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The relationship between endogenous auxin and antioxidative enzymes in two

plants with different arsenic-accumulative ability under arsenic stress
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Abstract: Up to now, 11 arsenic hyperaccumulators and 4 non-hyperaccumulators in Pteris genus have been reported. The
non-hyperaccumulators could be used as controls to reveal the responsive mechanisms of hyperaccumulators to arsenic
pollution. Auxin plays an important role in plant cell growth, differentiation and division. In the present research, one
arsenic hyperaccumulator ( Pteris cretica var. nervosa) and one non-hyperaccumulator ( Pteris ensiformis) were selected from
Preris genus to evaluate the effects of arsenic stress (0, 50, 100 and 200 mg/kg) on the plant biomass, height, frond
indole- 3-acetic acid ( [AA) contents, arsenic accumulation, the activities of IAA oxidase and antioxidative enzymes
('superoxide dismutase SOD, peroxidase POD and catalase CAT) , as well as the content of malondialdehyde (MDA, a per-

oxidation product of cell membrane lipid) using a pot experiment. The relationship among the contents of IAA, arsenic
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concentration, activities of 3 antioxidative enzymes and MDA contents in the fronds of two plants were also analyzed by step
regression statistical method. In addition, the variation of IAA, TAAO, SOD, POD, CAT and MDA in two plants exposed to
100 mg/kg arsenic with culture time was examined. No significant difference was observed in the biomass and height of
P. cretica var. nervosa under arsenic stress compared to the control (0 mg/kg), but a significant decrease was noted in
P. ensiformis under medium or high arsenic stress. The concentrations of arsenic and TAA increased but the activity of I[AAO
decreased in the fronds of two plants exposed to medium or high arsenic stress, but this change was more significant in
P. cretica var. nervosa. The activities of 3 antioxidative enzymes could maintain or increase in the fronds of P. cretica var.
nervosa exposed to arsenic stress, but a significant decrease of POD was observed in P. ensiformis, in which the activities of
SOD and CAT could maintain. Therefore, much stronger antioxidative ability was shown in P. cretica var. nervosa exposed to
arsenic stress. The results from step regression analysis showed a significantly positive correlation between the IAA contents
and arsenic concentrations in the fronds of two plants, and a significantly negative correlation was also observed between the
IAA contents and CAT activities in the fronds of P. cretica var. nervosa. The result from time-course effect research showed
that the highest IAA contents, the lowest IAAO and CAT activity were found in the 13th days in the culture process of
P. cretica var. nervosa exposed to 100 mg/kg, but similar result was not observed for P. ensiformis. Therefore, a higher IAA

contents, a lower IAAO and CAT activities may have contributed to arsenic hyperaccumulation in P. cretica var. nervosa.

Key Words: auxin; indole- 3-acetic acid ( IAA ); arsenic; antioxidative enzymes; Pieris cretica var. nervosa;

Preris ensiformis

Fl Ma %51 Chen %512 J% XU R B HEL WS A P ( Preris vittata ) REAR & AERI ISR , AT I 1) T A AR A
Yy 22 Bk - GERUK AR g [RIE , BTSSR A R JR T AR 22 h Yk AR i A ALERA 5 . H T E PR A A i
B 12 F0, b 1 Mo RUEBREAEY, 55 | RO T ERELR M BRE A DR B AR A R
KIETREERRE . HJE, TR KU IR Jm A Y FR e w2 ai , A Tl & 3 1 LR AN Rt i S 1) KU R R AV
Ul Pteris straminea . Pteris tremula'*’ S KU FK ( Preris ensiformis ) S5 2SHE( Preris semipinnata ) olsk R &
ARl A e B BE TR A HO A AR B A I S RS T AR, B N AN IR 25T s IR BRJE Th A [ i et 42
RE IR Ve A BEARL , UASTFSE T P SAE AR iz it AR BRRFAE > 45 7 T Y 25 5

