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Abstract

Bacteria that thrive in extreme environmental conditions possess unique abilities to promote plant
growth and enhance disease resistance. In this study, a plant growth-promoting rhizobacteria (PGPR)
was isolated and purified from the rhizosphere soil collected at the Red Beach of Panjin, designated as
strain YB1701. Strain YB1701 was identified as Bacillus amyloliquefaciens, a gram-negative Bacillus,
measuring between 1.6 pm to 3.1 pm in length and 0.9 pm to 1.1 um in width. The optimal pH for strain
YBI1701 growth was determined to be between 7.0 and 8.0, and the strain exhibited a strong ability to
degrade starch. The indole-3-acetic acid (IAA) content produced by the strain was 137.58 pg-mL™, and
it showed 1-aminocyclopropane-1-carboxylate (ACC) deaminase activity of 3.03 pmol-mg '"h". Strain
YBI1701 inhibited 16 different plant pathogenic fungi by at least 50%, with more than 80% inhibition
observed against Exserohilum turcicum and Sclerotinia sclerotiorum. Additionally, treatment with
strain YB1701 significantly promoted the growth of rice seedlings, increasing shoot height, root length,
and shoot and root dry weight by 64.54%, 20.39%, and 71.94%, respectively. Root dry weight alone
increased by 2.36%. These findings suggest that B. amyloliquefaciens strain YB1701 has potential
applications in agriculture and other fields as a novel biocontrol agent and growth promoter. This strain
could enrich microbial species resources and provide a basis for the utilization of bacterial resources in

various applications.

Keywords: PGPR, ACC deaminase activity, IAA content, antagonistic ability, rice seedling growth
promotion

Introduction

PGPR refers to a group of beneficial bacteria that
enhance plant growth by improving the absorption
and utilization of mineral nutrients. They also help
inhibit harmful organisms that closely associate with

*e-mail: malianju@163.com the rhizosphere [1]. PGPR and their host plants have
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developed a unique, mutually beneficial symbiotic
relationship and dynamic balance [2]. PGPR is rich
in resources, producing a wide variety of secondary
metabolites and active substances [3]. Currently, more
than 20 genera of PGPR have been isolated from
plant rhizospheres, including Pseudomonas, Bacillus,
Arthrobacter, Azotobacter, Klebsiella, and Burkholderia
[4]. The proportion of beneficial bacteria that can directly
or indirectly promote plant growth or enhance stress
adaptation is approximately 2% to 5% [5]. The volatile
organic compounds secreted by PGPR have been found
to promote root growth and enhance the synthesis of
monoterpenoids in peppermint [6]. B. amyloliquefaciens
has efficient phosphorus and potassium solubilization
capabilities, and secretes siderophores and IAA, which
have a significant role in promoting plant growth and
development through colonization in plants, improving
photosynthesis ability, and antioxidant enzyme activity.
The symbiosis between PGPR and host plants not only
promotes plant growth but also provides a certain level of
biocontrol. PGPR inhibits pathogens and prevents plant
diseases by antagonizing pathogens or producing some
secondary metabolites. Literature has shown that B.
subtilis exhibits the strongest antagonistic effect in vitro,
with their antimicrobial activity primarily attributed to
polypeptides [7]. B. amyloliquefaciens, closely related to
B. subtilis, produces a range of metabolites that inhibit
fungal and bacterial activity during its growth [8]. The
strain B. amyloliquefaciens NCPSJ7, isolated from the
rhizosphere soil of ginger and applied as a wettable
powder, demonstrated biocontrol efficiency comparable
to that of procymidone at a concentration of 8.1 x107
cfumL [9].

Suaeda salsa (L.) Pall. is a salt-tolerant plant that
thrives in saline and alkaline environments such as
beaches, river valleys, roadsides, and fields. Belonging
to the genus Suaeda in the Amaranthaceae family, it is
widely distributed across Inner Mongolia, Liaoning, and
other provinces in China. Microorganisms with strong
stress resistance can survive under extreme conditions
such as low or high temperatures, high alkalinity, high
salinity, and hypoxia. Exploring their characteristics
can help develop microbial resources that are resilient,
adaptable, environmentally friendly, and secure. This
approach can also enhance yield and improve crop
quality [10]. It is noteworthy that the rhizosphere of
Suaeda salsa is rich in microorganisms that aid in
nutrient absorption and promote plant growth. From the
Red Beach in Panjin, 80 strains of saline-alkaliphilic
bacteria have been isolated and purified, all of which
have demonstrated capabilities in biocontrol and growth
promotion [11].

Rice (Oryza sativa L.) is a crucial global food crop,
feeding over half of the world's population. Various
factors impact rice production and quality, but the
utilization rate of microbial fertilizers in rice cultivation
remains low. Research indicates that PGPR can enhance
rice germination, seedling growth, and, to some
extent, both the quantity and quality of the crop [12].

Additionally, PGPR is known to promote overall plant
growth, stimulate resistance mechanisms, and improve
plant vigor [13]. PGPR has indeed become a major focus
in soil microbiology research as well as in ecology and
microbial fertilizer studies. Despite this interest, there
is a limited number of bacterial strains specifically
identified as promoting rice growth, and there are
relatively few reports detailing the properties of rice
growth-promoting bacteria. More research in this area
could uncover new bacterial strains and mechanisms
that enhance rice cultivation.

