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Accumulation Characteristics of Pb by Zea Mays of Different Genotyoes

QIN Rong-lin, LI Yuan, ZU Yan—qun, ZHAN Fang—dong, CHEN Jian—jun’

(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China )

Abstract: To determine the characteristics of lead(Pbh) accumulation by different maize genotypes, two low accumulation genotypes(Quchen
11, Quchen 3) and two high accumulation maize genotypes (Jingfeng 8, Xuyu 1446 ) were used in a field experiment under Ph stress
(2 000 mg-kg™). The following parameters were measured including the change of plant biomass , Pb contents in different plant parts, total
Pb uptake, Pb accumulation and translocation of different maize varieties, soil pH value and available Pb contents in soils. The results showed
that: (1)Compared with the control, the Pb stress caused a decrease at differnet levels on the hiomass of roots, stems, leaves and grains of the
four maize genotypes. The plant biomass decreased by 9.65%~20.46%. And the decrease level on the plant biomass of the low accumulation
maize genotypes was less than the high accumulation maize genotypes. (2)The Ph contents were found highest in the roots(95.39~121.02
mg-kg™), followed by the leaves(25.56~43.21 mg-kg™) and stems(14.06~25.41 mg-kg™), and lest in the grains(2.52~5.38 mg-kg™).
Moreover, the Pb contents in roots were higher of low accumulation maize genotypes than high accumulation maize genotypes. In contrast, the
Pb contents in the stems, leaves and grains were less of the low accumulation maize genotypes than the high accumulation maize genotypes.
The total Pb accumulation of maize was 4.46~7.94 mg per plant, and which was significant less of the low accumulation maize genotypes than
the high accumulation maize genotypes. (3)For the four maize genotypes, both the accumulation factor and translocation factor of Pb were
less than 1, and were smaller of the low accumulation maize genotypes than the high accumulation maize genotypes. (4 )The pH values in
soils were 6.60~6.82, which were significant higher of the low accumulation maize genotypes than the high accumulation maize genotypes, the
available Pb contents in soils were 969.86~1 116.15 mg-kg™,

Keywords: maize genotype; Pb content; accumulation characteristic; available Pb
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AR XA R G TE Y AT 38 56 1 1) 3R
Bz —, o550 4, RAA 2.20x10° L )
Cr.9.39x10° t ) Cu.7.83x10° t [#) Pb 1 1.35x10° t (1)
Zn HERCE SRS A R s e LA SR T
I SR I5 Y PEHGE , FRE Cd . Pb As FFEHAEE
15 YL HFH T FGR 2.0 107 hm?, £ 4 4 ] B g 71
1) 2097, ~MEACLSEY T REES, 2R EE
BLRT R IR T 2B IR i1 A
BHEE SRR E, SR FE AR
X, A H A 4 YRR R R X, K iR B
R T E 5 Y, F:30 Cd.Pb Zn FE LR L
B SRARE, b Ph 2 3 b e ol R G
BRI Y OCRY, BINAEV T T SRR R 5
WA 3 S 0 4398, AT Ph P XME & 536 3 244 mg-
ke'o T Pb YR L4 FUR B R LAY
257 T A M, I FL I e A A A iRk
fi& T N AERRE

AR TS5 [] — R AN ) it e 22 ) oo i 2R
HEEEWEE I WA ER K ES AR E Y,
oKW RN 2 P BE 1 R B VE YD , 0 SE AR B
SNy, A BARE S Ph AURE ST, 1 E KA S A
ZRE P AR R . 2R 55 EENFSY 6 it
PR 7R KOG Ph ) W i 2R v & B, 6 il i R 75
FORAEARIE R Ph S EAAE R E W ES, il
R AR AR AR ] 22 AR K, A5 AR )
Ph B B RAFAEAR S > 25> T H 23R A7 1] 25 55 I
JEMFAE B2 IR A 22 57 . FNBL IR SRR B 9 N B
TR SRR Cd MRS FF )RR B2 1 i R I
AR 22 5 kPR A Cd AR I R RE
NWAFEREZS . X TINE R, 405 58 1
TBETs YA, BAETS Y Y ] B A R R
R Yy S AR T2 h AR ER S b . X1 4k 5450
AR AR ) B 4 I SR AU 7 RS L8 DA AR
(1) ZAED I Hh 15BN 3 50 2 4 I o e P AR AR B
AT E S S AT A SR s (2) A &
&lEm ZRE/NT R E SR T, e ER
B<1s (3) iz A LA BT ) v] B 5% 08 T 4 )
RE 422, AIHGHE RBU< 1 (4) iz E 4w dE
AR RN SZ 0 R S R A R 15 Y N RRS IEH
AR, HAY R JCI TR

