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A R GC-MS AR Y E K BFANEE Burley Sz K326 7840 1 WA R] 2E K B B AU AR 22 43 W) 5 5 AN IR Vi 32 4 8 — iR — T IR
(DBP) \4B2K —H R — 5K ( DIOP ) I 1R DV A AR R4l 1, W55 AR BTt rERB AR fh, 25— F . (1) Burley R R 434
FEA 3 FALE Y, o B R TR R ER ( PAEs ) 78 A DO I 7S i 0 0 AR a4 7.6% .0.3% (AR
T K326 AR MW FZAH 9 KAG Y, PAEs 78 Z FH& BT DU i 197 75 it 48 300 00 655 15243 1) Ry 35.6% .51.3% ,2.2%
(2)¥BERE T 0.1 mmol/L (Y PAEs (AR 78 40 B 25+ A F 567 A i 3 238 1 3 (P<0.05) 38 ; B DIOP S DBP ik B iy 3 i,
SR 3 Al SR PRSI, #E 0.5 mmol/L B 3K S5 K, SR Bl 45 b R J3E (V088 i T g PR 19 4 3 I o K A
PAEs 4b BV BE (38 NS K, S5 R R W] MM REH R 7001 F #2951 PAEs 155 0.5 mmol/L I, REFF AR R AP AL MR RE , 18
HRAQZH L A% 22 5 1) S8 A 1405 , 5 R AR RO T BB 56— R 9 A AR A AR AL ORI R IR B R4

SRR I AR R AT 5 F R B A

Autotoxins exuded from roots and the effects of PAEs on antioxidant capacity in

roots of tobacco seedlings
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Abstract: Root exudates of two varieties (Burley and K326) of tobacco seedlings cultured in a hydroponic medium were
collected, and identified using gas chromatography-mass spectrometry ( GC-MS). Further, the effects of different
concentrations of dibutyl phthalate ( DBP) and diisooctyl phthalate ( DIOP) on root antioxidant capacity were assessed
using pot culture experiments. The results revealed three main compounds in Burley root exudates. The relative content of
autotoxin phthalate esters (PAEs) at the two-, four-, and six-leaf stages were 7.6% , 0.3% , and not detected, respectively.
However, there were nine main compounds in K326 root exudates. The relative PAE content at the two-, four-, and six-leaf
stages were 35.6% , 51.3%, and 2.2% , respectively. PAEs such as DIOP and DBP were identified as the major autotoxins

in root exudates of both tobacco seedlings. The rate of superoxide anion radical generation in roots significantly increased at
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concentrations greater than 0.1 mmol/L DIOP and DBP (P < 0.05). Both superoxide dismutase and catalase activities
increased with increasing DIOP concentrations, with a peak at 0.5 mmol/L, and subsequently decreased at higher
concentrations. Accumulated malondialdehyde concentrations increased with increasing DIOP and DBP concentrations, and
the magnitude of malondialdehyde content was DIOP > DBP, which indicated the order of their toxic effect. Finally, our
findings also revealed that when PAEs reached 0.5 mmol/1., they decreased the antioxidant capacity of the root system,
initiated oxidative damage of the root cell membrane system, and caused a further decrease in root absorption and mineral

metabolism, and thereby led to autotoxicity in the tobacco plants.

Key Words: tobacco; root exudates; autotoxins; antioxidant enzyme activity

JH¥E ( Nicotiana tabacum L.) J& T 5 F} ( Solanaceae ) , M %L & ( Nicotiana ) FH 4, &= T H H B A TFEY 2
— o (BB E B AR I 2 R R BE | 28 T Ak s A PR 2R S R R AR R R S S A MR %
Y, AR 2R 50 WA 1 S o A 4 39 b AR — @ MR B, S X EY AR B e B o R R R R
o ASE R A K R, B = B 5 A R K 7 A 3 A A 11 3 22 S
Z—0

