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DIFFERENCES OF Pb ACCUMULATION AMONG PLANT TISSUES
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Abstract Pollutions of agricultural land by heavy metals impose a more and more serious risk to environmen-
tal and human health in recent years. Heavy metal pollutants may enter the human food chain through agricul-
tural products and groundwater from the polluted soils. Progress has been made on phytoremediation, a safe
and inexpensive approach to remove contaminants from soil and water using plants, in the past decade. Howev-
er> in most cases, agricultural land in China can not afford to grow phytoremediator plants instead of growing
crops to be economically sustainable. Therefore, new and effective methods to decrease the risk of heavy metal
pollution in crops and to clean the contaminated soils are urgently needed. If we can find crop germplasms Cin-
cluding species and varieties) which sequester heavy metals in their edible parts, such as fruits of vegetables or
grain of cereals, at low enough level for safe consumption, then we can grow these selected species or varieties
in the lands contaminated or potentially contaminated by heavy metals. If we can find crop germplasms se-
quester low concentrations of heavy metals in their edible parts and high content of the metals in their inedible
parts, then we can use these selected species or varieties for soil remediation. In this study, the feasibility of
the method is assessed by analyzing Pb contents in edible and inedible parts of 25 varieties of Zea mays grown

1

under Pb contaminated soils. The soil concentrations of Pb were 595.55 mg*kg™" in the high Pb-stress group

and 195.55 mg*kg™ ! in the control group.
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The results showed that the Pb concentrations in different tissues were in the order of root > shootun leaf

> grain. Compared with the control, the Pb concentrations in root> shoot and leaf were greatly increased under

the highly Pb- stressed condition, while the increments of Pb concentration in grain were relatively lower. Un-

der the high Pb-stress, the grain Pb concentrations of 12 varieties exceeded the National Sanitation Standard of
China (NSSC) and were inedible. This indicates that there is a high Pb pollution risk for Zea mays grown on
Pb polluted sites. Although 22 of the 25 tested varieties had harvest loss under the highly stressed conditions
ranging from 0.86% — 38.7% of the grain biomass acquired at the control, the average harvest loss of all test-

ed varieties was only 12.6% > which is usually imperceptible in normal farming practices. Therefore the risk of

Pb pollution in Zea mays products can not be promptly notified and prevented based on the outcome of the har-

vest. However, we did find 13 varieties of 25 tested varieties had grain Pb concentration lower than the NSSC.

It is> therefore, possible to reduce the pollution risk if these favorable varieties are used for Zea mays produc-

tion in Pb polluted or potentially polluted agricultural lands.

Pb concentrations in vegetative tissues (root, stem and leaf) were significantly correlated with each other,

while Pb concentrations of each vegetative tissues were not significantly correlated with that of grain. Among

the 25 tested varieties; some varieties had Pb concentrations in grain lower than (No.1 - 3 and No.6) or

slightly above (No.4) the NSSC level, while their Pb concentrations in the vegetative tissues were among the

highest. When excluding these varieties; correlations between the Pb concentrations of grain and those of vege-

tative tissues of the rest of the tested varieties became highly significant. In addition, variety No. 1 had the

lowest harvest loss under high Pb-stress; and the highest Pb sequestration in vegetative tissues (51.69 mg*

plant !

, 12 times as much as in the control) . The similar features were also observed in varieties No.2> No.

3 and No.6, which sequestered 36 — 42 mg*Pb plant ™' under high Pb-stress. We recommend these varieties

of Zea mays to be used for bioremediation of Pb contaminated soil and crop production at the same time.

Key words Zea mays> Pb sequestration; Variation among crop varieties> Phytoremediation, Heavy metal

