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WE . LB (ABA) \ZWF] (ETH) JKR (SA) FISEFTER R (MeJA) 4 FiAR P A= K 17 9 Bt ( PGR) X 7K R AR K AT hr
H(Cd) Rz IR FHE 48 T5 Y HFRK RS, T/ 8 I EAT 1 K PGR IS A 2R, 43 i e s nt e
JeAHERR, N B (MDA) F i LA S ORI 430 A AR AN Cd &k, 2558 . (1) VR IE ABA W48 RiK RS IE % 7= i B R
(15mg/L) ABA WIFE™= 1 F fe, ETH X 7K R b L3 A 4 RSk 7= o 0 & AR, SA Rl MeJA i’aﬂ%ﬁi&ia‘m WK,
HRFIEH =, (2) SNt 4 Ff PGR BMfIHESR W i SFLIF AL, B AIGZE I o R A6 & R 10 iR R0CSR e B 2 ) 2 i VR T Me A
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AAKT, (4) 4 FF PGR BIrT AR REAPRL Cd i, HoP IR BE (Smg/L) ABA KPR Cd LR RN fell . A MEAM T 45
I, PGR MHIFFRIAR B Cd AR 51 ISk is Cd TEEILRA ¢, SRR TR EMXERR, (5) L LR,
M BE (Smg/L) ABA ALFEXT /KRS /™t o2 M, HATAL Cd & RN R R, 18 MM BE Y PGR W BR(ROK REFP AL Cd & i, AEh
R E 4 J 5 ek AR 2B AR S b B — s B N RIS, {E A ZBURS B 28 il PGR. 0 Ak s ) F Ak 3R 52 B 4 o B0 9900 71 A &
TR RRAR 7= 1k B SRR

KR KR (Cd) s A RIATT B (PGR)

Effects of four plant growth regulators on growth and cadmium accumulation
in rice

HE Bing, CHEN Xiaoqin, XIN Zibing, LU Qinyu, SHI Qiao, GU Minghua®, WANG Xueli

College of Agriculture, Guangxi University, Nanning 530005, China

Abstract: Cadmium (Cd) pollution has become a serious problem following rapid industrial development. The increasing
amounts of Cd in farmlands are the result of increased discharge of industrial waste, abuse of chemical fertilizers, and other
man—made sources. Cd likely causes damage to crop physiology when its concentration in soil exceeds the maximum
tolerable limit, resulting in growth inhibition and grain yield reduction. Continuous intake of Cd causes human health
problems. Therefore, reducing Cd concentration in rice grain, a staple food for half of the world’s population, is extremely
important and urgent. Plant growth regulators (PGRs) are chemicals—plant endogenous hormones and artificially synthetic
growth regulators—that affect and regulate plant growth and/or development in trace levels. Some PGRs play important roles
in inducing plant tolerance to drought, salt, low temperature, high temperature, and heavy metals. In this study, the roles
of four PGRs, abscisic acid ( ABA), ethylene (ETH), salicylic acid (SA), and methyl jasmonate ( MeJA), were
investigated during stress responses to Cd treatments in rice. Rice seedlings, grown in heavy metal —contaminated soil, were
sprayed with the four PGRs on leaves twice, one time each during tillering and filling stages. On the second day after the

PGR treatments during the filling stage, the photosynthesis indices and malondialdehyde ( MDA) contents of the upper
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leaves were analyzed. After harvesting, the roots, shoots, and grains were collected to investigate Cd content, biomass, and
yield. The results were as follows: (1) The ABA treatment at 5 mg/L maintained normal rice growth and yield, while the
ABA treatment at 15 mg/L showed the opposite effects. Treatment with two different levels of ETH significantly decreased
the grain yield compared to that of the control. However, SA and MeJA high—level treatments maintained normal yields. (2)
The exogenous application of the four PGRs inhibited stomatal opening and reduced the transpiration and photosynthetic
rates. Interestingly, the most obvious inhibitory action was observed following the treatment with 0.56 mg/L MeJA. (3)
Both the SA treatments, 5 mg/L. ABA and 0.56 mg/L. MeJA treatments, reduced MDA production and prevented plasma
membrane peroxidation of leaves at the tillering stage. (4) Decreases in the Cd concentrations were observed in rice grain
treated with the four PGRs at their appropriate levels, and the ABA treatment at 5 mg/L showed the strongest inhibitory
effect. The grain Cd content showed positive and highly significant ( P<0.01) correlation with the Cd translocation factor
from shoot to grain, but it did not show a significant correlation with the transpiration rate. PGRs may inhibit the
accumulation of Cd in the grain by regulating Cd transport from shoots to grain. (5) In summary, ABA treatment at 5 mg/L
had no effect on grain yield but induced the maximum decline in grain Cd content compared to the treatments with other
PGRs. Proper application of PGRs can reduce the Cd content in rice grain and can be used in bioremediation of heavy metal
polluted farmland. For a practical application of PGRs, appropriate timing and accurate concentrations are the critical

