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Abstract: To investigate the impacts of crude oil pollution on the soil microbial community, and estimate the potential for
crude oil degradation by indigenous microbial consortia, we examined the soil microbial community structure, metabolic
characteristics and functional diversity of crude oil-contaminated soil collected in the Loess Plateau in northern Shaanxi,
using plate counts and the Biolog Eco plate method. The results showed that the responses of soil microbes to crude oil
pollution stress varied greatly. The abundance of bacteria and fungi in crude oil-contaminated soil were about one order of
magnitude higher than in the uncontaminated soil, while the abundance of actinomycetes was significantly lower in polluted
soil than in uncontaminated soil (P<0.01). The number of bacteria in crude oil-contaminated soil was 10’ CFU/g, and the

proportion of bacteria reached 99.8%—99.9% of all microbes. This indicated that majority of the crude oil biodegradation
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was the result of bacterial activity in collaboration with fungi rather than actinomycetes. The microbial activity of
uncontaminated soil was higher than that of crude oil-contaminated soil, and microbial activity decreased with increased
concentrations of crude oil. This phenomenon can be easily explained by the fact that the microbial metabolic activity had
been affected owing to an increase in carbon sources and an imbalance in the soil nutrient ratio followed by an increase in
the crude oil concentration in soil. The microbes in both crude oil-contaminated and uncontaminated soil were more likely to
use carbon sources such as carbohydrates and polymers on the Biolog plates. Microbes from crude oil-contaminated soil used
less of the available carbon sources and showed lower metabolic activity than microbes from the uncontaminated soil. This
indicated that soil microbes adapted to the crude oil-contaminated environment by adjusting the microbial community
structure, and a correlation was observed between the soil microbial community structure and soil microbial growth. The
principal component analyses results revealed a significant difference ( P<0.01) in soil microbial community structure
between uncontaminated and crude oil-contaminated soils. The differences mostly related to the use of carbohydrates as the
dominant carbon source and then carboxylic acids and amino acids. The variation in the canonical variable ( discrete value)
increased with increasing soil crude oil content, however, the stability of the soil microbial community structure decreased.
This indicated that the crude oil pollutant destroyed the original soil ecological environment. The diversity of microbial
community, as indicated by Shannon ( H), Mclntosh (U), and Simpson (1/D) indices, was significantly different in
crude oil-contaminated soil ( P<0.01) compared with uncontaminated soil. H and U values were lower in crude oil-
contaminated soil than in uncontaminated soil, and 1/D was higher in crude oil-contaminated soil than in uncontaminated
soil. This phenomenon was likely due to the stimulating effect of certain levels of crude oil on the growth of the dominant
microbial community. The findings stated above provide a basis for bioremediation of oil-contaminated soil in the Loess
Plateau in northern Shaanxi. These results are especially important because they indicated that the soil in the Loess Plateau
in northern Shaanxi shows good potential for bioremediation, and crude oil contamination in the soil could be degraded by
indigenous microbes with the addition of nitrogen and phosphorus. An additional benefit is that it leads to an improved

evaluation of the bioremediation potential of the indigenous microbial consortia.

Key Words: Loess Plateau; oil-contaminated soil; microbial community structure; community metabolic characteristics

7% + 5 J7L ( Loess Plateau) B P2 W IRE & , & E EE W GEEIEH . #E501T, Bedb s XK A e S AaE & 11
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1 #MREFE

11 BRI A

PR IR B PP 22 T 53 W FE PP I (109°26" E,36°40" N) |, ¥4k 1018—1045 m, (i FH/RZE
Hr 2t AR R v B, AL B R I B VA AR X T TR Bl 2 T S R A AR R 7.7—10.6 °C LA
Y9 H 18 2300—2700 h, AFFITEFE 170 d, AF39F0KE 500 mm,
1.2 B kR
121 BHERAE

AUlG e ML R AR O A HIR . PR 2 Ab s g SRR SRE (0—20 em) 1AL
i, 10 A T G 1 18- 1 ( Petroleum contaminated soil- 1, PCS-1) F147 #1775 4% + 3%- 2 ( Petroleum contaminated
soil-2, PCS-2) o 737N FA L TR A T BEALEE 5 A RAE A SRR R Z (0—20 em) TR BRIEE
THI AT LR S AR AR VRS e ot BRAE A TS G+ (CK) o o HAEE T UKAR A Bl S s s . — 384038
ff SR 2 mm i, 4 °CORAF, BEDNE 398 A il B RN E DR E VR AR 5 53— &R 3 XU, AR 5 4 s 1
FEHRAEH]
1.2.2 Biolog ECO f#FAR

