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Effectof oil exploitation on soil nematode communities in Daqing Oilfield

XIAO Nengwen, XIE Deyan, WANG Xuexia, YAN Chunhong, HU Lile, LI Junsheng "
Chinese Research Academy of Environmental Sciences, Beijing 100012, China

Abstract: The aim of this study was to evaluate the impact of oil exploitation on soil nematode communities. Six oil wells
(N46°39'30"—46°41'0"; E124°53'30"—124°58'30") were selected in the Daqing Oilfield, away from villages and in a
homogeneous environment. The main vegetation is reeds and low grass with coverage of 75% —90% . Soil samples were
collected in triplicate at distances of 0, 3, 6, 10 and 30 m from the wellhead and in three directions of radiation. The
nematodes in each soil sample were isolated and identified to genus level under an optical microscope.

Thirty genera from 18 families of soil nematodes were identified, which included 15 genera of bacterivores, 9 genera of
herbivores, 4 genera of fungivores, and 2 genera of omnivore-predator nematodes. Dominant groups were Filenchus and
Cephalobus which were 42.5% of the total. Common groups included 13 genera, representing 51.7% of the total. Rare
groups included 15 genera, representing 6.34% of the total. The largest proportion of nematodes (71.8% of the total )
belonged to the life history strategy c-p 2 guild with lesser proportions of c-p 3 and c-p 1 guilds. The smallest proportion of
nematodes was of the c-p 4 guild, representing only about 4% of the total, and c-p 5 guild was not present. Nematodes
around the oil well were mostly of the r-strategists, which indicate their relative resistance to environmental stress. Thus,
nematodes adapted to the interference and stress of oil exploitation by increased reproduction.

Total numbers of nematodes in the soils around the different wells were not significantly different (P>0.05) but were
significantly lower than the control (P<0.001). Numbers of herbivores and fungivores hetween the different wells were not

significantly different (P>0.05). Significantly larger (P>0.05) numbers of bacterivores were found in oil well II. The
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enrichment and structure indexes of nematode communities in all oil wells were less than 50, showing that the degree of
interference of each well was high and the soil food-web in the soil tended to be degraded. The community structure of
nematodes between the different wells was not significantly different ( P>0.05).

Total numbers of nematodes at increasing distance from the well were not significantly different, but were significantly
lower than in the control ( P<0.05). Numbers of bacterivore, herbivore and fungivore nematodes showed no significant
differences (P>0.05) at different distances from the well. Numbers of omnivore-predator nematodes were significantly
greater (p>0.05) at 30 m from the well than at other distances. However, with increasing distance from the oil well,
abundance, the Simpson Index and the Shannon-Wiener diversity index of nematodes gradually increased. The results of

this study establish a theoretical foundation for remediation of soils contaminated by oil exploitation.
Key Words: Daqing Oilfield; oil exploitation; soil nematodes; community structure
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TR 2. 1210 km? | J iy R it 2 KU, ELAT R Bt kot Tl 25 K 2R XUV I Rk /D e A SR AT
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BEEMAA, KEAAAERER B S RGR0E , (LY G M B8 = 0 8h 45y T & 158 EEAE M, IR,
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H == X Pi+InPis Pi=niN (1)
Pielou #5) 45551
j= H’/lns (2)
Simpson L EEFRE T
¢=X (ni/N)"5¢=Xn (3)
2k th R EFEEL ( Maturity Index , MI) ™
MI =Y v(i) - f(i) (4)
Rl 2 10 26 N 5 %0 ( Plant Parasites Index, PPI) ™
PPI = 3 0(i) « f (i) (5)
B HFE%50( Enrichment Index, EI) "
EI:lOOx(e/(e+b)) (6)

b= Zkbxnb;ez Zkexne
ZEKHE % ( Structure Index, ST)
S1=100 x (s/(s +0)) 5 (7)

b = zkbxnb;s: stxns
(8) £k B .l ( Nematoda Channel Ratio, NCR) '
NCR = NBG/<NB(I + NFu) (8)

