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Alleviation of Cd toxicity and impedance of Cd transport in maize seedlings by the metal resistant—plant

growth promoting bacterium Burkholderia sp.

ZHUANG Jie, SUN Leni’, YANG Endong, OUYANG Wenkai, CAO Yuanyuan, ZHANG Xihong

(School of Life Science, Anhui Agricultural University, Hefei 230036, China )

Abstract: A sand culture experiment was conducted to investigate how metal-resistant and plant growth—promoting bacterium alleviate Cd
toxicity and reduce Cd transport in maize. Different concentrations of Cd were added to the nutrient solution to assess how inoculation with
Cd resistant and plant growth promoting bacterium YM3 (Burkholderia sp.) affect the dry weight, physiological indicators, Cd content, and
metal transport gene expression in maize seedlings. The results showed that inoculation with the bacterial strain YM3 could promote maize
growth. Moreover, this growth promoting effect was more pronounced under Cd stress, resulting in an increase in dry weight of maize roots,
stems, and leaves by 9.09%-40.00%, 63.33%—-84.41%, and 48.50%—67.48%, respectively. Total chlorophyll content and root activity of
maize increased by 1.70%—53.17% and 7.40%—16.93%, respectively, after inoculation. Free proline decreased by 3.04%~-21.82%. At a Cd

concentration of 12 mg+ L', malondialdehyde content decreased by 26.37%. Inoculation of the YM3 strain significantly reduced the Cd
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content of the aboveground parts of maize, resulting in a reduction in Cd content of 13.64%—41.84% for stems and leaves and 17.85%—

20.29% for leaves. —PCR was used to detect the expression levels of metal transport related genes HMA2, HMA3, and Nramp5. The results

showed that the YM3-regulated expression of heavy metal transport related genes was influenced by Cd concentration. In the inoculated 0

and 8 mg- "' Cd treatments, the expression levels of HMA2, HMA3, and Nramp5 in the roots were down regulated. In the inoculated 8 and

12 mg- L' Cd treatments, the expression levels of HMA2 and Nramp5 in the leaves were also down regulated. The inoculation treatment

inhibited the absorption and transportation of Cd in maize seedlings by varying degrees, affecting the expression levels of the genes HWA2,

HMA3 and Nramp5. In summary, inoculation with Cd resistant and plant growth promoting Burkholderia sp. strain YM3 under Cd stress can

promote the growth of maize seedlings, alleviate Cd toxicity in maize seedlings, and prevent Cd transport from roots to aboveground parts,

which has the potential to promote safe production of maize.

Keywords : metal resistant and plant growth promoting bacteria; maize; Cd; transport gene; physiological trait
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Different lowercase letters indicate significant differences between different treatments , P<0.05. The same below.
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Figure 1 Growth curve and dynamic IAA production ability of the strain under different Cd concentrations
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Table 1 Effects of strain YM3 on the biomass of maize seedlings

e Py s ik Wi ETI TR
Cd content Treatment Height/cm Root length/cm ~ Root dry weight/(g-pot™) Stem dry weight/(g-pot™) Leaf dry weight/(g-pot™)
Omg-L" CK 62.33+1.15a 14.83+0.58ab 0.13+0.03bc 0.15+0.04a 0.35+0.08a
YM3 62.17+3.40a 15.33+0.58a 0.16+0.02a 0.16+0.02a 0.37+0.04a
8 mg-L™ CK 51.33+2.02¢ 13.83+1.26b 0.1120.01cd 0.09+0.02¢ 0.20+0.01c
YM3 54.83+3.33b 14.67+0.76ab 0.12+0.01cd 0.15+0.01a 0.30+0.03b
12 mg- 1" CK 43.33+2.75d 13.33+0.29b 0.10+0.02d 0.07+0.01¢ 0.16+0.02d
YM3 52.17+2.31be 13.5+0.50b 0.14+0.02ab 0.12+0.02b 0.27+0.02b
WHZ 3T Two—way ANOVA
A ok kek sk sk ksk
B ok ns sk sk sk
AXB * ns ns ok sk

T [ —FEEE AR A /NG FRERIETE P<0.05KF B2 B A HEEAL L B A Ak BE AR I 5 P<0.05 % : P<0.01 \ns: 3¢ HAF AN

E

Note: CK refers to the non—bacterial control group; YM3 is treated with bacteria, and the values of different lowercase letters in the same column of data
show significant differences at the P<0.05 level. A : Inoculation treatment; B : Treatment with different Cd content; *: P<0.05, #**: P<0.01, ns: The interaction

is not significant.
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3001 (a)

240f ab

e

HHT

18.01

Mo

e

=

1201

N
=}
T

MDA 5% % MDA content/(nmol -g")
(=)

0 8 12
HAVE Cd content/(mg-17")

O cK

JoiR 38T, P SRR 1 i B A N X BE 120K B E RRAR T
21.82%.
24 EXMAHEZEHNEE

W3 7, Bl B 7 o v AR vk BE Y R
PR P ORI IR 2R 5 B R A1, R BH EOK 22 3]
W EEM . EX@mP AT A E K YM3
fli g 32 S S A BN, MRS MM E PR T, R R
PRYM3 A] DL B it 2 R 0 i, FLr R a s
1 N 27.06%~46.32%, M 4% 2 b B i 4 N 27.60%~
68.82%, M4 3 Gl i 53.17%, H 4
B E R 8 mg- LT, TRIAR YM3 A2 iE £ K4 R A
TN E
2.5 EXRHRRFEAN

WKL 4 FToR | B A 5 55 25 0T v vk B 3, R 4z

=}
N
=}

[ 1)

200'

Ho

1507 g

e

2 100}

e 2 A 2 R ik
Free proline content/( g+ g™)
w
=)
H

(=]

0 8 12
A Cd content/(mg-L™)
O ym3

B2 ARESGEN EXM AR EMEEERRS BN

Figure 2 Effects of different treatments on the content of malondialdehyde and free proline in maize leave
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maize leave
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Figure 5 Effects of different treatments on Cd content in maize
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Figure 6 Effects of different treatments on transport gene expression in maize
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