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Wheat cultivar difference in bioconcentration and translocation of chromium in soil

WANG Yansu', LI Shiwei', YU Xuezhen', LI Helian'", MA Yibing’

(1. School of Water Conservancy and Environment, University of Jinan, Jinan 250022, China; 2. Macao Environmental Research Institute,
Macau University of Science and Technology, Macao 999078, China)

Abstract: Screening of wheat cultivars with low chromium (Cr) accumulation as a basis for the safe agricultural products and elucidating
the differences of wheat cultivars in bioconcentrating and translocating soil Cr were carried out through biological experiments. In this
study, Shandong fluvo—aquic soil and Jiangxi red soil were spiked with three concentrations of Cr( VI):0(CK), 5.6(T1), and 10.0 mg- kg™
(T2). A greenhouse pot experiment was conducted to investigate the bioconcentration and translocation of Cr by growing 12 wheat cultivars
in the two different soils. The results showed that at the same concentration of Cr( VI ), the Cr contents recorded in the wheat straw and
grain of the same wheat cultivar were significantly different between the two soils (P<0.05). The Cr contents in the grains of wheat planted
in Shandong fluvo—aquic soil were 1.07 to 2.50 times higher than that in Jiangxi red soil. No significant difference was observed in wheat

straw Cr content among different wheat cultivars planted in Shandong fluvo—aquic soil under T1 and T2 treatments, whereas there was a
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significant difference (P<0.05) in grain Cr content among the cultivars under T2 treatment except for Lunxuan 988 and Bainong AK58. In

Jiangxi red soil, significant differences in wheat straw Cr content (P<0.05) were observed between Yangmai 20 and Lunxuan 988, and there

was no significant difference in grain Cr content among the different cultivars. Under T1 and T2 treatments, the bioconcentration factors

(the ratio of Cr content in wheat to available Cr concentration in soil) of the 12 wheat cultivars in Shandong fluvo—aquic soil and Jiangxi

red soil were 0.19~1.38 and 0.18~2.08, respectively. The translocation factors (TF) of Cr from straw to grain were 0.14~0.61 and 0.04~

0.49, respectively. There was a positive correlation between the wheat grain Cr content and TF value (P<0.05). Moreover, soil properties

contributed the most to the wheat grain Cr content (P<0.001). The available Cr concentration in Shandong fluvo—aquic soil was higher, and

thus, the bioavailability to wheat plants was increased. The Shannong 17 variety had a low accumulation of Cr, while Bainong AK58 variety

had a high accumulation of Cr.

Keywords: soil; chromium; wheat; bioconcentration factor; translocation factor
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Table 1 Selected physicochemical properties of soil

A 7R+ PN EaR:
Soil property Shandong fluvo—aquic soil ~ Jiangxi red soil
pH 8.24+0.1 4.9120.1
HHLT/ (g ke ™) 8.040.2 10.11x0.5
CEC/(cmol -kg™) 9.3+0.1 24.1+0.6
FHRL S 5t/ % 5.34+0.1 38.56+0.9
TR (g-kg™) 0.35+0.4 3.45+0.8
B (g-kg™) 0.29+2.4 2.1220.5
M Cr/(mg-kg™) 49.35+0.01 83.07+0.02
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F2 WRERBHLMIALERETHLSGEE(ng-kg")
Table 2 Available Cr concentration in Shandong fluvo—aquic soil and Jiangxi red soil (mg-kg™)
JINZZE (b Tl 11143 1= Shandong fluvo—aquic VLVGZIHE Jiangxi red soil
Wheat cultivar CK Tl CK Tl T

W22 0.21+0.12b 0.57+0.13b 1.11+0.52a 0.15+0.03a 0.24+0.05a 0.26+0.07a
JHA 19 0.17+0.03¢ 0.39+0.03b 0.72+0.10a 0.12+0.01b 0.20+0.01b 0.48+0.13a
7 14 0.24+0.08b 0.41+0.02b 1.19+0.65a 0.09+0.00¢ 0.23+0.01b 0.31+0.03a
%7220 0.21+0.04¢ 0.53+0.12b 1.28+0.13a 0.08+0.00c 0.21+0.00b 0.48+0.15a
NI 72 104 0.17+0.02b 0.53+0.04a 0.68+0.13a 0.08+0.02¢ 0.21+0.01b 0.32+0.02a
HAK AKSS 0.12+0.04b 0.40+0.09b 0.82+0.17a 0.12+0.01b 0.19+0.06b 0.34+0.02a
1417 0.12+0.03¢ 0.70+0.07b 0.98+0.23a 0.13+0.00b 1.00+0.30a 1.26£0.11a
257502 0.10+0.06¢ 0.76+0.10b 1.00+0.06a 0.11+0.02b 0.75+0.20a 0.99+0.04a
177 895 0.14+0.02¢ 0.67+0.06b 1.11+0.07a 0.10£0.04¢ 0.63+0.11b 1.21+0.15a
Ji 3z 27 0.11+0.05¢ 0.64+0.02b 1.13+0.15a 0.11+0.05¢ 0.71+0.06b 1.11+0.16a
K77 0.31+0.20b 0.75+0.19b 1.84+0.45a 0.13+0.02¢ 0.71+0.07b 1.11+0.17a
Ak 988 0.11+0.01¢ 0.64+0.13b 1.07+0.18a 0.07+0.05¢ 0.64+0.06b 1.09+0.04a

T [/ AT B [R)/ING FREFOR O R e BE Cr( VD AR 3R 304 A0 Cr & 1 22 57 .25 (P<0.05) .

Note : Different lowercase letters in the same line indicate significant difference at P<0.05 level among different concentrations of Cr( V) treatments.
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kg F10.22~0.31 mg-kg' o #7720 F%E i 988 5 HiAfth
INZE LRI RE A Cr & B B 25 ASF/NEE S b
FRL Cr & 0 22 5%

H 4 R e A bRl £ b s Qe R )
(GB 2762—2017) , A+ *h B Cr W e i RIF S oM 1
mg- kg o AR AIVT VG213 o i /N A2 FRE Cr 75 5
A3 A A BR A 8 319%~59% F 219%~37%. ARk
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Figure 2 Translocation factor(TF) from wheat straw to grain
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Table 3 Variance analysis on the effects of cultivars, soil types, and their interaction on the Cr contents in wheat grains

754 Variate n 2
5SS ¥1)5 22 SD F S5 A SS ¥J5 22 SD F
l27] A 0.048 0.004 6.195%% 0.043 0.004 457655
R 0.275 0.275 392,907 0.342 0.342 396.161%
S Al Em 0.061 0.006 7.954%5 0.058 0.005 6.1607%
R 0.034 0.001 0.041 0.001

T o oR KR P<0.001,
Note: *** indicates significant difference at P<0.001 level.
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Figure 3 Species sensitivity distribution curve of wheat bioconcentration factor based on soil available Cr
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