55 36 #4 1 W] 7 R = = O O Vol.36,No. 1
2016 4 1 Acta Scientiae Circumstantiae Jan., 2016

DOI:10.13671/j.hjkxxb.2015.0520

RABAL, ARREE, B, 5. 20164115 e L3R YHE S i e PR TR PR AL LA [ 0] PRI 2258, 36 (1) 1 232-242

Shen W H, Zhu N W, Shang R, et al. 2016.Ecotoxicity monitoring and plant bioindicators screening of oil-contaminated soil during bioremediation[ J].
Acta Scientiae Circumstantiae,36( 1) :232-242

AHEFRIBENENEEIERENSEZHAE
KA RAERD W B

1. £WEIARFIIFESIFEF, N 510006
2. INWRERFLEEHELEABERFTHEALALLE,)” M 510006
W #5 B #A:2015-03-23 &8 HH#H:2015-06- 11 X F HH#3:2015-06-15

TEE AW ALK B RN R 2L AP R B L5 A S e+ A 5 G 9 2 B S A S FR M (M 3R 59 A TR ST R T A 5 e 8 S R R 1 4R
TRFCR NG Yo+ e A= W18 5 1 B b dE Pk (AR LU ARIIFSE SR 3 MR A I L R I AR A 5 R 14 e i R AR R TR A TR AR R, T S Tl v e
IR AE PIE R S O R T 5 AR YRS R R S S ) - A A B R R S 0 AT AT M S U R — 2 WA S A R 1B
SRR TS Y IR S EE N A (L S R NS M AR RS R BORING SR R, U IE BV A TS Y R R R
AT e IR A S R R A U E WIS E R A T S TR TR AR 3 iSRRI R 105 8 d SR B R ANIR] 1 st
WIS Y A R AR — B P25 5 N RIS NI AR R B PR AR RO U b G 7R A7 TS e H AR E 1B S R RS R AT AR
AUINTE G I UE YE E RCR I RR Y.

KR AT Y I RUE B A A AN R R

X EHS0253-2468(2016)01-232- 11 FESHEE XS3 XERFRIRAD ;A

Ecotoxicity monitoring and plant bioindicators screening of oil-contaminated soil
during bioremediation
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Abstract: Seedling development and biochemical indexes of plant leaf could collectively reflect the soil health condition. In order to explore the soil
ecotoxicity patterns and biological indicator effects, bioremediation of oil-contaminated soil were conducted. Oil degrading bacterial consortium were built
with three strains isolated from oil-contaminated soil. Seedling growth status, malonaldehyde content, and superoxide dismutase activity was detected. The
results showed that the maximum inhibition of seedling development and biochemical indexes of plant leaf was observed at the initial stage of
bioremediation (on the 8th day) and gradually dropped to normal. Compared with Asparagus lettuce, Ryegrass and Brassica chinensis, Triticum aestivum L.
and Raphanus sativus L. are more suitable as potential indicators for bio-remediation effectiveness of oil-contaminated soil.

Keywords: oil contaminated soil ; bioremediation; ecotoxicity; plant bioindicators
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S IEIZ A N AT TR 5 Yt 1 A BEAT R g — 4~ B
TR S E SRRSO 1) ( EAR 45, 2013) 4K,
AUIHE g AR W B S 0 B AR T AR 5 . R
5 S AEA A TS e B B 1 AR R T e
— KM E RN REAES TR (R E N,
2004) FEAWE R R b, 15 Y - HEA W ) £ FE IR
BWKE b5 — R AELIE bR ARtk L, A
WABLXT A HE Y A B S A AR R b i R v A Y fik
FRARBLIEATHE 7~ W B A 25 B 2 A 9