TEHE EATSERE Y SRR LB e S e rh i B S S A B AR R R A — DA 2 ) R A
Wy SR AR A TR 5T AR R ) A RR L RN e 2B W i R SR 18 2 AR 7 M A 1
SEFIERL  MAE R P R A, MR IRN R & 5 BR oo B A KA H
A3 B A PRI h A G i AL, R LU RIS IR A SR BT HLER L 2 BT ARR AR KR
Y53 ZERAEA BT T R TR A5 52 06 T . X 2RI AN 6] T HABAE R () — A B2 5w
S EANTDEEY TS LT 1, A H A YR P AR S 5 AR S SR ik A KR B B R I ¢ (H R AE
Yy A th 2R T B AR R AN 2R . T S AR b X SRR KT S e B R 2
KAEBRAFAEY &=,

FEE A JE AT AN I AR K 30 A ) 4 TR IR SORR A= B AR AR R s e, T A — 28 4B, LOpez
AT RN 100 mol /L TAA (5] 2,2 | indole- 3-acetic acid ) +0.2 mmol/L EDTA ( Z Z i P4 Z, 1% , ethylene
diamine tetraacetic acid) , i IE#R & FEFH Y KL H 15 (Medicago sativa) W R XTET R & £ = IG N T 28 £%; 3
ZE N kb e BRI L3 ( Picris divaricata Vant. ) FIBFSE W, 25 100 pmol/L TAA AbFH Hind H 4% &
LT T 46.5% ; Liu 252 HE 200 wmol/L B S HYRE IR P AN 100 pmol/L TAA J& , 7E4Y & SR A St K
(Sedum alfredii) B 2 FhAZ5R | b b3 & o W & 1, (B XHAR & 45 Pb JC & 52 W X SRS Sesbania
drummondii WBFFEFEMH , A1 100 pmol/L TAA 5% 100 wmol/L NAA( Z8Z 12 , 1-naphthlcetic acid) J& , fE 41 -
BB Pb B AR I T 654% F1 415%""' . Piotrowska-Niczyporuk 25/ 858 T AME IO A K 2 40 i 352
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R ORTER SRR 22 A5 5 B — e R — P S ( Chlorella vulgaris ) A= K FTRRACH 0052 0, &
IR I3 ST 1 e < J WAL o MR TS I T LR A D R 5 T R TR . NE A IHERE il
T AN IR ) AR R BRI O 22 | HOABORR B AR S AR AR A N IR AR KRS KRS D H R
i St/ 35K T IS A ) A TR B K TR A A A 2 S AR

BeAh i B G (LS R A — LU B SRR ) 2B R IR N TG P UK 3R T R R R L
4 AU S AR TR R A R T BT R M L R R T — A IR 1 B A SR SR X 4 4
JER 15 YL SE— RGN AR AR W BT 7 A 0T R AR, G TP A AR B AR A R A S A I, B L U ( catalase,
CAT) ALY AL (superoxide dismutase, SOD) At H K AL ( glutathione peroxidase, GPOX) 4k
H KA S ( glutathione reductase, GR) i EPTIR ML FRIL J5 1 ( dehydroascorbate reductase, DHAR) HLi & Pt
IR 1fi iR 8 J5L il ( monodehydroascorbate reductase, MDHAR)  Hi3R L2 S AL ( ascorbic acid oxidase, APOX) 5§,
LRGSR RS 0 (H,0,, -OH K -0,2:1") | Elobeid 1 Polle™ ByBFFE W, 0% S
TR A0 BTG PE 4R A 3L (reactive oxide species, ROS) BYA AL, # & T A KR AALBEF) G, #Em S E2UE R R
R igom A AT BEREAIR T 528 K A Sy 25 TE M F TP & AR M) S5 AR 0ol = A i e fE
BTG E AL AR ZHR0E  (EARFRATT T 3K P 2SAE ) N IR R B i 5 B Al I 1 A8 b =2 ] 7 OC R I
b

AT 2 N B SCE BES R B A W) K I 10 3 B ( Preris cretica var. nervosa ) F1AE T & 4E
Y&t R BR (P. ensiformis ) TEAS [F] K B2 B8 T it R hong| e £ 1R (TAA) & i\ TAA %A AL (indole- 3-acetic
acid oxidase, TAAO) FULBIHLAALRENG PERZE AL , DL R P AT IR EE (100 mg/kg) BB T TAA TAAO MIHTEA LR
SRR SIS 4545 12 A0 B S48 s B 38 R AR - e TR AR KR (TAA) 19 & i 5 B0 AL g T 1 1Y
K&,
1 MR5FE
1.1 kR