KEB > 145 T 4 DAV M AR s AR VA 1 1)
T EPIESAEAE XA A RERL I AR 2 W, PR Ik
REBL A P S RN 4 Ji R B T S 4
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JRA RS SR AR S T pH BRI AR
AL EZ T NI, AR MR E R R
1 B AR TORAS 2 A MO SRR RS TN X A, F
FE T AN RIFEN T K S MR AE Y1 224k . X Pb (Y
MR e i LA PR Ph SIS |
pH LR RS Ph &, ko m i LR R
PEi S AR R A e, PR A
FISEBRE A ™ bty AT 355 A JRAR AL AR AR 3l

1 #RE5FE

1.1 kRl

R ST = WA ) BRI = g Aol K
SR Be b, b Kb 25 B A AR LS R AR AR Oh AR 4
103°13" b £f 23°32", S S5 A T 7. Ry 2 XAk
SRR 147 €, AEREKE 1040 mm, IR ¥
e HAS {50 . pH 6.86, 7 ML 23.30 g-kg™, &%
2.20 g-kg™, 4 11.04 g-kg™, 281 8.92 g-kg™', Bl i
& 40.25 mg kg™, BEALWBE 28.70 mg kg, AP
161.61 mg-ke™, +3 Pb 454 :79.25 mg-kg ™',

PR FRIEH 2 B Z R Rl AR R A
4, S AN E TR SRR 115 k355
i AR oK R 8 5 IR 1446,
1.2 iX3&i& it

B FOK T 2014 48 6 H R, 20 5l B0 B (CK,
TR U Ph) AL EE (T, AMJE SN P #e N
2 000 mg-kg™') 2 AALFEE P WU N AN
Pb(CH;COO0 ),+3H,0, A/ B B 3 IRE K, /NMX[H]
HUBE, BEALHES , 2 24 A/NK, A/ NXTHFY 1.8
mx2.0 m, B/NXFp 15 5CE K, BREE A 40 em, 15 HE R
60 cm, K€ fE [ Ph(CHCO0 ), - 3H0 W ik K I
BI5)#ETF 200 g iF 2 mm G L FEH, FRAE R 5
180 9y J5 4l A 12 4~ Pb b FH/NX 454~
FURBGERE A 20 emx20 emx20 cm, 5 +3E w017,
fi 1- 45 Pb ¥R FEh 2 000 mg-kg ™, 1 2 JE 54 H
JHE 3 RIRI R FORK MBS B UL 1R Bk
A KA, 208 B A
1.3 HmRESIERUE

i BRI 43 51 R AR B 138 5 A AR AR il
GRS, HIEREAL 2 A AR RT B S 43 513 1 mm Al
0.25 mm i , &5 1 s FEARAE i 23 A 2K I FURERE 4
BBAT, K PGS PR 2 B K ek, 105 “CHt
i AT 30 min, FEZE 70 CHLT E4E 8, =AY
B, i 0.25 mm i, &
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d- b Pb A E - 2 R R AL S
B 8758, WG 0.25 mm i AL 0.5 g, RH]
HNOs-HCI-HCIO, 75 fiff il £ 1M, JCHa I lie o3
JEIERETHIE o

FARAR 2K mE FpRiH Ph S B AINE S
BERAR AT )M O 25 G 0.25 mm i AR 0.5 g,
>k H HNOs-HCIO, 572 i 35 RrI L Ot Jst -1 lie o3
JEIERETHIE o

pH (B E « 2 B3 A 73 B )M IRd) 7 ik, R
i 1 mm GG 438, K Fe Ry 2.5:1.0, pH THIE .