Biolog ECO f{*F-4x ( ECO MicroPlate , 3¢ [E Marix Technologies Corporation 4277 ) i) 31 Fi A —Ri 54K 6 K
K GURARA 10 B0 RIRK T R AR 6 F SR A T AL AP 2 FRS L A 2 F
1.3 S5 R B HA 5 7 v
1.3.1 3mSR I E

T R AT I E PRI 10 g s G I AR 20 mL iE O BE .20 mL S BEFT 20
mL = BEHEA TR [CHR L, & IR BOR E T 100 mL [RGB rhZ8 18 25 Brissn) , B utAR vh 2 i Ui AT
R8T H1 30 min JE R, 3 pH {EH PDS-3C BUKES pH THINE (LK HEoh 1:2.5) 1 HHESR 4k
SRR A R A AR A Frik e A A T LR 1

F1 TEERBHER

Table 1 Basic physical and chemical characteristic of soils

T 3 25 Jiii’fk JET&‘:EF -4 pH azm E2pi
Sample Total € 7 Total N/ Available N/ Available K/ Sl it 0il content/
(g'keg) (g/'kg) (mg/kg) (mg/kg) (mg/kg)
CK 6.95 0.42 8.12 139.17 8.43 0
PCS-1 — — 1.75 131.48 7.44 1.06x10°
PCS-2 — — 1.91 93.05 7.56 1.37x10°

1.3.2  fE R e

SR AR B ok 3 O A B L BB R B A I R B SR A A R AR
FREL R SR PDA (SR BRI A R ) BE 3R 3L, I A BT A: R A H LR B R 100 we/mlL; 4k R 55 97 3
I T S HEFREL, AT R AR R 50 mg/ L
1.3.3 (AW aE& KA BEAR G ( CLPPs ) il 2

FRECHI ST 5.0 g Wi p0 et 1+ 38 i A A 45 mL Jo i A= #ER /K (0.85%NaCl) i =M, BE IR
(200 r/min) &% 30 min, FRA5 F- SJEFE 5 2 A0 P56 00 T A P B TR, W E R 2005 BT R, SR A 10 A5 R
2, FTJCTR A R KK FOR B MR 107 RIF IR, B TAE G b R H R R A T ECO
WeFAR AL 150 pL, FHEEFNE ECO AR OIG &b 8 T 25 CIREFEE IR, B ELEF% 240 h, TR R 3R
FEHAERR 12 h 76 ELISA SV 1 590 nm bk 1 7,
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1.4 Hdnib g
1.4.1 fLFEHEFIE AR ( Average Well-Color Development, AWCD)

AWCD = Y, (C137_1R>

K, € 4 RVALAE 590 nm AL OGAE ; R 2 ECO Aixd BEFL A1 7E 590 nm AEMWOEAE . €, - R /NTE
L R E B¢ - R=01Y
1.4.2 RS
7% Shannon F & FEIREL(H) .
H=- Y P, xInP,

Kb, PSS § AL OG5 B AR A AR O E S A L B . P,=(C- R)/ 2 (C,—R).,
V% Simpson LHEEFEEL(D)
B ni(ni — 1)
=2 N(N - 1)
A, n R | FLAEXTIOEIE(C.— R) , N RARXS W EAE A9 B, Simpson $8E5GE H H 1/D HFRR .
BEY% Mclntosh #)—JEF8E(U)

U=./Y ni’
K n K5 FLAT G (C- R) .
K Biolog ECO #3557 120 h S FLH-F- 34 8 ta A8 b 2 F F iior 401, B R Excel (V2003) #17
Bm b BRAHIEL, SR SAS(V8.1) il SPSS(18.0) #4732 i o043 Hrbr

2 ERESH

2.1 Aiis g IERUE MR A AT

IR ot - S IR W AR A A P A - S S e R Bk, i 2 AT L, K PCS- 1 T PCS-2 3 Ff
Y SRR RAFE R R 225 . CK SRR W i /N Ry 40 T > B4 T > BL B, A TS 2 13 PCS- 1
M PCS-2 SR R AR AR S R AN B > EL R >R T, 25 A0 P 3 rh W 20 B 5 X34 (A o3 B 34 A
949%VJ ) ,CK AbFH 439 rp LA B S, PCS-1 1 PCS-2 Pt R A fe i . AN ] - S 19 40 T 50 K
/IMIYR R PCS-1>PCS-2>CK, PCS-1 F1 PCS-2 b2 % 40 TR 5l A B 2 55 T CK 403 ( P<0.01) , 4331124 CK Ak
B 9.0 fi5F1 5.8 £, PCS-1 I PCS-2 Z [A] 22 535 8 i /K (P<0.05) 53 Fl 38 1) L B 850 25 Sk B e 2K
F-(P<0.01) ,PCS-1 F1 PCS-2 AbFR 4 ELBE B4 514 CK ARBRAY 9.0 %51 4.0 48 ; CK Ak B A4 hlc 4 B Him e
FE T AWM Y+ (P<0.01) /& PCS-1 1 19.5 £, PCS-2 £ 58.7 15, PCS-1 I PCS-2 Z [A] % %A W& (P>
0.05) .