Ao, n, N SERERARE N A SRR R, S SRR v (0) 5§ PR c-p (B (D) S i
PR U AR BB LB, F (o) SRR AF AR P R/ B e 2 R R T o5 Y L, IV, R A R
LB N B B RN EUE N, N Y S da ARR R AN [A] (4 2E 0 sl SR Rkl 4y 5 A
FKHBE, BIA[F Y colonizer persister ( c-p ) FEHf c-p 1, ACETEIEL, PR AR K, 7E W0 & 4R 10 2504 T et Pk
B AR T PR R T 5 c-p 2, HEARET 1A 772 B9 6 K, B 5 1R T 5 e-p 3, HEARES R W3R8 16 0 ¢
R e-p 4, EACHT R X RS R S 808 c-p S, HAREHRIAR A, 7= O A/, X 3R 58 1 S i U™ &8
R IIREIEHE S c-p HIEILER 1, b (basal) AR E W (19 ZL 6l % 53, 322298 Ba, Al Fu, XI5 e
(enrichment ) {XE B WM H 19 & 4R AL, £ 248 Ba, Ml Fu, iX BHANZEBE ;s (structure ) R E PR 0 A9 2544 5047,
£34% Ba,-Bag \Fu,-Fug 0,-05 H,-H2ERE, 3 kb ke F1 ks 45 ZERERTXS B A INALEL , nb ne T ns T Ry 4% 25 1%
i
1.5 HdEitr

Bl R SPSS 3 (13.0 Wi, SPSS Inc. ) 7341, AHIC/MATRAE Bivariate 4347, 25 20 3R] -84 iy 22 7
FH ANOVA 4387, 2% MUBETE S5 FI I A0 BT R 3L T VBA (9 48 HUAE B2 38 B0 30 V1L 0 BidR . Beit4rbT
REH K P<0.05,
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s I 18 B 30 JE , B AR A 15 &, U H Bl R, o5 BB 49. 2% RO A A7 AR
ghdto g/, HE%30.6% , B HEEL M4 8, HEE17. 6% ; B/ EL MR L2 )8, HEE2.6% .
HA SR 22 B TS Filenchus F13% & Cephalobus 43535 MBI Y 10. 7% F131.8% , i W 2ERHALIE
134&E, B 51.7% . B/ T 1% A ZEREA 15 DE , MREUS S8 6. 34% | Hoh Bus /b T S8
1 0.2% BB 7@ Heterodera . =& )& Trilabiatus W& Teratocephalus MR E Prismatolaimus F1JGH &
Alaimus , £ JBE B FEF B DIREFEME S c-p HIEWE 1,
T 1 B A R 2 AR T SR I ep
1.c-p 2 Fl c-p 3 EHE, c-p 4 BERT & LUl s5e /s, A0 A2
K 4% 7oA e-p 5 KREERZ . 4% De Goede £
B, A% c-p 4 ZKBE,H c-p 1.c-p 2 Fl c-p 3 FSHEI
FLBfE = MY (B 1) 2k BUAS [R) AR 396 s 5 i o L)
c-p 207 5 He Bl R, 4R BB B 71.8% , Hirp ep 2
B R BIIE T 355 90. 1% |, 1M %F M85 c-p 2 BT i kb
Bh 64.3% AN TV . HIKIE c-p 3 FHBE, i A

0.75 0.25
B 18.4% , W IV B ik 36. 4% , Hok st HE s,
M AR 0.38% , c-p 1 258 5 5000 7. 88% , H: -
N : 0.00
X BE S RN 2. 78% i gl T ik 18. 6% , 0 0.25 0.50 0.75 1.00
cpl

IV 5550 BN B B, Ul ) 4t 2 22 S /DN o
TSI RA N A5, EE e-p 1 Hl e-p 2 287,
XLBERHEIE r- RIS, LUBEH S22 R J) , e-p 5 2EHE Bk
Z AR K-SR, UL LU 2 B O, &
3 i R AR N PR B TS R

2.2 ANEHAR B R T 4 F L 4R

1 EMHAE c-pBE(cpl, cp2Mcep3,cpdMeps5SH
) kRANFEEE

Fig.1 Relative abundances of nematode taxa classified as c-p
1,cp2 and cp 3 (c-p 4 and c-p 5 taxa were omitted from

calculations )

B SRR SPE, T, 0, I, IV, VANVIARE AR b

AN]SR A S s SN 3 T T 2R d i i
2 MV 2 gl /b (AT R4 U B EL oG BRI s /b (3R 2) |, 280 B R I I 5 0 B 25 S il
F(F=6.033,P<0.001) ,{HAS A0 I 2 o 28 5o i 2% (P>0.05)

XM AN )5 FR A L B A Tl — 20 0 Lo, 25 IR (36 2) 2 I, 45 78 FR 2 AU 28 H B30 #R LA X

MHAB I B R L M w2 R D Y 2R B FRE 2R L f S Ml I F 2 ) 22 A8 i 3
(P>0.05) fHihIF I S e i o i 2, 5 H A 22 7 2 (P<0.05) .

