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Effects of different zinc fertilizers on soil cadmium availability and cadmium uptake and transport in wheat
YAO Cheng"?, ZHOU Tianyu"?, FAN Guangping"*, ZHOU Dongmei’, SHI Gaoling"?, SHEN Wenzhong', ZHANG Xumei‘, CHEN Wei"?,
LI Jiangye"?, GAO Yan"*

(1. Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2. Key
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China, Nanjing 210014, China; 3. School of the Environment, Nanjing University, Nanjing 210023, China; 4. Taicang Agricultural
Technology Extension Center, Taicang 215400, China)

Abstract: In this study, we sought to examine the effects of zinc (Zn) fertilizer on cadmium (Cd) absorption and transport by wheat in
polluted soil. Pot experiments were conducted to study the effects of different concentrations (13, 26 mg- kg™, and 66 mg-kg™") and types

[conventional zinc fertilizer (CZF) and slow-release zinc fertilizer (SZF )] of Zn fertilizers on Cd and Zn availability in rhizospheric soil and

Wfs B8 :2023-03-14  RFAHHI:2023-07-13

VEB B B (1997—) , 3 VIR BIE N B0 L WP W B 15 e R EIE AT SE . E-mail : 13588262031@163.com

EEEE B E-mail : fanguangping@jaas.ac.cn; fi%  E-mail : ygao@jaas.ac.cn

EEWA LA LD AHE [ F 03745 H (CX(20)1010) ; KT 0 & 1150 -1 23 & 2 5 H (TC20218F02)

Project supported: Agricultural Independent Innovation Fund of Jiangsu Province (CX(20)1010) ; Key Research and Development Program of Taicang —
Social Development Program (TC2021SF02)



AGES 20 brdllE7 S gkttt 55 43 558 1 5

the Cd and Zn uptake and transport in wheat. The results revealed that both types of Zn fertilizer promoted significant increases in the
content of soil available Zn, although the availability of Zn in soil at the booting, filling and mature stages of wheat was significantly higher
in soil treated with SZF than in CZF-treated soil. The application of CZF and SZF effectively reduced the Cd content in wheat roots at the
jointing stage, which was 23% — 33% and 3% — 48% lower than that of the control, respectively, whereas only medium - and high-
concentration CZF and SZF promoted a significant reduction in the root—shoot Cd transfer coefficient. Compared with the control, the
application of CZF and SZF effectively reduced the Cd content in the shoots of wheat at the filling and mature stages, with reductions of
21% — 54% and 13% — 43%, respectively. Although high—concentration SZF significantly (P<0.05) increased the soil available Cd content
at the wheat jointing, booting, and filling stages, it promoted a significant reduction (P<0.05) in the root — shoot Cd transfer coefficient at
the wheat filling and mature stages. The application of high—concentration CZF also contributed to a significant reduction in the root — shoot
Cd transfer coefficient of wheat at the mature stage. In all treatments, only the use of high—concentration CZF and SZF promoted significant
reductions (P<0.05) in the Cd content of wheat grains, by 19% and 29%, respectively. Correlation analysis revealed that during the whole
growth period of wheat, the Zn content in wheat roots was negatively (P<0.05) correlated with the Cd content in shoots, and that there was a
decline in the Cd transfer coefficient from the shoots to grains in response to an increase in Zn concentration, thereby indicating that Zn
fertilizers can effectively inhibit the uptake and transport of Cd by wheat. However, the efficiency with which high—concentration Zn
fertilizers inhibited the transfer of Cd from the shoots to grains was still low. On the basis of these findings, it is apparent that the
application of Zn fertilizer alone to moderately and severely Cd contaminated soil is not sufficient to ensure the safe production of wheat.
Accordingly, it will be necessary to combine Zn fertilization with other measures to further reduce the accumulation of Cd in wheat grains at
the critical period for Cd absorption by wheat.