factors to avoid negative effects of inhibited growth and reduced rice yields.

Key Words: rice; Cd; plant growth regulator

B(Cd) RAEYFHHESRNESEZ—" ) Tolb =57 KRR, 5l 52 BE TF R DL R AR A B A 15
Jiti, A4 Cd V5 B R, KRR AR Cd WG MR IR oo R, Cd fEEY R i it AR
SEAEY R N, O™ E AR Cd i AR AR X B A R B G e
W/DVEDIXS Cd RIS FNAR B DR IRAR 7 it B 22 4 2B P 7R JA I

HE A=A IR 54 5T ( Plant growth regulators, PGR) & —2EX M ) A4 & B A VA 15 1E F Ak BT, A2 46
TN PR AN A A AR A IR 0], P i 7% R (Abscisic acid, ABA) JKARZE (Salicyliates, SA) 3R
FIMRZE (Jasmonates, JAs) LI ZE 2K § B2 ( Brassinosteroids , BRs ) S5 8 A b 7EAE Y0 HR 10 T 52 3008 (R L &
i AR AR R AR Y, PGR S 5HYxE A EIS Y s L AR, PGR Nl g
b 2 s O AT R 03 PR AR KT | BB B D — Pt U1 RV I M4, XTI S AL 1 4 TR bt
PAEE RS Hsu T ACHTE Cd Wil R KRG E 0 P IR ABA , FEAR T 28 R0% 1 Cd AR & 1 L
BRI S T RE

ARSCE i BT BR (ABA) & ( Ethylene, ETH) JKAZER (SA) LA K S HT R B (MeJ A ) Ab P S /K A5
AR KPR R Cd 25, 9125 0BT AR PGR 2 /K REFFRL Cd R R A AL

1 #R5EFE

1.1 Rt

RIS R HER [ PR AR X RS RIS b X R, HHERARB AR MRS R S EN . 2K,
1.411 g/kg; 2M%,0.3084 g/kg; 281 ,9.861 o/kg; AAHLIT,23.30 g/kg; Bl A, 62.48 mg/kg; AL, 33.50 mg/
kg ; HUACET L 88.00 mg/kg; 13 pH,6.16; 5 Cd & ,7.67 mg/ke; HRUA Cd 5 ,4.00 mg/ke,

BERARMTS %+ HART i 0 (FL42 5 mm) AN ZECIDEME (5 24 cm, BAZ 25.5 cm) 1, A0 % +
7.5 kg, I 0.675 ¢ K,0 F10.75 ¢ P,OMIENE TRAT, 58 AW KA R KRG SRR B A 9303, K
B UK RERLE (4 M 10D ARG TS Y R A B 5 bR, BT AEIA I 0.45 ¢ A, 4 BE]
BT 0.3375 ¢ A(FIWRERAL) , R 9 A (R 1) A 4 ANEE, o5 T8 RIS T
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1 X PGR M I8t , - ¥ FH 8 B4 30 mLL, DAP T 450 3 A 7K Bk AR 7K R RR

*R1 PGROIERE

Table 1 Concentrations of plant growth regulators

G5 =LY/ ST RTEY/)0 SRR / (mg/L) 253k
Treatment PGR Treatment concentrations Reference
1 CK K
2 ABA* 5 Hsu Y T Fll Kao C H [17]
3 ABA 15
4 ETH * 100 SCHENIAE 18]
5 ETH 200
6 SA* 5 Mishra A %[ 19]
7 SA 20
8 MeJA * 0.06 Beltrano J %£[207] , 25 4+%5 [ 10]
9 MeJA 0.56

