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Abstract: Effects of different concentration of chlorpyrifos on antioxidant enzyme ( SOD, POD, CAT) activities,
malondiadehyde( MDA ) , proline( Pro) , soluble sugar, and deoxidization Vc contents in pakchoi ( Brassica campestris L.
ssp. Chinensis Makino var. communis Tsen et Lee) seedlings were investigated under greenhouse conditions. The results
showed that the antioxidant enzyme activities were significantly influenced with both low and high concentration of
chlorpyrifos spayed on the pakchoi seedlings. Most of these antioxidant enzyme activities showed to decline firstly and then
to rise. Five days after treatment, the chlorpyrifos stress significantly increased the activities of SOD, POD, CAT in
pakchoi, comparing with the control. Among of them SOD’s activity showed the highest level. Until 21d after the
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treatments , the activities of SOD, POD, CAT reinstated to the contol level. The MDA content was increased under
chlorpyrifos stress, especially when spraying high concentration of chlorpyrifos, it was suggested that chlorpyrifos stress
promote the lipid peroxidation. And the content of Pro was also increased in 3d,5d after the treatments. On the 7® d, Pro
content reached to the control level, while. The contents of soluble sugar and deoxidization Ve were reduced in the early
stage of the stress, and then rised to the control level. It was concluded that a long time was needed for the plants to recover

from the pesticide stress.
Key Words: pakchoi; chlorpyrifos; physiological index; antioxidative enzyme; MDA ; proline

B TV R 8 R DGR I E A E = BT HRE TRERNER. HRGKA
BEHERASGE R RAXR 0 DR OKEFEHR T 55 RGNS EERASIHEDERSE, BE B
7L EHE YT, RADBMEAURMEAEAER 3R MRS . F Ryt FREBR T HE3ET
MBI RSB EN, F5CM( Chlorpyrifos ) My —FG HLBER R B, EXHRIMEM, RE—EWBIEH, R
WIS G TR VN RTE R BRSO A IE AR R K O A8 PG . SLHRREE R
R RS (AN B KRR BRBESE ) UES T, AL MBI U R AR B R 28, (8 R VS ORI, I ok i
Ko HHIEHBFEAT R REFHR RER BHGIEM, RE_EXEYEA G REEE B A AR n A
RAEBRHBRAWL" o HXRARHEDAORME, BPSE SBARED . AR, RAKREAE LA
( Ni-laparvata lugens) BA AR , MI7E— B 24/ /G BUKTE DT BT e, 18 W R RUR 25 A0 B FY
AKTEERAERCEIN " . AUBERZI RER T HAMRMH KA — SRR FNBREREYA
B AR R T B AR SR TR B SR o H POD CAT F5 #3438 DA & MDA & B8 B30 s Rk
HITEFEM TR , SRR R RS BA W B AN BRI XRD, BMEREHAEIE
TP POD #ifk MDA & BABER S BN, WA AHBRANEASSBHEEPEREN TR
RAERKEZEN, S BERAMBEL A=A Y, EHERET 05K Sl 7R R4 — R
EHAE Y, G 0, JH,0,A1 -OH, Heh O, LU S IR BB R Tl , 5 — A Yy 7 H# R ; H, 0,
R—A0F, LY BBGE R AN EER, TR AETARP I FLA0E, Bttt FE X, -0H
RSB B, — B4 i 2 SREBRER A E RN, 25 B BHK , AR B HEER
B ERHGE KRR 2 A A A R A I AR T — ST, (B X AR 2 R AR ik
A A=A AR ] Bt REAS 4K B 1E B 2K M R — BRI

Al I B A 2R /N F SRR ST S AR B (L R AR T B RAL SRt — IR A
A LSRR AT I REAB R IE 7, 3 B R SR B 2 %/ F SR E I7 dh U™ A A T e — 229 i, LA
NEEFUME /D 3€ b B IE B A AR ELR IR AR .

