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Detoxification characteristics and mechanism of nickel and cadmium stress in maize seedlings by
multifunctional bacterial consortia

YANG Yi, ZHANG Yu, YIN Qiuxia, LI Mingtang’

(College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China)

Abstract : Microorganisms may reduce the toxicity of heavy metals through symbiosis with plants, which show important application value
in low—carbon and green remediation of soil contaminated with heavy metals. In this study, the detoxification characteristics and
mechanisms of Bacillus safensis N4 and Comamonas testosteroni ZG2 bacterial consortia against nickel (Ni) and cadmium (Cd) stress in
maize seedlings were investigated using hydroponic experiments. The results showed that maize seed germination and seedling growth were
significantly affected by Ni and Cd stress at the concentrations of 5-20 mg + L.”' under hydroponic conditions. However, the bacterial

consortia grew and multiplied through symbiotic interactions with the maize seedlings, thus reducing the toxic effects of Ni and Cd on the
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growth of the seedlings, which in turn increased the plant height, primary root length, biomass, and chlorophyll SPAD values of the

seedlings. Under conditions of Ni and Cd stress at concentrations of 5, 10 mg- L', and 20 mg- L™, the Ni content in aboveground maize
seedlings decreased by 42.2%, 37.0%, and 35.1%, respectively, and the Cd content decreased by 25.8%, 27.2%, and 28.4% respectively,
compared with the content in control seedlings. The sum of the distribution proportion of more toxic forms of Ni in leaves decreased by
13.9%-21.5%, and the sum of the distribution proportion of Cd decreased by 14.7%-20.3%. The distribution proportions of Ni in leaf
organelles decreased by 12.1%-17.0%, and the distribution proportions of Cd decreased by 20.7%-29.3%. Under Ni stress at
concentrations of 5, 10 mg- L', and 20 mg- L', the aboveground Mg content of maize seedlings increased by 21.0%, 39.0%, and 24.1%,
respectively, whereas under Cd stress at these concentrations, the aboveground Mg content of maize seedlings increased by 29.4%, 11.4%,
and 35.9%, respectively. The leaf Ni and Cd content further decreased with increasing Mg concentration. These results indicate that the

bacterial consortia reduce the toxic effects of Ni and Cd on maize seedlings by reducing their absorption, promoting their transformation in

leaves to less toxic forms, reducing their proportions in leaf organelles, and improving the absorption of Mg in maize seedlings.

Keywords: Bacillus safensis; Comamonas testosteroni; nickel; cadmium; maize seedling; detoxification mechanism
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Figure 1 Effects of Ni and Cd stress on maize seed germination
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Figure 2 Growth of bacterial consortia under Ni and Cd stress
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Figure 3 Effects of bacterial consortia on maize seedling growth under Ni and Cd stress
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Figure 4 Effects of bacterial consortia on Ni and Cd content in maize seedlings
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Figure 5 Effects of bacterial consortia on the morphological distribution and subcellular distribution of Ni and Cd in leaves of maize

T3

O 41045 Organelle

g jo0r

=}

(5}

=

=3
2E 80F
RS
-5 L
gg ®
= =
SZ
KRS 40f
j‘(‘g“s

5]

£ 20t

=

g

& 0

[M %74 Residue state
(d)