WFFE B, 88538 R G0 b W UG = Y B4
PR BN B 4 1 b g e A AR TR (X R A
2007) K H AR ST AR R S F 2 W A RS
Bl RBAE BT R 42 T | A ANCHh 3R AIE 1 8 A R A fit
JREARDL B XS A7 75 e - A AR R B R
G, B NS B T LS - T | R A
R REPE RS | b 1) 75 3 50 A0 & 6 B 7 M i 40 A
W Z R E ST i A B BT Sy
Ye+ et Ype 2 S R v RS MR AR ARG L, 25
R, B BA MG S P AR R R
SR A OC 7T A 8 5 S R i 7 T A v e ik R
H D W A 56 (Riffaldi et al., 2006 ). Bank %5
(2005) RHIESE SE B b 20 =i BRI/ N AR S it
X E, VBT R F & 22 R KW, Z 5T B
3G I, 45 R 2R B, AT o R T AR B As b 3R AIE
AMTE G IERR 2 A s e R A S R E
5. Wang %5 (2010) >R FH Mz 15| ( Esisenia foelide ) > V¥
M E BRI TS P A A TR, SRR, R
A G A LR T o AR 4R A BEAR A M 48 IR 1S
VA 535 P, Chaineau 55 (2003 ) 2R H & 0 41 1 1K
B TEM 480 d A= W HENE IS A A s Y - e AR 3
BV R R R ) R R A, Bl I R] ) S K
TR WIS , (AT AE AR = i M R R 58
1 B AN P A A BRI AT T PR AR A ) HE I 2%
PEF TG e 1, B H SRS R HENE AR B (8
A ) IR  TRRIEHEAL Y 2 ~4 5.

FEIX LA B AR R T, AR A I
50 DAJCAH OCPELT | 5 M e 25 00 A5 T ik [l PN b2
JTZAT AT g L e R A SRR
FORG I 51T (PGSR 4 2001) .58 4h, i 4k Wy 1k
g 3 A R G B SEAR ARG Ay, R A R R
FAROKAR R LR SRR RS RS
PR2Z W00 B B A A A3, EROOR A R W H AR AE A
AEEMEAE R T S A R A0 B W R 4 45 46 b

BRI L, LA KON R 446 7 22 [8) 1 — 3 43
BrWFFEIA L /0. 3 AN [ 48 7 AR 4 %+ 1
ASTEEIAT R R APEAY AT DU SR A
ANV Wy E A R B A A AR B RN
REAC A 4T Hb S 1% - 498 1475 G A B TR L, A il
TIERUE B S R T A A A R AR S R R
PR It R R G ny AR S Ao 4 R
=% Hb F

DRABIZE ] FH I 2 25 0% 1 7 3 P i Al o3 1
R TR G IR R IZIR G R AT 4+
BRI RUFIIBEROR (F 4%, 2013) 5810,
Z TS 1 R B 97 5 ol i e S AR ) B2 BRI
BB BT e % UM 48 /R A W S RO, O HAE
AT Y B A ad B IR A TR TS Y Y
25 P A AL FEBR R M AR AL R o R A TR L, AR
FELVBE RAEZ R N NE B O Y)
HEAT R AR R RIS, 5 T G IR AR )
B R S A AR R G A s Yt
BTN TR] i AR AR R R R IR R R B AN
[ 52 )0 9 e 1 2 25 B 1 i 55 B AR AL R, I
DA 22 A1 3075 G AN R) e AR A P 4 R B AT AT S
TR AN, AR SN S S B IR 25 R K
AR 252 A B 4B R A TS Y U s 2 R
HH AR BRI A TS e R b AR e AR S
RGN TEUEB /N ZE AN S NE S R Y AT AT
PR [RIE , WARTE A s e 3 E s e+
B 25 Fh A= AL HE bR 10 A2 AL R AR

2 ##5 7% ( Materials and methods)

2.1 REHHH &

DRATZH AT 70 B 3 M IR R e T A, A4
FEZA 7e 8 /R 18 [C 1 ( Burkholderiacepacia ) W) i
YRR TE GS3C, 8 2 5 ¥ i 1 ( Sphingomonas sp.)
T IERE fif R GY2B, A1 5 B Bl Pandoraea T4 J& 1
pnomenusa T W1 (1) B [ % W GP3B ( Tang et al.,
2010) K Fik 3 FhEE AR 230 1 PR IEAT B IR,
SRIGTE 25 mg-mL™" (S JCAILER 35 55 5 ( WERR R 2%
M 5.0 mL, FeCl, /K 1.0 mL, CaCl, /K 1.0
mL, MgSO, KA 3.0 mL, i TG R IF 1.0 mL, 7%
87K 1000 mL) H1 430 A 1 mL & 4R, 84
T A TR i TR 1 R T PR By 7R R T R R
FII4E (30 °C,150 remin™") A S d F—A W, E
SN 11 A B0 20 B 0l AR 3 Ak
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Y. 5 H9IME IS 1 GS3C .GY2B .GP3B i (4.0x10°
CFU-mL™") #e %5 s e e p JF0 (1= 11, (R R E ) B
Jei T A TR A VR A
22 AT EEENE A

BER R AT AR K R R E .
SR 2 TR AL RS 3 4.75 mm 5, 22 R BUR )
JE G 3 Wy, — AT 4 C RS AT
SEFTE ERERR AR (R 1), S — M B TR EA KT E

it 2 mm G CRAERE A T M AR R
JEH (MO AR 45.55% , 75 & 17.69% , 58 50 FN 10 75 ot
9.68%).