1 ##5FEE
1.1 48

HBRAT HHNRUM MRS GRXBIAM P HET. B haRamABMNE. RN 40% 5
FESL , B BT ML TH R AR 47,

1.2 fEJ5HE

IR SRR REEL X A, DX ER 1. 0m x3.3m, 2007 48 6 A 11 H{&FH,2007 457 J 3 HBEZ,
BB 3 AMAEEL, BIALTE 1 JumEE K (KR ) A0 3 2 D W IR B 40% 23 SE M EL T (HEAE I &, 2000 %) , 4b
H 3 Dy R v 40% FSCAFL I OIS &, 1000 £5) . BALEEE 3 W, BIZYIPRE 40% 35 FEM2 i F K
SRR AL 2000 A5 1000 A%, FFIRAME AN S BZEH 0.1.3.5.7.14.21 REHE, K0 X
WRZ4Ja 4h BURE , R I97TE 8.:00 BUke, BB /MK 5 RUBURE BURE, U 3 B IT M-l € SOD ., POD
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CAT MDA | &8 ; BUE RN E FT ¥ MkE Ve S B AR ARBE .,
1.3 WEHE

FREUNESEM F 0. Sg AR, I Sml pH =7. 8 (0. 05mol/L) HBRERZE MK (& 1% 1 PVP) , vk B
B, S BB LE T ,4CHE L 10min( 12000 remin ') , EEW AR, BT 0 ~4C TFRFFHH. SOD
T PR I 2 R A R R U R YA € , NBT JGiRJR 50% S Bz, Ml %€ 560nm & OD {H, & HR& &K ER A%
L5 G-250 ¥, M 595nm T OD {H, POD JEH A E R AAAIARENE, G5 AL B4 0. 01 41
ANBREME AN, CAT WM I 2 R ESNR AR , LM A B4 0. 105 1 ANERIE e, MDA &
BT E R AT E 2Bk, W XE 600nm ,532nm ,450nm T OD (&',

AR & B O E R AR ALK R , W52 520nm T OD 5™,

ATV A A B A R SR PR R L €8, I 5E 620nm T OD &1,

Ve & 28I E R Ak, WE 7050m F OD FM,

DL B &R ARIE B A Cary 50 B 6B (EE A R) HLAaNE,

K755 BRNRASAHEIEE, EIE GB/T 5009. 145- 2003 (Y& M AV AR REE KRR AL
MERBERIEY"  BAS BRI T .

O RETALE  FETFRTPRBUGTEESIR/NESERER 10 g, B A 100 ml B0, MR 20 ml, A5 E T
FEFE I PEAS A AT 1S min,3600 remin~ B0 5 min J5H B ERA AW, AR R kR BRE
i, A RN . A 30.15.15 ml — @RISR 3 W, BB E LR (TKMBRMIEK) . REH N, KREET,
FAREEZRZ 10 ml, £,

QfUFE &M Varian GC 3800 S AN (NPD) ; #EHE LR BE 230 C , Rl #8510 E 300 C; RS NELN,
(99.999% ) 483 1.5 ml-min "' ; 344 HP-1( 30 m x0.53 mm x 0.88 um) AEELH, BEFENE,
7£ 80 C{##F 1 min, L) 15C-min "' AR ZEF-F] 170 C{REF 1 min, R /5 L4 10°Comin ™' F3 235°C {£4F Smin,
1.4 SZithk

KA Excel \DPS2000 #A74E G 7347 o
2 ZERS54H
2.1 FHIEM/) B3RS0 A AEHE e

A ALY 4k B ( superoxide dismutase,SOD ) & 1969 4EfHy McCord F1 Fridovich X BLH, B B ZE/ERE
REfE O, B 0,1 H,0,, 5&EAE BB, BHETEER, EFERFR.

HE 1 A, 255 0 R(H5 4h) , B2 AL 3
SOD & M X FREE i 25 /5 56 1 RFISE 3 K, MRk
FE AR VR F S AL B Y /N 3R SOD T3 e v R
%, ZRB IR BEKFE, RFFHRSE 3 K, RIKEMEE
FERY SOD &4 437 Lb X BR P IS 43. 79% F151. 01% , 3L
Hh I 1 Vi FE TR AT MR SOD V5 LI v B 1 SOD Y&
W BRER. MNZHEEE S RBIE 14 X, BRIk EME
W R SR (1 3EH SOD 1 B2 T X R R, AR Bl 1 FSLHR/DESR SOD LR A
B 14 T R RIRS IR E RS SOD FE 4 43 B . %ot HE 6 Fig.1 Effect of chlorpyrifos on SOD activity in pakchoi
111 298. 60% F1371.68% , Z5)5% 21 K, SOD i F A
PR B BN HRKFE . XTI AERE i T Ri2h 9 e sE M 5] T SOD ByiE i, b B8 B9 182 SOD B 15 2 Wi ik &
HFE, BEE R, SOD EHA K E BIXtH R K.