HIPI B F BRI AR AL B B, R S ARG 55, 25 2 32 3 A S R s L H A, B PR
FEA A BRI SCRREE D < Jia 51O BFSE T REARMERE P A 1) B B B R 736 01 SRR R0 0 AR R K
T A e B R A i B, Sun EUVBIRSE T G A FEY TN A K PO TG 1 BOob SRR
S, XSS R AE R R 2 e 3 R TR BRI R A ek B TR B I XA A R R 2R KR
ST P R AR S MMV E T SRR A5 B ST e B AR BAR AR S I ) e R PR AR G AR R IR ) Bkt
EFRICER BN, HL WA B A TRV 20 43 B4 il RS A7 AE 35 22 5 4R AR 3R o i vh & 2 /0 H EE o
Yeasmin %5 YEFE LR AR R G0 AR RS AR 7 2085 32 R0 ™ 55 (Asparagus officinalis 1.) , & BT =1 A 7%
PyJox (BPR SR FARR AN A R A ) % P S AR AN ZE AR K M E SR (P N K Ca Mg ) B9 WAL 7™ A A [m] A B2 A 4110
HIMEFT . MR EE A pH E AR 5 AR A0 M 52 21 475 ) Mazzoleni 251> TA W AR 4 5% (A 6T [ 490 b 14 10
TR A W . — o AR AR it 1 AR 1Y 1 B B 7 A AR R S PSR o5 — B2 i AR AR DNA &
B ARE IR, (EAR R I A A R B B A RE ) 0 1 43 AR A S L AL AN T, A RIS AU A
B AP Burley M K326 &I A Rl A= 4 B BO AR 22 43I0 A 743 B8 3, DR SR 3228 H ) JBoxs + 35 A B AR
F A BT A R BB M IR BT A A e DA BAE A6 TR AR R AT RE Y
A FALH o AT IORE R ARSI FAR 2R 700 vh F B B R A HIALBE 80555 T 22 TR BRI B 1) A B A5
T HA H R L

1 MR

1.1 Y

JHE Burley H1 K326 HYAF, b vy B R0 G2 IR AR B Be A
1.2 AR AR 3R A I i 5
1.2.1 YRR R WY)

TEEFRIHFE Burley S K326 BT 2R 5, 0 B A 1 B TCBUIR MS B Fe ey B F L, o3
JIE MS Bi = 5Ep04 M . (1) KEJCE . 1.65 ¢ NH,NO,,1.9 g KNO,,0.37 mg MgSO, - 7H,0,0.17 g KH,PO, ,0.44
g CaCl, - 2H,0; (2) W# 6% :22.3 mg MnSO, - 4H,0,0.83 mg KI,0.025 mg CuSO, - 5H,0,6.25 mg H,BO,,
0.025 mg CoCl - 6H,0,8.65 mg ZnSO, - 7H,0,0.25 mg Na,MoO, - 2H,0;#k%k.27.8 mg FeSO, - 7H20,37.3 mg
Na, EDTA ; BE#% 30 ¢ T 1 L /KH, ] Tris P95 pH & 5.70, 5 5 K 20 min' P ARG 20 550, 48040
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T3 AT, SRIGHEREFR UG 22—26 °C (16 h YGHE/8 h SRS AEIARE F- 40 b B R fe— Ik R, Y
YRR E 2 M 4 I B2 6 IS IHERE, 3 K 3 A B S A DS S 0L ) 35 SR v e T
J& AR B TF KA, 4300 24 h 5 PRAE IR B R Il R SR rp AR S A AR R AT I R B K

1.2.2 pH {EME

K pH {HIU 2 4 (BPH-200D, [ 25 (& IR EE R A BR 2 w] ) |, W0 WS 4R A0 B 407 1 4% i i ST AR 3% 53 W )
A A 35 75 5 pH A,

1.2.3 D3RR St ) 25

B 50 mL &4 HHEL LI AR 2RI i KRR B2 100 mL 1E & %2, B A 250 mL 4305, P83% 30 min, #
B ARG AU A KRR A B T 2 AR 2R RO, AKARTE AL — IR A AL A e
ERZE I IR T 45 COKIBHIREZE L 2T, FCHER T 2 mL, i 0.22 wm B, 26k kA B 5 T -20
CNRAERFI
1.2.4 GC-MS il

