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Abstract: [Objective] To analyze the effects of the addition of exogenous plant
growth-promoting bacteria (PGPB) on plant growth, arsenic (As) accumulation, and
rhizosphere microorganisms, and provide references for plant-microbial remediation of
As-contaminated soil. [Methods] By adding exogenous PGPB into the soil, the relationships
between the plant biomass and As content of Pteris vittata and the plant growth-promoting
characteristics of PGPB were investigated. The high-throughput sequencing was also used to
analyze the change in the rhizosphere microbial community of P. vittata with the intervention
of exogenous PGPB. [Results] Two rhizobacteria Pseudomonas sp. PG12 and Bacillus sp. R19,
and one endophytic bacterium P. putida S6 had typical plant growth-promoting characteristics,
and the order of the growth-promoting effects on P. vittata was PG12>S6>R19. As compared
with the control group, PG12, S6, and R19 increased the plant biomass by 234% (P<0.01),
136% (P<0.01), and 67%, respectively. The addition of exogenous PGPB increased the As
content of P. vittata from 18.50 mg to 31.25—-46.95 mg, being an increased percentage of 153%
in PG12 and 139% in S6, respectively. The corresponding concentration of As in P. vittata
decreased from 2 616.34 mg/kg to 1 348.04—2 156.23 mg/kg, showing a typical As “dilution
effect”. Moreover, the a diversity indexes including Sobs, Chao, and Ace revealed that only
R19 significantly improved the diversity of the rhizosphere microbial community, while the
beta diversity analysis based on principal component analysis (PCA), principal co-ordinates
analysis (PCoA), and partial least squares-discriminant analysis (PLS-DA) showed that there
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were significant clustering differences among all treatments. Furthermore, species composition
analysis showed that the exogenous PGPB affected the distribution of the rhizosphere microbial
community with an increase in the relative abundance of Arthrobacter and Solirubrobacter,
etc., and a decrease in the relative abundance of Acidibacter, Dongia, and MNDI. These
microbial communities were presumedly associated with the growth and As uptake of P.

vittata. [Conclusion] Exogenous PGPB addition shows positive effects on the growth, As
uptake, and rhizosphere microbial community of P. vittata. The results of this study provide

important clues

for revealing the mechanism of arsenic remediation enhanced by

microorganisms in plants, thereby promoting the associated studies on the plant-microbial

remediation of As-contaminated soil.

Keywords: plant growth-promoting bacteria; Pteris vittata; arsenic; rhizosphere microorganisms;

soil remediation
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Table 1 Plant growth-promoting characteristics of the bacterial strains used in the present study
Strains IAA (mg/L)  Siderophore production ability (4/4¢) Phosphate solubilizing activity (mg/L) Bacterial source
PGI12 17.6+0.4a 0.5+0.02 29.2+0.3a [21]
R19 28.7+1.9b Not detected 5.2+0.9b [20]
S6 5.1£0.04c¢ Not detected 187.2+16.0c [19]

AMAp: 0.8—1.0: Very weak; 0.6—0.8: Weak; 0.4-0.6: Moderate; 0.2—0.4: Strong; 0—0.2: Very strong. Different lower-case letters

indicate a significant difference between treatments (P<0.05).
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Control PG12 R19 S6

1 RINSNE PGPB S iREAE 4 KA 200
Figure 1 Effects of exogenous addition of PGPB on
the plant growth of Pteris vittata.
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Figure 2  Effects of exogenous addition of PGPB on
the plant biomass (A), As accumulation (B) and As
concentration (C) in P. vittata. Different lowercase
letters indicate the significant difference between
treatments (P<0.05).