pollutions in agricultural soil
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Table 1~ Pb concentrations in roots stem, leaf and grain of the tested [ea mays varieties
£ 2 Root ZX Stem M Leaf A5 Grain
Varieties Pb i papics Pb i papics Pb it X i Pb it it
Pb stress Control Pb stress Control Pb stress Control Pb stress Control
No. 1 427.68° 34,574 109.27° 8.09¢h 93.57 9. 50¢cleh 0.19°%hi 0.10%
No.2 325.77" 38.79% 86.35¢ 13.50" 88.37° 12.79%¢ 0.19°fhi 0. 114"
No.3 306.81° 41.16% 85.37° 11.52bede 80.65¢ 8. G2l 0.17¢ 0. 114"
No.4 302.82° 32.24fehi 100.24" 10950l 92,52 13.58% 0. 2] dcfehi = 0. 12¢0f
No.5 300.25¢ 47.12" 108.48* 12.68" 125.22¢ 12.61% 0.60*" 0. 11
No.6 289.92¢ 28 . 64ehii 99.65 10,23k 95.64" 8. 65 clehi 0. 18°fhi 0. 11
No.7 239.81° 35.40 74.06 7.56¢8 65.27° 5.62M 0.26%* 0.18%
No.8 236.97¢ 26.53) 88.60° 12.55% 56.06% 10, 370l 0.29* 0.21%"
No.9 232.66° 43.90" 65.19°% 19.68" 48,951 16.20° 0.49" 0.07
No. 10 218.49" 25.67 53.30" 7.20M 48.05" 9, 7gbhedel 0.47" 0. 13bedel
No. 11 211.80" 32.77% 68.61° 6.66' 62.09¢ 8. 3g¢ehi 0. 19°khi 0.15%
No. 12 193.91# 28. 60" 62.098 11.69>¢ 55.67% 10.09bedel 0.26¢00* 0. 148bede
No.13 189.65% 44 .34 74.09¢ 8. 65 48.641 7.00h 0. 17 0. 11
No.14 186.062 20.33% 63.41% 6.53! 35.18! 5,69 0. 19¢h 0.094%
No.15 184.64" 12.20™ 25.19 2.30 29.35™ 2.59) 0.32°" 0.20
No.16 163.541 36.40¢ 45.06' 8. 861 38.88K 8. 14t 0.25¢0lex 0.10%
No.17 159.671 28.25h 56.26" 9. 06l 41.03* 8. 14t 0.15' 0.10%
No.18 159.319 25.08 56.37" 11.065d 48.19" 8. 69delehi 0. 24cdeteh 0.094%!
No.19 156.76' 56.25¢ 40.26 6.38! 46.36 9. 67t 0. 19¢h 0. 171
No.20 154.25% 15.854 32.69* 9, 37dcleh 48.621 5.371 0.20¢8h 0. 12¢df
No.21 150.064 10.29™ 34.60 6.56' 52. 19" 5.101 0.17% 0.06"
No.22 144.22! 28.16" 57.28" 7.638 59.58% 8. 25l 0.16" 0.10%
No.23 120.27™ 33.04% 43407 9. 68dcle 48.58] 8. 76ctehi 0, 20dclehi* 0. 120
No.24 113.23" 27.50 66.99¢ 12.96 63.18° 11.09 0. 2] defehi= 0. 12bedel
No.25 84.17° 34.40 65.39¢% 8. 630 80.13¢ 7.21 ¢ 0.15' 0.094!
-3 Mean 210.11 31.50 66.49 9.60 62.08 8.88 0.24 0.12
C.v. 37.8 33.8 35.3 34.8 37.1 33.4 46.9 29.4

) SR J5 AN [F) 9 S BER S AR 1SD 72 ¢ W VAT S0 TE p > 0.05 7KF B4 2 72 5% Different letters within the same column indicate signifi-

cant difference at p = 0.05 level according to LSD test
in grain exceeded National Sanitation Standard of China(Pb<0.2 mg*kg™")

* FFSE Ph i K AR AR (Ph< 0.2 mgekg™ DI Varieties that Pb concentrations
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Table 2 Correlation coefficients between Pb contents of different organs under Pb stress and control

R Pb WM Pb stress X HE Control

Organs 2% Stem - Leaf K5 Grain 2% Stem i Leaf HF5 Grain
i Root 0.775* 0.644™ 0.211 0.382% 0.564** -0.159
2% Stem - 0.834™ 0.130 - 0.496** -0.227
I Leaf - 0.171 - -0.274

Ro.05,3=0.274 9, Ry.01,3=0.3295

® &3H & Fl Common varieties
o ¥iBk Ll Special varieties i
°

S
O N W U O

(=]

50 100 150 200 250 300 350 400 450
REE Root (mg-kg™t)

L4 E Grain (ng-kg™!)