KA a8 - ST AL 450GC-320MS ( Bruker Daltonics Inc., USA)

% 254 . DB-SMS A E: ( Agilent 19091S-433, HP-5MS, 5% Phenyl Methyl Siloxane, 30 mx0.25 mmXx
0.25 pm, & FEZHER A s #EFRE CHRE 250 °C ;27 FHE AER 70 CARRE 4 min, LS °C/min FHE % 130 C,
P4 5 min, FEL) 10 °C/min F+ 2 250 °C , -4FF 15 min; B4 HREE N 270 C ;850 He, Wi 4 1.0 mL/min,

JFRE S BT, 70 eV 5HTE IR m/z 50—500 amu; FHEEFIEI S 0.5 s; 85 FURIELE & 200 °C ; DU
I 150 °C s fRHmEkil i 220 C,

HRET A TR ERE  ERE R 1 pL,

EhniE TS RE EE Wiley 7n.L f NIST 05.L LLXT, #fi 2 £ Fh ik &4 , R HTHFIE — 16k (JY/T003—1996 ) it
AR B i
1.3 SFAR " HFRER (PAEs) X R 2R 5T A A BEE M 052 0

B 6 FrEMAY K326 A1 AR E HAR 11 em, 1.5 L AYELAET, A B AR A M il L3 (R 1),
R, BEPLE TR 8 RKOEHE 16 h, A %0 514 320 wmol m™>s™ AL IR 35 C/25 C (B/
) HXHEEE R 60% ", FEGHIE R A KIS, B A 5E 100 mL FALRZE R — T Fg (DBP) 48 —HI iR —
SEFR(DIOP) (44l , Aladdin 35704 BRZSF], A B ) 43 3IEcH] 0.0.01.,0.1,0.5.1.0.5.0 5% 10.0 mmol/L
6 U REB R VAT, e I 2 BB e 1 - e PG I Ak B B ) AR 3 NI SRS L KA
RAEFEMAR R, Ve BT a5 H

F1 il TENERELER

Table 1 The basic physico-chemical properties of the soil sample

T8 oH BAPLC SN P P MK ARK
Soil pH Total organic C/ Total N/ Total P/ Available P/ Total K/ Available K/
oi
2 (g/'kg) (g/'kg) (g/kg) (mg/kg) (g/'kg) (mg/kg)
7.04+0.08 20.33+0.78 2.63+0.16 0.96+0.11 8.66+0.67 18.2+0.91 96.72+1.06

ALY AL (SOD  EC 1.15.1.1) Tl P 5 SR F 20 pu s (NBT) 'S, DA NBT SaAbid B 50%
S 1A~ SOD & Jy 5 (U) |, FH A v il i 70 B B A ) % 7 B 5 (U/g) o SOD I MKV o 48U Ak Sl
(CAT, EC 1.11.1.6) 1 £ R FH 22 Sh g el 27 2L 1 min P OD240 3870 0.1 KRG 1 ASBEIE 7 507
(U); TN (MDA) & 5 %E 2 I8 Heath F1 Packer fOJ73:" " ;8 % BB T (superoxide anion radical, -03)
FEA ] DL R i R s A
1.4 BdEmwr

K SPSS 16.0 (SPSS Inc., Chicago, USA) ) One-way ANOVA 43 A [\ 4b B 22 8] it 22 5 ( P<0.05) .
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2.1 WESWYINEEE
2.1.1 Burley 2 AR R 004
Burley 4l MR R I 234 3 25 (W3 2)  Horr 2 A 215000 2 JWy

%2 Burley i RE MR R 54
Table 2 Root exudates at different stages of Burley seedling