A EEE (catalase, CAT) RIERSEHENWEEMRLE, ©#EWK H,0,40E % H,0 f1 0,, E5 SOD,
POD % B EIVER , ARG BRI TSR, CAT ¥ —1ERT H,0, BN Km 8K, Fril HEETE H, 0,3k

O {5k Water (TW)
B {f#k )& Low concentration (TL)

30 X .
B k¥ High concentration (TH)

25
20
15
10

5 g

25 J5 R %K Days after application (d)

SOD &

SOD activity (U-mg™! protein)
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JBE R P e AR

WRZ55% 0 R (Z4)G 4h) , Wt IRk B A m vk R B SE AR CAT T 0 EL 3ot HEAIR 24. 66% 71 26. 11% , 257
B BE KB 2) o XUH/DERBREICEEME T CAT B97Edk, 25525 | X, BZAAHE) CAT i
WIT R TR, FF T R R R, 25/a55 3 KA 14 X, B E MR E R CAT S Ay L im , 2248
JE 36 14 K, BRI B A R 9k R B ST CAT 15420 L%t i 55 33. 80% A1 14.00% o X H] BER Hh TH5E
BRI AR TR Z 0 H,0,, TR KR H,0, XS T CAT WHERFHE . BI85 21 Kud, WM Rwk B A s o e
T CAT {5 M 53T ME CAT (& M BA— 3, X ULA R SR8 3 /) 3¢ CAT S M B ATHER -

L E A YIHE (peroxidase, POD) R—RAEFIA H,0, AL SRR BALEIRME, E SHEYER LT I
B LR SLRAETRAR,

W2 IG5 0 R (245 4h) , Wit HH 58 I R vk S8 33 SE 88X POD ¥ {84 e SRR B S A1, 0 531 o i e
T 40.75% 1 27.74% , 27X PR BE K, X 5550 CAT M mEAEME . 2555 1 X353
K, BT SLWRE BI-A0 2 POD B354 B B+, 8156 3 Rt , A TR —KF (B 3) o 555 KRB 14 K,
R R POD & P40 B LEXH IR AR B =, 2 R R B B E K. /a2 7 KBRS 14 X, BRI
B 19 POD 15 M0 % B B ZEAMAE , Tt vk B2 19 POD FRA:3I55 21 R A S MAE S . MBI 2 FlEl 3 T LA
&, IR/ E3RT POD KR IEE-S CAT 24N,

o oTW &TL @TH =

E 200 é oTW 8TL @ TH
2 o 150 #
= ¥ D
= < 100 z2
<z o £
&) g 5 2

a
Z 0 - l
© S5 M Days aft lication (d) I 3 5 7 4 21
] ays alter application 25 J5 R ¥k Days after application (d)
B2 FFMEN/NESE CAT i W B3 FFMN/ESE POD & HERIR R
Fig.2 Effect of chlorpyrifos on CAT activity in pakchoi Fig. 3 Effect of chlorpyrifos on POD activity in pakchoi

2.2 FILEEXT MDA & B

75— (malondiadehyde, MDA ) R R A5t A AL A Y74, MDA 19 BR 3R X 40 e B A 240 o Bt — 22 19
&,

ZyJE%5 0 R(ZY)5 4h) , M AR E ) MDA S EX IR, ZRARE, 4E% 1 X, MKEANR
WP B MDA 8707 thXd i B i 18.36% M1 34.67% , 27 RPN BE KT (B 4), 24553 RAK 14 X,
WM FEFE /N S H B9 MDA & 834 Lexd R B S , H. MDA & 8 F & 7 SRR B O 3 hn T 3, 3 58 43 1
A e it B ST M S X/ L SRIE AR T 453 IR T B RA R A A . 35S 21 K, BRI BTG,
BRZGALFRANNT B ) MDA F B 2534 B3 , X U B SL M/ B3GR 1 E 4 BHa TIRE .

