+3.40a
6 m 3.98+0.20b 8.79+0.08a 10.78+2.49a 13.32+5.58a
10 m 3.66+0.40b 8.75+£0.07a 5.31+0.95b 10.63+3.10a
20 m 4.28+0.35b 8.62+0.04a 5.10+1.14b 11.20+3.83a
50 m 8.98+1.26a 8.54+0.05a 3.00+0.79b 12.47+5.68a

[R) N E I Ja AN R 7 B3 m 25 57 1 35 (P<0.05)

22 RIEZCRRHE KB IR

HORALE AR AL 90 A, S T Lk 22 B} 43 Jm . AL A 26 B AL 2 B Y AR L
WoJE ZREe/Madki e g, Hi, LEIEHE N /INTIE Rhabditis FIFLWAJE Aporcelaimus , 435 5 2k HUE KL
15.2% 1 10.0% ; % WRRFAT 17 J& , 2B 68.7% s FiA 25RF 15 )&, i B BUR 19 6.1% (£ 3) o

AR B ek R PE A 25 K i 3 m ARSI BE W ELE JE Beleodorus 13k & Cephalobus ,6
m F 10 m &b 1) 08 $ JBE Xy /NAT B Rhabditis #0170 KT J& Mesorhabditis , 20 m b 4 3% 2 B o 31 71 )&
Aphelenchoides JG1K J& Pratylenchus F1fLWH J& Aporcelaimus, 50 m 4L PG BE N £ 8 Paratylenchus | 1 71 J&
Aphelenchoides FIFLIWHJ& Aporcelaimus

XMUNZRET5 22 iR W], A FEE R 2 it R s 22 5 B35 (F=2.72,P=0.04) (32 2) , A [RIAF BRI T2 s £k
BAPTEN B 225 (F=15.11,P<0.001) (HIFRAF RN ES B TG HAUH (F=0.92,P=0.5) ,

I 2 A 6 S SRS colonizer persister (c-p) VA c-p 2 ZRBEN 5 B 48.2% ; HIR A c-p 1, /5 25.
1% ;M0 c-p 4 ZEM/E &7 LB/ AR 2.2% , BEHEA [R]BE B R AR f LR IR, o-p 2 S BOR (18 1) ,3 m &b
Ph c-p2 Hefili ik 65.7% , Hok K c-p 1,1 c-p 4 HeBilE/ N, #E6 m F110 m &b c-p 1 Hefilde s, KA c-p 2,
TMAE 20m A1 50 m Ab, HIELE DL c-p 2 Hefild s, FLURON c-p 3,100 c-p 4 FUBIEAK, 720 0ras L, AT
PR RAE S, HHEL L c-p 2 Fl c-p 5 ZEF T (P<0.01) , TTHE SR RBA B3 (P>0.05)
2.3 RN E IR 2RI B RS2 IR

