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Key factors affecting the uptake of Pb by two kinds of wheat( Triticum aestivum Linn) and its predicted mod—

els in sewage irrigated soils

HE Jun', WANG Xue—dong', CHEN Shi-bao*, LIU Bin', LI Ning?, ZHENG Han’

(1.College of Resource Environment and Tourism , Capital Normal University, Beijing 100048, China; 2.National Soil Fertility and Fertilizer
Effects Long—term Monitoring Network, Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences,
Beijing 100081, China)

Abstract; Five typical kinds of sewage irrigated surface (0~20 cm ) soils from North China were collected. The soils were added with 250
mg- kg™ Pb with PbNO; solution and a pot experiment was conducted to study the bioconcentration factors( BCF ), root to shoot translocation
coefficient(TF ) of Pb by wheat characteristed with different sensitivity to Pb in different treated soils. To investigate the factors affecting the
bioavailability of Pb in soils, the soil solution properties of sewage irrigation soil and the forms of Pb in solution(free Ph**) were determined
using ion chromatography and WHAM6.0 model. The results showed that significant differences ( P<0.05) were found for the bioconcentra—
tion factors(BCF) of Pb uptake by two kind of wheat, the root to shoot translocation coefficient(TF) of Pb by the wheat cultivars in different
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sewage irrigated soils, in general, the bioconcentration factors(BCF) of Pb uptake by the wheat of Pb—sensitive cultivars LX-987 were larger

than that for Pb—tolerance cultivar BM—126. The maximum BCFs of Pb in plant shoots was observed with treatment in brown soil from Shan—
dong and minimum BCF with Fluvo-aquic soil from Tianjin, with a maximum variation of 225.9%, in general, the addition of Pb in soils in—
creased the bioconcentration factors(BCFs) and root to shoot translocation coefficient(TFs) of Pb by the wheat cultivars as compared with
that in control soils. Significant(P<0.05) positive correlation were observed between the free Ph** in soil solutions and the concentrations of
Pb in the plant roots and shoots, a significant negative correlation(P<0.001 ) was observed between the Cd concentrations of plant roots and
shoots, the linear equation were y=0.772x+54.805(R?=0.904 ) and y=0.087x+12.980( R?>=0.897 ) respectively. Based on the main properties
of the soils, predicted models of Pb bioavailability to wheat were developed, and the results indicated that negative correlation were found
between the uptake of Pb by wheat/free Ph** in soils solution and the soil pH, OC, and CEC contents, however, in terms of C1-, Na* in soils

solution, positive correlations were observed. It can be inferred that the increment of C1-, Na*, content in field soils will significantly lead to

increased environmental risk of Pb in the field soils besides of soil properties.

Keywords: sewage irrigation soils; lead; accumulation; control factors; predicted model
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Table 1 Basic physic—chemical properties of the sewage irrigation soils
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JE5T(BY) i 7.51 12.70 1.28 17.8 0.19 2351
A (SD) Tk 7.86 18.33 1.09 21.6 0.20 28.15
KH(TY) W+ 7.24 25.36 1.60 26.1 0.58 41.28
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Table 2 The biomass of the wheat in different sewage

irrigation soils

OB Y BJ TJ HB SD LN
0.048b 0.057b 0.023¢  0.048b 0.081a
20t 0.297b 0.366ab 0.174c  0.285b 0.414a
0.116¢  0.162b 0.203a 0.169b 0.133¢
2% 0.577b 0.438b  0.556b 0.565b 0.803a

Tl 36987 M 0.05lc 0.047c 0.104b 0.136a 0.063c
20t 0205¢ 0262¢ 0.377b 0.584a  0.387b

M7 126 M 0.222a 0.123b 0.139b 0.206a 0.203a
20t 0539 0.346c 0.333¢ 0.533b  0.692a
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Figure 1 Accumulation of Pb in roots and shoots of wheat in the sewage irrigation soils
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Figure 2 Bioconcentration factors(BCF) of Pb by the wheat in sewage irrigation soils
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Table 3 Root to shoot transfer factors of Pb by the wheat in

sewage irrigation soils
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T LURSERUN 3 WE 3B (n=3)