2.3 FILMEXHEREE R

F&UBR (proline, Pro) ZEPLH FHIER R BA P A —BAENB BA T YR, AT RGARRSHHENE
BV, B LK UK s RIS R e,

B S WTLUEH 2555 0 XFI%E 1 X, AR & BREARA RN, 45583 X, MALHENRARTE
B R TR, 2R RN BEAKF. BEHS X, Bk RS & LR T 57.71% , i B
R R B S &MU R T 17.01% . WZJRSE 7 XIHh, AL HEKN HAR S ENNRNERE

Wi/, BARLT F—KF
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= OTW B TL BTH T 100 DTW 8 TL 8 TH
W £ i 2
a3 g |5
< & g2
S £ ¥ 5
St &

= =f

g ! :% =§ 1

= 7 4 20 14

25 )5 K%L Days after application (d) 25 J5 R %K Days after application (d)

B4 FHIEMRT MDA &R B 5 HIEMESHDEERER & BB

Fig. 4 Effect of chlorpyrifos on MDA content in pakchoi Fig. 5 Effect of chlorpyrifos on proline content in pakchoi

2.4 FIMR/DESES R
2.4.1 FFEMN RS 2R

BB 6 FTLAEH , Z0/555 0 RAIE 1 X, BEZ5 AL BLA VT 15 e e & & ot IR A BRI, Z2 R A BIR B & K
o ZHEE 3 RAES R, REEFHTHEEESEFHEE T RBANRKRELEYTEEESE, BERK
FE R T b S B AN SBT3 15 Dt 7 e B ) B M /N 3R s LR 5 T AV T AR
MERBL, BERTRAIES . BE 7 X, BALHY BT EEXNBERANE $ 14 Xat, B
2R T VA RS B 2 A X BRI I 82.06% 1 69. 44% , 22 RiABIMR BEKF. B 21 Kif, BZGALH
BT S & 5X REARLG T R—KF, R EERAAmMERN G ECEARRE, AT UEN, EF
FEMERERIE, /N SRR AR A R B 2B T R, (B R E 8 R, TSR S B URE A
1, X F B B T AT I MR Sy — I8 o T 0 R R B — PR
2.4.2 TILMENT Ve S REEM

HE 7 LB H G580 K, Ve FREARRAEZL, ZEF 1 X, MEENRRERLELEY Ve 58
HSTRR AT RIREAR T 12.24% F127.84% . WE 3 RIT4R, BRZiALFER Ve B N8 LT, 2H)5%E 5 Kk, Ve &
BB R TR, 205 Xt BRI 32. 22% 121.26% , 25)555 7 K, BIREATEN Ve &2 B KT 33 IRA g
B, MR AL Ve S B SX REARMR, B 14 Rit, ALY Ve 58 53 RERL FF—

K¥F,

N
()
(=)

oTW a TL 8TH

400
300

i

&I
B
f{_ﬁ & 200
I

=)
S

T
i

[l

Veg&E
Vitamin C content (ng-g™)

0

=i
=
=
=

7 14 21

14 21
#jJ5 R ¥\ Days after application (d) 25 )5 744 Days after application (d)
B 6 FImMnhEasEuEEiE S BaEm 7 HREMNEE Ve SBINEMN
Fig. 6 Effect of chlorpyrifos on soluble sugar content in pakchoi Fig. 7 Effect of chlorpyrifos on Vitamin C content in pakchoi

MEGJESR | REVZGEEE T K, MK ERILEAL B Ve FEEW BT MR ELAHER Ve 8, XHER
PR Y E FEIN R T/ 3R Ve 1A T B, (BREE 25 L RHS8 FOU A, S P il S0CR du e 2 38, 2
BJEH, Ve FBIEIEHR
2.5 FBILMLE/DEARAENERE SIS