R R

B g T ER e[ LEY
Seedling stage Peak  Retention time/min M Chemical compound
of total/ %
Burley 2 M4 ] 1 6,181 3.977 Dodecane | %
Burley two-leaf stage 2 23.868 4753 Phthalic acid, 3-hexyl isobutyl ester B2 — F % 3-CL 36 5 T Fig
1,2-Benzenedicarboxylic acid, bis ( 2-methylpropyl ) ester 48 % —
3 23.85 2.853 Né:ETﬁE(DIBP)} »bis yipropyl) ester SA= 1
4 26.617 ND Hentriacontane — - —%
5 27.166 3.911 Hentriacontane — 1 —%¢
6 28.028 6.382 Hentriacontane — - —%
7 28.998 13.855 Hentriacontane = +—
Burley 4 M43 1 8.669 20.248 2-methoxy-Phenol 2-F 4 JL 4 1
Burley four-leaf stage 2 23.226 0.346 Hentriacontane = +—/%
3 23.876 0.257 Phthalic acid,isobuty nonyl ester 437 — F iR S T T i
4 22.065 0.141 3-Ethyl-3-methylnonadecane 3-2,3%&-3-H1 £+ L
5 24.306 0.405 3-methyl-Undecane 3-F 3+ —¢
6 25.313 0.973 Nonadecane + /L%
7 26.266 2.126 Tetracosane |- PU%i
8 27.172 6.153 Heptadecane +-L %5
9 28.041 7.764 Tetracosane .} PU%5%E
10 29.003 6.271 Hentriacontane = }—
Burley 6 I#&4 1 6.172 3.881 2,5,9-tnmethyl-Decane 2,5 ,9-H 35 5
Burley six-leaf stage 2 23.852 ND Phthalic acid, 4-heptyl isobutyl ester 4B " FH R 4-5¢ 357 T s
3 26.242 2.385 Hentriacontane —}—
4 27.158 16.182 Tetracosane 1 .+ PU%E
5 28.027 30.8 Octacosane .+ /\J

ND: not detected

(1) Bede; (2) AP —HRER . 4878 —HER — 5% THE(DIBP) AFK —HR 3-C. 355 T Hg.
Burley 4 M3 250000 3 Z8W . (1) Sk ; (2) 4B —HIRES . 48K W T2 THE; (3) 2-FHAS

Burley 6 M-I 32300 2 2RI : (1) ek (2) AR —HIRHR . 4828 IR 4-BEdk 5 TR,
2.1.2 K326 Zh i IR R Y

K326 A Hi WA R0 £ 8 9 J (WK 3) o Mo 2 MR IR R - BE & 7 B (1) K
$e5(2) SBARZHIERNH . DIOP AB8 WL —1E-¢ME (DOP) &F A& WL T EICEE (BCHP);(3) =+ =kt
TRHTE, (4) + bedk-= 2R FLIRAb®E, (5) 1,4-%, 2, 3- " HR-S-=F H I, (6) +— T VAR EE;
(7) ROMIR-"RIHE W REFAS ,
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£3 K26 HETRMEBRES W
Table 3 Root exudates at different stages of K326 seedling

R B I i) R¥SS UNER A

AL s g . LEY
Seedling stage Peak Retention Percentage Chemical compound
e e time/min of total/ % P
Tridecane,2,2,4,10,12,12-hexamethyl-7-(3,5,5-trimethylhexyl ) -
K326 2 gk 1 6.172 ND N ~ ; T
it 2,2,4,10,12,12- 8 5-7-(3,5,5- =R RO ) + =0
K326 two-leaf stage 2 23.21 0.145 Hentriacontane — 1 —%¢
23.851 14.519 Bis(2-ethylhexyl) phthalate ester P75 — H g — FH5 (DIOP)
4 24.29 0.218 Heptadecane,2,6,10, 15-tetramethyl 2,610, 15-P4 H -t b
- ice ic aci + < A — 73
5 24.354 0.103 1,2 Benzene‘dlcarboxyhc acid, butyl cyclohexyl ester 42K —H R T
JE¥C (BCHP)
6 25.297 0.454 Hentriacontane = +—%¢
7 26.251 1.205 Hentriacontane = F—%¢
. . . e e
8 26.846 1219 ( %Q—Carl‘mxydecyl) triphenylphosphonium bromide + — ¢ %&-= 2%
FER AL
9 27.176 2.455 Sulfurous acid,butyl undecyl ester +— T 3V B FR g
10 28.028 0.54 Tetracosane .1 PU%E
11 29.255 20.94 Di-n-octyl phthalate ester 4B7% — H1 ik " 1EHE (DOP)
Phen-1,4-diol , 2, 3-dimethyl- 5-trifluoromethyl-1, 4-— 8, 2, 3-—.
12 29.511 0.75 _ o
FH - 5- = g LR
13 29.602 1.715 Elaidic acid, benzyldimethylsilyl ester [ jH1f2-" 3 — F kLA
14 29,685 1.996 Tn'c:sannic acid , 2-methoxy-, methyl ester — - = KE iR 2-H A 3t
FH i
K326 4 M43 1 6.163 14.199 2,2-Dimethyloctadecane 2,2- " H 328 5%
Tridecane,2,2,4,10,12,12-hexamethyl-7-( 3,5, 5-trimethylhexyl ) -
K326 four-leaf stage 2 6.172 ND ridecane,2,2,4,10, 12, 12-hexamethyl-7-(3, 5, 5-trimethylhexyl)