W ABA: BiYAER; ETH: ZMH]; SA: KRR, MeJA. KA FEE. ABA, ETH, SA, MeJA means Abscisic acid, Ethylene, Salicyliate and

asmonate , respectively
1.2 s H &5k
1.2.1 #EHHKESNTE

FERRISCAR AT, A RO e Ak e, LAZEJEER 3 B i 1) b Ao R dp ey i I BE R bk v . AELRRISCER S 43
FR Hb B3R (RN Ok, 0 3 B K gk 4, 8 )5 1 20 mmol/L EDTA —Na, 324 20 min, £ )5 H 25 5
T v, WK ARBE TR 1K 4, FPRLE THUR 35 CERME T AR T BT, Rk, R L B
SE THEFE T 105 °C 2R27F 30 min, 65 CIEEM T EIET T,
1.2.2 HROLAETRR

I AT T /KRR B PGR ALFRJS 5 2 K, JH LI-6400 Y6AVE FH I AE {50 5 7K A 58 42 J T I it
AR ZEM R ] CO MRS, MERE R 9. 00—12.; 00,
1.2.3 Y Cd &

FEHRER b b3 (LRI ) PRI 520 B R 5 100 H 5, FREX 0.300g FEHIRE 526 A MG T 4 o,
A 8 mL 54 4l HNO,, T 4 M ( MARS 6, 3¢ [ CEM 2\ &) o i i, R A 88 )5 F W7 (PinAAcle
900T, 3 FE4A 4 2wl ) I TH AR H Y Cd & i
1.2.4 W MDA &

FEFES I PGR ABBRJE 56 2 RIBUKAE S — A 58 & It B A FE 5 43 301 35 R AT, 25 BRI 0.5 A i i
A IREME A S mL 0.05 mol/L BERZ%E #hi (pH 7.8) , F 10000 rpm (0—4°C ) B.L> 10 min, BU_F 15 % 5
A I E MDA &
1.2.5 FdEadr

SCHETE BRI 4 RE V- IE, Bl 1A FR F Excel2010 #E4T40 51, i SPSS #4777 22 /0B
(ANVON) FIZ 5 4 (Duncan)

2 ERAW

2.1 K PGRs X Cd hia TG A s ARE L B2

EHE R Cd MHRIEY AR BRRAES L ORIE PGR X Cd Whia /KR AR K 52 0 A A
[l (#£2), ABA 5 ETH S — PRI 7K AE R R A E 38 T 428 VAR TR, i 7E itk
FEJE RN, ABA I ETH 3 B0 (2 HEAR ZR ARG il 3t b 3R AR R A AKNL, SA Kb B S /K AR 28 Fi b 3 1
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S AR LU AT B e, (EURR o B A BRI B RN T R e AR U B TR A, SA AT EAR AR R M
EAERAE A SR AR R AR AR IR . MeJA AR PSR R AR 2R R0 1 35T F AR AN R, MR LU A 38, (ELRR i
A PV R 1 AN T R A, U AR BE S R P, MeJ A XA ZR AR TR M), (E T (K RS A IR A8 3

2 PGRIKFEEKAIZMN
Table 2 Effect of PGRs on growth of rice under Cd stress

N e R 5] 3 Hb |7 ‘ _ iy
(mg/L) height/cm (g/plant) (g/plant) (g/plant)
CK — 99.47+2.48 a 4.12+0.26 b 10.73+0.72 a 0.36+0.01 ¢ 7.23+0.18 a
ABA 5 94.45+2.06 b 5.03£0.15 a 9.34+1.19 ab 0.50+0.01 b 6.38+0.61 ab
15 94.61+2.86 b 4.84+0.34 a 8.04+0.78 b 0.61+0.04 a 5.80+0.53 b
ETH 100 89.41+3.74 b 4.68+0.40 a 10.89+0.88 a 0.47+0.02 b 6.11+£0.41 b
200 88.03+4.22 b 4.75+0.15 a 7.67+0.16 b 0.61+0.00 a 5.76+0.56 b
SA 5 95.89+3.84 ab 5.01£0.35 a 9.90+1.16 b 0.48+0.02 a 7.39+£0.24 a
20 92.33+1.30 b 4.94+0.26 a 12.91+0.66 a 0.45+0.07 ab 7.53+0.43 a
MeJA 0.06 95.30+2.62 ab 4.36+0.19 a 9.06+£0.32 a 0.48+0.04 a 6.49+0.43 a
0.56 93.75+3.36 b 4.44+0.22 a 9.14+1.39 a 0.46+0.07 ab 6.53+£0.61 a

