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Abstract: [ Objective ] The safe utilization of farmland with mild to moderate cadmium (Cd) pollution is of great significance for the
safety of agricultural products and human health. However, the effects of plant growth-promoting bacteria with the ability to
immobilize Cd and regulate Cd-uptake by wheat plant from weakly alkaline farmland soil remains unexploited. [ Method ]
Triticum aestivum L. Yangmai-13 was used as the tested plant, and weakly alkaline heavy metal polluted farmland soil was used
as the test soil. Pot experiments were conducted to study the dynamic effects of Pseudomonas taiwanensis WRS8 on wheat
growth, Cd content in rhizosphere soil and different parts of wheat, as well as rhizospheric and root endophytic bacterial
communities during the jointing, booting, and maturity stages. [ Result ] The results showed that compared to the control group
without inoculation, rhizosphere inoculation with strain WRSS led to a significant increase in the aboveground biomass, root
biomass, and grain biomass of Yangmai 13 by 34% — 64%, 60% — 102%, and 10% — 14%, respectively. It decreased the Cd
content in shoots, roots, grains, and rhizosphere soil by 55% — 60%, 5% — 8%, 78% — 82%, and 32% — 49%. Moreover,
inoculation with strain WRSS8 significantly increased the pH value of the rhizosphere soil during the booting and maturity stages.
In terms of rhizospheric and root endophytic bacterial communities, inoculation with strain WRSS8 only resulted in a significant
reduction in the alpha diversity index of endophytic bacterial communities during the booting stage; The principal co-ordinates
analysis clustering results showed that both the treatment with live and inactivated bacteria significantly changed the bacterial
community structure in the rhizosphere soil and roots, and the bacterial community structure also changed significantly with the
extension of the growth period. Inoculating strain WRSS8 reduced the relative abundances of Chloroflexi and Proteobacteria in the
rhizosphere soil, while increasing the relative abundance of Arthrobacter and Bacillus. Also, strain WRS8 inoculation reduced the
relative abundances of Actinobacteria and Chloroflexi phyla of root endophytic bacterial communities, while increasing the
relative abundance of Pseudomonas during the jointing and booting stages. [ Conclusion ] In summary, strain WRS8 not only
significantly reduced the absorption of Cd by Yangmai 13 from weakly alkaline farmland soil, but also effectively improves wheat
biomass and yield, suggesting its potential to achieve safe utilization of weakly alkaline heavy metal polluted farmland.

Key words: Cadmium contamination; Weakly alkaline arable soil; Wheat plant; Pseudomonas; Growth stage
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AR & (Klebsiella)., VW IKEE ( Serratia ).
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W Pseudomonas Taiwanensis WRSS ( Z& [E [E 574 Y4
AR5 B HL NCBI 5% MK370904 ), &%
WRAETE 22 13 iR e 4, 35 (e it /N 4 i
AR, FFEA R Cd FREWI ) LCTI Al HMA2
R A F kK BIA A 13 S Cd i te
ARFFEAU AT IR F3 M T KGR A5 Yl Ak
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B /N2 BB Cd V5 3% 4 3 Fh i lie Cd AR T R
X /N MR s - S A R E (R R R . U IS
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JR 5 e JE
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1.1 kst

AR WRSS HA ™ TAA (435 mg' L™ ), ACC
Jii S i FA BRI S fE, X Cd (8 mmolL™" ). Pb
(9.7mmol-L™" ), AEHE (40 mgL™"'), KMEHR
(150 mg'L™") FIZTHE®HEE (200 mgL') KI;MH
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i & e CA> e T % 85%~86%!"7 . LIVT 944 N
T M2 13 Y, DU M TR
GRS A5 Yk | O 1, L
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1T (IR T % b A T e KU A AR A
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3.5 kg BIERAZT, FEmEAE (N:P:
K=15:15:15) $£5) B/NEF TR ULTERA R
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LR "4 (EDTA-2Na) 2T HEARES Cd: FRIX
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(version 3.3.1 ) YERE 5 4 WAL TE IR BE VR #00A, IF
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2 4 R