(PG12, P<0.05). 48.48% (R19, P<0.05)F1 17.59%
(S6). H1 T4 SME PGPB J& 4% AbFEZH rh i3 4
Fa B g A B AR R RS R — 2, UL PGPB
LR LY NE B I b T e i o W IV AME U B o
Tu 551 FIADF S R I, WA AR ) i i 3 0 2=
L R RN AR R A S, H Bz HE
HEPER AR 45 A8 , TR A1 e Ik
A 7 XA 3 R BB PR — o 0 e AR S
Zad AR T S B AL AT R - A AR PR T & A TR
fifit PGPB & 5460, RAF ZIWiff 53 R IR
BRiw A= Py e i s B A S A A A R B
B REEMELT, (AR YRR 7R L R
W R A5 R AE I M ARTE 48 . ik, ARt —
Al 16S rRNA § 14T 19 =3 38 20 )7 43 B 1 41
Ui PGPB 110 R WA FEAR PR A MR 1 2H K,
S LA
2.3 RMSNE PGPB FiEE
EIRETE R SR
23.1 o ZHMESH

o ZFEER0E SO IR NIPIR Z4er:, £
B Wb w A ) RS AR SCR A Sobs
Shannon, Simpson. Chao. Ace fil Coverage 5
B4Rl PGPB X i BAR PR A Yy V& AR
fRHSEI . 455 87K, Sobs. Chao il Ace $6%k
TETR A Ab HE2 (R £ 7 1. % 25 5%, {2 Shannon .
Simpson F1 Coverage $5& %5 (1) 41 [A] 2= 5 AN . 3 (K]
3). SXTHRA L, R R19 5 3 1 st v
FRERAE Y B Chao F545(1 238+36 vs. 1 187+15,
P<0.05, & 3D), H R19 ZFRZHAY Sobs 5%k
(1 047427 vs. 98527, P<0.05, & 3A). Chao &
B(1 238+36 vs. 1 167+47, P<0.05, & 3D)F1 Ace
TEHR(1 226427 vs. 1 147438, P<0.05, K 3E)5
PG12 IhHHA B EXES . Ak, R19 A,
S6 AbFRAIZ 8] K PG12, S6 AbHEZH SjxFHRL >
A G B 2 5(F 3A. 3D, 3E), £WI A[H PGPB

N R

http://journals.im.ac.cn/actamicrocn



2408

LI Yixi et al. | Acta Microbiologica Sinica, 2023, 63(6)

A B C
1200 - % 7r -
L 0.014
1000 + 6 0.012L
| 7 77
800 | > L 0010F 15 5 _
@ - F N o
S 6001 g Z 0.008 o <(3) o
w2 s 3L = o] o
i = £ 0.006F | © o
400 | w v o o] e} o 4
I 2t 0.004F | o °,
L o o
200 It 0.002f | o °
I mEmmsy  EEEsss  |ssssEs O o (o)
HH HHH HHH ‘ ) , 3 N 9
0 0 L 1 L 10.000 )
Control PG12 R19 S6 Control PGI12 R19 S6 Control PG12 R19 S6
D * E F
1400 * 1400 * 1.0 L
: R RER R
1200 1200} s R %%
0.8 1 By KX 8358
1000 1 000+ Seteded etote: pFoteledi
(] KX XA KK K XX XA
XXX X ) XX X )
< 800 L 800 gﬂ D 6 | ::':‘:’3 ’:‘:‘:‘3 ’:‘:’:’3
£ I 2 ST 5[ R RSB
O 600 < 600 3 poatscer R ece e et
i i Soal BB S8
. KRR (000 R
400 + 400+ PR P Pt
(RS54 Seteled KK
2| B B 5
200 + 2001 . RIS lotetels Poteteds!
[ ] PR X XX XX
(354 Redeted Redesed
. L SN .y K> K XX K XX XA
0 R RN BT i) &Y 0 = 0.0 a¥etets’ $%es Do%ete%s
Control PGI12 R19 S6 Control PG12 R19 S6 Control PGI2 R19 S6

3 ET OTU KEMBATINEIREME KM E YR M IR EARFR L IR EVEEER o SHEERS0
Figure 3 Effects of exogenous addition of PGPB on alpha diversity of rhizosphere microbial community of
Pteris vittata based on OTU level analysis. A, B, C and D present the alpha diversity Sobs, Shannon, Simpson,
Chao, Ace and Coverage, respectively. *: Significant difference between treatments according to P<0.05.
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Figure 5 Effects of exogenous PGPB addition on the rhizosphere microbial community of Pteris vittata based
on the analysis at phylum (A) and genus (B) levels.
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