AR FIR R — R AN [k JAE b B2 55 008 LA L 22 7 3% (P<0.05)

2.2 {5 PGRs X Cd Wae T 7K A Spk 7 4t (1) 52 il

PR A KR AR KRB SEAE bR, AIRHE I (5 me/L) ABA S /KR8 B4R 7 5 T ), 1717 /55 e B (15 mg/LL)
ABA b B 7K BB o LU X BB T 19.78% 5 i Wk B2 (200 mg/L) ETH FIIRHR BE (100 mg/L) ETH ¥ i 2
T KRR ARk P R A R IR R R T 15.49% F11 20.33% 5 A e J3 0 I P 14 SA I MeJA A0 33X 7K e BARk
FEETCRM (R 2) . WAHCHE T B (3R 3) KA & 5 Hh 3T 8 2 W3 B A O, S AR b 2 e 3 1 A
K, SRR THEAMKEICE EAHCOCR,, i LHED 0l 364 K& ABA Fl ETH S5 80K~ AR &
BRI, 1 SA FI MeJA X H 34 K ICHZ M, 78 Bk = i o B 0 /00

£3 KBEREFERRKEXESH

Table 3 Correlation analysis of growth and yield of rice under Cd stress

SgE| T E Hb L FR T 5 L 7R Bk
Items Root DW Shoot DW Root—top ratio Plant height Grain yield
T Root DW 1

Hb [T 5 Shoot DW 0.031 1

M5 Root-top ratio 0.508 -0.710* 1

B Plant height -0.388 0.126 -0.564 1

KRR i Grain yield -0.036 0.756 " -0.753 " 0.541 1

w %o SRHIFRIRTE 0.05.0.01 7K OB F B EHE

2.3 it PGRs X Cd BB T M ROGA 33 Z8 M HiR S AL S BRI CO, Mk B2 1520

4 Ff PGR ¥4 AR SAL T R ZE S MR O VE ] (3 4) , Hih MeJA FRARA L S B 12 15 S5 110 i e
K, R (0.56 mg/L) MeJA AbHL S KRG AL T BE FZE 1B ORI R R T 75.8% F1 66.9% 5 i W (15
mg/L) ABA AbH 5 KR e SAL 5 BE RN ZE MG R 0 5 R T 44.8% 1 32.2% . WFOLH A 1 F , Me]A 4k
PG OGA BRI T FRIE R ok, Fovk g ETH 11 ABA I SA XHGEVE IR i/, B MeJA 40 BEJS A )
CO, e FEALTXT fAh , o 3 PGR BRI A L[] CO, MREE . MeJA AbFRZH (Y Fr U FLT: BE RN 25 1 1R
T R A [ P B B ) O, M B R [ IR 78 MeJ A b B B0 L S B RRAR 2 5 | B o B 3 R T IRy 25
F ;ABA SA Fll ETH Ab R 5 K R AL 5 B IR 03 [ 199 ) B I oA P B A L[] COL MR BE ) R B, 5 7w 3
PGR 5 MG A HR T BEIEAUOR T ALCH] 38 7T REAE XS A AR FH G SO 3