P A 8 R TR 2 B pr A IX AL Bl = XT3 5 mm 0, B 172 BB 4= 174 300D 174 JE5E 647 58
IMRA), AN P K B FRICE/ERM (N :P,0,:K,0=0.15:0.10:0.15 g/kg 1, T8) . {1350 S A B fk,
PRI 1,

F1 X TENERELER

Table 1 Basic physio-chemical characteristics of soil used (n=3)

AL 4N 4P PR G IR
Organic Total Total Available Concentrations of heavy metals/( mg/kg)
pH matter/ nitrogen/ phosphorus/  potassium/
(ke) (ko) (k) (ke rh Zn Cu Cd As

7.63:0.1  42.46x2.81  1.54x0.47  2.1x0.43  0.71x0.09  0.68£0.03  9.01x1.2  34.7x3.81 — —
—: AR R S E AR RN

e 9. R & AR A 4 K it 13 5 (P. cretica var. nervosa ) FAE B H & 48 A H &1 i XU Bk
(P. ensiformis ) %42/ INFE 23 B 2R B W B T KA el il 2 B 48 2] N ol 11 L FRF AR e b, 45 [l 3 = s A7
B IF T s R IE N PR R 2 A H B R AT R/ — B 4 AR (8—9 em [ A 7—8 R/t
AT AR
1.2 kit

FEAER 49 T BEAT e b BE 43 B0 0,50 ,100 1 200 mg/kg 4 ASHESE (DL Nay AsO,- 12H,0 B NA
e B L2ttt ) P 6 RS 245 (B4 1 ke) , B EERE R 3 R, S3 4ol 6 N KA (Al 1
100 mg/kg fitf 135 20 kg) 730 2 41, 4 SIFIAE 2 FPAEY) , 2647 2 BIAEP AR OCHE br it B[] Sl 28 00 e (N3RS 1 R JF
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B BE7d BT UK HLRNEE 49 K ), 2 iR 3% 49d JE Uk, JeH E RS Ve, P 1% 3R M= 10 min LI
FERAE R R A R R a8 SRk R ZE IR K S 52 sk, FH B AR T ) 3R TH K 43, 6 A A 148 A VKA
1E-18 CIRAFE M. J3 I —FF oY) THEFE 105 °C 87 30 min, 75 70 °C T 245 E  BEREIRS) PRI 0.2 ¢
Zetitedl, 1 HNOS-H, 0, 7E 130 °C T InHH ik, 2k i 25 5 e A a5 1
1.3 eIk

LA 7 S0 2 2 HR i A5 21 ) SR ok (b 3 AU A B |, AF-610D) s TAA AL (TAAO)
5 SR 3 A R 22 A3 66 B s i AR TAA 2 R B35 A5 Liu 2502 M7 01 i LIBEAC . R AR 2 Fil
HHIH Sz B AR, BREUEERE 2 o, ] 80% (10 mL/g FW, FW FERBETE ) BIFE R A03 (A b 2,
6- BT - 4-F ORI R GAR) 4 C P IRHETR, 4 4 CF m B0 (10000 1/min 20 min) 5% 5 mL
g " 80% HIEEPEER I , & T L IH W, 40 C IR 5 2258 £ 97 R & B2 ( polyvinylpyrrolidone, PVPP) |

T ORI O FEAZ A FEMEEE AR ( diethy]l amino ethyl sephadex gel, DEAE) F1 Sep-Pak C18 /NE45 #E 4T [& AHZE
B, FR2R 50% W B R i shAH A2 25 05 b ROBOFH 2038 ( High performance liquid chromatography, HPLC) 43 #r
(FE ORI A RA T, 1200 £51) . HPLC 504 : G H AR C g G (5 pm, 4.6x250 mm) , i
BN TP - 19 TR = 40:60 (MRFRSIH0) VI, FEIR R 45°C , Wi R 0.6 mL/min , $84MGIN I 4 268 nm
1.4 Hdukbs

SEESEAE ] SAS 9.2 BT AT IR R BOM R R T 22 500, F ] Tukey’s HSD Wi AT 2 8 AL, Wk

SR P HL0.05, 7 B % 22 5 /KF P HL0.01, FH Origin 8.0 B UEATER, SPSS 14.0 F4: X d k17 £ 6%

