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Rhizosphere microbiome transplantation affects the growth and
cadmium accumulation of maize cultivars with high/low cadmium
accumulation

LIU Meijing!, YANG Renyuan!, LI Xiaoyi!, LI Yang', ZHAN Fangdong™!, WEI Heng??
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Abstract: [Background] Rhizosphere microbiomes significantly influence plant cadmium (Cd)
tolerance and accumulation. [Objective] To assess the effects of rhizosphere microbiome
transplantation on the growth and Cd accumulation of maize cultivars with different Cd
accumulation capacities. [Methods] Two maize cultivars, ‘Panyu 3’ with high Cd accumulation
and ‘Ludan 16> with low Cd accumulation, in the farmland exposed to lead-zinc mine
contamination were selected. The structure of the rhizosphere bacterial community was
analyzed. Subsequently, a pot experiment of rhizosphere microbiome transplantation was
conducted to assess the growth and Cd accumulation in the two maize cultivars post
transplantation. [Results] The rhizosphere bacterial communities of both maize cultivars
exhibited similar composition, being dominated by Proteobacteria, Actinomycetota, and
Acidobacteriota at the phylum level and Streptomyces, Nocardioides, and Marmoricola at the
genus level. The dominant genera presented distinct variations in relative abundance between
the two cultivars. Notably, Paenarthrobacter exhibited a significantly greater abundance in the
rhizosphere of ‘Panyu 3’ than in the rhizosphere of ‘Ludan 16’. The transplantation experiment
demonstrated that the rhizosphere microbiome from the maize cultivar with low Cd
accumulation enhanced the root biomass, transpiration rate, and root intersection number by
26.3%, 31.3%, and 462%, respectively, and reduced the Cd translocation factor by 58.5% in the
maize cultivar with high Cd accumulation. The rhizosphere microbiome from the maize cultivar
with high Cd accumulation diminished the plant height, biomass, and aboveground Cd
accumulation by 15.0%, 21.3%, and 61.6%, respectively, in the maize cultivar with low Cd
accumulation. Mantel analysis revealed that the relative abundance of Proteobacteria,
Actinomycetota, and Acidobacteriota in the rhizosphere of ‘Ludan 16’ had positive correlations
with the Cd content and accumulation and negative correlations with the plant height and biomass
of ‘Panyu 3. The relative abundance of Actinomycetota, Acidobacteriota, and Gemmatimonadota
in the rhizosphere of ‘Panyu 3’ was positively correlated with the plant height, biomass, and
translocation factor of ‘Ludan 16’. [Conclusion] The rhizosphere microbiome from the maize
cultivar with low Cd accumulation significantly facilitates Cd sequestration in the roots of the
maize cultivar with high Cd accumulation, augmenting maize tolerance to Cd. Rhizosphere
microbiomes exert specific regulatory effects on maize growth and Cd accumulation.
Keywords: maize; high/low cadmium accumulation; rhizosphere bacteria; transplantation;
cadmium accumulation
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Figure 1

Comparison of rhizosphere bacterial diversity index in maize with high/low Cd accumulation

(OTU level). A: ACE index difference analysis box plot; B: Shannon index difference analysis box plot; C:
Sobs index difference analysis box plot; D: Coverage index difference analysis box plot. PY: ‘Panyu 3 with
high Cd accumulation, LD: ‘Ludan 16’ with low Cd accumulation. The same below.
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Figure 2 Relative abundance chart (A) and inter-group difference test chart (B) of the bacterial communities at
the phylum level in the rhizosphere of maize with high/low Cd accumulation.
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Figure 3  Relative abundance chart (A) and inter-group difference test chart (B) of the bacterial
communities at the genus level in the rhizosphere of maize with high/low Cd accumulation. *: Indicates a
significant difference between treatments (P<0.05).
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Table 1 Effect of rhizosphere microbiome transplantation on photosynthetic parameters of maize