http ; //www.ecologica.cn



214

PE#E A AR AR TR W O KR AR K R AR AR R B 52

FA ST BT B K REHFRL Cd &

B S B RSN B FIEHE(P<0.01), 52EBHE T L FEMHLLR

(%5),
&4 PGR LEIKFEM FXSIERBM
Table 4 Effects of PGRs on photosynthesis in leaves of rice under Cd stress
" " fitaiE] Co,HeE /
IbHRE / WOt E R / LT / A / 2
Qb PR ) ) 5 (pL/L)
(mg/L) (pmol/m? - s) (mol H,0/m* - s) (mmol/m* - s) .
Treatment ) . o Intercellular CO,
Concentrations Net photosynthetic rate  Stomatal conductance Transpiration rate .
concentration
CK 25.62+0.49 a 0.319+0.042 a 6.927+0.543 a 206.6+15.0 a
ABA 5 19.48+0.83 b 0.233+0.018 ab 5.537+0.211 ab 213.9+16.7 a
15 17.04+0.95 b 0.176+0.029 b 4.695+0.531 b 194.7+13.4 a
ETH 100 16.62+0.97 b 0.223+0.041 ab 4.595+0.539 b 232.4+14.7 a
200 13.25+0.27 ¢ 0.170+0.009 b 3.744+0.111 b 242.7+6.22 a
SA 5 21.11+£091 b 0.100+0.016 ¢ 3.035+0.364 ¢ 183.6+17.4 a
20 18.95+0.35 b 0.210+0.027 b 5.029+0.446 b 202.5+20.7 a
MeJA 0.06 14.38+0.73 b 0.082+0.009 b 2.702+0.252 b 142.7+20.1 b
0.56 12.66+0.44 b 0.077+0.009 b 2.293+0.196 b 130.0£9.40 b

RS5 KB Cd SESHAXGERMEBERBEXESH

Table 5 Correlation analysis between the grain Cd, Net photosynthetic rate and transpiration rate in leaves of rice under Cd stress

BH g M AR FRL Cd &1
Items Net photosynthetic rate Transpiration rate Grain Cd
Y45 % 2R Net photosynthetic rate 1

ZE 5 MR Transpiration rate 0.591 " 1

FFRL Cd &4t Grain Cd 0.464"* 0.239 1

2.4 it PGRs X Cd Ha T it i MDA 5 2 15200
MDA JEAE 1A P B8 3ot S Ak 7= 4, 35 i o WA 40 30 2 336 05 4 AR R T 0 NIRT 1 ] R vk

(5mg/L) ABA 435 MDA & A T %I (H E e (15mg/L) ABA AL FRICI SN ; w2 e BE AV vk 1) ETH &b

PG /KFEN i MDA £ 53 5% BREFF- ; SA Fl MeJA AZbBf5 MDA & s 3% x4 AR, 150 BA Ak 182 31 1Rl o4 1Y

SA 1 MeJA DL BARMRE ABA W] — 7 B i bk 8 AP AR 32 B1W Cd 4575 5 T Al B3 B 9 19 ETHL DA R i v

ABA FEARBRIRA> Cd JWhif 15 B i 5 i A A B A

2.5 it PGRs X Cd Wil F/KFEAFRL Cd &5 DL K& Cd

B &)

8 AL L :

16 4 Fh PGR 1 (@ W JIE (15 mg/L) ABA RV G E o] b a b ab b
BE(200 me/L) ETH AL KR CA @it 5550 e
HEAHEE , ABA XF 7K A8 M B350 Cd & 3 JC S, iy e 2 Eé (2) H H H H
ETH K f%Ho 356 Cd 2 5 PG 11%’ﬁﬁﬁﬂgx SA I g cK[ s [ 15[ ck]i00[200[ck| 5 [20 [ cK]o.e[ose
MeJA T4 g K A Hb b & Cd & f 34 in 18% F1 23% ., ABA ETHPGM@ SA MeJA
FPRE Cd 5 f 2 10 5 A OK i B I E 2248 A5 . MER 6 1] PGR Treatments/(mg/L)

H1,4 B PGR Ab 3R Y AT BEAROK R RFRL Cd & &, Horp
ABA I HIZCR & 5,5 mg/L 1 15 mg/L ABA 4L B
ZRMF T AFRL Cd % 5 43 0 L X BRI T 37% 1 21%
100 mg/L ETH .20 mg/L SA #1 0.56 mg/L MeJA AbHij5
FPRL Cd & 51T FEIE 235 13% 11% 1 15%