TE @15 ecmx20 em R A 3 kg T4 5
Tk A A 3 il R Y
WILHS & A 5000 mg - kg™ ( LA +11) ( Vouillamoz
et al., 2001) HPFEA5] BB H 100 ¢ £ 3 mL
TRA DA DA R LU RN T A ik T e 3.

F1 il TERENER

Table 1  Basic physiochemical properties of the tested soils

b3 pH TOC/(g-kg™!) TN/(g-kg™!) TP/ (g-kg™!) TK/(g-kg™")
L 6.42+0.17 16.20+0.57 0.86+0.11 0.52+0.04 4.48+0.38
15943 (S0) 5.82+0.25 18.95+0.50 * 0.82+0.04 0.53+0.03 4.34+0.30

e+ R S IE 1 HE BAL BR] B 25 5 3, p<0.05; TOC . B A LA ; TN SV TP i, TK. BB

E B 3 E A 30 °C B TE IR B IR 46 P kAT
AT G TSR A B S Sy B 2 d AT — UK
F P FE AR I SRR R RS R R, 4
BRI EYBR S 0,.8,16,24 32,40 d
H - 4€ (Tang et al., 2010) , 73 5lFRiE R SO, S1.,S2,
S3.54 .85 .,S6 {1 R ARl & & i AT G 58 Of
W L A B Ak AT 5
2.3 WRTE R F *E
231 +EFELTHBNBRBREAENE  WH
FriE 5 g T3, A 50 mL B .04 I AE &
TC/KBRERSM , 5N 10 mL 1E & %%, 78 1800 r-min™' 5%
PR 1 min, FHHE A 30 min, 28 /5 78 3000
remin” BAAE R B0 10 min, W8 FRWIA. ER T
AR 4 W, B PR R 0 AR TR TR R
SRR 0.45 pwm A HLRIERLS B 2ei 78 &AL
AT A E AR 25 mL, T 225 nm 400 E Hg
JGEEAE W B A A o 42 THE AT Y
FE A R B B R R R UL B A R m (Han et al.
2009) :

n= (W,-W,)/W,x100% (1)
Ko, W R AR A UG, W, R AN R Ak
AR AR A BR B
232 AMGE-FEMM H GC-MS(DSQII , 3£
FEI R ) A3 3D s, DA R B4 SO . ST1.S2.83 .54 S5
1 S6 H I A AT AT ARV A5 1 i RE O A%
TR R B 1 U E 43 1) A 250,280 T 260 °C 5 SEE
JIF R PR 2SR e 2 IR R O o A4y
THEAE  FERE IO 1 s SE56 iR AL - 1 RS
30 mx0.32 mmx0.25 pm #J HP-5MS £ 3 B4 &AL,

HFARBTFHEZE. 60 CIHREF S5 min, LI 10
C-min”" By THEZ 110 °C, A FF 2 min, L) 2
C-min”" B FEFHEZE 280°C , f445F 20 min. T M H
T :50 ~ 550 amu J57 & 30 ] P 49 4 (AT TR 00 55
2010).

2.3.3 4 AEKAZERIA BEE (Asparagus
lettuce ) # ¥ ( Ryegrass ) . /N H 3% ( Brassica
chinensis) \ K 2% ( Chinese cabbage) ./INZZ ( Triticum
acstionm L.) F18 N ( Raphanus sativus L.) # - (Fp ¥
BT AR AN B # B, SR 20 K 2 AR
PSEH, B PR T 2 28 IR T 90% ) 4% 20 i, K
FpF 4 5088 T80 100 g ARG S B 41 3l
T LIEARE IR FEAE BRI 208 36 20 g X
&5 i A i 5 TR RIS AR B RO ERK
H 1Y 85% ( Al-Mutairi et al., 2008) , 75 ff- B 5 35 ¢
L, 4 15 57 0L E T O/0 BRUE 37 48 (SPX-250, 77 i 1k B
FEAR LI ANAR) ) has R B IR 55N TR 25 C %A
T, RIEEE R 48 h, BEJS JE1T 16h/8h HYOGIR (O IR
SREE (4300+430) Lx)/HAWEHE A K5 5% 72 h( Banks
et al., 2005; Al-Mutairi et al., 2008) .FpF K& 2 5 4%
ZiAE 16h/8h (Jer/ 1) DG IR (DL IR 58 HE (4300+430)
Ix) S FARZER 3R 9 d, 3t 14 d J5 (RIFEIRTE
WA ) e AN R 3 b /N FEE S iy 4
AR EEWRO (MR M b ARG AT E).