AN ) B ) R R R 22 SR R (BT 2) o Ho, 3 m AR U AR/, D (23.5+7.1) 5/100
em’;6 m 10 m F1 20 m AbZk B A7 BT HA R MR 50 m A2k i i e 2K 3 (122.7+15.5) 5%/
100 em®, 50 m &b+ 3Lk it 2 = Tl EAEAL X (36,10 .20 m) . AFIFFRAEFRI: + ek i nk 3 %
R TERAERR 10 a B B FAIL, 1N (46.42£10.8) 25/100 em®, i FFRAEFR 20 a il + 524 dugicnt
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Table 3 The abundance, feeding type and c-p values of nematodes at different distances from the oil wells
! i 7 3 g gy ANl B 2k A /100 em®(Mean=SD)
4 el oy PRI e & /100 om®(M
t feeding type Abundance of nematodes
Families Genera c-p value
(FT) 3m 6m 10 m 20 m 50 m
TN 2R ) FH)E Panagrolaimus Ba 1 0.5+1.3 0.1£0.4 0.9+2.3 0.1+0.3 0.8+1.2
Panagrolaimidae WEE Panagrobelus Ba 1 0.1+0.3 0.0+0.0 0.0+0.0 0.0+£0.0 0.0+0.0
/NP BB /INFFJE Rhabditis Ba 1 1.1x2.5  21.9%58.7 16.9%58.6 4.3x11.4  0.5x0.8
Rhabditidae H1¥FJ& Mesorhabditis Ba 1 0.9+1.9 5.6£11.8 6.4£17.3 2.1+4.8 2.4+3.8
JRKFJ& Protorhabditis Ba 1 0.5£1.6 5.2+19.3 0.3£1.0 0.2+0.6 0.7£1.3
5 )& Diploscapter Ba 1 0.1+£0.3 0.1£0.4 0.4£0.6 0.1£0.3 1.6£2.9
282k Bl Plectidae  Z34RJE Plectus Ba 2 0.3+£0.6 0.1£0.4 0.2+£0.4 0.3+£0.5 0.0£0.0
S 2k Uk 28 J& Acrobeles Ba 2 0.2+0.8 0.1£0.5 0.0£0.0 0.1£0.5 2.0£7.7
Cephalobidae TN ZEJ& Acrobeloides Ba 2 0.3£0.9 0.5+1.1 0.3£0.6 0.5£0.8 0.5+1.1
k)@ Cephalobus Ba 2 4.2+5.0 3.4+4.5 2.1+2.2 48459  11.5+20.4
MBI Chiloplacus Ba 2 0.0£0.0 0.0+0.0 0.1+0.3 0.3+0.8 0.2+0.8
ESkM & Eucephalobus Ba 2 1.7£2.4 1.7£2.5 0.1£0.4 1.3£2.1 1.8+£2.8
mﬁ%ﬁiﬂﬂ’ M Sk & Teratocephalus Ba 3 0.9+2.4 0.9+2.6 0.8+2.3 0.7+1.2 0.1+0.3
Teratocephalidae
e R
#i.:‘/kﬂ.ﬂ W& Prismatolainus Ba 3 0.1£0.4 0.3£0.6 0.0£0.0 0.1£0.5 0.0£0.0
Monhysteridae
MK £% d B
x E] %Eﬂ TorH & Alaimus Ba 4 0.0£0.0 0.1£0.4 0.1£0.3 0.1£0.3 0.0£0.0
Alaimidae
DI I]JE Tylenchus PP 2 0.1x0.3 0.320.5 0.0£0.0 1.7+0.0 2.0£4.6
Tylenchidae 22 R HT]J& Filenchus PP 2 1.0£1.4 0.7£0.8 1.5£3.2 1.5£3.4 9.6+18.5
AR T]JE Malenchus PP 2 0.9+1.3 0.6+0.8 0.9+1.3 0.4+0.8 0.9£2.5
X & Psilenchus PP 2 0.0£0.0 0.0£0.0 0.1£0.3 0.0£0.0 1.9+£7.2
IR Tylencholaimus Fu 4 0.1+0.3 0.3+1.3 0.0+0.0 1.7+6.2 2.0+7.0
S ALk R SIRJE Pratylenchus pP 3 0.0£0.0 0.1+0.5 0.2+0.6 6.3+22.4 0.8+1.9
Pratylenchidae WARIE Hirschmanniella PP 3 0.1x0.3 0.1x0.3 0.00.0 0.0+0.0 0.2+0.8
|2 th R
A iEﬂ' . JZALJE Tylenchorhynchus PP 3 0.1+0.3 1.3+4.6 0.3+0.8 0.1+£0.5 15.2+28.5
Belonolaimidae
S ERDIES
el . A& Beleodorus PP 2 4.5£10.4 2.1+4.7 1.4£3.8 1.7£2.9 3.8+10.2
Nothotylenchidae
2Lk R F4HEJ® Rotylenchus PP 3 1.4252 0.9+2.9 0.5+1.1 0.3+0.8 6.0£16.6
Hoplolaimidae Wi )J® Helicotylenchus PP 3 0.3+0.6 0.5+0.6 1.0£2.4 0.7+1.1 2.1+4.1
153 3
Freum . 518 Paratylenchus pp 2 0.9+3.1 0.7£1.3 0.5+0.9  7.9+254  14.0+23.5
Paratylenchidae
R iﬂl}# i J]J& Aphelenchoides Fu 2 0.8+1.6 3.3£6.2 3.9+£5.7 6.5+8.5 14.3+£23.0
Aphelenchoididae
YL 7 Q: N
fﬁjj/kﬂﬂ B8 TIJ® Aphelenchus Fu 2 0.4£0.9 0.3£1.0 1.1£1.8 1.1£1.9 6.7+11.5
Aphelenchidae
MK £% d B
L )%EH— L& Aporcelaimus (014 5 1.8+3.1 0.5+.08 1.6+2.7 6.1£13.0 19.1+31.9
Aporcelaimidae
28 28 R
ﬁi%&ﬂ HOP 2R Eudorylaimus op 4 0.2+0.8 0.1+0.3 0.00.0 0.120.5 1.7+4.4
Dorylaimoidae
248 th R o
Xiﬂ%ﬂ JFF 28 )& Prodorylaimus op 4 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.1£0.3
Dorylaimidae
NN DIy S ;
kE{% REBP KR J1J& Seinura op 2 0.1£0.3 1.0£3.1 0.4£0.9 2.4£5.1 0.7£1.4
Seinurinae
B
ﬁuﬁliﬂ’ A JE Mononchus opP 4 0.1£0.3 0.0+£0.0 0.0£0.0 0.0£0.0 0.0£0.0
Mononchidae