ASTr]hH 2 BB VR AR A AT 3R 3, 3 & AT Shannon-Wiener Z2FEPE 85 35757 BE AL 3538 # DA
TV S5 e, X RS B A, AR AR SO L34 B 48 Bt LU AR, A0 Tl V , 25 R B X IR A AR 4R
R L (HRFERD SRR BN IR A R

EAEIREC(ED MEEHIFEEU(ST) H R L EE W N5 F S [R) 3 Rt B8 s B SR 38 B0 (ET) A #4554
(SHYER(E 2) A S HRTE D X, Ferris 2500 D X4 P RE I e, T3 M TR L) 45 5140
W A T DL Rk A 2R AR a2 23 R I FREE R
2.3 MFTFRAS AR 2 4 HELR R

BRI ORI R R Lk B AN 3R 4 2R HUEBEE 0 m A 22, 117 10 m ALk B e /b, T 200 M R
WA B 2k B BN A B H (P>0.05) H 5% IE 2% % 2% (P<0.05)
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F2 FREMALHEEFRLBYS T
Table 2 The number of different feeding types of nematode at different oil wells

b B 2B ogiiEy/ES A BHREE N NEES
Treatments Total number Herbivores Bacterivores Fungivores Omnivores-predators

CK 868.1+14.8 b 381.7 +18.0 b 344.7+15.0 ¢ 121.8 £10.0 b 19.9 £3.8 ¢
I 164.1+11.8 a 34.8 7.7 a 63.3 +6.1 a 59.0 7.2 ab 6.9 3.2 abe

Il 291.4+13.9 a 20.5 +5.9 a 206.6 +£14.0 be 60.3 +8.8 ab 3.9+#2.7 a
I 237.6+16.2 a 56.6 £9.5 a 131.5 £12.1 ab 40.5 £5.5 a 8.9 £3.8 abc

v 204.3+12.4 a 94.6 £10.8 a 75.3 £7.6 a 22.0£5.2 a 12.4 +4.0 be

\ 143.4+13.0 a 12.0 +4.3 a 112.7 +£13.4 ab 16.6 +4.9 a 2.2+2.3 a

Vi 221.3+13.8 a 51.1 +7.8 a 113.0 +10.4 ab 55.3 +8.8 ab 2.0 1.9 a

P P B A (AR R, P RAR R KR ) T B FE 225, «=0. 055 CK e, 1T, I, I, IV, VANVIAARA R il

®3 AREMATREEREESHESNT

Table 3 The diversity of soil nematode communities at different oil wells

b3 FEE MRS (H) ISR EL(E) RBEFRE(C)
Treatments Abundance Shannon-Wiener Index Pielou Index Simpson Index
CK 15 2.777 0.711 0.798
I 18 3.053 0.732 0.840
1 23 3.187 0.705 0.832
I 21 3.091 0.704 0.813
v 25 3.766 0.811 0.900
Vv 14 2.424 0.637 0.707
VI 24 3.474 0.758 0.871
TRV Fe I th Hoess S 36 4, 7 B B 50 100 ¢
349 DL 2 A 2 OB R T T R 2 b X )
R, RRBEERES AP SNELARAEEAS § |
BB TR EE R (P>0.05) MBS ELERRE  §
(P<0.05). AErfifr i mMRze 30 m b )% §
AT A5 AL S 22 57 % (P<0..05) g g 25 *50 75 100
BRI A 7 B 58 39 2 b B AR S ) B
(F5), L mF B PSSR SRS RO 2 7E +$+ ey
SEHES 30 m AL . BT SR B N, Pk Tek @
R 38 ORI 25 R KGR T 16 , 26 1 8 2 D c

R PR IR A St e (@)

PRI AN 8 e 2k e, A S AR BT T R
BH(S) , AR B Om Abds K, (HAA 1 B 1] 22 5
ARA, UEIATE M A 25 A HE B | 2k SRRV AT AL T 3 R By
Ber) B, A EE 2 BT E A . R A AR LR HUK
PUEFREC(PPT) 18 73 A 27 A5 28 AL v R k2B FE 11
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Fig.2 The structure Index and Structure Index of different oil

wells
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Table 4 The number of different feeding types of nematode at different distances from oil wells

I/ m 2k i SR JogiiEy/ES foEIIEES TR B
Distance Total number Herbivores Bacterivores Fungivores Omnivore-predators
CK 868.1+14.8 b 381.7+18.0 b 344.7£15.0 b 121.8+10.0 b 19.9+3.8 ¢
0 261.4+14.3 a 5.7+#2.4 a 230.3+14.2 b 25.1+4.9a 0.3x1.0 a
3 209.6+16.4 a 50.1+£9.5 a 123.0+12.3 ab 29.5+6.0a 7.0+3.9 abc
6 201.6%13.4 a 66.0+10.3 a 72.8+7.5 a 55.2+8.5 ab 7.6+3.2 abc
10 139.5£9.7 a 32.3+4.8 a 66.6+6.3 a 37.2+6.6 a 3.4%2.5 ab