23.4 HEAAMD B (SOD) F M MHE B
(MDA) A&  SOD IGPESE . FREX 0.5 g fEM T

BBFER i A — R & A IR, A 5 mL 0.05
mol-L™" pH & 7.8 HOBEIRZ% wh il , 78 VK oh it B R
OB NSO T FEIRIR (4 °C) B B0 L
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(TG16-WS, £ VP WAL DML ER A BR A F] ) LA
10000 r+min" B.0> 15 min, b5 B B . T
4 °C KA PARAT T I0 B 5 S Bk a3 S AR
TRFE A, 2 SOA R IR 4% T IR A4S W 4.05
ml 0. 05 mol - L™" 8% 2 2% #h ¥ ¥ . 0. 3 mL 200
mmol - L' DL B Z IR W 0.3 mL 33 umol-L_I
BV .0.3mL 1.25 mmol - L™ AW AH 5 0
W .0.05mL B, AT R 5 mL, Forf 2 S0 A
SIS I ) Tl R % R 58 th A ( Yoshioka et al.
1979).

¥ R R B U TR A S i 1 3
XS E TR AL, R &S E T 4000 Ix HOE TR
I 20 min (R A 52 O0 G B — 250, W (R B[]
g%, AR AT S 4 K ) LSR5 E 560 nm Ak 43 5]
M E H B &8 B WOEEE . SOD B 1k LA 4 va ff R il
BANF RN BI U-g 7 (LA FW ), LA 4600 D mk o
A3 I 22 J R 1Y) 50% S — 4> B 1 02 (U ) .SOD
BIEYE R # AR (2) T,

R= (ACK_AE)XV (2)
Ak X 0.5 X W XV,
FH, A R BRAS TR G R A AR A BT B
VORRE SR SRR (L), v, I E B RE O
(mL) , W AHEMEEE (o).

P AN E L FRE 0.5 g BEH TR
A—ERA R, A 5 mL 10% =& £ FR % W
VE B FS O AR AR BB LA T, 7R 4000
remin”' N ELD 10 min, W B3GR, £F A BRI
THWK 2.0 mL 0 A 204 b, 1 A oA 2.0
mL 0.5% A0 L2 RIA TR, IR A 50 5 a8 il
BT KIS T RN 20 min, K2 45 o L E A 5T
B B E YWY T 450,532 1600 nm KR
SEH OD . A B4 LA 2 mL K AR B B UK. 3 S =X
(3)318 MDA ¥JE C(mol-L™") , 15 MDA ¥JE )5,
SR A ) 4 20 ek T F SRR o MDA Y i
(A (4)). L8 T R BRIE O b (HFAAME
- B AT ) sk el sk e S s Hr gl i B
LT H].

C=6.45%(0D4,~0D,, ) -0.56X0D,;,  (3)

CXVH
D= &

W, (4)

1, D iy MDA /E‘i\%(mmol-gﬂ) s Vﬁﬁﬂﬁ%ﬁwﬁﬁi H
(mL) , W NHEYIH S S (o).