Bl 1 ph MBS TR K AR R kS Ph & RIOCR
Fig.1 Relationship for Pb concentrations (mg*kg™') between root and

grain of the Pb stress Zea mays varieties

2.3 Hah s E

PR T K b R 52 7 R AVE TR B P
UL 3 FoR. XTI N, & ah Bl P 22k sz
111 goplant ™, B E 2 BT No.4, 155 176 g
plant~'c £ Pb Wpid T, SFIKF S E N 97 g
plant =1, PRI T 12.6% - 25 MRS PAE 22
ANFRE TR BE, N FEIREE Y 0.9% ~ 38.1%: 1 Pb
e NARR P R RS SR No. 1~ 3 R AR
No. 6 [HF S ™ 5 14 4 25 iy - HL & KRB 7 i i (p <
0.05), Fer ik rh Ph & & dw i A A No. 1 RS SE ™

AL Pb MriE N B AN B, RN B OE R 4R D
(-0.86%), " &IL ] 115 goplant ™', 7 25 A Flep
JE T HI: MR No.2 Fl No. 6 WA AT 42 &1, B 43 531
K 2.5%F 4.3%; i Bl No.3 BA L4 il No. 4
S AR I 5 B, A6 Ph BB R PR RS T B
(=5.8%); Al No.5 7EXF B AF T 2 B v 77 19
B, AR AE Ph W8 45 1R N =R BR IR & K
(=38.1% ). AR FFF S 5 (1) b B ) A2 57 LA
ZIN 5 AELEC T PEE D o T 2 S AR K, A8 S R AU B
88.5% o
2.4 F i RE IR E ROBCRR 216 Ph A

BB IR B RO B Ph B (R 3D
TEX AT N IS, YE HIAE 0.79 ~ 6.45 mge plant !
Z A5 76 Ph B IE R, IR E 0 Ph S KR L
Th PR &R Ph & = A A No. 1~ 6 [ Pb st
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Table 3 Grain biomass and total Pb in the vegetative organs of the tested Zea mays varieties

FFSE =5t HFEBE P OE
R Grain biomass (g*plant™!) Total Pb in the vegetative organs (mg*plant~!)
Varieties Pb e e 9k Ph palst 9
Pb stress Control Increment (% ) Pb stress Control Increment ( % )
No. 1 115% 116 -0.9 51.69* 4, 37bedel 10.8
No.2 120° 115¢ 4.3 41.93" 5.05" 7.3
No.3 116® 116 0.0 39.13¢ 5.17" 6.6
No.4 109" 176 -38.1 41.36 441 bt 8.4
No.5 g1hi 86' -5.8 33.88° 4.86" 6.0
No.6 121° 118 2.5 36.65¢ 3.62f% 9.1
No.7 gglehi 110 -20.0 25.82 3.73¢% 5.9
No.8 95l 104" -8.7 26.61" 4,06 5.6
No.9 94¢! 96# -2.1 24.55% 6.45° 2.8
No. 10 9°fe 1224 -24.6 22.78 3.36¢ 5.8
No.11 100 108 -7.4 25.46' 3.74%% 5.8
No.12 1054 124" -15.3 20.231 3.64% 4.6
No.13 974l 11 -12.6 21.48" 4,57 3.7
No.14 g3¢h goni -6.7 18.65* 2.45" 6.6
No.15 90 108! -16.7 15.16™ 1.22! 11.4
No.16 120 132" -9.1 19.38* 4,500 3.3
No.17 9]¢k 108! -15.7 18.82% 3.528 4.3
No.18 02°fe 11 -17.1 18.184 3.47¢ 4.2
No.19 gglehi 96 -8.3 14.99™ 4.81% 2.1
No.20 104 115¢ -9.6 18.83%* 2.37" 6.9
No.21 80’ 104" -23.1 14.06" 0.79' 16.8
No.22 g1hi 86' -5.8 18.174 3.47¢ 4.2
No.23 g1t 1120 -27.7 13.75" 3.90%" 2.5
No.24 954! 97¢ -2.1 17.904 4150 3.3
No.25 93¢ 125 -25.6 16.35™ 4430l 2.7
V-3 Mean 97 111 -12.6 24.63 3.84 6.0
c.v. 13.5 16.2 88.5 41.7 31.4 55.3