A AT

2 EREHS

2.1 ARA R A R AR R

AR TR BE e M0, T S AR R I 0 i B A A i S5 X6 R (0 mg/kg) AH EE G 2 3 AR Ak AR
B A S KU BR A A 9 e AIG  Fh avk BEAR PR 55 X BEAH L JC 35 22 53 (P>0.05) |, {HL7E S ffi e i b B R
) 9 2R (P<0.05) (K 1),

A0 ORI I D I B bk S BEA 22 R B G RURBBRAE r | v v B e il 2 ik v 5 ke A
P & TR AR T N S XF IRTC R 22 5 WA R 220 Wi R /R 2 Pkl 2 6] a4 Bk i =2 ) o
L) 1 A 0 R v 2 A S 5 0 ( P<0.01) |, W 28 B I ke e B A 8 s (IR 1)

30 - 20 -

RIKEE(A): P <0.0001 & HE(A): P<0.0001
R F(B): P<0.0001 FEIFIZ(B): P<0.0001
Br AXB P=0253>0.05 JembSE O AXB P=0.0003 < 0.01
K3 A3 E 15+ a oI R
0F b T SIvH B -
T ab L

S
T
#k 7 Plant height/(cm/ %)
=

fif 8 Fresh weight/(g/ %)

wn
T

(=}

0 50 100 200 0 50 100 200 0 50 100 200 0 50 100 200
AL B e BE T4k B e JiE
Arsenic treament concentration/(mg/kg) Arsenic treament concentration/(mg/kg)

E1 fmEMEtEY ARSI
Fig.1 Effect of arsenic stress on plant biomass and height

P v B3 ) —HE ) e AN [ b b B e BE 22 LA 22 57 | - BEAR TR 3078 22 5 A8 28 (P>0.05) |, FREAS R 2058 22 53 {2 25 (P<0.05)
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2.2 TA TR R X R IR

MEL 2 AT, 15 35 45 HE (49d) 2 FhAE 9 - H- Hh 400l
e Ly NI i A): P<0.0001
USRS S RPRIE SR 2= (I N T B e 1, 0001
FRRHIIN B3, 7E 200 me/kg W3R RS B ] AXBP=0.0003 <001
AT (324.45£8.47) me/kg, THRIFRUER T H wd 0|
=)

H(49.17+4.99) mg/kg, KUK J5 22 0 Hr 4 F 301, 2 Fil gg 200
HE 2 ] BRI 2 )R P A AR = |
Froe i LA RS, ool Jum—
2.3 GBRE G PR A 2R (TAA) B 2 (52 i) g ol R S

2 R 2 ] RN 2 R A A 7=\
XHEPI - TAA & AN 22 5%, G i b FE ik 0 30 100 ZOqumgg 20 100200
FERIEE N, B 50 mg/ kg AN 2 FrAE Y B TAA Arsenic treament concentration/(mg/kg)
B S0 IR B E T 855 22 57 51, 100 Fi 200 mgy/ kg i B2 RN TR e R

WEE A PRI AE TAA 5 & B E M, (B R 315K Fig.2  Arsenic concentrations in the fronds of plants under
SUT KU BR300 3, BT Ok B K 25 5ok o arsenie stress
(K3).

K 3 TRESN 100 mg/kg B PIREYI Fr b TAA & BERETE] A 3822 4, R IE R e R R 13 K
B R TAA SRR B R, Z 5 A B0 PR EAESS 43 K SXGR RIS 2 Al ; 1 JRUR Bk A 3% 75 1 e v -
FIAA E R AR BT (HRRE RO DRk, R R 7 22 70 Hral Rk W], 2 Rl ) 2 [4) |
B SR () Z [6) LA K 95 25 22 BAR XA v TAA S i A B 22 5

80 100

- PR E(A): P < 0.0001 [ B35 )(C): P < 0.0001
5 70t R RIPRIZK(B): P <0.0001 g 0 RN (B): P < 0.0001
2w . AXB P<0.0001 o 80| CXB  P<0.0001
~ 0 r —~F
z5 zg 701
cn?‘; 50 e 60 L
S 2
£ 40 g8 50t
5= = B
&% 30} B 40t
< E 4 2
il <E 30}
=g 20 < g 9o L e
. e —— KU
i e o it AU B
0 0 1 1 1 1 1 1 1 1 1
0 50 100 150 0 50 100 150 17 13 19 25 31 37 43 49
PAL SRR 2 B ] Time/d