x TR EF Yeates et al (1993) 2 # % c-p( colonizer persister) 2R M 2L i 1 56 W% | 73252 % Neher et al (1995) 1) | Hi Ba
(Bacterivores ) : AN ZE M, Fu( Fungivores) ; B L FZE HL , OP ( Omnivores—predators ) ; 22 & /fili 254k L, PP ( Herbivores ) : & PELR L,
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=0.05,

B, 55 (69.2+12.6) 4/100 em®, MUK ZE 7 2240 Mr 4 R W], RIRIHE B - HeLk dusig 22 7 8 3% (F=3.51,P
=0.01) , AEIJFRAER H L bR T R E 5 (F=0.54,P=0.58) , H I RAF PR AR B X 304k bt By =8
HAH(F=2.38,P=0.03)(%2),

ANAVE SRS+ A R DL A S R B e 2, HLUON A B PR R, 455 TR RN R TR R B 22 AR
R PEZE B A E AR M E R EL R DL 50 m A2, 43 31h (56.1£10.9) ((21.5+6.2) F1(23.1+6.4)
2%/100 em’, SHE UM R BRI 225 B3 (P<0.05) o (H 4 B 2 A 70 AN R BE B R A R 25 e AN 3
(F=0.69,P=0.601) , A[RIFFRAFEBRIM A A 52 20 e 2k i 22 A K L ARk B 20 a Hodr 20 a y T
%%, 5(35.849.9) %/100 cm’;10 a I, M (1.5+2.1) /100 em®, AFRAEBRIMI 40 f 22 B A T
F, OB/ RERLGMAEERE R a lHREZ, J(12.0£5.5) f1(14.2+5.7) /100 cm’, 1} 10a JHFH-H
DR (1.322.3) FI(1.8+2.3) 45/100 em®, H 2257 W35 (K 4) . BURZFE 2250 Hrgh R R W], AN A BE 25 1 S
PELR RO B 2R B0 25 S R 3 (P<0.01)  REJFRAERR B g4 B B R g/ 24828
2RO B WA (P<0.01) , HLJFSRAF BRI IE 25 6 + 3 h M2 i & 2B A 2 53U (P<
0.01)(52),

R4 FARARERBFATEREFLBEHPERLHLE(N=30)

Table 4 the total number and number of each feeding type of nematodes at oil wells with different exploitation periods (N=30)

AERR R PR AN LR H ME/EIER TEELR 25 S

Years Herbivores Bacterivores Omnivores-predators Fungivores Abundance of nematodes
10 4 Ten years 1.5+2.1b 41.8+10.0a 1.3+2.3h 1.8+2.3h 46.4+10.8a
20 4F Twenty years 35.8+9.9a 15.5+5.3a 8.2+4.2ab 9.6+4.0ab 69.2+12.6a
1 4 One year 21.3+7.6ab 12.5+5.5a 12.0+5.5a 14.2+5.7a 60.0+12.3a

ANTFIAR R B ], R R S n 2 18] JC M 22 5 TR R R A BB E R, ¢=0.05,

2.4 I H PSR A Lk HRE V& 25 4 1) R ]

I LA [ 2 2k RIS HE BN 26 5, Shannon-Wiener ZREVEFEB(H') 7F 50m AbH i ik 2.558 +0.869 , 1
3 m AR, M50 m b H' B 3E & T 3 m kb, BRI EEFEE(A) K 0.796—0.827, 5] BEHR £ (J) S 0.822—
0.869, HA[FFE R Z 0] A FlI J ZRA R BEAERRE(MD TE 3 m Abfmib 2.712 £1.13, BE & T 6 m
10 m &b, FHORITRIEB (WD 8BS MR 2 R AR % LA E(NCR) Bl 3 m A, 55
F 10 m 20 m F150 m &b, XUE KTy 225001 R, MI A M IE B MAEAE B & 22 5% (F=4.00, P=0.01) (%
2),
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*5 HEMHAAEESTEERBHEESFIREH(N=18)
Table 5 the community ecology index of soil nematode at different distances from oil wells (N=18)