Ah MR PRESLE S F U SLTE Jfa] COr MR BE

Treatment Chlorophyll Photosynthetic transpiration rate ~ Stomatal Intercellular CO2
(mg/L) rate (umol/(m?-s)) (mmol/(m?-s)) conductance concentration

(mol/(m?-s)) (uL/L)

PY-PY 1.12+0.14a 1.73+£0.31b 1.12+0.09bc 0.09+0.03a 352+18a

PY-LD 1.23+£0.05a 0.85+0.12¢ 1.63+£0.31a 0.07+0.03ab 360+13a

LD-LD 1.22+0.16a 2.24+0.44ab 0.96%0.15¢ 0.04+0.02b 301+21b

LD-PY 1.07+0.09a 2.32+0.40a 1.39+0.33ab 0.04+0.02b 258+33¢

KUK 2 07 22 53

Two-way analysis of

variance

* }K lzlljn ﬁ-. ns ok ns ok *k

Maize variety

HEBR G AE B ns * o ns ns

Rhizo-microbiomes

FK TR Y * * ns ns *

Maize varietyx

Rhizo-microbiomes

PY: WM AL AKGEE 3 9); LD: WEMBEIORERH 16 5) AF/NG F-RE 378 40 ) 25 5 . % (P<0.05). PY-PY:
fE 3 SR HEM AR TR 3 S fh; PY-LD: %5 16 SR A YRR T8E 3 S Fl; LD-LD: B
16 SR YRR T B8 16 550 FP; LD-PY: 8K 3 SAPRBUE A TS 16 Safh . ns: &I
R ¥, P<0.05; **. P<0.01, R,

PY: ‘Panyu 3’ with high Cd accumulation; LD: ‘Ludan 16 with low Cd accumulation. Different lowercase letters indicate

significant differences between treatments (P<0.05); PY-PY: Microbial transplantation from the rhizosphere of ‘Panyu 3’ to
the same variety; PY-LD: Microbial transplantation from the rhizosphere of ‘Ludan 16’ to ‘Panyu 3’ variety; LD-LD:
Microbial transplantation from the rhizosphere of ‘Ludan 16’ to the same variety; LD-PY: Microbial transplantation from the
rhizosphere of ‘Panyu 3’ to ‘Ludan 16’ variety. By two-way ANOVA, ns: No statistical significance; *: P<0.05; **: P<0.01.
The same below.

x2 WREMEDBEXNERKES. EYVENZNH

Table 2  Effect of rhizosphere microbiomes transplantation on maize plant height and biomass

A7 7N R R Hhy b A
Treatment Plant height (cm)  Ground biomass (g) Aerial biomass (g)
PY-PY 62.97t14.41a 1.16+0.38¢c 4.89+1.06bc
PY-LD 62.98+14.06a 1.57+0.30ab 4.47+1.50¢c
LD-LD 62.99+5.83a 2.39+0.68a 8.49+1.49a
LD-PY 62.03+4.89a 1.994+0.37ab 6.68+0.59ab

WK & J7 224381 Two-way analysis of variance

FOK i FP Maize variety ns *k **

PR3 4 ¥ Rhizo-microbiomes ns ns ns

FK FL AR PR AE Y Maize varietyxRhizo-microbiomes  ns ns ns

ANFRNG FHEF R AL B R 22 53 B 2 (P<0.05), ns: BHEITHEL; **. P<0.01,
Different lowercase letters indicate significant differences between treatments (P<0.05). By two-way ANOVA, ns: No
statistical significance; **: P<0.01.
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E 3 S PY-LD: BEE 16 SHREARUEYBAEEM T/ E 3 55 ; LD-LD: B8 16 SMRERHHE
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£ R b H R 22 55 B 25 (P<0.05) . XA & Jr 240 #rH, Maize variety ., Rhizo-microbiomes . Maize
varietyxRhizo-microbiomes 737l 4 F KSR . MBRIEAED . TR SRR BRI .