Arsenic treament concentration/(mg/kg)

B3 mHEME THEYMNF RBIRZE(1AA) S 2T 100 mg/kg 4 TR E 37

Fig.3 Indole-3-acetic acid(IAA) contents in the fronds of plants under arsenic stress and its time-course effect in 100 mg/kg treatment

2.4 A XTHE YA TAA SRR (TAAO) 15 P 1 5 A

MIED 4 0T AR BE (50 me/kg) BT 2 A A ) TAAO 5 555 B G T k35 25 53 (BLAE v
PRV B BB 8 T B4 B T R S S R A, (R R R 11 v BRI O L B B 2 A T s R R
B2 it 4 2 ) e Ak BRI B 22 ] L K 9 3 58 EAE RS T A TAAO it A i E 225

Kl 4 SRR 100 me/ kg B BRI Frh TAAO TG PEBE 8] A Sh 287284k . Bl 35 35 i 1) (9 8K, R
- T RS 3R 13d B TAAO 3 S5 BRAIR , 650 3 JR A2 Ay SR B ORI 1 | 2 ) MR 5L R Rk 3 &t
U BRER T 7655 3% 37d B A S8 W B AR AL, SR ISR R e K, WUN o 22 0 A b SR 1, 2 il
FEYZ 18] 35 35 0 8] 22 18] LA K P 28 BAE A RE T B TAAO T MRS HA B 3 22 5
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60 B BE(A): P <0.0001
55 | HIHIRIF(B): P < 0.0001 40 - . e
—~ 9 50 . AXB P<0.0001 ~g 35| ’ E
25 st AUrnLE IR 22 .
- 5 L a a - B r
52‘2‘3‘2?%7 %7 F< st
o0 = b 00 = 3 N .
Z 30l 22 0 L EFEREI(C): P < 0.0001
\iib % 25 % : \52 20 MR (B): P < 0.0001
ag 2 b :ﬁ #:2 15 | CXB P<0.0001
$m-2 — e
22 0l ] § = =i " JkIE
£ 4 = — SEse e SR
0 —— —— 0 L ! ! ! ! L L L L
0 50 100 200 0 50 100 200 17 13 19 25 31 37 43 49
AL B 3 i i Time/d

Arsenic treament concentration/(mg/kg)

B4 @EHE THEY R GIRZ B S LEE(TAAO) iETEF 100 mg/kg 403 T BB ) 3175
Fig.4 Indole- 3-acetic acid oxidase (IAAO) contents in the fronds of plants under arsenic stress and its time-course effect in 100 mg/

kg treatment

2.5 i TR DT AR PR AN TR
2.5.1  BEFRESRET AL

WES FiR, KRIF IO EAE 50 me/ kg MR BRI CAT Ji5-44: 5560 BEOMT He e S8 38m, ifii o | s vk FE A b 2R
CAT 75 M3 ZE WA, (R B ORAFAE 5 0 B F 1RKF- s S RUR BRI R CAT 35 A AN ] e B2 i Ak B 34 4
ERRAC, BRrhAEmk A IRAN Rt Lt Fy g SOD T 2 Hooxk B (2 44 , (L& i JRURE R 76 2% B ok
JERL BRI SOD FEVER TR F AR, R I LRt 5 rfy POD 3% A7 E A [R] 3 B i b B 500k 1R S 22 1 o , i

600
Pk JE(A): P < 0.0001 o 600 MYk BE(A): P < 0.0001
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9 ! AXB P<0.0001 E 500 a AXB P=0.0002 <0.01
=2 7 =
= & 400 | =
w0 S = *:;: 400
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Activities of antioxidant enzymes and malondialdehyde ( MDA ) content in the fronds of plants under arsenic stress
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Sk XU BRI B rf POD & PRG35 A8 Ak, 2 Bl 4 26 A [RIR B2 A ae T i b MDA &5 &35 S 25 18 m,
o R FA I R MDA B 7E AR i i Ak 388 e S50 3 308 n, EL A v v vl R e Ak B s T S 3 9 5 6]
XU BRI R MDA 57 S 7 i ik B s 22 G 28 = (11 S)