B 1
Fig. 1

A[E PGR 4323 Cd BHE Tt & MDA &£/ %
The effect of different PGRs on MDA concentration in

leaves of rice under Cd stress
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% 6 AT, E A EE ABA (R EEHY ETH (SA LA K MeJA Y425 1 AL HE ) 380 Cd 51z 2 %%, Hm it
JERR IR B ABA  BEIARBE Xt BRI 55% . BRiSHREE ETH S, A4 PGR AFEAYHY &R AR Cd
iz R LR BT TR AR, FLrP IR B ABA T B AR B Je K, 55 0 HERH LU T B 33% s IRV ETH AR B e
/N, SXFREAH LR R 19%

FHIE AT 2 IH K FEAFRL Cd B SRR Cd 2 Jedth 3B kb % s 2505 035 IE A9 (P<0.01) , /K
FPRL Cd & 5 13K Cd & i SARER ) b [ 56402 RETC BB KR,

£ 6 PGRXIKTE CdESER CdHiZREMHM

Table 6 Effect of PGRs on Cd concentrations and Cd transport coefficient of rice under Cd stress

e W/ (me/L) Cd % Cd concentration/ ( mg/kg) _ 42 244 Cd transport coeffic‘ien\tn

Treatment Concentrations R Hh 1 FRL -4t |38 by F AR

Root Shoot Grain Root to shoot Shoot to grain

CK — 33.90+3.69 a 6.59+0.54 a 0.62+0.02 a 17.81+1.61 b 9.502+0.73 a
ABA 5 29.03+1.75 ab 6.16+0.84 a 0.39+£0.03 ¢ 21.16+1.14 b 6.335+0.543 b

15 25.46+2.89 b 7.02+0.41 a 0.49+0.06 b 27.7+1.42 a 6.937+0.53 b

ETH 100 30.71+1.79 ab 7.12+0.59 a 0.54+0.02 b 23.30+1.82 a 7.673+0.42 b

200 29.72+0.96 b 5.80+0.15 b 0.58+0.04 ab 19.52+0.33ab 9.891+0.51 a

SA 5 34.97+£2.84 a 7.81£0.25 a 0.59+0.02 ab 22.44+1.091 a 7.471+£0.31 b

20 38.10+£2.21 a 7.36+0.64 ab 0.55+0.04 b 19.33+0.931 ab 7.576+0.55 b

MeJA 0.06 32.64+£0.96 a 8.08+0.45 a 0.59+0.01 a 24.77+0.64 a 7.271£0.35 b

0.56 31.20+1.46 a 6.89+0.32 b 0.53+0.04 b 22.11+£0.49 b 7.403+0.12 b

RT KIEHFH Cd EESHMAAL Cd KEREYR REEXES T
Table 7 Correlation analysis between Cd concentration and transportation ratio of rice under Cd stress

G T Tl o [T = A}
Cd ¥H2 28 Cd 18 25

TiH R Cd Fim M 1B Cd i Cd tramenort Cd transoort FPRL Cd 7 i
Ttems Root Cd Shoot Cd . r °po (, . r.d °po Grain Cd
coefficient from coefficient from
root to shoot shoot to grain
AR Cd F &k Root Cd 1
M 1-F8 Cd 54 Shoot Cd 0.365" 1
Hbo EBRY Cd %15 7%
R LY Cd 635 R AL oo o470 1
Cd transport coefficient from root to shoot
Mo BRI Cd %12 7% .
1 HITEPALE) Cd 312 5 _ 0.116 ~0.499°* -0.524"" !
Cd transport coefficient from shoot to grain
FFRL Cd F ik Grain Cd 0.445** 0.278 -0.199 0.690 ** 1

3 itig

TYIRNAELE 5 REME AKER FRER MR MERMCK, WA, G 535 & IR Y
BRI QKR (SA) AT (MT) e R B A NBEE . BUETR KRR R T A 207
PR 2 R T A TR Fhihe 2 e T R | AR e e A
BRI, 1) B AR ) A NV R 2R B e A B A KOT DR A W BN R 1 T, AR AR, b
WX A K AR S UTAFR ST R BRA NI AR KR T AR A A A B SR BT E AR BE T 1
AR i D A SR A BT X e g L HE T A R R R A 4R TS e B B SR
A
3.1 sl PGRs X sm/KREHME , 44 1E AR K RS2

