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Effects of soil cadmium pollution and foliar zinc application on cadmium and zinc concentration in different
organs of wheat

HE Fuhao', TTAN Chao', HU Shaowu', LUO Jingsheng?, LI Tong’, WANG Yunxia®™, JING Liquan', HUANG Jianye', YANG Lianxin"

(1. Jiangsu Key Laboratory of Crop Genetics and Physiology / Co—Innovation Center for Modern Production Technology of Grain Crops,
Agricultural College, Yangzhou University, Yangzhou 225009, China; 2. Key Laboratory of Arable Land Quality Monitoring and Evaluation,
Ministry of Agriculture and Rural Affairs/College of Environmental Science and Engineering, Yangzhou University, Yangzhou 225127, China)
Abstract: To investigate the effects of soil Cd pollution and foliar Zn application on Cd and Zn concentrations in aboveground organs, a pot
experiment using three wheat cultivars Ningmai 21, Yangfumai 4, and Zhenmai 12 were conducted. Four treatments with different Cd and
Zn combination were prepared : control, soil-applied Cd(5 mg-kg™), foliar—applied Zn (0.2% ZnS0,), and soil-applied Cd (5 mg-kg™) +
foliar—applied Zn(0.2% ZnS0.). The objective was to study the interactive effects of Cd and Zn application on the growth, yield, Cd and Zn
concentration, accumulation and translocation in different organs of wheat. The results showed that the growth (except SPAD value) and
yield traits of different wheat cultivars were not significantly impacted by soil Cd pollution and foliar Zn applications. Averaged across three

wheat cultivars, soil Cd pollution significantly increased Cd concentration (17-65 fold) and accumulation (17-64 fold) in the grain, stem,
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leaf, rachis, and glumes. Foliar Zn application dramatically elevated Zn concentration (>61%) and accumulation(>58%) in all organs of all

wheat cultivars. Foliar Zn application did not affect the total aboveground Cd accumulation, but it changed the Cd distribution among
different organs of wheat. In Cd—polluted wheat, foliar Zn application significantly reduced Cd concentration in grains by 10%, but
significantly increased that in stems, leaves and rachis by 12%—-55%. Cd transport coefficients from wheat straw to grains in Cd-polluted
plants were significantly reduced (15%—31%) by foliar Zn application, whereas Zn transport coefficients were not significantly affected by
Cd treatments. Statistical analysis demonstrated that the effects of Zn and Cd treatments, as well as their interactions on Zn and Cd
concentrations, in wheat varied with different wheat cultivars and organs with different degrees in most cases. The results suggested that
although 5 mg- kg™ Cd pollution had no clear impact on wheat yield, the Cd concentration in grains and straws were substantially elevated.

Foliar Zn application significantly reduced the Cd concentration in edible organs while increasing it in forage organs for livestocks, with the

magnitude of change varying within cultivars.

Keywords : cadmium pollution; foliar zinc application; wheat; cultivar; organ
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Table 1 Effects of soil cadmium pollution and foliar zinc application on plant height,SPAD value, yield and yield—related factors , biomass,

and harvest index of different wheat cultivars

PR gem o mwmsean wgmseant U i w0
Cultivar treaztnmenl treactfnent he[i)lim SPéD. valuf& a SPAD v.alue %.ll Grain yield/ Splkés per Kerne‘ls (‘;ram Biomass/ Harvest index
ght/em  heading stage  grain filling stage (g-plant™) plant per plant weight/mg (g-plant™)
NM21  —Zn -Cd  68.4x0.7 50.1+0.4 52.3+0.7a 11.2+1.1 52402 39.2+4.2 56.1x1.0 229+1.5 0.48+0.02
+Cd  69.2+0.1 50.2+1.6 51.6+2.1a 10.5+0.2 4.8+0.2 40.5+2.8 54.6+49 22.0+0.2 0.48+<0.01
+Zn -Cd  68.8+3.2 52.8+2.0 49.8+2.5a 10.0+<0.1 4502 36.7+1.8 60.3x0.3 20.8£0.5  0.48+0.02
+Cd  72.3%1.5 51.8+£2.0 45.4+1.8b 12.7£0.2 52+0.5 50.2+#2.0 50.1+1.6 24.3x1.1  0.52+0.02
YFM4  ~Zn -Cd  68.9+0.6 52.9+0.3 49.8+2.2 12.9+0.4 52402  46.6+0.7 51.8+0.7 26.5+1.6  0.47+0.03
+Cd  70.1+0.2 51.9+1.1 49.2+1.2 12.6+0.9 52402  483+3.1 50.5+1.7 26.2+0.9 0.48+0.01
+7Zn -Cd 68.4+0.4 50.7£3.3 50.5+0.3 13.4+0.6 5.5+0.2  48.0+0.9 50.9+1.7 27.5+1.3 0.49+<0.01
+Cd 68.6+1.8 50.2+1.6 47.2+0.1 11.4+1.0 4.8+0.2  48.0£0.1 49.2+2.6 24.1x1.9 0.47+<0.01
ZM12  ~Zn -Cd 74427 53.6+0.1a 54.9+0.6a 12.3+0.5 52+0.5 41122 59.0+6.2 27.1x1.0 0.45+<0.01ab
+Cd  73.2+2.0 54.4+1.4a 55.0+0.3a 14.2+1.6 53403  41.7+1.7 62.8+0.2 29.6+2.6 0.47+0.0la
+Zn -Cd  73.8+0.6 48.6+2.1b 46.0+0.8b 11.1+1.2 52402 35.6+2.5 60.0+1.2 26.0+1.7 0.43+0.02b
+Cd  75.9+0.8 49.4+0.5b 44.1+0.4b 12.8+0.2 5.4+0.1 382+0.7 62.5+1.2 28.1+0.3 0.45+0.01ab
ANOVA 54
Cd 0.197 0.848 0.061 0.405 0.949 0.029 1 0.262 0.659 0.051
Zn 0.469 0.010 | <0.001 | 0.562 0.848 0.857 0.873 0.643 0.870
B A (Cv) <0.001 0.904 0.757 0.167 0.521 <0.001  <0.001 0.012 0.001
CdXZn 0.336 0.848 0.143 0.807 0.815 0.229 0.193 0.945 0.411
CdxCy 0.654 0.531 0.778 0.343 0.666 0.220 0.015 0.511 0.302
ZnXxCv 0.374 <0.001 0.001 0.652 0.947 0.125 0.907 0.915 0.075
CdxZnxCv 0.513 0.855 0.918 0.346 0.411 0.141 0.310 0.524 0.125