VE: [A]1 2 1 Note: See Table 1

HIRSE Ph R EWET 30 mg* plant ' 4 o il

Pb S EAE 13 ~ 27 mg* plant =" [A] .
3 W

ARHE G B E (1) T3 Ph W BEAE XN AL s T
By G e, o 3 4 00 J8 T b BV AR R X IR
HARN I Ph, & A EE A G AFAEH) Ph 3% 1k
G g, v 0L Ph V5 Rt R B AL v .. 25 MK R
K AR AR v Gt 3B b ARG SR Ph 1R K
ARSI AT e, HEaH 1A ME
T EZHE I TEARAE, 3 AREAT 3 AN i AR SE Ph
THEHEET 0.15 mgekg™ ! B K. A
TRGATN , AT HU0 TOK MO SE Ph & il
T HEFHERIbRAE . XRG4 R U] T FOR A
ECA SR KR SR 32 Ph 1T RE o DA O AIE 5T A AIE

W oK BAT BRI )7 SE 4538 Ph INBE T [EDF
£(2002a) KILF KRR & F 157 )7 Pb & &
4 25.8 mgekg ™ I HAR L, JUOFFSE P S A
F0.20 mgekg™ ', 2 IE P3N 500 mge kg ™!
PbCl, F1 PhONO; D, I, ¥F5E Ph 75 & 43 mil ik 3] 0. 44
F10.41 mgekg™ ", I 25 B 5 AHIF 5T 1) 45 A& AL 5
IR R IR KKFFSE Ph 75 f b 14 ph & R (11
IR EZ ETE, 2 Ph s A A 2] 4 000 mgekg™ ',
FFa2 Ph i A ) 2.34 F1 3.47 mgekg™'e 7ELL
VPG R [R5 E X AT S0 R I, BT B A 1 3 /b X
FOKKFSE P B AR, B RVEH 2 0.673
~0.886 mg*kg™'+1.097 ~ 1.746 mg*kg™'H1 0.480 ~
1.221 mgekg ' (M 2082, 20020 HR A VG HE X AR
[FIFE R I FOKHFSE Ph 3 1009 EAx, HoFBIE R
0.660 mg*kg™ ', F i {HIX ] 1.140 mge kg™, 1M 1%
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[Ah

X 3 Ph & EEAVAN SR iy, P AE A R w2 A
54.1 mgekg™ '"H195.0 mgekg~ ' (ZRHL,2002). 7L
— X IR BF IR W], FORAEARY T G X A vs G X (-
3 Pb SN 27.48 F1239.71 mge kg™ DKL
Pb 5N 0.27 F12.29 mgekg™ ' (R A FIFEE
Fr,2001) . BRKEE 1999 BFFL T 43 Ph & &N
68.7 mg* kg™ ') TR K AN KRN Ay GOFF S
(1) Pb S E 5, UEW] T ROK 2 4 Rl i
Ph 5w P2, Ph & 5 A 7.86 mgekg ™!, A
WG AP 15 A S (R LA b i AR R /N 22 1 4 £
2 TmHM s AL Ikl WL, 452 Ph V5 G411 1
e, RUAEAEYS R BEAR A Ol 1, oK A 32
Ph 75 G 1 AU B A AR I

X R 38 e BLAE A7 AL 5w 1Y) Ph JWE (17
LR RS2 5 MR L A . AT Ph )
TN RS J3 K A RORE S B AT R B AH R B
MEJE A K, P T 12.6%, V2 S K
W™ TAE 10% . W& U, 24 Ph 5 Bik B4 K
KHKFSZN Ph 75t B AR (1 I, 23 oK b el (1
KR E E I AGE R LR E R . [ P AR
(2002a)UEW] TAEES N T 4 000 mgekg™' PbCl, A1 Ph
(NOy), M HagErh A K B K 157 FKRIEKA
PRI AR Z B M. R, X R OKRAE AT, Ph TS
PeSEA DGR, XAETCREIE N T A5 Ph V5 4 T
AR ¥ e AN B 1) 3 o 0K 52 Ph ¥ GOt
HEN AT PYEER KU, X 8 AR EAFE = .