Keywords: wheat; Cd; Zn fertilizer; Cd uptake and translocation
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Table 1 Physical and chemical properties of the used soils

T3 pH AL 2R AR EEES AL Had K Zn
Soil pH OM/(g-kg")  TN/(g-kg") Alk-N/(mg-kg')  Avail. P/(mg-kg")  Avail. K/(mg-kg™) T Cd/(mg-kg™) T Zn/(mg-kg™)
6.0 29.1 1.6 70.8 15.1 170.0 2.0 81.8
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Table 2 Effects of zinc fertilizer treatments on the growth of wheat(g-pot™, dry weight)
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LbFp #7151 Elongation stage Zu 1A Booling stage HEAE A Filling stage R Maturity stage
Treatment 4l |3 Shoot R Root 13 Shoot #2 Root Hi1 35 Shoot #R Root 20 Shoot 2 Root FFKL Grain
CK 1130+2.24a  1.37+0.15a  40.88+2.16ab  2.83+0.20b 50.48+3.76abc 3.60+0.08ab  63.00+3.63a  3.32+0.20a  14.90+0.85a
Znl  9.31+0.84abc 1.24+0.05ab 27.82+0.81c  1.76+0.08d 53.48+2.56ab 3.27+0.17b  53.20+5.47a  3.56+0.36a  14.19+1.19a
Zn2  10.60=0.80ab  1.09+0.08b 29.24+132c  1.60+0.06d  4528+1.12c  3.21:025b 61.82+4.58a  3.08:0.28a  15.69+2.00a
7n3 11.34+0.78a  1.21£0.12ab  43.88+4.13a  2.56+0.12hc  57.36x4.48a 3.56+0.06ab  57.04+7.71a  3.16+0.04a  14.06+0.50a
SZnl  8.60£0.56bc  1.27+0.04ab  37.52+5.28h  2.32:0.14c  49.44x7.23bc 3.92+¢0.16a  52.32+7.52a  3.40£0.20a  15.77+0.33a
SZn2  7.73#0.83¢c  1.30+0.18a 40.52+332ab  3.33:0.44a  43.81x4.35¢c 3.32:044b  62.16+9.05a  3.68+0.32a  14.55+1.0la
SZn3  9.52+0.82abc  1.08+0.07b  46.00+3.12a  3.32+0.28a  57.15x1.15a  3.28+0.10b  55.03+2.43a  3.28+0.0la  13.42+1.89a
T ARFNG R RN A R) 22 5 8 35 (P<0.05) o
Note: Different lowercase letters indicate significant differences among treatments (P<0.05).
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Different lowercase letters indicate significant differences among treatments ( P<0.05). The same below.
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Figure 1 Effects of different zinc fertilizer on soil pH in different growing periods of wheat
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Figure 2 Effects of zinc fertilizer on soil available Zn and Cd contents in different periods of wheat
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Table 3 Correlation analysis between soil available Zn content wheat Cd,Zn content and Cd transfer coefficient

AR FIAKESZn M FIZo E . AR Zo A B CAd A IR CA AR AR R CA RS R AL
Growing Soil available Zn ~ Zn content in ~ Zn content in  Cd content in ~ Cd content in  Cd transfer coefficient from
period content shoots roots shoots roots roots to shoots
FL g AR Zn 1 0.140 0.139 -0.326 -0.264 -0.039
Elongation H b 35 Zn Pt 1 0.877%* -0.279 0.086 -0.156
e MRS Zn i 1 -0.300 0.384 -0.463
i b3 Cd i 1 0.049 0.540
MR Cd &t 1 ~0.782%%
FRFR—Hb_1-3 Cd 565 R 2L 1
ZP R FHATRES Zn 1 0.968#* 0.922% -0.243 -0.357 0.274
Booting 35 Zn P Bt 1 0.961%* ~0.180 ~0312 0.269
e MR Zn i 1 -0.125 -0.414 0.408
i B Cd i 1 0.459% 0.162
MR Cd i 1 -0.739%
TRt 1-FREERS 2 AL 1
I IR Zn 1 0.958% 0.9617%* —0.599% -0.386 ~0.450%
Filling M Zn B 1 0.976% ~0.556% ~0.453% -0.345
e HOFB Zn 54 1 —0.5827% -0.451% -0.379
b3 Cd it 1 0.487% 0.772%%
HEHS Cd 5 1 -0.169
MR- 1R85 AL 1
A I A Zn 1 0.410 0.838% -0.280 -0.085 -0.216
Maturity b 13 Zn 5 1 0.740%* 0.029 -0.140 0.143
e MRS Zn 75 1 -0.205 -0.052 -0.142
Hi 13 Cd it 1 0.214 0.747%*
HEHS Cd 75 1 1 -0.471%

TRt 1 R B R 5L

1

H  #RIRTE P<0.05 KV b B B AHOG ; ++RRTE P<0.01 KT B 38 AH G

Note: *indicates significant correlation at P<0.05 level, and **indicates significant correlation at P<0.01 level.
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