7
%

7
N U

NN

N
NN

CKl1

T1 CK2

T2

Kb 3 Treatment

B3 Soluble part

CK3

T3

%1 FRAETERGBENBEBTENSE
Table 1 Contents of metal elements in the aboveground of maize seedlings under different treatments
HEJR W pisi Ca it Mg % &t Cu i VAREE S
Heavy metal Concentration/(mg-L™")  Treatment  Ca content/(mg-kg"') Mg content/(mg-kg™)  Cu content/(mg-kg”)  Zn content/(mg-kg™)
Ni 5 CK1 116.8+1.94a 417.7+4.27b 56.6+0.94a 24.8+0.48a
T1 118.0+2.18a 505.4+5.69a 57.5+1.06a 24.6x0.41a
10 CK2 86.8+1.76b 277.6+£3.94¢ 37.3+0.88b 21.0£0.31a
T2 89.6+1.91b 385.9+5.40b 38.7+0.79b 21.6+0.35a
20 CK3 80.2+1.68¢ 222.2+3.56d 32.2+0.62¢ 4.1£0.25b
T3 81.0+1.51¢ 275.7£3.77¢ 33.3+0.67¢ 4.5+0.29b
Cd 5 CK1 163.6x1.21a 561.8+£5.13b 73.8+1.05a 31.0+0.61a
T1 167.3+1.38a 726.9+5.71a 70.3+0.99a 31.4+0.64a
10 CK2 113.2+1.11b 437.8+4.49d 61.2+0.78b 24.8+0.45b
T2 116.0+1.09b 487.6+4.76¢ 61.9+0.69b 24.1+0.36b
20 CK3 80.3+0.56¢ 245.2+2.55¢f 24.2+0.37¢ 13.7+0.26¢
T3 81.1+1.18¢ 333.2+3.48e 24.0+0.48¢ 16.7+0.33¢

< [l — 1N SRR ) R A B 9% 52 . (P<0.05) . Rl

Note : Different lowercase letters in the same column indicate significant differences among treatments (P<0.05). The same below.

AHBE T R IE NI JE M 5.10.20 mg - L7, &2 45 TR b

P OK 4

1% WHART]

ZE I Mg 1 5 54 A3 T 21.0%

39.0%.24.1%; FHE T X0 M, Cd ¥ 9 5.10,20 mg -
LT, 52 5 TR AL 3 R K &)y i 25 Mg 11935 6 4331 1
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T 29.4% 11.4% .35.9%. FHWF52 40, o B Ak
FE D RE AR P AT DLUGE R 32 S A X LT R SR OCR
FA) WG MAC A A A A ot 5 0 R R R, DA T 48 55 e 47 6
BB MgfE S SHYOCEERN LT 4
JEICEZ — R Y AR K A Mgid 5 Z R
LB BT AR, eI L Yl M ) 0 4
TR SOk £ i HAAR B 4 R W aa 1 R ) X 2 4
J& 38 B AR ) B A T AR R WIAE A
A BIVE T EOK S 18 2o WA 22 11 Mg St PR A H:
XF Ni A1 Cd AL, AN TTREARR 1 Ni A Cd A BEE -
244 FAYWZENT SR OUR GRS NifICd & i
B RE S 2 AT

e 2 A A1, TR AR NG & 5 Mg & i ]

5B A (7=—0.874, P<0.05) , 5 Zn &% & S W i
FAA K (r=-0.941, P<0.01) ; F K4 i 2L 036 Cd &
i Mg & 2 ) I 3 A A OC (,=—-0.914, P<0.05)
5 Zn 22 A) 5 52 AU O (r=-0.846, P<0.05) .
2.4.5 Mg Xt F KL Ni Fl Cd Wl i 2% i A

MEL6 AT LLE B2 A AR HE T Ni A Cd 38 e
JFE 3528 20 mg - LB A &J i %855 5520 H Mg i
Bl MV FE 4 &, 2 G R — 2D AR T EOKR 4
X Ni AT Cd FR IR AL, 3458 T X Mg M. Mg ¥R B
0~2.5 g+ LB 52 G 1T ATl 6 K &y 1 25 350 N 1 55 o
Fb X FR AR T 17.8%~38.2% , Mg e i 4 0.5~2.5 g+ L'
() T K &l i ZE R G Mg 5 o HE X BE B i T 33.7%0~
40.0%; Mg ¥ h 0~2.5 g LB 52 A& B v) fef R oKl g

R2 ERYBEEMHTERTREES NI CIEENERES T (mg-kg™)

Table 2 Correlation analysis between the content of metal elements and the content of Ni and Cd in the shoots of maize seedlings (mg-kg™)

Ca it Mg 5 Cud it In i

Ca content Mg content Cu content Zn content
Ni 7% #& Ni content -0.774 -0.874 -0.783 -0.941"
Cd %% 4 Cd content -0.793 -0.914" -0.777 -0.846"

RN 3 (P<0.05, WU ) , "R SE M B3 (P<0.01, WUE) -

Note: " indicates significant correlation(P<0.05, two tailed test), " indicates extremely significant correlation(P<0.01, two tailed test).
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Figure 6 Effects of Mg on Ni and Cd contents of maize seedlings
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