K2 AHMBSRIERENBESEANS

Table 2 Analysis of the composition and number of soil microorganisms of oil—contaminated soil

21T ** Bacteria FE " Fungi FUERTE ** Actinomycete

S 10° CFU - 10° CFU o 10° CFU -

Sample ( Colony formi O ( Colony formi Aoy E ( Colony formi ERie
i © or.ly ormiug Percentage/ % © or'ly orming Percentage/ % o or.ly ormng Percentage/ %
units ) /g units ) /g units ) /g

CK 33+8 b 94.81 3xl ¢ 0.09 176+£55 a 5.10
PCS-1 297+35 a 99.88 27+4 a 0.09 9+3 b 0.03
PCS-2 193+49 a 99.92 123 b 0.06 3x1b 0.02

[R5 2 Sk B K (P<0.01)
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2.2 SUEWIREE AHRRIE ST BE 2 AR b
2.2.1 ELLSA VI3 (AWCD) 53 Hr

SR AE L3R (AWCD ) SN A S AR 4 0 35 e 2 A W B R R B — B VR BE T Y ER SR AR
AWCD {H# K, LW e e wietEik s . IR 1 AT AR 3 Bl 360 W REE 19 AWCD B % 15 97 it [i)
HYRE KB W TE R o 78 0—24 h B5 35 | & Ab 3 AWCD Y9AR/N  UEHITE 24 h 2Z PR IR LA R o 1 ek W B
VA ; A 24 h JFIG A A0S AWCD H 30T BH S 0028 Ak, Bt 1 B2 e 8 T Ik 1 e i D s
FH,Horr  CK i T3 YRI5 09 AWCD SRl SRR K, 0.02, 3 B -89 AWCD 7R A1 5%
SRR EAE ] B 2 5 AR E/IMKR IR N . CK>PCS- 1>PCS-2, Bl CK 14 - 32304 9 1% M e K, PCS- 1, PCS-2
wZ,

= AWCD
-

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240
I5f /] Time/h
E1 TEREMEEEFTEDRIL BRI ER ( Average Well-Color Development, AWCD) Z54Y,

Fig.1 AWCD ( Average Well-Color Development) change during incubation of soil microbial community

2.2.2 AR IR AT

A PR AN Tl e 5 ) A FH AT DA s Wi A= AR DD RE2EHE . R Biolog ECO #id 5% 120 h AW S AE 43
BEAS ] IS A W RE v X 6 2SR A A ( W28 3) , 45 3R R [m] - SR A A W 9 Wi IR i 8 S 01 FH A S
FIFRREA 2R CK L3ERUE YIS XA 2R th R BMKIK Ry 2> Z R Y 25> FIE M I > R TR
K> ZRAE WS ITEG WIS, PCS-1 IR W ER SRR IR i R FH IR B2 S R TR S > Z RS>
FRA S Z AL ST G WIS, PCS-2 H 5 TR 52 3 M vk BE A ihis e, 2807 S W e 78 X e
TR R R A AR T A28k, SR IR AR IR LR < 2 BRI S HEE S B BRI > R IR S > Z M B W) > 07 ik
AW, NI Wy BRERA CI VS 25 R B CK AT PCS-1 3 SRR B QI , PCS-2 341
PFEE N Z R ZAUHE, 200 58 b Z A & SRR 05 B (b & W 2 A 5 55 .

