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Abstract: In recent years, the phenomenon of excessive level of Pb in rice has become more and more serious. In
order to explore the toxic process of Pb on rice, the hydroponic method was used to study the accumulation rate of Pb in dif-
ferent parts of rice seedlings and the effect of Pb on the contents of chlorophyll and micronutrients ( Cu, Zn, Mn) under the
different concentrations of Pb (2.0 wmol/L, 3.5 pmol/L, 5.0 wmol/L) and different treatment time (0 h, 6 h, 12 h, 24
h, 36 h, 48 h, 72 h). The results showed that the accumulation rate of Pb in roots decreased with the prolongation of treat-
ment time, while the accumulation rate of Pb in stems and leaves increased with the prolongation of treatment time. Pb

showed a promoting effect on the content of chlorophyll at low concentrations and an inhibitory effect at high concentrations.

Low concentration of Pb promoted the synthesis of

YRS 8. 2018-11-15 chlorophyll, whereas high concentration of Pb inhibited the
EETE . 44 RHEHH R H (2017B030314002) ; 1L 75 45 3 il BF synthesis of chlorophyll. The distribution of micronutrients
SeHFRIT H (2015021119) in different parts of rice seedlings was different. The con-
B BE(1993-) 4o I TE A Bi-EBFSEA:  EERGy tents of Mn, Cu, Zn in different parts of rice seedlings de-
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mail ) 715708956@ qq.com stem > leaf > root, respectively, and they all showed an
WIEE . 25, (Tel) 18636658360; ( E-mail ) yanan88191 @ 163. antagonistic relationship with the concentration of Pb. The

com contents of Mn, Cu, Zn decreased with the prolongation of
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treatment time.
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BERBWBRAREE T, EFRWCR N Kimura B
By (1), EFWFEIE 25 d 54T Pb i
AEFRPh W 2.0 pmol/L, 3.5 pmol/L. 5.0
pmol/L Ph(NO,),. FH 1.0 mol/L KOH 35 I
pH A% 5.5 Ze47, 5 3 d B4 1 WEFRW., s
MFATSEER[ R 12 b, \BE 28 C(HAX)/
25 C (TIE]) AHXHREE 60% ] .
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Table 1 Formula of the nutrition solution of rice

Yk BE Sk RE

it (it || A o)
(NH,),S0, 370.0 ZnS0, « TH,0 1.0
MgSO, - 7H,0 550.0 CuS0, - 5H,0 1.0
K,S0, 90.0 MnSO, - H,0 5.0
KNO, 180.0 H,BO, 10.0
Ca(NO;), - 4H,0 370.0 Na, MoO,, - 2H,0 0.5
KH, PO, 180.0 NaCl 100.0
Fe(u)-EDTA 50.0 CoS0, - 7TH,0 0.2

1.2.2 BAfzk HLUT B E S TR0 h 6
h.12 h 24 h .36 h 48 h 72 h, B b PR 3 D FAT
BE,BAEATREREALE 5 Bk RN STHYAE R, T
0.1 wmol/L Na-EDTA ¥=/KFFHLHE 30 min, Z:BR7K
FEAR 2R R MW B 1Y P, 2 J5 FH 25 8 1K o ik 5
IR JE MK 438 T AR R i K 20 BG4 it A
TR S EIME , T T RS A8 AE T -80 C Ik
TS 2R 43T
1.3 MEFE
1.3.1 stF4FanE B0 1 g Frifnt A 7
10 ml 99. 7% 11 £, 5 g HHis 16 B S el 25
B3 WAE 645 nm F1 663 nm P KR, 48 4h-7] L
O3 HEIERE I E W EME Dy Dy , i1 LA
HaEMgR AR,
(12.3D,~0.86D,;) V
T dx1 000xW
(19.3D45-3.6D;) V
DT X1 000X W

L. C, . C AR E a FIMFEEER b &
(mg/g,FW);V ﬂﬂﬁﬂl@ﬁifﬂ( ml);d NG K
<Cm> ;W j{]ﬂfﬁ“}ﬁi( 1Y) FW) §D645 \D663 j‘jnﬁj\lﬁg
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Fig.1 Distribution of Pb in different parts of rice seedlings
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Fig.2 Accumulation of Pb in different parts of rice seedlings