3 J7 M, Pb ¥5 G 5 AT KKK SEXRT Ph AR
WCRR R BE A5 SRR T AT BRI 22 57 0 AEAHIT ST 1 4%
Pb ¥ ST 600 mge kg™ MIMEOL T, I 529% 1
Kl Ph 7 5 AR [ SO E 1 oK Ph B B
PREAHC0.2 mge kg™ Do BRI A HL X ¢ T
KA Ph B SR IT 45 R A — @ R Bl T
PZH DA B K B R i R S R A R R
Pb AT AT . DRI, I8 1% 5 4 T b T 8 R KON &
S JB WOC s B e 0 I AE 5, 76 52 ¥ G BT el Dl AN
P (1 e DX A ) S 6 b 5 AR R < g ) AR 11
Folr, I B A 2 4 e 46 ol K 7 i N A XU

CABFFTERY, oK R BRI S R ESE T
BE 1. JRRIESE(2002) 1 28 2R H oK 2 Bk A
(1) Pby RIL 14 HE W F K CatRP A <l 1157 )4
76 Ph RN 100 mge L™ 5 F2 M P 1597 80 h ) s
JEAR A Ph IR H] 42.6 mge g~ s AT TTIRAT 1)
B 100 £ o /P25 (200220 KIBEFE AR B,
KA ZE I RUFFSE I Ph £ SR 3 Ph i Y

Jn, 24 3 PhCl, 5 EIEE] 4 000 mge kg™ I, HUATZE
e Ph & & il IE F) 2 698 mge kg A 42.9 mg*
kg'o LA IRURIE 5T 240 A W LUK ] oK 04T 32
Ph V5 G /KRR IR IE . ARBEFORIN, FKE TR
PR Ph (1968 ) A 8K I it B ) 22 552, 75 P 38
ZATR 25 AN b Rl e Ph 5 R R AR B T R G
BARM A a4 52, R0 U m 3 f5 2. TRk
B TR Ph 8 5 KR b A L g /)N 11 ot i s
5% . B No. 1 B BEE FRARFLER Ph &N
51.69 mg*plant =, WAL AT TR 2 JE 4 9 plante
m ™2V, RN AR TR T LU B R Ph i IA #1465 .2
mg‘m’zo

AT R T — AN B ILGE, RE R
o> TR S APAE Ph I8 T RS IR Ph O R ST
S¢ Ph P BLAE LG O, R A 3 23 oK il
TEE TR P BB AR S R 00T, HOFFSEE P % AT
REAERF B B ZKF, Wi Ff No. 1~ 3 #1 No. 6, Fo7
FeAk Ph O T e B A1, (R SORFSE Ph % IR
FHEF SRR . [N, XL g 2Em ph &
A HUR RN, gl A U, AN 1) 25 1) Ph (F)5
B B IEAMIC, BRI A, 75 25 - BIFF 52 2 8] n] REAF
TEABEAR Ph 1FF SEHE2 N, X & 184 e it —
WU . oI W], 1K 28 SR R AR N FESZ Ph 15
YU X AT TOKAE = 1 IR I8 52 52 7 e L IR T
A RE . AHAE I 5 A5 0 S B FH 2 AT A7 V5 22 1) i
7 B, 90, e RlORF SEAIC S AR R Ph IR
e AR e T e AT J 4k FCRZHUR
M JE Vs G T 575 BOF SR R Ph 1
T2 7% () I HAT G 5 AR 58 e o 4 i I o P 25 4
AL A 5 L ZRUIE S A R 1) 1) R

AW FCIL AT T HER B Ph fig 745 0] 59 (1 b
Fl(No.25) Ph AR 1] 25 432 e g 5 T AIC 1) ot
(No. 15D LA K Ph MR 2125 20| if 7 27 52 1) 4 12 R
B R ) S PP (No. 5D, IX 2e 44 kL5 1 I8 FF S 2
2 Pb MRl ik, g 1k A 51— R ORI
Pb LA Ph 75 K AA A 32 U RTHLE 04T 25 i 4T
T KL
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