2,2,4,10,12,12- 75 3-7-(3,5,5- =W L E O ) T =k
3 21.492 ND Triethyl citrate #7452 — T8
1,2-Benzenedicarboxylic acid , bis( 2-methylpropyl) ester 487 —

4 23.854 28.655 B — 5 T 5 ( DIBP)
1,2-Benzenedicarboxylic acid 1 cyclohexyl ester 484 — 1 1%
5 24349 2942 ‘J:%I;:EEEP cal ylic acid, buly cyclohexy. est: ?[371: Eﬁﬁﬁl
6 24.843 19.678 Phthalic acid,butyl 2-heptyl ester 482 — FUIR T 3L Hi i
K326 6 M- 10 1 6.181 1.832 Nonane, 2, 5-dimethyl-2, 5-— F 3Tz
K326 six-leaf stage 2 23.204 ND Hentriacontane = +—%i
3 23.844 1.139 Di-sec-butyl phthalate ester 4f7< —F iz — TH (DBP)
4 24.284 1.561 Nonadecane 1 JLEE
5 24.843 1.047 Phthalic acid, butyl 3-hexyl ester 4B7% —H iR T % L H g
6 25.292 3.499 Sulfurous acid , butyl undecyl ester +— T Z& V4% R i
7 25.283 ND Hentriacontane = |-—%§¢
8 26.255 8.203 Hentriacontane ——%
9 27.134 20.129 Hentriacontane — - —%¢
10 28.023 31.508 Tetracosane .1 PU ki
11 28.984 23.91 Hentriacontane — 1 —/%¢
. 29,909 D ;l;zr};;decanone 2, 4-dinitrophenylhydrazine 2-+ JLKGHER - 2, 4- - fil§

ND: not detected

K326 4 MR R 0 b E 25 3 W0, (1) Beke; (2) SERZH RN . DIBP SFAR ZH R T 53
LB AR —HR T 3 Befg; (3) MR = MR,
K326 6 M3 F B4 4 85, (1) Bekd; (2) AR WIRRHEE . DBP AR W R T KLC 3Lk, (3) 2-1+
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JUBERR- 2 ,4- ZRHEEAE 5 (4) +— T BRI o

HULEY) F R A R EA LR | BRI 7RI S R SR AN A A R BRI R 2o bk TR
5 AR TR A DR ST A REIRR ST AR ) A EL RS B BT e S R
MR e Z2 K AR PR U B A 5 T I RS RO AR PO A Burley ST R A T HA A
PR B AR — WY M i S — W AR, A2 — RS 7 — - 0 2 DO i e 303 T o5 ) L3R 53591 0 7.69% J% 0.
3% , MAE7S I IR AG H A1 4 — W R . 7 K326 2 IR 2R 20 ) b B A T A1 A2 4828 — W IR g , 7>
SIAE A DU S ESBRT & LU R R 35.6% 51.3% \2.2% . BAAVEAE AR IR e IR TR A
M2 = MR
2.2 JAEEA AN G IR 2 pH (H