IS PhOR] S BRIREh 45 5 A FI 4k
FALYIZEG ) T S IR Tessier 1Y, 1S4 U 72
2 BESCHR[20-2 113647 , T M D -l 4 D' D B
W5E
L4 ZEit i

¥ FH Microsoft Excel 2013 1 SPSS 19.0 #:f 754
AEFRFNGE T o3 H , B 2R U5 22 53 M Al Duncan Z2 8 1
ARG IR AN [] A A it o ) 1) 2 SR B

Pb & S RHIE & 4 RO 12 REGRR , Hit

RN IVSE
=R B (BCF) =T KA N Ph 5 it/ 48 Ph %

P

25 MEEE ZBU(TF)=25 358 Ph & &/ARH Ph
/H\EDZ—B];
KRG 1 R BU(TF)=FFkL Pb & 50/Z50H355 Pb &

P,

2 HBRESH

2.1 PhAFEFEE ERSBFHEYMEHIZ N

MR 1 ATLLE H P a4 A FOK SRl Y B
FRAED IR  ZESkPRS TSR . IF H S X B L, 4
AR AR AR 25 ik Rk AR e AR AR ((Ab
FRAE X BEAE /% BRAE x1009% ) 341 /N T2, 168 oK &
RO AE A AZ BN R R BE BP0, A IR
PbJFHE T AR FOK SRR ZE i OFERL AL A )
(KR +25+0F+¥00) SEEIS510 13.49~23.41 ,106.24~
146.03.31.00~40.86 .80.95~110.60 g il 251.15~303.85
go SGXTREAHLL, HT R E 0k 2.30% ~

xR AEEEBREXRAMEREDE (-4

Table 1 Plant biomass of different maize genotypes(g-plant™)

v K ML X

CK/g- £ T/g- B! AL 5351 %

it} MR 11 % 20.12+1.49h 19.66+1.77h -2.30

M35 15.59+1.63¢ 13.49+1.08d -13.47

WSS 26.52+1.17a 23.41x1.65a -11.70

JHE 1446 20.14+1.01b 16.44+1.18¢ -18.41

2% Mg 11 %= 155.66+8.80b 135.97+8.07a -12.65

M 35 123.66+5.69¢ 106.24+5.05b -14.09

WSS 163.29+5.84ab 140.38+8.86a -14.04

JLE 1446 165.70+5.42a 146.038.12a -11.87

i R 11 %5 42.06+2.31b 36.62+3.46ab -12.94

M35 37.19£2.63b 31.00+2.02b -16.65

W8S 50.00+3.95a 40.86+2.06a -18.28

HLE 1446 39.39+2.50h 33.74+3.52h -14.36

FkL iR 11 5 122.07+6.97a 110.60+8.21a -8.58

M35 101.55+7.98b 100.43+9.08a ~1.11

Wi 8 5 119.26+9.30a 80.95+6.86h -32.12

JHE 1446 106.02+8.85ah 93.29+8.85ah -12.01

By MR 115 339.91+19.29a 303.85+18.63a -10.61

g 35 277.98+9.16h 251.15+7.05b -9.65

WSS 359.06+15.25a 285.60+15.02a -20.46

JHE 1446 331.26+15.43a 289.49+8.57a -12.61

T 2 R g S (R 22 5 ) — RN [ B AN [ B DR 70 R fiy o 2 Sk B 25 /K- (P<0.05,n=3) o Rl

Notes: Data are average + standard deviation; The different letters in the same plant part mean significant differences between the different cultivars of

maize( P<0.05, n=3). The same below.

—270—

http://www.aed.org.cn



ZRRRBE, 5 AN [FIEIR L F KGRI Ph (4 6 AR

2016 £ 5 B

18.41% .11.87% ~14.09% .12.94% ~18.28% .1.11% ~
32.12%11 9.65%~20.46% . AL A B HE FOK S AP
Fb 0 B 4 oK S R SRR A T BRI, X
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22 AEEREBEXRGMMI P WRERER
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121.02.25.56~43.21 . 14.06~25.41 2.52~5.38 mg kg™,
SR, IGE S FORFIMRES Pb & & T
TR AL, H R Ph E AR T R e A ROK S, 4
ASFEORSAPZE . AR Ph B X R DR T A o
(BG 13078—2001)(Pb<<5 mg-kg™), Hrr, 25%6 Ph
R HARERR (M 2.8~5.1 £, mH&B Pb & i 2 HAR
WEBRAELRY 5.1~8.6 5, YA o] FVE R 40k ;4 A di A
KPR Ph £ i 1 1 2 4 [ bR v (B it v Vs e
YIBR ) (GB 2762—2012 ) HF AL %& (19 (Pb < 0.2 mg -
kg™) SR HARMERRER 12.6~26.9 %,
23 AEEFEEEKRFHIT Ph 2R E