2.4 FAEAE
SZIGRCHE(E ] SPSS 17.0 547 WS & A P4
Mt B E 5 B 225380

3 ZHR51Fi18 (Results and discussion)

3.0 BMEEIEENENBEE LHRBEERR

ANIRME S B ] 4 e v o ek B R
Fff R an 3R 2 B ] LA BOM a7 07 e £ 15
Hhf A R A 38 s T R RN R A 4 AR
JO7 H 7% P e A AT T A A o R AR 1) - L LR
FEIEE T 0475 Y A 18 v A 30 45 2 SO0 R i 3% It B [
HIHERS AN L TF £ i R 3 ULRA A SR AE B S 1A 5 8
16.24 32,40 d 435l ik 3] 54.0% .57.5% . 60.2% .
64.1% 64.4% , 165 32 d J& A iSRRI AR IR
TR (29 1.79343 mg-¢ ") FEAEWB R AT, T
S AR AR T R T, A e LR A
e s FE I ] B HERS | B I e ) A il R 21 4 1 K
TIHAE, BR BB W) E 2N O H R AR A A oy, X R
ES Q3 T S (S R AR (O DO S W
(Margesin et al., 1999) . [AE AT LI 2, AN G
1475 G - HE v Ay b e 1 2 00 28 i 538 I sf 1] 7 228 <
B LT HREAR 40 d J5 B AT 16.8% £ il kbl
FeB R T+ E RUE W AR
WA S A0 i 92 R By #8 % 4 4y 19 % & ( Langbehn
et al.,1995)  SAREINBA A T5 4 L JAH L, BB
FR 5 Y - 1 3R B O v 1 R U A i 23R N T IR 1Y
BB X R IR A e 2 R b, A i R B
R DR R T NS Y B 1) = .

F T RN MRS A s g R e R
BRI 43 HIRHE 25 05 /A iS4+
b Eh A H oy (AR D5 ke I IR 1 25 BR
RHEAT T O R AT, S5 R R, 40 d B 2
R BRI BRI E T 66.9%+2.3% , 35 I& ) 25
B3N 36.6% +3.8% , 1M A1 i1 ke Hh Fo M 8 figt 1 003
B, EATI RN 18.5% £3.4% , £1 IR H 7>
(14 22 B 23R AT A7 ot J > 5 Ja > W 7 R S 3 16
B E R R & o W E R AF R 25 5 4
T TR B R 3 R R R
FIHERR f b AR A e B3P KA R S K 3
SER R RARVEYI AR KR AR S 5y
FRE-KAABURZ BRE SR E =5
VEFIRAT BEAT 35 W Joe. T AA G AR S0 2, I 264 3
SR AE A TS Y IR W G R R ) A R
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x2 TREEMEHLIEDPAHMEREER RUFEME
Table 2 Changes in TPH removal efficiency and residual oil during different phases of bioremediation
X . 2R R i % 53%%%/(mg-g_])
NI - - e o
Jin A e AN
S1 0+0 9.66782%+1.26561% 5+0 4.51661+0.09753
S2 54.04698% +1.50906% 15.10834%+1.60946% 2.29765+0.09142 4.24458+0.12851
S3 57.46674%+1.24977% 15.30265%+1.24977% 2.12666+0.06535 4.23487+0.07854
S4 60.24529%+1.82723% 15.80784%+1.52723% 1.98774+0.10942 4.20961+0.11294
S5 64.13138%+1.29769% 16.50734%+1.89769% 1.79343+0.08078 4.17463+0.13813
S6 64.38398%+1.61018% 16.77936%+1.61018% 1.78080+0.10846 4.16103+0.12845

Rt — A S BT AS TR A6 2 30 A% - 9 v vk ah 41
YRR, A3 SRR GG S I 0+ REHEAT T GC-MS
I3 ASEME S I AE GC-MS R AE 1 FrR. A
B AT LA A 5% v b TR A A 3R ) - 4
AT B R BR AR, O LI %5 18 & 1 [ 1Y)
FEAK | 2G0T T . %o L P (A R
TG e (ST H gk I P B R 3 i ]
FIAR AL AN I, A8 A T G AR T I 2
JEAE n-C o, LUR BYA I A 5 W I A 25 Bk 5 /2 1 3
4322 3 SR AT g 32 B BT B R A TR e

2028 2503 3007

SR AR % A R 5 & T 2 2L Galin 4§
(1990) W FE AN, A il AE R € LA X 4 fe 2
P Bl UK (A R LW i N R W 5 G S DU
ZR o340 28R B 5 1 -4 GC-MS Bl 3%
B B2 G et 8 d AEMIE RS (+
FES2) , Copp LA 1 B ot K U /55 AH X F Co LA 1Y
g v I AL — 6 X R C, AT Y BB b
RGBSR, BOLAXT & SRR
1M Cyy VA I B BE K8 R 5 Bt 8 4= 9 Fir 1 ( Barin
et al.,2014) , T DAL B A X 40, e A AE RS 3=