TR L) AN TR I SR 97 2 pH (E AR 4, A6 H 1 15 57 A 4 1 ) MS JC BRI 15 97 % pH 2R 5.70,
Burley 15 K326 W8 5401 17 4 I8 0 5 F 36 1) pH(ELHE LU B5 SR AAR 0 Rl 08 5 4 B e 30 Fy 266
FRIRIER pH (BT (HAR L SRAT

%* 4 Burley 5 K326 41 & ARk HAEF=E A pH &
Table 4 pH values in the mediums of Burley and K326 in different seedlings stages

) Burley k326
e i P 304 S it P 341 At
Leaf stage Two-leaf stage Four-leaf stage Six-leaf stage Two-leaf stage Four-leaf stage Six-leaf stage

KigR3 pH (.

pH values in the mediums

F PR Al P REFROR MR B Gl AN R M- 9155 573 pH(BAE P<0.05 7K 128 5 2 i o I (H b2 (n=3)

2.3 TR TR PR X A AR R BT AR A T 1 ) 5
2.3.1  PFPRRERERXT - O 7 A R I 52

Bt 5 Ah PR A e, PRI BRR R X AR BEAR R - O, 7= A sl R AR 5 B3 (P<0.05) M e dE/E R (1 1) , 4
FE PRI AL BESZ IR DBP>DIOP , BRI HEXT - O 7= A s R Ay 52 AT i & 25 5% (P<0.05) .
2.32  PHFPRKERES YT SOD 16 M 1 5 1w

JHFOAR 22 SOD TEPEREE DBP ¥ BE 3G FH 5 . 111 SOD 1 ¥R & DIOP #é B (34 43 I 7E 0.5 mmol/L
IR IR, AR HEE DIOP Y A 15 R FEAEC (181 2) o PIRR IR Ab BEXT SOD ¥ P52 A7 35 M 22 5+ (P<
0.05) .

2.57+0.32b 2.66+0.17b 3.32+0.19a 2.53+0.09¢ 2.92+0.11b 3.57+0.22a

~ 30r A 500
E&l 45 ©DBP a 8
%E?\gg- R 22@400
Qo
I 3
B 57 30| b a 5z 23 300
H g 25 cab b b A E oo
RO2E % ¢ 3235 200
STE s . fex
T8 E 10 d d & 100
8 E . &
£E s5pd¢ &
=~ LA 0
0 0.01 0.1 0.5 1 5 10 0 0.01 0.1 0.5 1 5 10
PAEs¥k % PAEs ¥k Ji
Concentration of PAEs/(mmol/L) Concentrations of PAEs/(mmol/L)
1 PRI EERR -0 L EEN I 2 FMBRREEEXTEER R SOD & AN
Fig.1 Effects of two phthalate esters on rates of -O; generation in Fig. 2 Effect of two phthalate esters on SOD activity in

tobacco roots

R ) B R A R AL BER [] PAE WeBEAE P<0.05 /K F 25 57 &
B R AR EZE (n=3) ; DBP; 482 — F1 R — T 1§ dibutyl
phthalate ; DIOP ; &3 — H1[ig 5+ 35K diisooctyl phthalate

tobacco roots

PR v A ) S 3R AR [ A 3R 7] PAE VW EETE P<0.05 K 122 5
BRI bRE2E (n=3) ;DBP . AR K HI R T i dibutyl
phthalate ; DIOP ; 882 — HIfig — 531§ diisooctyl phthalate
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2.3.3  PIFPIKERERXT CAT 36 1 1 5

JHFARZR CAT TG PEREE DIOP ¥ B2 (3G Im S s i . A&, B DBP ¥R BE AU IS I, CAT MEPETE 0.5
mmol/ L B iR B K, SR J5 T I 2 S50 BEARRUR KT (B 3) o PIRMAGRI AL BEXT CAT {2 ma A b 2 22 57 (P
<0.05) .
2.3.4  PFPERPRER XA AR R MDA 75 2 15 0

LA MDA VB R g i K-, S50 HEAH B, PR Ab B Y 6 ANk BE AR BE S [ MDA ¥R 11 &
FAE(P<0.05) , MDA V¢ Fifi 5 A PRI FE AP R T K (181 4) o XA - 05 72 A iR JE— 34, R Ry Bl o Ak 3k
JERIHER, 0, P2 A iR BBEZ MK, A HIR KT 0.5 mmol/L B}, -0 7= A2 R K F 4R R P 48 1k B 14
RITEBREE ST, MDA B9 i 25 (P<0.05) 34, A8 EE P AR AL FRXT MDA ¥ B A9 s2 i #2152 , DIOP>DBP
{BJE B 3E25 5 (P<0.05) .