30 245.2+13.1 a 60.6+8.8 a 116.5+12.0 a 57.7+8.2 ab 10.4+3.8 b

TR RIFROR LI T #2257, FREAR R A B2 a=0.05
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Table 5 The community ecology index of soil nematode communities at different distances from oil wells

LRt - e . 4l B L
s TR )25 = 2k
B /m FERE R ERRE(C) BE(H) ?,/_”y\ bkanya’xkﬂI *E*f\"/{%ﬁija'ﬂi Nematode
i K . FEEU(E) Maturity TN TS %L PPI/MI .
Distance Abundance Simpson Index Shannon-Wiener } . Channel Ratio
Pieloulndex index (MI) PPI
Index (NCR)
0 18 0.643 2.195 0.526 1.821 0.045 0.024 0.899
3 21 0.809 3.087 0.703 1.521 0.514 0.338 0.804
6 21 0.874 3.371 0.768 1.424 0.782 0.549 0.570
10 23 0.872 3.429 0.758 1.648 0.547 0.332 0.644
30 26 0.915 3.909 0.832 1.474 0.632 0.429 0.671

3 itig

KPR 280t 40 A AF AR AT & K HT i i, D 2 Ay A 285 b o B 53 38 30 4 7™ s R, 7= A T
2 N H5 T [m) B, A0 46 e R L (ER AL ) TR AL K - R KR TS Y B | B FGR AL, KR
Sy X ER AL SRR AL L X R R | F MLk OIS VRN 3RS R T, AR R PG H BE R
M6 HyfE S i - e i 18 BH 15 & . B R & 15 &, P o Fe il ok, o7 BB 49. 2% s HAk ol
M ELd 9 )R, 1530.6% ; BEFELR 48,5 17.6% ; 2+B/fMELh 2 &, 5 2.6% . &IV
ML E AN B e 2 | M IES DA ) 27 A 4 Bl i 2 i AR B B % U ) A AR R R 22
M3 (20 mx20 m) ¥ FBl A2, 28 i DU IR E ol 0 X B AR 36 A A T TS e fili + 3 HLS
SR T e A R R R A W RN TR 3 JE TR - R B
MEMEHL L,

FRFE LR A ] il A 375 b SR Bk H %) 23 AN colonizer persister (c-p) 258, k SREMGE R AR K | fig
TN AR AE O IRBE M v SR REAS P K T 2 A iR EE S RN EE N cp 1 Al ep 2 2K
TE X BERTE Ry -SRG2I S I+ 37 BIBREE R gk, X BB R c-p 3 28T, VA X R AZ 311
WEHEJI/NT I, Shao 5N WZE M c-p KRFRER WA EE K 7, c-p B SRR IRIFHE R H BB TS
et gh RA A RS R 8K, 5 c-p SRR IRAR D

IR S5 H AT 25 R R IRV ZRE R RO 328 B 5 4k B0 B AR I i AR DG, 0T IR e 2 it
Z AR E AR, SRR B AR ; T 37 BAR R B D (AU 3 & B M AR B =, X nl
e SR L R L) RS E L BRI ¢, B il 2 i s R R B A5/ 18 B /N T 50, R BIAN ]
IR 2 TR R s, HIEE Y Nk TR, X IR A5 B AR AR UM SE /38 BRI T 50 , Ui A 122 5t A2 3145
SR AT

AN B Z (A1 4R B 25 AN K HR & SRR AR EOMAOL A RRAR L 1 S AN [ B 4% 1 25 5
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B R REBBE 0 2SS OB R LA PO B AR EGE AT . Yeates 1 Bongers A 2%
HFEYX Shannon-Wiener $840HE LWL 3R B 19 2% 552 0 Han Z50F9% 1 15 3802 B 0 A ] 9+ g £ iy e v 4%
Fa), AN T - Bk BB 25 S K TR R R 2 + R &R sy, 25 KW Shannon-Wiener fiE
ARGF B R AR R B 0 2k HUREVR BUSENE . PPI/MI A8 30 m Abde R, 3780 LI AR S R GEXAN T 0K 7
JE SR, TEoR BB X2k R IR S5 F 2 M K

WFFE L5 R R WIS [ 2 ] 2 B AR 2510 22 e AN R S I B e e U I 22 2R B 26
LA b . ANFEIFL R FEON c-p 1 F1 c-p 2 260F X BEERE D r- M, Ul BH X 283 I+ 3852 3 BRI
FEIEER 45 I 26 dU s SR F8 BOMES FF8 B /N T 50, REIR RN & iz T i, Iy miEF
IBAE, BEE RFEFE RGN, 2R d S 25 5 AN W3 (HER AR O DB RS I, D03 B 18 KoM A 1 48 B2
B, IR B R X2 U TR SRS RO
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