P 1 d IR TR KR A AR 25 X
Pb (R RHR, Wk 2 iR, KRGS b Ph AR
S %R i A B [ ) 2B T 3G, AR e Ph A AR
SRR R Ah L ] 9 A T AR, 7E 3.5 wmol/L
Pb AbFET 55 1 d AER Pb AR SRR M5 2 d 5 3
d /9 15 4% 10 f5 44, 2855 3 d IR R R4 1

dEBE2dM L6 45 L3MEAL, M3 d LR
RFHE 1A H2dM 2.9 1.7 54,16 2.0
pmol/L.5. 0 wmol/L Pb AbFE T A LAY ZE R, X
VLHZE 3 d (%) Pb Ra T KRS 4 AR T Ph A AR
FRFBAEPES 1 d, 25 X Pb (R 84
HTESE 3 d,
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Table 2 Accumulation rate of Pb in different parts of rice seedlings

Ph fEKRELH A MR AL R R [ pg/ (g - d) ]

ﬂ?jj i 5.0 wmol/L Pb fhf1 3.5 wmol/L Pb it 2.0 wmol/L Pb Hrf1
- S R I £ Ui} i E S R
1 0.785 2.734 45.068 0.296 0.973 16.009 0.500 0.687 6.641
2 0.608 2.049 9.756 0.493 1.174 1.038 -0.099 1.207 2.398
3 1.598 2.641 1.759 0.860 1.555 1.667 1.049 1.464 2.272

IEEER Ph BRI, {5 Ph LR B,

2.2 KEEZES Pb WEBILE

HRAZHE Ph AN AW e 1 A 0 1) 23R4
Ph 7EHL 4 A P9 0 76 P ARG, K 22 4B 9 [ 2 78 AR
R EE R RE(TF) R F A AR
IAHL T 5853 A 5 1 3R B RE T

TF=4b P ESESE/MAESESE (1)

Pb AbFRYk BE 43 5K 2.0 wmol/L 3.5 pmol/L .
5.0 pmol/ L, AN [ AL #H R[] T 7K #5415 v Pb %%
BRBAFIE2E R (R 3) . KFEYIKRN Pb 5
BRI A B[R] () ZE A R, LR AE Ph IR E
J93.5 wmol/LIME 72 h( %5 3 d) i}, K AG4h i Pb 11
MR RBE RN EE 6 h AR 4.7 4%, A AR B
FEE M 55 1Y Ph B £ [ Ak B B A] (1% ZE 4 i 3
I, AR AR ZE - Ph AR 258 R it Ak 2 5 i)
4 FIE K T 3 0
F3 KiEHES P MEBRE

Table 3 The transfer coefficient of Pb in rice seedlings

Ph At ARFLHRTE T Ph (RS 25
e pE

(pmol/L)  6h 12 h 24 h 36 h 48h 72h
5.0 0.051 0.046 0.077 0.116 0.113 0.184

3.5 0.061 0.088 0.079 0.151 0.172  0.286
2.0 0.360 0.237 0.179 0.182 0.254  0.425

2.3 Pb MEXKEHEMHEESENRME

M2 R RIKFE AT A A A Y T, it i
() Ph W] 4] 2 28 04 5 B, DA T 52 el 7K R LE H 1Y
AR, 413k 4 Fi7R, 5.0 wmol/L Ph it A,
H- e I 25 Ak LS i) i 2 K T 32 9 D 2
JiiiE 3 d J5, iHER R S R T 29 20%; 3.5 pmol/L
Ph [l s Bl Ak 38 A () ZE G K R rpont R
SRS DE AN ;2. 0 wmol/L Ph A | - F e
2 25 P i B A AT ) A 384 i 3, i 3 d )

Mok 2 SR T 29 8.5%., UtBH Pb Xt rt4t i
SO LA RUE P, 2 B < I i e 40 A9 R AL, RIVAE
WL Ph 2 fle b SR K 4 180, T R Ph U241
i 2R A A A

x4 PhETKBHEHRESE

Table 4 Chlorophyll content in rice seedlings under Pb stress

MR EE (mg/g,FW)