W NM21: T2 215 YEMA 3580 27 45 ZM12 4827 125 5 —Zn : CREALN B 5 +7n : MR B 5 —Cd : TARALEE ; +Cd : 5 mg - kg FAALFE ; [R]— S ADoK
IF) B R A BRI AR f 5 22 57 (0=0.05 ) s B8 Ry VI (ARl iR 25 5 1, FOR A B HE ARmg i 15 2 38 Al B 25 K5 |, o b B F b R i 15

M RE K. TR,

Note: NM21: Ningmai 21; YFM4: Yangfumai 4; ZM12: Zhenmai 12; —Zn: no zinc treatment; +Zn: foliar zinc application; —Cd: no cadmium

treatment; +Cd:5 mg- kg cadmium treatment; Different lowercase letters indicate significant differences at 0.05 level between treatments under the same

cultivar; Data are represented with means + standard error; T, denotes significant increases of the parameter by the treatment; | , denotes significant

decreases of the parameter by the treatment. The same below.
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NM21:Ningmai 21; YFM4: Yangfumai 4; ZM12: Zhenmai 12; CK: control; Zn :foliar zinc application; Cd:5 mg-kg™ cadmium treatment; Zn+Cd : foliar zinc
application and 5 mg-kg™' cadmium treatment; Different lowercase letters indicate significant differences at 0.05 level between different cadmium and zinc

treatment combinations under the same cultivar. The same below.
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Figure 1 Effects of soil cadmium pollution and foliar zinc application on the cadmium and zine concentration in

grains of different wheat cultivars
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Figure 2 Effects of soil cadmium pollution and foliar zinc application on cadmium concentration in stems , leaves, rachis and
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Figure 3 Effects of soil cadmium pollution and foliar zinc application on zinc concentration in stems, leaves, rachis and

glumes of different wheat cultivars
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Table 2 ANOVA results of cadmium treatments, zinc treatments ,
cultivar, organ and their interactions on wheat cadmium , zinc

concentrations and accumulations

Sk AR WA @RRE HREUL
Source concentration concentration accumulation accumulation
fRALIE Cd sk ] ok | s ] ns
FEALIH Zn | 7 ns w1
sl Cy ok ns % ns
R Organ(0) ok EEs . .
CdxZn o - s ;
CdxCy o ns , s
Cdx0 o o ok N
ZnXCy Hk ns ns ns
Znx0 *k ke ns Hk
CvxO w* 3k ns ns
CdXZnxCv wox ns ns ns
CdXZnXx0O ok ok ns s
CdXCyx0 o ns ns s
ZnXCvx0O ns sk ns s
CdXZnXxCvXO ns ns ns ns

T, RORIK 3 K (P<0.05) 5 %%, KR A M B 35 K F (P<
0.01) ;ns, FR AR H 5 T, FR AL FRAEFE AR 1 0 ik 535 5o B 35K
s L FORAL PR bR R IR S B B K. TR

Note: *, denotes significant at P<0.05; **, denotes significant at P<
0.01; ns, denotes not significant; 1, denotes significant increases of the
parameter by the treatment; | , denotes significant decreases of the
parameter by the treatment. The same below.
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Table 3 ANOVA results of cadmium, zinc, cultivar and their interactions on cadmium and zinc accumulations

in different organs of wheat

i H Ttem HAAb B Cd BEAL PR Zn il Cv CdXZn CdxCv ZnXCv CdXZnXCv
B B A Total Cd accumulation *k T ns ns ns ns ns ns
KPR 2 Grain Cd accumulation ok ns ns ns ns ns ns
24 B2 Stem Cd accumulation sk f ns * ns * ns ns
45 S FH 5 Leaf Cd accumulation ek 1 sk ] Hk *k *k ns ns
fHAh AR 24 Rachis Cd accumulation ok 4 ns ns ns ns ns ns
Fires 2 E Glume Cd accumulation ok 1 ns Hk ns wk ns ns
SR BHAR Total Zn accumulation ns sk f ns ns ns ns ns
ki A B2 E Grain Zn accumulation ns sk f ns ns ns ns ns
ZEr B2 Stem Zn accumulation ns sk f ns ns ns ns ns
-4 2R Leaf Zn accumulation * | sk f ns * ns ns ns
T4 EE 28R Rachis Zn accumulation ns ok ] Hak ns ns *3k ns
i 2R Glume Zn accumulation ns sk f wE ns ns ns ns
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Figure 4 Effects of soil cadmium pollution and foliar zinc application on the cadmium and zinc accumulation in

each organ of different wheat cultivars
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Figure 5 Effects of foliar zinc treatment on cadmium transfer coefficient from cadmium pollution wheat and cadmium pollution on zinc

transfer coefficient from foliar zinc application wheat
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