2.1 HE# WRSS Xt/NELEYEHI RN
TEA KB BN L 13040 A e 52 0 Sk

JR bR, TER—AET N, 5XTRRAMEL,
35 BRI TG B B AL B2 2 S S5 N T /NZE A
T TR TR AL B AR A N2 AR W N R T
PR TEFACERL . 550 BEAH G, $2 0 0 B A B /N
2 b 1A FAR B A 0 8 3 3 I T 34%~64%
60%~102%, F2 TG AL BRAY /N AZ H 350 40 FIAR Y
R BRI T 22%~31%. 21%~37%. $EIE#
Qb B G SN T /N KR A e (A B A3
T 10%~14%) (F£ 1),
2.2 B WRS8 I/NEREFAL Cd & EHIF T
RSN B Cd S Y ) 2R
TR 55X HRA G, 2005 PR AL BB SRR T /)
T B cd FiR (BRI T 55%~60%)
(Bl la), /NEM Cd FiEblA: & B RER 20 3
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W Cd & TR 5%~ 8%, AU 7E LA 1k 1) i 2% /K F
(F 1b). ARG AL/ AFRL Cd 7 it 25 AR
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A B BB EORAR S Cd A DA B ORRRL P Cd
E AT T E N
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Table 1 Effects of inoculation of strain WRSS on the biomass of different parts of wheat at different growth stages

HEH b3 M F AR A= HERL TR
Growth stage Treatment Shoots biomass/ ( g-strain™" ) Roots biomass/ ( g-strain™ ) 1000 grain weight/g
L aR CK 0.911 = 0.029f 0.080 + 0.003f -
Jointing D 0.932 £ 0.026f 0.109 £ 0.010e —
stage L 1.227£0.031e 0.162 £ 0.007¢ —
2R CK 2.267 £ 0.070c 0.128 + 0.006de —
Booting D 2.763 + 0.034b 0.155 + 0.005cd -
stage L 3.827 £ 0.054a 0.206 + 0.004b —
IR CK 1.820 +0.079d 0.165+0.010c 42.753 % 0.805b
Maturity D 2.397+£0.127¢ 0.225 + 0.006b 43.637 + 0.643b
stage L 2.987£0.172b 0.284 +£0.013a 47.753 £0.942a

e CK: AW XTIEAIE; D. BRKIGHALTE; L. $S0G WA, R8P RBEERFE « a2 (n=3); FFIAFK/NG
TR IR AT [0 1A B 3 22 5 . FIA . Note: CK, control treatment without strain inoculation; D, inoculation with dead bacterial strain;

L, inoculation with live bacterial strain. The values are presented as arithmetic means + standard error ( n =3 ) . Different letters within the

same column indicate significant differences based on Tukey’s Honestly Significant Difference ( HSD ) post-hoc test, following significant

interaction effects ( P < 0.05) . The same below.
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Fig. 1 Dynamic effects of inoculated strain WRS8 on Cd contents

in shoot (a) and root ( b) at different growth stages as well as on Cd

content of wheat grains ( ¢ )
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Table 2 Effects of inoculation of strain WRSS8 on the alpha diversity indies of bacterial communities inhabiting wheat rhizosphere soil and
inside roots

ZFEPEFE %L Alpha-diversity indices

AHH AEE BfEAM5T (OUT) BH
TR AR
Growth stage Treatment Number of operational
) ) Shannon index Coverage
taxonomic unit

R 1 P I CK 2 344+53a 5.997+0.167ab 0.955+0.001¢
Rhizosphere soil Jointing stage D 2 446+108a 6.214+0.151a 0.954+0.003¢
L 2 172+73b 5.745+0.099b 0.957+0.001c
2R CK 2 313£157ab 6.1080.163a 0.9560.004c
Booting stage D 1 958+288b 5.424+0.400b 0.960+0.005¢
L 2 255+116ab 5.760+0.143b 0.956+0.004¢
B CK 2 450+61a 6.2530.101a 0.954+0.000c
Maturity stage D 2 084+155b 5.767+0.252ab 0.960+0.003¢c
L 2 397+28a 6.209+0.015a 0.955+0.001¢
RN P CK 225+27d 1.672+0.787¢f 0.996+0.001a
Inside root Jointing stage D 300£102cd 2.449+0.313¢ 0.993+0.003a
L 235+45d 1.086+0.296f 0.995+0.002a
2R CK 393+78¢ 3.6810.505¢d 0.9940.002a
Booting stage D 418+105¢ 3.824+0.347¢ 0.993+0.001a
L 186+23d 1.537+0.774ef 0.997+0.000a
B CK 485+73¢ 3.043£0.236d 0.990+0.001b
Maturity stage D 519+165c¢ 3.811£0.540cd 0.989+0.00ab
L 389+82c¢ 3.22740.844cde 0.995+0.000a

Mo HEEHAE TR, 2540 B AR PR L A0
TR SR N L R i A A e AR (T 4).

