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Effects of manganese fertilizer on rhizosphere soil manganese availability and cadmium uptake and transport

by wheat

YAO Cheng"*?, ZHOU Tianyu>?, YI Chao"*?, SHI Gaoling™®, SHEN Wenzhong', ZHANG Xumei‘, CHEN Wei*’, FAN Guangping™™,
GAO Yan>™
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Extension Center, Taicang 215400, China)

Abstract: To explore the effect of manganese(Mn) fertilizer on cadmium(Cd) absorption by wheat in heavily polluted soil, pot experiments
were conducted to study the effect of different concentrations of manganese fertilizers (13, 26 mg-kg™, and 66 mg-kg™) and different types

of manganese fertilizers[conventional manganese fertilizer (CMF ), slow—release manganese fertilizer (SMF )] on rhizosphere soil Cd and Mn
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availability and Cd and Mn uptake and transport in wheat. The results showed that the application of Mn fertilizer could significantly

increase the content of available soil Mn, and the supply of Mn to soil by SMF in the later stage of wheat growth was significantly higher
than that of CMF. Compared with the control, CMF increased the content of available soil Mn by 8%~61% in the early stage of wheat
growth; SMF increased the content of available soil Mn 6%~105% in the later stage of wheat growth. The application of CMF significantly
increased the Mn content of wheat roots at the elongation stage. In contrast, the application of SMF significantly increased the Mn content of
wheat roots at the grain—filling and mature stages of wheat. Mn fertilizer treatment significantly decreased the Cd content in roots at the
elongation and booting stages and shoot Cd content at the maturity stage. Among all the treatments, only the application of medium— and
high—concentration CMF and medium—concentration SMF significantly reduced the Cd content in wheat grains by 14%, 27%, and 17%,
respectively. Correlation analysis showed that Mn content in wheat roots was negatively correlated with Cd content in the shoots and the Cd
transfer coefficient from wheat roots to shoots during the entire growth period of wheat. The above results showed that the application of Mn
fertilizer could increase the content of available Mn in soil and promote the uptake of Mn in the roots of wheat, thereby inhibiting the uptake
of Cd by the roots of wheat and reducing the transport of Cd from wheat roots to shoots. In moderate and severe Cd—contaminated soils, the

application of Mn fertilizer alone cannot guarantee the safe production of wheat, and more effective measures or comprehensive agronomic

techniques need to be taken at the same time to reduce the accumulation of Cd in wheat grains further.

Keywords : wheat; cadmium( Cd); manganese fertilizer; Cd uptake and translocation
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Table 1 Physical and chemical properties of tested soil
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Table 2 Effects of manganese fertilizer treatments on the growth of wheat (g-pot™)

11 Elongation stage Z4 7801 Booting stage HEA I Filling stage AEUY Maturity stage

e L AL TG ST A

weight Root dry weight weight Root dry weight weight Root dry weight weight Root dry weight weight
CK 11.30+2.24a 1.37+0.15a  40.88+2.16a  2.83+0.20a  50.48+3.76b  3.60+0.08a  63.00+3.63a  3.32+0.20b  14.90+0.85b
Mnl 11.80+1.35a  1.16+0.03ab  29.12+0.08c  2.16+0.24b  60.92+5.68a  3.16+0.68ab  56.53+4.02b 1.84+0.08d 16.71+0.15a
Mn2 9.73+0.72ab  1.09+0.18ab  28.40+4.66c  2.28+0.36b  59.08+5.40a  3.72+0.44a  59.03+0.92ab  2.64+0.21c 16.42+0.16a
Mn3 11.73+0.87a  1.17+0.12ab  31.42+4.80bc  2.24+0.24h  50.88+1.28b  2.64+0.16b  55.04+3.00bc  2.60+0.20c 16.17+0.40a
SMnl 7.44+0.72¢ 1.28+0.28ab  31.84+3.52bc¢  2.20+0.04b  54.48+2.64ab  3.80+0.36a 51.00+2.64cd  3.24+0.28b 14.60+0.98b
SMn2 8.25+1.14be 1.01+£0.14b  22.56+2.44d 1.72+0.20b  46.51+5.56b  3.12+0.32ab  49.03+2.58d  3.40+0.12b 14.51+0.15b
SMn3 9.73+1.01ab  1.19+0.02ab  35.64+1.88ab  2.84+0.52a  49.89+4.24h  3.20+0.16ab 58.76+0.56ab  4.20+0.49a 11.29+0.50¢