MAEEL 2 AP Ph IME TR, AN [R] J R B K it Fil
Ph S FE Ry 1 4.46~7.94 mg- Bk, HARE&EE
B TN L A =0 S B VT o =38 8 A i S/ QUL i
A A RN A3 FR ) Ph BRI T E AR K
ATy

140.000 ¢ a

24 ARAEFEBEKGETFHIT Pb WEESKIEEE

AFE 2 BI %1, P AT L4 AN FOK S R E R
BHZE M AR s REBUEEE R B RVIAR
FRE PR K S A Ph ) IR SRR O S s e )
FECERA SRR LRI 22 5 0 W A RS 25 i FPRLEE
iE Z B3 B 4 )k :0.010~0.017 5 0.116~0.251 .
0.211~0.453 ,0.142~0.194, AL & £ oK 4 Fh 8 21K
TrEE R T oRMA, UMK E & FOK MR 3% Ph
P IS RE T K Pb MR IR i 1) 25 (it 55 A 2SI 3R
B RFPRLRE T s A RS
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Figure 2 Total Pb uptakes in different maize genotypes

under Pb stress

Oz 11 %
L g

, 120.000 b b b Ofh R 35

< 100.000 e OsF 8 5

o0

HE 1446

= 80000} Z A

=

4T 60,000 a

= a

40.000 1
20.000 - T =B
i E it FPhL
1 PhEME T AEEREEXKGAFMEK PPEE
Figure 1 Pb contents in the plant of different maize genotypes under Pb stress
R2 AREFAEERRMEERBERERE
Table 2 The bioconcentration factors and translocation factors of Pb in different maize genotypes

B N BHERE s R AL s 240 KPR 12 R AL
thz 11 5 0.010+0.001¢ 0.116+0.005¢ 0.211+0.010¢ 0.153+0.009b
= 3 = 0.011+0.000¢ 0.175+0.004b 0.258+0.015¢ 0.142+0.014b
WEE 85 0.017+0.001a 0.251+0.036a 0.377+0.044h 0.190+0.015a
JBE 1446 0.013+0.001b 0.205+0.006b 0.453+0.037a 0.194+0.010a

VE « [ (AN ) 5 B3R AN [ PR PR K it il 2 Sk 81 4 35 /K- (P<0.05,n=3 ) o Tl

Notes: The different letters in the same row mean significant differences between the different cultivars of maize (P<0.05, n=3). The same below.
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25 AEERBEXRMMIRRLIE pH EEBHUS
PhEE

A 3 AIAL P AR 4 A FOK SRR B 4 4
pH {EHIE [N 6.60~6.82, H R BMIL & 5 1K S Fl
TR B A FOK I 4 A F R FIRPR - A RES Pb
A 969.86~1116.15 mg-kg™.

x3 AREFRBEERRMIEpHESHERES P BE
Table 3 Soil pH value and the contents of available Pb

in different maize genotypes

FK AN pH fi HRES Pb it /mg-kg!
MR 115 6.75+0.04a 996.31+109.08a
s 35 6.82+0.05a 969.86+101.3%
WS Y 6.60+0.03¢ 1 116.15+107.99a
HBE 1446 6.68+0.04h 1 034.73+57.76a

3 3Tie

ABESEH, Ph AT, B A FE D R FOR A= Py
XA T R R R AR 2B R . m e
K dt AP R B R SR RSB, L A Al
B o AR FOR S RITE Ph JHR0 T -2 AT Bt 4
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LT, NS B A 1 T A2 5 Calvin
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[7] , [l —JE AT [R]EA: Z [] ) Ph SR FRULA i 22 57
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SIRIBRIER 45 B AN REAEHRBT Pb ia 1 B
FEHLHI, AN FHE R AL Ph B384 A
AR, A BT R, BAESE P M PERR R AR Ph
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J2 B SFLFIK LB i 22 SRR, Ph A8 F KA R
(853 A4 DR AN ] K R S PR AN, =5 it
6 Pb St SR, AT VRS AR, TR
Pb it U ALl REWE MR A1 H W, Pb
8T 4 A FOK SRR ZE R P S 5 AR T
A ARAE(BG 13078—2001) i RLAE (Pb<5 mg-kg ™), ¥f
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