MR 1 LA, B = v R SR 3R B B IR LU Ik B 0 B st MR B B =, B2 R EA T A
Mo 25/55% 0.1.3 RERBIMRBEKF, 5 5.7 RERBINBEKF, 6 1421 REFABE, FF21 X
B, /1N EISE PP B RSN 5R R B A TR 5 % FE SR ME SR B SR P SR A% BB IR B I ML ( <0, Tmg-kg ™) 1'%,
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BIER 1 WEIERIS T IEMAE/DN AR RIS R, BianEHENEEAESRMNERIS TR
B Ky = 8.5416e "7 R* = 0.9196,y = 4.468¢ "> R* = 0. 9247, RIBIREE W FL WAL -
BB K5k B BAn IR AR S 5 R, W1 LUK R A FE #3533 % 16. 14d 1 15.47d, WJLLE HBENEHE
B ILM & 2 PR IR i A 8 M E 2 RIRE K, (HX 2R B/ X RER B FERRIRR , Bt
WA A LS R Y o

£1 ERMENEFEAIHRER (ng-kg™')
Table 1 The content of chlorpyrifos in pakchoi

HERI(D) 0 1 3 5 7 14 21
Days after application
iR 25.05+0.49%° 7.880.59°%* 2.03+0.13°* 1.01+0.02% 0.93x0.06* 0.200.06 0.04 £0.01
Double dosage
AR 13.02+£0.37 3.06+0.15 1.18 +0.11 0.87 +0.06 0.60 +0.08 0.15+0.01 0.03 £0.01
Standard dosage

3 g

HYEIE RIS E 0, 1,0, -OH FiEE, HHEKNEEIEM &R b THYE S S8 A
BERRPIE L TR RS TR BB BUH R s (BAE B S A T , B 475 P R0™ A R TE BR AR 42 A1 B P4 94T
B, TS| 2R . SOD.POD il CAT RIEMHEATEHEFRRE MR TREN 3 HEER AL
W, REA S BH L T M A R P 9B R, Rk, POD,SOD Al CAT 54k i FHF& , S B T 4B 476 05 5% N T YR
T, xS AL B XS TR e e R e s

B, B2G 5% 0 K (Z4)5 4h) ,{X SOD {E Ak B 7+, T CAT POD B3 4 KU T B, 3% BiBA7E B
BHH, BT T SOD {EHE TR, BRIl T CAT A POD %, X528 CAT .POD 3§35 5L
18R LB BURR . TEZIJES 1 K, BRZiAbBREG CAT 15 b3 it %, T SOD . POD {E#: 2% 5 KA Hxd I m
EEWRE/DARZ I E L8 Z )5, CAT BIK R #8 /1 8¢3%,SOD.POD IR E BB 8. M5 KA,
SOD.POD CAT K35 35 o3t BRA B4, H DL SOD MR mg K, HFI5E 21 R, Bk 3 P a by
EHABEARIRE BT, XEHRBAFRENRRETICEENH LT SOD 1 CAT Wi H:, =
POD WA FHREAKMF o X TR b T2 S MM B SE M RO WK B R I %0 ARSI R, XM
BT HEZEY,30d J5 & AL B MBS o BETIRE B X BRACR o LRGSR UL MR R BIR 2 e e
B EA—MERINE A B R RRGNA G ERNE

MDA BN AN EZ =Yz —, RAAKE, BT i A0 D REF AL 8% A MDA 1E v BERg
SRS, A DA SR BE AR B AL AR B R e B B AR A LR SR 5 Y o ABRST S5 SRR, B B
W5, S 3 MDA & B3N, e B R W s v R A RE SE A, Rl T MDA & B R, iR B B ST e B T
/NAZREIBRAR R BALE A, F H R SU I s, R AR i B AL /E IR . DRt MDA & 8 /R4 35 S0 L
18 EWREY .

FRERRIES B TR, MM AR T HE 8 BT, IR 1E F A BT B, A DTSR I s st v i
NEBEREA R LA . AR PBERE BUESS 3 XA 5 R HHRA BT LI, 37T AR R T Bt
]2 FEME T /I 3R 05 LB B, AT B0 LSBT AR R 38 1y e B EL 03 R A o

AN Ve S REFREF GRNERE R, B BRMIREGRRE R EN DBR, JE R w5
BRI A . ARBTSERY, BHER SEMEXI T MR Ve S B T — R . B2V T W vt
WA Ve S 218, EME B E LA IRE 23 KF
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