TE AR ING FREF R AL BRE] 22 57 8.3 (P<0.05) .

Note : Different lowercase letters indicate significant differences among treatments (P<0.05).
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Figure 1 Effects of manganese fertilizer on soil pH in different growth stages of wheat
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Figure 2 Effects of manganese fertilizer on soil available Cd and Mn contents in different growth stages of wheat
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Figure 3 Effects of manganese fertilizer application on Cd and Mn contents in roots and shoots of wheat in different growth stages
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Table 3 Correlation analysis between soil available Mn content, wheat Cd, Mn content and Cd transfer coefficient from roots to shoots
e AR MBI Mo SR BB Mo SR L EEBCd AR MRS Cd SR AR R3S
o 15h7 Mn 74t Soil Mn Mn cd cd CAFERE R B
Growth . - . . . -
Index available Mn concentration in concentration concentration  concentration Cd transfer coefficient
stage o ° .
content shoots in Toots in shoots in roots from roots to shoots
B A HEE Mn F 1 0.201 0.520% 0.180 -0.282 0.388
Elongation Soil available Mn content
stage b Mn 1 0.283 -0.124 0.347 -0.338
Mn concentration in shoots
HRH Mn 75 1 -0.063 -0.105 -0.011
Mn concentration in roots
b B Cd 5 1 0.116 0.7417%%
Cd concentration in shoots
R Cd &k 1 -0.57 1%
Cd concentration in roots
HRFR—Hh_F-3 Cd 5478 75 1
Cd transfer coefficient from roots to shoots
PR A Mn F it 1 -0.172 0.118 0.118 -0.036 0.060
Booting Soil available Mn content
stage Hb b3 Mn 2t 1 0.298 0.615%* 0.023 0.496*
Mn concentration in shoots
HRFH Mn &5 12t 1 -0.125 0.267 -0.357
Mn concentration in roots
Hi EFS Cd i 1 0.373 0.443%
Cd concentration in shoots
MR Cd & i 1 -0.647%%
Cd concentration in roots
M -t F3 Cd 75 R4 1
Cd transfer coefficient from roots to shoots
TN b HEAES Mn F 1 0.712%% 0.880%* -0.184 0.174 -0.299
Filling stage Soil available Mn content
Hb 17 Mn 7 4 1 0.655% 0.393 -0.047 0.187
Mn concentration in shoots
HEFH Mn 7 12 1 -0.219 -0.081 -0.078
Mn concentration in roots
H 3B Cd i 1 0.172 0.392
Cd concentration in shoots
MR Cd 5 5 1 -0.815%
Cd concentration in roots
HEFS -4t F38 Cd e H% R AL 1
Cd transfer coefficient from roots to shoots
A T IEA S Mn F 1 0.562% 0.546% -0.075 -0.084 -0.024
Maturity Soil available Mn content
stage b b Mn 7 1 0.576%* -0.354 -0.081 -0.038
Mn concentration in shoots
AR Mn 51 1 -0.268 0.599%: -0.506*
Mn concentration in roots
Hb b Cd £ 1 -0.319 0.744%%
Cd concentration in shoots
R Cd & 1 —0.834%
Cd concentration in roots
1

MY -4t F3 CA 648 R 4K

Cd transfer coefficient from roots to shoots

T FRIRAE P<0.05 /K T IB 35 A 56 5% *R/RAE P<0.01 K- I B & A2

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