WUH R T 220 Hrah R0, 2 R 2 18] A A BV BE 22 18] DK 9 3 22 AR X R 40 o e e 8 Ak e
NG EAARBEES
2.5.2 KRR A E S A

M 6 AT Rt C R Foh CAT IR PEZESRS 35 13d I 52 B3 R Ry, 2 5 ) Inl TF B 3 3 45 0, 61
- RUE BRI F CAT W PETESS 3% 7d B S REAR, 28 19d I S0 35100, 28 58 3 5 o i 1 0 1 35 4k, Ko
FA R F R SOD 3G MEAERT 25d TG i A8k, 1640 25—37 KA U & 2 Thim , B4R 43 K B FFEAIC; 1 X
BRI Hrh SOD IS PELERG TR 13 R AR, 45 37 KA B ET e, 205 XA Fr R, KR mi s
M Freft POD YEPETEREFREE 7 REE R AR, Z 5 PR 3s st i, 2155 37 R ik S 5 & 0 ; &1 ik RUB BRI
HPOD {EMEFERGFRAS 7 KA A W BRI, 2 5 JE 528 1k, 585 31 I, K 10 3 s ] v JRUR2 Bk -
i MDA S 374 7 KA 19 K B s g, (H G XU Bk LE R I A B HA S 1 MDA &, 5
31 K, 2 Mt MDA SEEABT—2%(E6),

— RKMFHOBE S KB BR
600 BFRIHI(C): P <0.0001 2 800
“00 RAFIA(B): P < 0.0001 = 00|
g - CXB P=0.003 <0.01 _Z
g ST 600}
E% 400 | =3
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Sz 300 b S g 400 | I_,./}\}
g= I I S T _
%-E =T 300 | A
£g W 5 ¢ I
S & 2E 200t BFH(C): P =0.39> 0.05
E 100} 2 10l HiIFI2(B): P < 0.0001
S CXB P=0.013<0.05
=
0 Y S S ST S ! = 0 P S S S S S S
1 7 13 19 25 31 37 43 49 1 7 13 19 25 31 37 43 49
30 -
3
>
2 25 S5 I5¢ BEFRH(C): P = 0.0003<0.01
S &3 HFIA(B): P < 0.0001
3 20 2T CXB P<0.0001
oo © e 38
S & EE 10|
= o £ g
=5 7 B 3
va £ A B3 (C): P = 0.002<0.01 41 g
8% Lo HIMIAA(B): P < 0.0001 <€ 5|
- Y CXB P=0.0005<0.01 S °
£ 05} \ £
o T P
N TR i S e ol e
I 7 13 19 25 31 37 43 49 1 7 13 19 25 31 37 43 49
Bt i) Time/d it 1) Time/d

E 6 100 mg/kg S TEMM FELBEEMNA R SENRE S
Fig.6 Changes of activities of antioxidant enzymes and malondialdehyde content in the fronds of plants under 100 mg/kg arsenic stress

with culture time extension

KUE 2R Ty 26 3 A 45 L3R W, 2 BB =2 (] | 55 5= 0] (1] 22 (] LA K 9 35 32 A IRy i e v e A e
KRS EAAREES
2.6 ZAEIHGHT

Ly NEEPI R TAA i xR R xR A o SOD & M, A S I B POD
Ve, 2, o FYIH b CAT 16 g g AN F b MDA & 4 2 R 943 S AT 22 507848 1A 4347, 75 2]
KM% y =51.207+0.166x,-0.132x, , P=0.0001, F=70.987 ,r=0.97 ; & KUEJK y =23.948+0.565x, ,P=
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0.01,F=22.210,r=0.83, P, K3 O s Gt RUB BRI B A TAA 35 35 0 ) 5 e 7 i 5 2t il
FAEAHDG, MR M LA R 7 TAA &R 5 H A b CAT 3G PR R & ARG