> 120 -

S o DBP a a 5 7 opee b a T

5 ~ 100 1 @ prop b > @ 40 | GDIOP ab abc, —ab 3Ca aber  a
#oH g 5 be - =
mEE ac a K=o 30 F ¢y {-
&5 60 bd a pi=i ]
<83 b4 SEE2
@) g\\, 40 ce c = ‘g E

e 20 r@ s 10r

= o

m o LB 1 i ] I D4 | B4 | b4 'S ] 0

PAEsik & PAESIRJE
Concentrations of PAEs/(mmol/L) Concentration of PAEs/(mmol/L)
B3 WA ERESTEERES CAT E I B4 WHARKEREEXTEER R MDA KERNZI

Fig. 3 Effects of two phthalate esters on CAT activity in Fig.4 Effects of two phthalate esters on the concentration of MDA

tobacco roots in tobacco roots

ISR 5 5 R ML R ] PAE YRHEE P<0.05 ACE Eeit  FITRFITRRZORMRAN LA PAR HEEAE P<0.05 kP L2257

% AR N T BRI (n=3) ;DBP (dibutyl phthalate) : 452 = # BUE A PHI M bRIELE (n=3) ; DBP: P AR — T i dibutyl
s — T i ;DIOP ( diisooctyl phthalate) ARTE iR T RS g phthalate ; ; DIOP . A — W iR — o diisooctyl phthalate
3 g

H #EAE T A S 1 R A BR A BE E 7 i — R R B R N 52 4, 45 R S BGE P MRS 5
MR R RN BRI A8 A B S SO SRR RN RO [ B R R AT S A TR R
S5 G PN T S BRI , TR AR AT R A SRR Y

FI R 0T = Bl AR R I R I SR AR S A Sy 2 PR R TR R A I AR AR R
HHGHA TP BRI R A A R R EORIR R O MR kR O Xk
K B B AR R R e 52 i HLAR 2R 40 I W Bl 2 S B0 AL Schumacher 257 B (Avena fatua) 1
W 2 IR 3 I A K 4-iHR A B AR JR AU, 3 i BN NEE (Triticum aestivum var. Fieldwin)
AR IR FR AR R UM T B e 2 IR I 4-rHR R - I /N2 AR R 1 i 0 i
U WM TE 2 M B 4-n P I A I TR AR £ . Cieslinski %0 AR 5800 R L. A FR/NZE (Kyle
F1 Arcola) , 7F Sutherland \Waitville 2 Yorkton = FiA 6] L3 | AR R 40 WMIE /0 F A8 HLIR B9 s AS S A7 ], AR
FETE Yorkton<Waitville<Sutherland FY#E: , FEAHESE H, AKIG MR Burley F1 K326 45 i A [] it i AR R 43 Wb
Py KA & AR AN F Y, HARTE 2 MR AR 16, BT Wy A 22 5T PAES , 76 Z M-I S RF X 55
W d5 i, IR 2 1A K R BB AR ka3 (£ 2,3) .