- 3521
0 | 22 sss
sol 1277 23226320 6727
1 l [ [ 7866 8560 92.12 A
0 Al Al | L L N s L T | L
2502 30.06
100 - 2028 = 33200
ol 1612 l I— [ 5456 5897 (oog e e B
12.77 | — . ,
0 i Al.xJ L Al Al W | IL lnl L LTy L——()Prs:25|
78.65
100 - 6126 _ 8219
35.30 2
SOF o, 2303 3000 l 4057 84 L lk l l { l ‘85590 9212
o O T | .‘ ol L " [{1.1 .
g _ 3005 3530 40.48
£ 100 2027 T2 =% 4517
E L ez | 5453 6318 o
E . . 0318y
< [ 7865 8558 953
‘q>) 0 - __‘._l.“l | SN T P rent}
i: 100 30.06
3537 40.49 E
S0F  j9ps 2303 7 4518 5453 639 7119 7866
: J_ L j I .0 —=7 _TLI19 7866 8390 9522
0 R [ W A Y R N T T O O S T e i i e e el
00 335 4049
sob 3242
19.13 23.04 | 4462 5353 5894 7119 8089 8216 9344 T
0 o YN | ﬂl e Rgion i P g o—— "
100 - 3335 4056
“ 30.04 G
i 23.01 J 4463 5326 5452 75.00
o8 P LSS B s | e B s e
20 40 60 80 100
Time/min

1 AEEEMBETEKH GC-MS B (A Fil GC-MS Fi; B~G. £E S1~S6 5%l GC-MS Fi%)

Fig.1
S3, S4, S5 and S6, respectively)

GC/MS of residual oil in different phases of the bioremediation( A. Crude oil (S0) composition; B~ G were oil compositions in soil S1, S2,
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B . At b g ¢ A D R AT AR 43 R
BENIE(C > 20) & AAHXT ARG, W C, LAT AL
o N, JF HEGE rh g i % H A W 3G 2 X ]
REAE H TTEME S 0 T I, B 9 il o Je 5 = e A1, T
R T AR AR, R iR 2 e )&
VER A A AR T AR, 33 C, DL B HE
J& & I /> (Galin et al., 1990; Vasilieva et al.,
2012) . [RIE, o1 F 004 W B9 A D, 0 B A A A
B B B N . NS F(S5) A G
(S6) W LI th, 14 S5 M B & SR A1 -4 S6 11
HACRFEA A X W e 2 TR G, e
AT At 08 /0, AR i R R AR R
WT MR A A SRR, A A W i T M %
I, N2 ) T A 3l 7 4 38 P (9 B ## ( Dorn et al. |
2000; Riffaldi et al., 2006).

WA A E R oA i Y g Y
RPN A 1 75 Y A 8 B2 A DL 1 B0t ( P,
B 2,6,10, 14-PY FH 3 FkE ) FIAEBE(Ph,2,6,10,
14-PUHI L 75 8 ) J2 Jit v v UL 1) 7 b s Ak &

B (D ERE, 1999). I, AR A58 H R Pr
1 Ph 33 P Rl JOOK 255 VA A T TS e 3R 1B 2
SR BB S5E Pr/nC, AHKE Ph/nC o 210 G A= P
f# MBI B50, %3 Pr/nC , il Ph/nC 3% P A
VB R A W e At Dol R 1% B L A, 0T a0 D vl
FEAR N FEBE . Pr/nC , Al Ph/nC [ LB K, BB A
TG Y 3 P IR ok A s TS A e ) Y
BB 2 i R AY GC-MS 438 A] T, 4 ke
S1 H1, Pr/nC {549 0.526, i 40 d B AEPBEE LIS,
HAE BTF 2 7.273; A AE, LA ST 1, Ph/nC (fHH
0.348,/EWMEE 40 d )5 ETHE 6.357. U ABF5E
AmTE Y L 40 d CEIEMIIE R S 155+
R R IER e IR A B T A R SBR, AR TR —
L A ) PP ARG 14 S o e 2 0 .
32 BE BXE NFEEHEAKRA

NG A - X 58 SRR R N R
ANFIFEFR S Q2% 3 Fis XSS B (£ 3) , H
PR e AT 8 2 R A S0 AN A7 7R
W EMZE R M bR A A ST(111.6%)