A R AR ) N 2 B i i A O TR VE T, AR AE e S B N RS B 0 S A e AR B

http ; //www.ecologica.cn



21 4 PE#E A AR AR TR W O KR AR K R AR AR R B 52 7

HeFFIE R AR K, ARIGLE LI S ABA F1 ETH S BUK R b b 3554 K 32 400Fn bk 7= B B A 1T SA A
MeJA ARIHINHIR . WFFRRM,Cd,Zn 1 Al 555 48 80H 500 R e vl 5 S AR NG ABA 7KF-3
e Stroinski ™ HEM ABA S 5RAMMEH Cd MRAGFS S, CMma T /N R i ERR A e H K
PR, TR Cd a5 RS NS Bt AL R L Monteiro > Ak 15515 5230 6 1 0722 AT BE 5 40 Jfd 7y
FAL N AR A 56, Chen ™ 25 & BUANE MeJ A 38 1 38 N BK 5 - A PO IR M R 25 i ik Pk S 1 Bt
it PR 3 S A i P DA TTREATR Cd b3 335 1l O g ot S Ak i 0, A5 6T, AR IR SA T 38 o 344 Jon 240 i e
AL A B BT AR L1 ° I i R 22 4 i AR 2R v i e AR 7= A ) s S B SRR T S S T R T K
FE b Cd MhaXHE I . AR SE R R BB (15mg/L) ABA ALFRY/KFEM H- MDA & & T
IRHRE (Smg/L) ABA AbFR KR SRR P IR TIRHR FE ABA A0 P, WK ABA b FE/K A4 F T /KRB KA Cd
HIP5 3 T e ABA A0 B K SIS ) T 14 38 K REHTIE . 100—200 me/L ZIRAL BRI A RESE M Cd e 5] 2 i it
R R A, B AR I s AR R R TR, SA IR BE MeJ A AbHY LB A 0T B MDA 5 & b X}
HEREAS, VLI SA Fi1 MeJA b FEEA 22 B it A VR T, 76 Cd WhaE T ZEde kb FIIE R A K AR ™
HSXRERE, M2 7E Cd 1A T, 15mg/L ABA F1 100—200 mg/L ETH A HEZE B H U 2% J5 5t S8 A Fn 445
AR BRIV 5 1117 5—20 mg/L SA F10.56 mg/L MeJA AL Xob il /0B it i 4804k, 4435 1E 7 A B B9/ T, 4
W 4 Fh PGR 1615 F/KRERT Cd ABLrE )y B A E B P HLE] 06 Z0E = A0, 4038 It 1 9k 2 PGR B
BRI 5 SAYPTH R BB R

3.2 HtK PGRs X7KAFFFRIAR R Cd 195200

RIS R R, 4 Fp PGR ¥l 75— @ R LIl KR AR Cd IR AIRIRE ABA XK AEH R AR
FCd IO ek, HIE Y Cd TR E L AR R AR R n) 25302 | 25 1n) iz i e 25 AR T 1) )
B A ) e iz B R A REIE AR A VR A RE ) AR BEYE Sh S Cd A2 i AR 2R T 42 k) 7 M g
HLRE R 22 VE WA 2 Cd WlCR) 3R R A 3h SR Salt ™V S5 IR ABA 5 A S FL G 25 %
VEFH R B Brassica juncea MAR [ #5512 Cd B nT BEALH] . Hsu'" Z5IA 4 Cd Wil S EUK RGN IR
ABA HEAI, MG ANGY ABA FEAIR 1 28 R0CRM0 Cd AR R 1 M 5% ia NI 4RI ABA FEAIK T /K
Mo BT Cd BRI, BRIEHE AR R BANE ABA AbBERRMRANSEBR (3 R4 Cd i B ] cd
iz, iX 5 ABA FEARSAL R MGIZEBHERA B HVINCR, EARRE T KR ABA b3 )5
I 5 7% 1 TR 5 56 R (ERPRL Cd F o 50 BEAE U A 0 T B 5 R VR ABA A B S I 1 2% 18 R i IR vk
J ABA AERAL AHFFRL Cd 5 I TR ABA Zb3H . Hossain'* Z5 AN MeJA 5 ABA a1 S0 I+ AL
K1 H ABA 7E MeJA ME S Sl Bl EE/E A, 7EASIRI0 H, MeJA Ab 3 5 it - 725 1 R T [ fE
e ABA AbHERE K HILFFRL Cd &t T ABA 0B, AHCH: AT (3R 5) 45 R 3R M kPR Cd Sl 5 M A6 A
R IE AL R, SR B ERIJC B B R BR KR i 4R — 2 6B 1R A AR Cd
PR B TZE S BRI A& PGR WK RG] FiZ % Cd I RS £ BRI 45 5 TC e HERR 28 1 1 R 7E
ABA ¢ MeJA $HIFFRIAL R Cd 5575 A BURAE A, (ELG 7RI IRV L)