Figure 4 Effect of rhizosphere microbiomes transplantation on root growth of maize with high/low Cd
accumulation. A: Number of root intersections; B: Number of root branches; C: Root length; D: Average root
diameter; E: Root volume; F: Root surface area. PY-PY: Microbial transplantation from the rhizosphere of
‘Panyu 3’ to the same variety; PY-LD: Microbial transplantation from the rhizosphere of ‘Ludan 16’ to
‘Panyu 3’ variety; LD-LD: Microbial transplantation from the rhizosphere of ‘Ludan 16’ to the same variety;
LD-PY: Microbial transplantation from the rhizosphere of ‘Panyu 3’ to ‘Ludan 16’ variety. Different
lowercase letters indicate significant differences between treatments (P<0.05). By two-way ANOVA, ns: No
statistical significance; *: P<0.05; **: P<0.01.

2= = g 3
8 ‘ = b b =€ 00l = 0
< 0 § < <
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9 0
5 40
Lov [ Rhizo-microbiomes: ** 300 r Rhizo-microi)iomeS' S
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5 WRIEMEVYBENRES/KRZERBIEQOABREREGHTMW  PY-PY: #E 3 SMRIRH
YRR T8 3 Sl PY-LD: B85 16 SMRBR B MM T8 E 3 S Fh; LD-LD: #%
H16 SARPRIAE YA R TS 16 S5 Fl; LD-PY: & E 3 SRPRSA YR T 16 56
Bl o ANR/ING SRR R AL PR TE) 22 57 8 2 (P<0.05) . ALK 7 229381 1, Maize variety . Rhizo-microbiomes .
Maize varietyxRhizo-microbiomes 7358 F KA . ARPRGZEY) . FKFI-ARBREY) -

Figure 5 Effect of rhizosphere microbiomes transplantation on Cd content (A) and Cd accumulation (B) in
maize with high/low Cd accumulation. PY-PY: Microbial transplantation from the rhizosphere of ‘Panyu 3’
to the same variety; PY-LD: Microbial transplantation from the rhizosphere of ‘Ludan 16’ to ‘Panyu 3’
variety; LD-LD: Microbial transplantation from the rhizosphere of ‘Ludan 16’ to the same variety; LD-PY:
Microbial transplantation from the rhizosphere of ‘Panyu 3’ to ‘Ludan 16’ variety. Different lowercase letters

indicate significant differences between treatments (P<0.05). By two-way ANOVA, ns: No statistical
significance; *: P<0.05; **: P<0.01.
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Figure 6  Effect of rhizosphere microbiomes
transplantation on Cd bioconcentration factor in
maize with high/low Cd accumulation. PY-PY:
Microbial transplantation from the rhizosphere of
‘Panyu 3’ to the same variety; PY-LD: Microbial
transplantation from the rhizosphere of ‘Ludan 16’ to
‘Panyu 3’ variety; LD-LD: Microbial transplantation
from the rhizosphere of ‘Ludan 16’ to the same
variety; LD-PY: Microbial transplantation from the
rhizosphere of ‘Panyu 3’ to ‘Ludan 16’ variety.
Different

differences between treatments (P<0.05). ns: No

lowercase letters indicate significant

statistical significance; *: P<0.05.
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Figure 7 Correlation analysis of relative abundance of rhizosphere bacterial communities with maize
growth and Cd accumulation in high/low Cd accumulating maize. A: Correlation analysis of the relative
abundance of the rhizosphere bacterial community of the low Cd accumulating maize variety ‘Ludan 16’ with
growth and Cd accumulation in the high Cd accumulating maize variety ‘Panyu 3°; B: Correlation analysis of
the relative abundance of the rhizosphere bacterial community of the high Cd accumulating maize variety
‘Panyu 3’ with growth and Cd accumulation in the low Cd accumulating maize variety ‘Ludan 16°.
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