Yy, A AR E , WUE AR ] — A R E AT

®3 FAREEMPNIENTE BEE /NERT BRI

55 SO Z (A7 AE S 2EE 22 e 5 TR i FE MR - F U2

Table 3 Effects of crude oil on the growth of Asparagus lettuce, Ryegrass and Brassica chinensis

ity AN+ PR/ cm M bR 6 T/ mg MR/ mg WA/ mg

BE SO 6.04+0.33 (100.0% ) 4.47+0.86 (100.0% ) 0.33+0.04 (100.0%) 0.05+0.01 (100.0% )
S1 6.29+0.20 (104.1%) 4.99+1.11 (111.6%) *  0.35+0.04 (106.1%) 0.048+0.02 (96.0%)
S2 5.76+0.50 (95.4%) 3.82+0.50 (85.4%) 0.33+0.05 (100.9%) 0.052+0.01 (104.0%)
S3 5.84+0.35 (96.7%) 3.28+0.45 (73.2%) 0.33+0.03 (99.1%) 0.06+0.01 (107.7%)
S4 6.45+0.53 (106.8% ) 4.75+0.50 (106.1%) 0.34+0.032 (103.4%) 0.06+0.01 (105.8%)
S5 5.69+0.40 (94.2%) 4.23+0.78 (94.5%) 0.38+£0.04 (114.3%) * 0.08+0.03 (157.7%) **
S6 6.55+0.30 (108.4%) 4.53+0.63 (101.3%) 0.42+0.02 (127.3%) **  0.09+0.02 (179.5%) **

BA R SO 15.47£1.09 (100.0% ) 4.14+0.79 (100.0% ) 0.35+0.12 (100.0% ) 0.17+0.07 (100.0% )
S| 16.7541.30 (108.2%) °  3.92:0.79 (94.7%)  0.45+0.11 (128.2%) **  0.23£0.07 (134.3%) **
S2 16.22+1.47(104.8.7%) 3.44+0.76 (83.1%) 0.33+0.10 (93.4%) 0.15+£0.04 (87.6%) *
S3 16.19+1.60 (104.7%) 3.99+1.23 (96.4%) 0.33+0.06 (95.1%) 0.16+0.04 (95.3%)
4 15.52£1.13 (100.3%)  3.39+0.68 (82.0%) "  0.48+0.13 (137.6%) "  0.24+0.08 (143.8%) "
S5 15.91:1.31 (102.8%)  3.16:0.70 (76.3%) **  0.27:0.04 (76.1%) **  0.11x0.04 (63.9%)
S6 16.69+0.1.24(107.9%) 3.23+1.08 (78.0%) ** 0.41+£0.04 (117.1%) **  0.29+0.03 (170.6%) **

NG SO 3.64+0.34 (100.0% ) 2.66+0.69 (100.0% ) 0.10+0.02 (100.0% ) 0.05+0.02 (100.0%)
S 4.10£0.60 (112.6%) "  2.3940.39 (89.8%)"  0.10£0.02 (101.0%)  0.06=0.01 (116.3%) *
S2 3.29+0.30 (90.4%) * 1.20+0.430 (75.1%) ** 0.10£0.04 (99.0%) 0.05+0.01 (104.1%)
S3 3.30+£0.35 (90.7%) * 2.44+0.79 (91.6%) * 0.12+£0.03 (115.5%) * 0.08+0.03 (161.2%) **
S4 3.82+0.79 (104.9%) 2.75+0.60 (103.4%) 0.14+0.02 (131.1%) **  0.08+0.02 (159.2%) **
S5 3.80+0.38 (104.4%) 3.03+0.89 (114.1%) " 0.14+0.02 (131.1%) **  0.06+0.02 (114.3%) *
S6 3.69+£0.23 (101.4%) 3.13£0.38 (117.7%) *  0.18+0.04 (175.3%) **  0.08+0.01 (159.6%) **

TE: o s« 53503085 SO T HEAHIAR HE 22 5+ .35 (p<0.05) FIHR .2 (p<0.01) , 355 B S AH XS T SO 434k 2 Fry AR X 4.
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Fig.2 Effects of crude oil on the plant growth ( Triticum

acstivnm L.)
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Fig.3 Effects of crude oil on the plant growth ( Raphanus sativus

L)
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Fig.4 Effects of crude oil on the SOD activity and MDA content
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