MV p (PO ) LA TR

y=0.087x+12.980, R?=0.897

Rltt, /NEZRRFNZEE XS 8 48 Ph Il 11
W H H Ph2 R S I IE AR R

R T HRGE Ph R IR S IR EE A O A WA vk
(R ], 5256 RO [] A P 7, A 8 7
T T AT HE X ) RIS T (R 4) . SR K
B, &5 HE X AW pH EC I &
[BAR RS H, I CI7NO; (SOT i
KAHZEA3 50K 108.4% 115.4%F1 86.1% , [HESF Ca™,
Mg Na*ft KAHZE 20914 91.8% . 111.3%F1 41.5%; EC
A4k K 75~332 pSem™, Fr KAHZE342.7%

K SPSS 19.0 /N2 Ph Wl 5715 X 4 35
WA BT B R DGR AT o Al A5 R SR B, /NAZ BCF 4
BCF o TF joseop 8B 5T B2 375 91 BH 5 1
8] A —E WAk . 5 AT AR EEMEZL S
Pb ¥ FEAE 5 4 ek 5t S % 1 1R 8] Pearson A
KM HrEs R . B3 5 AL, 3 Ph A Rk I
WA B Ph YT EL p (Ph*) 5 pH CEC,0C £ 1F
A LA, p(Pb™) 5 K* Na*, Ca* 2 7 fH
Xy AEEHERWBAE T, Cl NOs & i 5 - 58 Pb



1878 IR Rty 5 3555 105
R4 FAEFERTERREBUEREBEFEE(mg L)
Table 4 Basic properties and anions/cations contents of the soil solutions

e pH{E  EC/uS-cm™ F- Cl- Br NO; SOT Ca* Mg* Na* K* Li*
Jext(B)) 7.22 75 1.32 324 0.21 34.8 86.6 15.70 6.17 6.27 2.03 0.003
I (SD) 7.45 102 0.66 46.1 0.15 36.9 60.5 16.87 3.72 5.80 0.97 —
KAE(TT) 7.01 332 1.24 67.5 0.15 49.1 112.6 11.98 4.86 7.33 0.59 0.008
WAL (HB) 7.78 209 0.25 425 0.11 22.8 60.9 17.72 297 5.18 1.27 0.002
LT (LN) 6.20 167 1.13 58.6 0.13 244 72.6 9.24 2.92 5.28 0.74 BD
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Table 5 Pearson correlation between Pb bioavailabilities and soil properties , soil solution ions
Ei=2n pH & oC CEC EC/pS+cm™ Cl NO; SOT Ca* Mg* Na* K*
ANt Pb i -0.543%%  —0.501%*  -0.299% 0.341* 0.143 0.218 -0.179 0.128 0.123 0.087 0.060
M Pb & -0.665%*  -0.314* -0.243 0.305* 0.232% 0.135 -0.134 0.108 0.145 0.094 0.044
BCF -0.689%*  -0.496**  -0.502%* 0.296* 0.119 0.222 -0.213 0.165 0.114 0.086 0.013
BCF -0.511%%  -0.347**  -0.430%* 0.306* 0.291* -0.168 -0.126 0.313* 0.107 0.136 0.074
p(Pb*) 0.838%** 0.173 0.152 -0.373%* -0.375% -0.132 0.118 -0.346* -0.325% -0.178 -0.079
Ap(Pb*)  0.452%% 0.112 0.167 -0.310%  -0.343%* -0.136 0.133 —0.282%* -0.108 -0.296* -0.107

¥ Ok P<0.05 B3,

i 2y P<0.01 355 Ap(Pb™) 2k Ph A3 S RAN IR V5 H#E X L @ i H il PO 22
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Table 6 Predicted models of Pb uptake by wheat cultivars in soils based on soil properties

s el )y PLiE RE R PAH
1 C(#2)=61.47+0.16 C..n—4.29 pH-18.01 OC 0.653 <0.05
2 C(H)=58.36+0.15 C.um —5.32 pH-16.2 0C+0.08 EC 0.749 <0.05
3 C(#2)=56.31+0.13 Coip, —5.18 pH-4.35 0C+0.08 EC+1.93Cl 0.834 <0.05
4 C(Z£m)=36.45+0.12 C.-pp, —3.82 pH-2.17 OC 0.634 <0.05
5 C(Z5M)=34.1140.12 C.;.n,—3.66 pH-3.0 0C+0.05 EC 0.722 <0.05
6 C(Z£1)=31.05+0.11 C.yn,—4.07 pH-4.21 0C+0.05 EC+1.92C1 0.806 <0.05
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