. " \ " " - " - o 2 HUHE P LT
R (RS LRI A WA O oo

Distances Simpson index Shannon-Wiener index Evenness index Maturity index Wasilewska index / -
Channel Ratio
3m 0.796+0.379 a 2.083 +0.833b 0.862 +0.350a 2.712 +1.135a 2.516 +1.869a 0.890+0.351a
6 m 0.800+0.385 a 2.382 +0.769ab 0.833 +0.393a 1.895 £0.717b 8.325 +4.205a 0.783 +£0.474ab
10 m 0.827+0.362 a 2.251 +0.832ab 0.869 +0.342a 1.867 £0.758h 4.457 £2.540a 0.674 +0.566b
20 m 0.806+0.359a 2.494 +0.663ab 0.822 +0.369a 2.266 +0.857ab 9.606 +4.258a 0.663 +0.516b
50 m 0.824+0.403a 2.558 +0.869a 0.826 +0.407a 2.392 +0.914ab 1.962 +1.410a 0.670 +0.575b

ARG B b B E], TR R R H R E R V2 S, TR R A B2 R, 0=0.05,

ANEIFFRAF BRI L B VE R BERR (R 6) , ZREVEFR B H' L 20 a F La S5, 1M1 10 a MK, R
1.912+0.806, F. 1 a yiliJ- 1 20a M H' BE R T 10 a #, HIEFRELL 1 a iR, 4 0.847+0.320, 12
F T 10 a I, JEEIY 0.796—0.827 45 FEFRBGIE I R 0.820-0.871  (HAN R FFRAR FRIMI 15 &) Bl 42
SR . M WIEEL 20 a F1 1 a WFFECE, 1 10 a SMIHFEAE, B 1 a JMHEFI 20 a 0 MI A1 W $5%0 0
FET 10 adhiIt, NCR LA 10 a WhF&emy, HW 2w T 20 a F1 L a WiHF, Jr 22500 WI, A (H' MI W Fl
NCR FEEAEAFAE BRI AR R 5 25 57 (P<0.01) (3R 2) , BT RAFEBRFN IR 29 XF - 38 4 sl 34 5] BE 45 400 22
HYH(P<0.01),

/|

K6 ARFRFRIMAFTFEERBFRETFIEH(N=30)

Table 6 the community ecology index of soil nematode at wells with different exploitation periods (N=30)

. " . “ " - " " 2 HE B LU
B SR SRR WA R BRNRE i
Years Simpson index Shannon-Wiener index  Evenness index — Maturity index Wasilewska index

Channel Ratio

10 4E Ten years

20 4 Twenty years  0.814 +0. 364ab

1 4E One year 0.847+0.320a 2.493 +0.778a 0.871£0.325a  2.580 +0.982a
AR AERR AL 3R], SRR AR R R R L E) JE B 25 5 FREAR R R B 2R, «=0.05,

0.767 +0.417b 1.912+0.806b

2.609 +0.710a

0.838 +0.408a 1.595 +0.650b
0.820 £0.373a

15.065 +4.524b
2.595 £2.065a
1.565 +1.229a

0.914 +0.385a
0.636 +0.530b
0.627+0.528b

2.504+0.887a

2.5 LIELAMAEERAT

X AN [ B B R A R A 2kt R AT Wy b — PR BT B XS 02 0 BT CCA HER?, 27 — Bl AN o5 b R AE 20 0 Ky
0.132710.093 , HYFP FIFREE (AR SCHES SIGAE] 0.702 F10.745, HA5 R IR B 827K T (P<0.05) , RRARLFIY
fiE R A A

HER & (18 3) W Rt 3 o 5 505 3B ARG AN [A) SR AR B 5 58— S oA OC, Kb 3 m 6
m 10 m 120 m b 3Lk 5 55—l 25 IEAH G, T 50 m Ab 558 — b i 3 UG, 3m Ab LR Lo A 2
TPH 5ZMHR, 50 m b2kt 5 L MR RO A C , TP 28R Eudorylaimus 1) 53 A 5 R BE B ARG,
550 m AR R A IR L8 Prodorylaimus 5 %40 )& Tylenchorhynchus ; T /N J& Rhabditis | W 3k - J&
Teratocephalus MW )& Prismatolainus FUTHSE)E Acrobeloides %5 B[] T 43 A FEIM HAE L X N