MFR ST [ TR 5 2B A R e A | S I s AR B A A A A A R A AR
SRR B ATE YRR DL B IR AR AR T A W AR AR R R AL H AR, Wl
SEREE NI T, BAMEMERT . YA SRR VR, AR5 AR A0 M 25 Fh2E 2 T E Y
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PR3 A FEGE A 4R (reactive oxygen species, ROS) P HORIAR L, 7EBME 24T, ROS B3N [ 1Y
ol R RRIE Y A ROS A7 4 FIERR. -0, BRAMEE( - OH) (H,0, RHLEA(0'), Hf -0
AR S — A AR B AR A B RERE SR TS R BT B AEE T, et — R A RN AR A A - OH
H,0, 0" 45 HE 10 FT 1, B KAt | AR A AR B0 o o TN T 1 90 PAES,
AR AHFEAR A 7= A - O; IR I 28 (P<0.05) ¥4 /in (&l 1) . X5 Papadakis Fll Roubelakis - Angelakis i 5% (%)
ZERART

TEIE R B AR BT R AR R 7R 1Y - O, BE B H P AL B A R G A RO R . Hoble 3 24E i ny 2
SOD Fil CAT,SOD ReWEER - O3 Z I H,0, , i H,0,HfiJ5 RE# CAT Rl AL P B LR H,01* . SOD 24
MR R 25— BRI B R SR SRR CAT 40 Mt B e R n] A BERE RS B K =AY H,
0,, LHJETE C R AR b H S 90)5 PAEs AbFRVE BE 093 i, A0 RE 4 AR 2 SOD Al CAT
WP 5 (LR R v BN SRR R (1 2,3)  VERIIR B A AL AR PR i) MDA &5 5 FEE P A PAES 403
W RE B3GR 2 (P<0.05) B R (B 4)  XFhELG R R K AT B2 76 rh A8 38 T B R 774 1Y - O, REfS 1
HA S AERGEABOER S R ™ A e BB (>0.5 mmol/L) , PR A HUR AL Y -0, K
P H,0, REfTR RPUAL RGOS BRAE Sk 2R, 2 ) -0, Ml H,0,— i Rt — A i e s+, 55—
5 THT BE T I 20 JH [0 50 A A 40 L I S P AR L 53 2 o () AN 0 I T e 4 e T e ol 3 45 4 11
MR, 1 AR A 4N M 5 22 50 1 S AR 3095 (P29 MDA) |, I 1E— 25 B DR 40t 17%) A 45 4 (83493 T A Bt B 25 )
ZEAEMAERRY) ™, Ye T 7EH 0.05—0.25 mmol/L {1 PR AL B 85 T4 v 78 Fi s o % B0 HOAR &%
F1SOD 5 CAT ({4, MDA 5 H,0, i85 1 S - O )™ Az T A B PARE TR 14 e 208 g 28 500, 40 i
i AR N T B TR0 R 25 S ( Fusarium wile) WHNREL T

EAR B AN ] TR R 0 MS ToBAR 3 Ik pH (B2 5.7, TEHSFRH R4 i & rp, pH
E RN S 3.0 2647, T BLREE S M4 K R E  pH A THE Mk H (% 4) o MR Yu 1 Matsui' " BF5E 45
R, B NAR 3 W Hh i D5 A BR AT AR ) R A T8 TG NOS (K™ Mg™ %5 55 WIS, pHL A9 T B 6B i 410 11 1
FH” AT LAHED - AR i) 3 REE AT REJE B T HAR R0 0 B RAFISEARTE R PAEs SO BAEY) R KA BT T
KEry pH (855 H R LR AR

4 #ig

SR Burley 52 K326 1£ &)1 HA AN [R] 8 B AR 22 20000 () R 8 B AR OGS B 2 AN TR 1Y) < Burley 407 AR &=
SR EBA 3 Rl K326 DT IAAR R0 A O Ah . R RS [ S AR 2R 0 W B e 2 AR G
A W], w0 ELX AR R ERRE P A A Y IR PAEs, BOBTE H B R IRER S, R E A AR K
R BT AE R PAEs BOARR & B Ws b

Bt PAEs AbFRMRBE A3 0, MR EFE AR 2778 -0, AU RIZ WG K, SOD Al CAT 75 P: iz kg, (H
ALV FE KT 0.5 mmol/L B, 774 - O BT A SHTEL RGIEBREE T, & AR AH MAR R e A
P05, DTS 208 S R P i P | B8 T8 e R, 18 T 3R MR 1Y) 2R A 45— R AR B A A R AR Ak I e 2
T E A A BAE
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