3 e

A SCHESE T o o AR AL ) K I 1 S R RN R AR v SEAE ) S KU R 28 A (R vk FE A A B S it e TAA %
A PUEALEEEE DL IAA SR STIAMREZ MR, 45 REW, e Sk EmMP A T, ffE
WA M O E M g TAA SE SRR 56.68 Fi1 45.38 ng/g FW 1T A1 i & A5 4 8 i U Bk
HU 5351 R 27.01 F130.59 ng/g FW (K 3) o BRI, FEH e e BE A a0 T A e o SR A 47 EL A e e B SR A A 4
AR TAA K- B R a2 FRAE 0T b TAA B 5 4 2 B (0 A A A ) H R
SRR RN R R SR R R A A K R S KO — T TRIE T AR s e 3 R R S
—J7 T W] REAT B TAE Y AR, 2 FAE A i Rt B i (A R 324.45 F1 49.17 me/kg (B 2) . AIBFSE R
B ZEAMIE VRN TAA J& SR A6 B AE Y SR REE S R Mt Xt Ph Y 4R N [ AR Fassler
AR ) H ST 107 " mol /L TAA BHAE P F (4 + 5 8 34 9 ELE Fovh Ph A Zn & Bt @830, m
BERT UL ZEAMB A I — 2 W TAA J5 ALY W SR 2 T —30 4 TAA, #E ARLYIR S Y TAA 7Enas T A9 4K
PUE 48 v Y it 68 77 A TR, g s TR R R AR A BE L AR S AR K R SR N M E SR
I 11 30 B g e B 3 AR 1 A i 5 %o R LU TG S R ), T IR AR S IRURE R A [ R
AEFER A= Py ) S 2 S A (B 1)

SEIP A0 D) B ( Nicotiana tabacum L.) ARl BRI M E4%(0,5,25,50 mg/L) #EAT5E5: K B 2R
WEER 5 mg/L B JHE I o TAA & B3 D TF (F B v B 135 TAA & & B 3 TR, AR Pl
% B bt e Ak B i, S RURB BRI A TAA 75 et d S5 38 in, IRt B B AR O, 3 3% I A e 1 i XL
FEBRIRN I IAA & BB iR, UIE H BB S AE i IS e 1338 By AR R AR B 52 Tk, SEi b & Bt
Gt RUBFRAE 100 mg/kg Ve AN B I — BERF [RIBR T S A0 FA vE R/ NI AT5 A R 4 4t b HLJG I i8 32
F LRI A RS LT B R FRAE B A 4 @Ik RUB BRI B TAA (25 o] 58 5 AR o9 i 2K 1)
1 35 o 1 AN B 3 LA S TAAO TEPERRARAG 5C, Tt afihae | PSSR A 3475 b AT R %) e 1 A0 9% U5 4 B 21 4n
AR A R R w4 b (2 Sk RUR B E R 11 300 B LA B S Y TAAO T6 1, IR TR S Y
TAA i, WP R, A K R IR RS &5 B A BEba (EhE T2 J8% P05 /4R i
85) BTG TR N TR A KR E . AR R AR AR A B I A K R R
A TR R BE AR A A DU AZ A SR 30k S r A vk R v ARt AT — A X AR, FE AR R Y TAA MREE T TAA
REMS IR UM 5 BY-2 AU ANA 4 400 A K 0 R0 S 56 4 A9 5 A~ SRR 3R J2& SAUR R GH3 K
PR U R A A K R RS I AR R Y GHB R A S K 0k TN i vk B A K R AL SAUR AF
SRR X A R ke

— B AE A A A e T AR N BTG SR (ROS) S K3 I, S BUH Y N & A A ZE L, DA XA 4 1) A
KA = A A FIFE I A R IS IR T e 0 e 4L, AN DRI 28 15 45 P b A B ) 05 P . AR BIF R R B
FERPENE T, 5% B CAS ) A6 L, Rt JF 3 B 5 i CAT SOD Fil POD I 14 RE A2 4k 5 sl 3 fin , Ak 31
FREES, POD IEHERE NN B3 R EA AR A hSEae . EGInt RUERK H , 4R SOD #1 POD
T M 25 B A T b 55 06 BB L 2 R HE B B AR H CATT 3 1 U — AR AR a3 6 W O B ROS Y fiE
EE R P R