AL BRI ]
(h) 5.0 wmol/L 3.5 wmol/L 2.0 wmol/L
Pb Jipia Pb et Pb Jipin

0 6.2830.423 6.382+0.351 6.058+0.261
6 6.1600.522 6.301x1.031 6.361:0.281
12 5.945+0.158 5.729+0.122 6.469+0.228
24 5.902+0.277 5.792+0.404 6.579+0.254
36 5.695+0.308 6.358+0.065 6.572+0.216
48 5.793+0.779 6.029+0.164 6.653+0.020
72 5.028+0.140 6.531=0.182 6.62620.564

24 PhEMEXKBHEREEFTEREZM

Cu Mn Zn ¥JRKREA K K& b 75 i il 8
FRICE B X B 50 2 2 X 7K R 0 A K RAR I A
SO, AR I B BT X I R R LA/
Pb ¥ Bl 3.5 wmol/L, M % T i e & T /K RE4h i
M ZE i Cu Mn Zn 95 &, WAL 3 s, 3 3
L RO R AE KRG ) AL 1 A B A A 22
5o Mn ZEEHAL A 5 5605 O . i > 25 S AR, RN
Pb AbFEEF It Mn 15 & 53 5IE 25 AR Mn i
(1) 2. 3 £%.26. 6 fif; Cu TEAFP AL & S IUT Sy« AR >
M>25 K0 Ph AEERFAR A Cu 19 5 o A 25
o Cu F LA 4.9 £%.10. 0 fi% 3 Zn 76453 H 5 HE
FFoh 25> SR, RN Ph AL PEE 25 Zn /95 85
B ARh Zn SR 105 2.5 /5, WK 3
ALVE HBEE Ph e B [ A 2E 4, Mn  Cu Zn #Y35
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Fig.3 Uptake of nutrient elements in different parts of rice seedlings
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Pb &5 =45 A B R B S
ARWFFE LSRR KRGS 25 RO Ph R 220
FP o AR>S ZE > I, ik 5 504 AT [ AfF 5T 45 R — S
AHFFE R ARE T Ph () F R EEAE PR 1 d,
ZHIHR P F il TP, 125 X Ph AR B
BUAETTES 3 d,

HAVERIEAZ Ph M S UK 1) i 22—, P
Jofp 0 2k i 25 1 B, 3 B SR AR ZE R R | %)
SERGE A M Y ARAFIR A SRR, Pb
X R B s ) 5 AT BUE 1, B SR EE Y Ph (5.0
pmol/ L) A il -2t 2 1 5 B, IR 1Y Ph(2. 0
pwmol/L) 2R Bt 4 Z (A i, X5 Jayasri %
FRAIF 5 25 SR AR RL, At AT X /N7 P AT B 9%, 2 B 1
mg/L B Pb X2t a M4 R b AN SRENE
BUEREFMEIEER, 8 IR o R BARTE KRS RN &
AR R w2 2 i e AT 2 KRR 1 1
WAERRET Y, KRR S i i FR O AR
Wbk T 32 A SRR s 2 A AR KRR 45z

IVER AT AR R R AR , i85 5 TG
YRR K 240 R 2P Zn REAR BB A 1E
2 R B Ay, R EE R, =
Zn G AR RA Y & KT 300 mg/kg
B} A A UE AR 90 15 H B BR AR > AR 9T 45
R, Mn 784007 19 B ST Sy i > 25> 4R IX
SR ARG S R —2 ) (B Cu Zn 74T
Erm iy 5P DY Ry MR oY 45 A A
255 XA RBSE T /KRR 25 FR AL I it FR e R Y
FRLE G 5K R AR B BOA ¢, AR W58 19 02 7K
FETG 0, 1M =25 | i v 4 e AR BR 7R KRG 0 BE U A
K, Cu Zn LE/KFEH) 45 BB AL & IR A 5 %)
FaE, 1€ Pb MHBACHE R 3 A B FR e R A& i
YR Ph e B2 B3E s/ , 36 KRG XF Cu Mn  Zn
FXF Ph BMRISAFTE SR R R
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