3 it

I 2 8 4 S FE R D s B TR E TR AR S0 T, R A D o SR o AN AN 23 ok A S IR i
PR3 i — 2 TG 5, FRATTIT ST 45 S 3R WA 7E Bl AR 3 4 v Jvds B DX |l T FE SR SEA T A AL A
b, AR 2 R B, AR ER N BRI B T AT R s i A D e, e B ek R A AR,
TR A, RIS, ZESh I SL R Rl 6 m P 138 TPH B SR 340 ii7E 50 m &b 445 TPH ¥5 Y i /0 | F1]
TR R, oA — s T 45 g
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Fig. 3 Species-environment CCA diagram of soil nematodes in Changqing Oilfield

AT RS L e FO R R — E A9 TS 5%, L5 e b 2 ool S 4R, BEFSEAFIBE RS i T 4
B2 BT A, Tl 5 B R AR BORAE L TE 50 m bk IRy T ZE AL IX (3 m 6m (10 m
120 m ) - HELE R I sl /b JEHOR A R R iR BN B B R R e D S R A
TP REZ I A IRA A, AL c-p 2 JEEN 3, (B BEAY 48.2% , c-p 2 ZRAFIEACH [ S, 7= B
RSB PR 7, WM FOT SR IX R TR A5 R Wang S5 8 25 A FE SR X A 392k i 52 2
SR T S BRI 18— B D PR T AR SR D A I A A DX b A PR S A A I b R A
KA, 51 R ORI . FRATTIRSE B g i S B SR E M, Sl IX - SR M At v )
REZREME B R AR IX A (50 m) H3ERA RGeS REIE ™ BRI IX 345k S5 Th g 2 8] — &
SN AT SRR TR R R A

AT R T B BRI R A A o A DR T 37 ) L LB A T 2k tR A e 32 26, TR A1 il T
Yl 1A HUBT S IR T L3 h A AR B P A Y 2R R I Y AR ke, {2
RTR] DX 3 - B sl A 3SR — . 1 RESCAF A P 2R o e rh B A A O R R
Chen S8 A BT 22 M BE A3 I -3 PAHS 15 4™ BLALT , £ 240 R 28 HUBCR 55005, 17 PAHSs 5 e BB 007 1,
AL B2 AR S ZHA 2, 1 wang 557 A 8 20 25 SR A A ML o 52K
FEOT S PR Mkl R s 2 S, L2 S PR JE PR O U A SR AN R AR T R R TR
AMMEIFR X,

T IFRAF FRAS  HEL R BB ARV 0 — RE 2, B T TS 45 SRR WA [R) PR AR BRI - - 12k i S
ZESEANRE AR A AR K, 10 a i TR HURE R ZREPESR B0 HY MT 0 W8 B AR 1T R AR R
20 a I 1 a WM, H2Z2 S W3, 10 NCR H65LLL 10 a W Fo5 s . T AR S R PR BH A b R Dy s 45K 10
a IMFHBAAREAL AR, 10 a S IEAR T A2 7= g i 0], s, RN et 22, DR 3 el
S AU AR A UK, (R 20 a i BT, R 2B @ ichr R 137, 7 i AR AR, Ttz
N M g i, 1B AR P T, IR AR LIV

AP RS T Lk AR 450 I DG T 37 3 m b2k th AR PEHE K HY B4 {5 MI R NCR 45
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B, AR X AN 50 m &b H S, T W e, — oA 7 H0RT5 G BR5, 3Lk du M1 48 Bk
K1 Chen AEIN A T4 B A 14 28 MT FRBUSART ', Wang SFEIA R BRI FH SR X 4 328 R R
Bt MR S LRGSR 8, LR A 2 B 2R R R A, FATTSRIA 3 m b ik
O3Ai5Z TPH R2MAEER 50 m A2 R 5 F SR EERONARSC (I 3) o SR 4 KRR WA T RFEAR T 1 e duif
Ve ZRENE LR Z RV SR K HR AR AR B MT REBCL BV il TSRS R AUV B2, {H Suderman 11
Thistle TR A7 7175 Y4 X 2R U IE R 32 00 AN [] A A 22 o S [ RE I R — , DRI A i R o - 3
2RV SR IR AR it — 2 RIS

4 Zig

1 TSR X v ] PR A S A — s S et 3 m A6 m N 4 TPH S B &S T 10 m LIAMY +
5 AEAD X A HEE KR AR, FFoR IR B A R TR X P (20 m) LR U AR T AR X AF
(50 m) ; Hor AHETEZ R S22 B AR AU W RGO, LR L c-p A URIE T 25 4
& A A A W) 2R B D S AR A MT BB AT (A AR il FE SR 26 SRRV B S, i TSR AF B
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