A K I R Fr o TAA & i SRS i Do 0B s P A i & s b A7 8 48 1 4307, 45
TAA &5 CAT 1GR3 MAHIC,, 7Erp R EERR A T, KM O Sk B CAT J6 S5k B 36 A
WA & TR S) B CAT & TE NI, A A — a5 H,0, 8, KIILSE MY N I H,0, 85 1
JE—FPEE R (HJE, 1,0, il fE — NI A5 540 TR —SE 3L R I 35 770 L 1,0, 25 T 415 554
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SR A NI GO EE A e (3 1 Y A FE A K A T AR AR JELE 4 15 50 2 [ 3h &
HEEL 5 0 R % SR T e Xk 2 T AR R v B e R T R BT R W 1L 0, IR SR AE S A AR A K
REFHAEHIZ ™, JEH6HE  HY) 4 2LRET 32 B vk 1Y H,0, TR 10°—2x10° pmol/L, Ji A J&At 4
PUEAL N ZRGE R BETTTE 22 02 R T 43 i 40 A 2 A A S el SRS I 24 H,0, 58 2T B . eah A
GG A PA ST A SRR, BT CAT WG PEREARHE R T 1AA S, AR R Erd sy A&, A
I AHPIEN Y TAA 48R ZBUARE RS L S PIE X AAE Y VTR TAA VR EESZ 3 A 20 Ry
Y I RN SE A RNY GH3 SER IR I 224 B TAA-IE e 12, e i 2 K R 5 a5 &,
MR T F S A KR & R ER SRR B A 45 AR Yok bl A 2 A4 3
B ATV RO AT A SR IR A KR R S BRI, RS 0 AR R TAA SR R AR
RTE A ASMEE G PR, SR, JERE & EAEY St U BR b, v S W B B8 T i CAT 54 5 %0
REAR LG T 2 A (1B 5) R A A Y th CAT 5 TAA MAHOCHE, Rtk , 76 KA JIF Dl R ik B2 i
AEPETR CAT 16 35 T i A7 R T Va R A0 A R S 3% P 4 (E R AT BRI M 4 (I 1,0, ) HEFF7E— B K,
B T 3 A B P 4 i, CAT TGP S I 28 TR (R AR ALY TAA A BT, B SR e o Ak JERLESF JRC - 11 s
T CAT (P 35 T (HREAERr L S X IR (NI ) — i ACE  A H TR A BT AU AL S5 R AR e o
TAA 1P, BRICNTRBT T R IITERP S SEAEY i TAA & 552 CAT W 4b, Feili A A5 R B, s moh i
H KK (0—25 nmol/L) REXE T A= B PG LT A ( Solanum Lycopersicum ) FR4Q H,0, B9 & &, FHAFAER E RN LR
X BEAR A AR AL, H,0, & BB Z AR E T AR R BRRIORIE Ay BT A, F 117 RE 14 i 40
BER AL B 2R K SRR B SRRV G R R AR 2 R IR TAE T BT

WA A ST I ) S AT R BT 755 13 5K, il 8 AR AR R T 1 S0 B BT B i TAA &5 e fi iy
TAAO 6 1 DL AR I CAT 36 1, i 8 i IXURE 3k Hh ) 28 A MR DU AN B R 3 =38 22 () Y R P LB AR 1) 2 CAT
FEA AR & TR T VR P S — 2D IR AR .

4 it

AT FIA A SEAE Y R i B A T R R R A T BERS AR R AR, MR AR AR A S R
B R A A Z ] 3 — 5 T2 B S SR i 3 3w | p o AR B S 4 (CAT SOD il POD) R % 2 15 58
i, T REAS AT B 5 S B0 A A TS RUR B X 3 R A g e T U 2 A A e e S e
VLI AT BE S FE R I 0 3 BAE 5 55 — O v U 5 A il T R 11 i B A TR TAA A i EE 8 R
FERRIG N 2 HEA AR TAAO TEPEA DG, MIARXT S A PR TAA & i RS 4R HAEAR Y 9 19 B 32 i Al
A3 C )P, DT B A A A ) AR A 4 24 R0 Ak, 2 R T B TAA 5 B 2 5 A ki 3 E A G (H
KM F B IAA SR 5 CAT ISR % O OC, BRI, it i R m 19 TAA & i BRIRAY TAAO A1l
CAT W& HAT B F IR 11 i e o i

Bt : A R REA TS B T RIS SRS BRI E | BB TORA R B o 5 TR 22 e il I 2L
FA BN AR RRILEOH
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