R3 TEREMEEY 6 KRiFHNTIA

Table 3 Utilization of the six groups of carbon sources by soil microbial community

. s , 5 ; HELEGWL s R

LA HIERK EHAL YK EZ U e S -
. . R Aromatic Carboxylic
Sample Amino acids Amines Polymers Carbohydrates .
compounds acids

CK™* 1.18+0.10 ab 0.64+0.38 be 1.18+0.21 ab 0.42+0.46 ¢ 1.56+0.29 a 0.81+0.10 be
PCS-1** 0.64+0.26 be 0.33+0.22 cd 0.94+0.29 ab 0.12+0.01 d 1.34+0.06 a 1.00+0.08 ab
PCS-2** 0.64+0.04 b 0.19+0.18 cd 1.09+0.07 a 0.06+0.06 d 0.88+0.32 ab 0.51+0.14 be

2.2.3  TRAYIREE A ST (PCA)

AT G ANE 23 50 - SRR i M T HL s iR T A MR T A (A 7 A AR AR S DA i
VR R 8, & A2 568 . K A Biolog ECO k557 120 h (W GAESEAT 35053 M (PCA) 31 A~ F o A+
HI 8 A 1 BT 22 DTERFIA B 100% (L3R 4) o Bl 8 LA BIRFIE(EL 23 31k 9.68 (4.98 (4.35 3.67 .3.09,
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2.36.1.74 F1 115,38 “AREEE— P ES S (WE 2) . Fi, $J2H0T LLR4E s —ik R4S & 0080 28 5+
( B Z500E) N 47.27% BT PIAS TR PCL PC2 S0 bT I My B VR ShRE A6, di 3 AT L3
Fh A IBAE TR AR R T A 22 5 T Wi X Rl 25 5 R EABLAE PC1 b, CK fF PC1 Y IE ¥, ML AR
#{HIA 1.39,PCS-1,PCS-2 {3 T PC1 {1 i, J7 22 53 Hr & W], PC1 LAY A% 5 {f 22 S bl W 3 (P = 51.71, P<
0.01) ,&IA CK PCS-1 Fl PCS-2 182 [a] 2= 5 2438 B /K7, LR AR 58 19 25 3>k &, CKOFI
PCS-1 -4 B Hl (A5 ) 3/, PCS-2 8 B R K, U B CK FN PCS- 1 - 3ER A Wi v5 2544 Ltk PCS-2 A
XIEGAE . M PCA 437 31 Pl AE = 5o AP F 2 far 81 (&1 4) , aT LA 31 Fpa ikt PC1 A PC2 1Y 5T
HkF, Xt PC1 STmk R AR IR (CHRAE ) R 50>0.50) A 18 i, Horpoliizs 6 Fh JRIRS 4 B, LIRS 4 Fh, 20
A5 2 Bl W] X PCL RS SR R B IR 2 2R MEDS  HORB RIS AL RIS . XT PC2 BTHRR KAk
JAT 4 b ¥omEdE . D-HEEEXT PC1 A PC2 B BTk K T 0.50,

T4 BRAEBE
Table 4 Total variance explained
L J5 2% TR FHy 2 TR N Iy 2% BTk B 2 5THkR
A X . . A . . :
C . Variance Cumulative variance c . Variance Cumulative variance
m nen m nen
ompone contribution rate/% contribution rate/% ompone contribution rate/% contribution rate/%
1 31.22 31.22 2 16.05 47.27
3 14.03 61.30 4 11.83 73.14
5 9.96 83.09 6 7.61 90.70
7 5.60 96.30 8 3.70 100.00

2.2.4 YRR ZHAERREUM T

A i v 22 FEVE S b5 (Shannon & FEHR 4L, H
Simpson L PEFEHL, 1/D Fll Mclntosh ¥J— %L, U)
W T LA YR 2B pE . | s T+
SERUEYIRRE R EE R 1/D WE R T HIERUE YR
R WA U 2S5 TR Y Ah 2 423 (8] LR e
E@%ﬁ‘@?‘é‘ﬁ,%Eﬁé%%ﬁf}]—‘lﬁﬂ/ﬂﬁiuu © EE%% 5 0 1 I3 . 5 I7 I 9 I11 I13 I15I17I19I21 I23I25 I27I29 I31
A DL, CK \PCS-1 AbEEAY 35 BE P84 H ) e 2 & T PCS- 4% Component Number
2(P<0.01) , 4392 PCS-2 & il 13.4% F1 11.6% , CK
M PCS-1 Z[AIZH A HE (P>0.05) ; PCS-1 AL # &
TR 1/D fes , & CK 1 PCS-2 114 1.26 1 1.68 %, CK
By — SR U BB 25 T PCS-2(P<0.01) , /& PCS-2 4 1.35 1%, PCS- 1 ML VETEH U 5 CK F1 PCS-2 2
B8] 25 ¥R i3 (P>0.05)