IR LE R KFERERL Cd S SRR Cd S8 i EESmFERL Y Cd 7428 R B0 R BN 835 IE A G
(P<0.01) (R 7)., =¥ ABA 5 ETH A FRRE/K AR Cd &5, 0 SA 5 MeJA JCULAN (% 6) . Mt I
FRIIFFRLIY Cd %18 RE BT, ABA [ SA Fl MeJA 7 3y B2 1 6l 9 ¥4 i Cd M ttb b 35 i) ¥P R 9 7 3 | T
ETH {XAEARHREE (100 mg/L) S50 T RIHARIBN (£ 6) . P, ABA ZRFR{FFARL Cd &= FREATREZ M T
ABA HHIAR 2 W AT Cd DA ZE S 1) AR e 4 1 RUEE 52 M) 19 25 2 5 100 mg/L ETH, 20 mg/L SA F1 0.56 mg/L
MeJA ZbFREFFRL Cd 7t FEAKAT BEJE 1 T Cd MHE 5 ke b % 32 22 Bl () 25 5 . K FE251 i -3 Cd
PR BT, B KA R Cd AR B i ) J e iz, DA BOESR M Cd T AP ik iz ™ o il ek ARE 25
5 AR A3 A 18 A RO TN A E , DRI R A 1 0 2R 1) ] B B AR A AN SR — N S e
BHAR T oCE i 5 AR RS . Yu' ™ R B K R S — 25797 b & 8 i 2R 11 38 DR R 7 SR /KO- L B i 150
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8 S % 36 &

fi,53% Cd.Pb Al Cu &R B THFRIE X L5 RR 22 2K R AR L 2 4 8 1) 86k, 78
AGRIE K FEFPRL Cd 5 i 5 1 EFRS AR Cd 532 R UM A E R 56K 0.690( P<0.01) , 5 HAh 3 Ff PGR
FHLE ARV S ABA Ab3US b B RS FFRLY Cd %12 REURAR, X 5“2 ABA A FRJ5FFRL Cd & i 5 fik” /Y
ZEIRA—E, F UL, PGR AMEIRRIT Cd BIFR R EE ) Cd 78255 A7 A 535 1) ) iz 3 4 42 i) i i A
X AB HETH S RIE R > . PGR W] B 42 ol (7] 42 M P s /K F L 3B ) APk iz i Cd iad /2, Bt — 2
W,

ZE LTk R 4 Fp POR 40 7E— @ FE R Ll /DK R R R T Cd O RLER (KU FE ABA XK Rk L 2
Cd AR i, HEM H A ML S ABA W2 P M AFRLE R Cd 78 & KM ABA JFRFRAK ™ &, (H i
W ABA SEUKRIS , BHRAMREEVE RN B ETH A0 38 BEJ8 /b K Reekr v i 8 4 J8 2 2 [A) I I Sl eI
i, SA Fl MeJA SASFZA = i (H KRR R (9 82 4 i % SRR FR LR T ABA, i T HA it AT B AL
ISR AP AR R, PGR A IR B 4 8 T ek B AR TR BRI b A — i 2 M, PGR X [R5 £ 119
HERR PR ZR R, AN RIS ] Ab B AR TR] 3 i /K OF 1T BB 2 5 BOR [A] 19 AR ALV , 3% J& PGR 7E 52 i b FH Hr 20

EHY R,
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