PCoA /M4 R IAE OTU /KF |, KGR S
P15 T AL B4 RS T MR R S5 R PR A 0 R R R A
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Fig. 4 Principal coordinate analysis( PCoA )plot depicts the Bray-Curtis distance between rhizosphere soil( a )and root endophytic( b )bacterial

communities under different treatment conditions
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Fig. 5 Changes in the relative abundances of abundant phyla of rhizosphere soil ( a) and root endophytic (b ) bacterial communities under

different treatments

3 3w

3.1 TE#k WRSS BU{2 £
TEZHTBIBESE h & BK RS %4 T B B WRSS B
s e T2 13 (R E SR, JFaE B R
A 13 Y, FeEE FRENERTS Cd
BB R USCAH G SE R LCTT T HMA2 W3k K84
13 % Cd Myt FE IERE b, A R 4

R LN 2 5 e T 4R B A TE ek
LR, MRS RER, ARANT, B
B R WRSS AN F X522 136 B35 e 41k
(3R 1), HARENLRIBE T CHGER ™ IAA. ACC
I8 S RNV B AR A1, 5 AR AR P9 A R A B R g
WETIA I, BT BB m kR0 g5 %, i Xt
R P2 PR AR 1) e 0 A 2 IR R B R WRSS
TERR T AN 2 R ) 0 2 4 v 1 AR P A R R AR

http://pedologica.issas.ac.cn



3 34 W REAE . — R RO e A R B /N A2 DS B A T S R AR ) 787

MuwEJE ( Pseudomonas ) FAXTFFE (Kl 6).
3.2 B WRSSPRiEHZE 13 R CAWIERS®
M (& 2=
Wang %50 il i ARG S , DU R B £ T 550
PE Cd 154 O HA 5, R fuaki
A 266 FFRih Cd B EREILT
65%. MIABFF PRk WRSS il 13 FhL
Cd 1 R FE 78%~ 82% [ [R) if i /N 22 T H 44

L

-

.
N EEEE 'E =
EETE ==

m

—-. .-.’7...-.- ..’7. KoM 5AFHE H unclassified o Enterobacterales
.....-... .==-..- WHFIEE Arthrobacter

.... norank_f _Mitochondria 2x107°
B Bl BN
Nl PN EEEm

. . .. -. LT3R @ Rhodococcus
.. ...... Tk @ Microbacerium
- | [

o N
~ HEEEN
.. ..-. £ 5 TR & Streptomyces

i 10%~14% (& 1, 3= 1), KT IHERM AR
G X 558 PE L 2R P R AT R . R,

AT TN ERR Cd SEBIRN2ZES, ML
SR AR R R AR O, 18 S ki + e AL
PRI/ SRR Cd GBS R APtk
FUIMSE. Hen, fE4E 266 XIEALERCR Cd &
Hh 1.5 mgkg !, WAHFZE A 13 X B BF
KL Cd E 29 0.6 mgkg o B, = ALY BT

J& 4 Genus

.. R HEBREFL unclassified £ Planococcaceae
HArJEH 4R} unclassified_f_Intrasporangiaceae
WEERTE 8 Marmoricola
. Defluviicoccus

Candidatus_Nitrocosmicus

RIOPKIIRAALRH R} norank_f_Anaerolineaceae
. YSFFI Lysobacter

Luteimonas

. . Gaiella

unclassified_f Oxalobacteraceae

BRI R Sphingomonas
VEFFRIE Pontibacter 7%10°!
ZEAUFFEE Bacillus 6x1072

.. BHEEAFHIE Glutamicibacter _5x10°
FLFHNTER Stenotrophomonas _4x10™
Rk JE Acinetobacter 3%107

norank_f norank_o__Chloroplast

B MuEE R Pseudomonas

’—‘ MYRTEE Rhizobium

.... iR ICE B Nocardioides

ml
-....- KT R Devosia

... FOIRFFIA S Brachybacterium

. BT & Rhodanobacter
JE/NBAE R Promicromonospora

VD> vy D D QD > QD > QO QO
F I L TLETEFTF FFSE T F

TE: CK: AERAIRALIL; D: BeIORRALEL; L. B, S PR LIRS R: WGBS 1 kW 2.

ZafEH ;3. U . Note: CK, control treatment without strain inoculation; D, inoculation with dead bacterial strain; L, inoculation with

live bacterial strain; S, rhizospheric bacterial community; R, root endophytic bacterial community; 1, jointing stage; 2, booting stage;

3, maturity stage.

Bl 6 JmKY- 4R B v A H A A

Fig. 6 Heatmap of bacterial communities under different treatments at different growth stages on the level of genus
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