FFAE(E Eigenvalue

B2 #®aE
Fig.2 Scree plot

£S5 TEREMEESHEEY

Table 5 The diversity indices of soil microbial community

K Sampl FEEEK A BETR AL ¥ —EEFR A
ample .
P Shannon( H) ** Simpson(1/D) ** Melntosh( U/) **
CK 3.166+0.010 a 52.68+3.40 ab 7.630+0.438 a
PCS-1 3.114£0.045 a 66.48+14.26 a 6.427+0.225 ab
PCS-2 2.7910.116 b 39.65+2.06 b 5.642+0.659 b
3 itig

T 0 2 A W A 1 T B B 4, %ok AT B TR i A AL R R A ) R TP
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24 ¢
—e— (K

1.6 | a— PCS-1 15
—&— PCS-2

0.8

PCI (31.22%)
N
: —
:,T
+
o

PC2 (16.05%)
4 31 FhEkiET PC1 #1 PC2 RkMISEmE R
Fig.4 Eigenvector coefficients of carbon sources with loading for

PC1 and PC2

B3 LEMEMBEEINS SN

Fig.3 Principal component analysis of soil microbial community

i R AR AR — I, ARG YR S R A R S LA, S — i, A BT 4G
) T LA At i) 242 A I 2R 1 A S 5k, 0 R AR AR R R A TS Y R R A R R R S
T AR AR B, Franco 55 P VHFSE T EUC T 2R BA R AR b IX T g 4 4 45
W] 52 3075 YL A2 - oA i 55 00 REAH LG B 35 e, FOM 2R Y S U E i A AR TR R B B R R, RS2 3
MG YT A MRV T L R )28 A DR SR o R A il 2E 0 O AN ) 7 2 B 25 57 0 AN o (il R o
4 AT Yl - SERE A s Gk B 4y R AR I FUE (500 me/kg) 1Y 212 {5 A 274 4% )R T E TS
e, WEIREE R, A e U E W a0, VAR O 2, B RIR 2, B R 32 A s e
WL ANECE SR, IR TR B A R S D AT e R AR BV B A 107 CFU/g, BT 7 EE A 99.8%—
99.9% .,

LR W R e P 2 T STV RIS RN, T AWCD Sz e ) 2 S A WD B P AR IR e 2 L R 5 e
B i P B S g e e R LR VS e R B (R BN, SR TR RS . RS RGE £ CONLP S
12010 1 BRI F AP iE Y i Re i > 3 T B8 & AR BT 7% 1 18 Gl A 4 500 von 1938 s - 03, i e 7 1R
TR T A DR R AT TS e S 8oms & b I, -3 40 o0 F O, R TR IR T S R A
WM ARG G AT AR AR PR J XU i) A QI R 7, 38 AT LA k28 Bl 26 A A % Rl Al T 1) R RS
AN [T B A TS % - S S e T AU A 1 25 22 S Wt e Wk B 38 n , 3B A= S T 7 T e R P A 353
R i IO B AR R DL Z R N 32, - S BRI A B 1) A48 S (B HI) B 25 A YR 38 1 BRI T 34 K,
A= W REVA 25 R R TR RRAIG, U0 B A s e R T H 8 AR R 3RS . o o3 (PCA) =B, Xf +
SR W A T AR R A3 S VR P el 2 22 R 2 . U BB B 4 e DA T T G b S A W v 3 ek
R VR R R S IR B 75 e >0

Shannon & BEFEE(H) Simpson L EFEEL(1/D) 1 Mclntosh ¥4— BEFE % (U') AN [RI0 TrI Bz e 1 £ 3¢
A YIRETS I REZ A . Shannon 425 FEFE UM Mclntosh 15— B8 K040 M 45 SR 22 W] V5 T T+ B8 A= W E 7%
B B RN — X T A IG5 Y 38 T Simpson HE 3 EE S E0S M4 SR RH | — 2 W BE A i TS e ] LA
I R E YRR TP AF A K . X SRR T AR — B, SR B I 2 A5 R 0 R
YR F B R, (0T DUGE i RS i M A A K A S 4 2 S, AR R R SE T B A S
YL B (3G, 3R M3 S RERRAI

g5 LR, Bedb B 4 w5 RS Y R ECE R R rT AR B M N S TR AT R AN TR, AN
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NG BEREE SR IOCER TR 38 i R A T P AR 3R A B R . — 7 T 7E 2 B s e, H i
Ay R R R BRI, Do Ts e AR B A I T O R AR BT O — 7, — W R A
AT DU it B LE R A W 9 AR B IINANIRE SR IR, (O D3 TR A il 5 e LS B i A vp oy M for
RARIESRA IS SR
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