Microbial fertilizers play a crucial role in
agricultural production. They are regarded as an
efficient and environmentally friendly alternative to
chemical pesticides and fertilizers, helping to reduce
their usage [14]. Microbial fertilizer is an efficient, low-
cost, and pollution-free biofertilizer produced through
the artificial cultivation and quantitative production
of one or more beneficial microorganisms found in
the environment. Bacteria, in particular, form the
foundation for microbial fertilizer production [15]. To
investigate the biocontrol and growth-promoting effects
of Suaeda salsa PGPR, it is important to develop new
biocontrol and growth promotion resources and apply
them across agriculture, industry, and other fields [16].
Therefore, this study investigated the optimal pH and
growth curve of B. amyloliquefaciens YB1701, isolated
from the rhizosphere of Suaeda salsa. It also evaluated
the strain’s ACC deaminase activity, IAA content,
and antagonistic effects against various pathogenic
fungi. Additionally, the study examined the growth-
promoting effects of strain YB1701 on rice with the aim
of developing an effective microbial fertilizer to enhance
rice growth. The basic activity of strain YB1701 was
assessed to provide a theoretical foundation for future
field experiments and the production of microbial agents.

Materials and Methods
Isolation of PGPR

Suaeda salsa was collected from the Red Beach.
The entire plant, along with the soil in its rhizosphere,
was uprooted and carefully handled to prevent root
damage by covering it with a plastic bag. The plant was
then placed in a sealed bag and transported to the lab.
A fresh sample of the rhizosphere-containing soil (10
g) collected was suspended in 90 mL of sterile saline
with glass beads. The mixture was oscillated at 120
rpm at room temperature for 30 minutes to create a
soil suspension. Following this, the soil suspension was
serially diluted (10° to 10°) with sterile saline. From
each dilution, 100 pL of the soil suspension was spread
on agar plates and incubated at 37°C for 24 h. Single
colonies were then selected for isolation and purification.



Enhanced Plant Growth and Pathogen Inhibition...

7911

Identification of PGPR

The purified strain was inoculated on agar plates and
incubated at 37°C for 1-2 d. Regular observations were
made to record characteristics such as colony size, color,
transparency, surface morphology, edge morphology,
and growth rate. Additionally, the morphology of strain
YBI1701 was examined using the direct preparation
method under an optical microscope. This included
single staining, Gram staining, and endospore staining
to determine its structural and morphological features.

The biochemical characteristics of the strain were
investigated by a carbohydrate fermentation test, H,S
test, VP test, MR test, gelatin liquefaction test, citrate
test, litmus milk test, peptone test, and glucose gas
production test. The biochemical tests of the strain were
determined by referring to Bergey's manual [17].

Identification of the strain was performed by 16S
rDNA sequencing. The total genomic DNA was extracted
using the Bacterial DNA Isolation Kit according to the
manufacturer's instructions. The total genomic DNA
was extracted by the colony method and used as the
template for gene amplification with 16S rDNA universal
primers 27F: (S'AGAGTTTGATCCTGGCTCAG-3") and
1492r:  (5-TACGGTTACCTTGTTACGACTT3'), was
amplified by PCR. The reaction system was as follows: 2
x PremixTaq (5.0 U/uL) 25 pL, the two primers were (10
uM) 1 pL, respectively, the amplification template was
2 uL, and the system was supplemented with ddH,O to
50 pL. Reaction procedure: 95°C for 1 min, 35 cycles
of 95°C for 1 min, 55°C for 1 min, 72°C for 2 min,
and finally extension at 72°C for 10 min, and storage
at 4°C. The PCR product was amplified and purified
and then tested for sequencing. The DNA sequencing
was completed by Sangon Biotech (Shanghai, China).
After the sequencing was completed, the returned
sequences were compared by the EzBioCloud (https://
www.ezbiocloud.net/) database, and the sequences were
analyzed for homology and similarity. The sequences
with high homology in the gene bank were selected to
construct a phylogenetic tree with MEGA 11.0 software
[18].

Determination of Starch-Degrading Ability

Strain YBI1701, during its logarithmic growth stage,
was inoculated on agar medium plates containing
starch in a three-point pattern. After 2 d of incubation,
iodine tincture was added to the plates. After 10 min,
the presence of a clear zone around the colonies was
observed to indicate starch hydrolysis.

Analysis of Growth Characteristics

Beef extract peptone liquid medium was used as
the base medium, with its pH adjusted to range from
4.0 to 11.0. Three replicates were prepared for each pH
level. Strain YBI1701 was inoculated into each liquid
medium at a 1.0% (v/v) concentration. The cultures were

incubated at 37°C with shaking at 180 rpm for 24 h. The
optical density at 600 nm (OD,,) was then measured
using an ultraviolet-visible (UV-Vis) spectrophotometer
to assess bacterial growth.

Strain YB1701 (1.0% V/V) was inoculated in beef
extract peptone liquid medium and incubated at pH 7.5,
37°C, 180 rpm. Samples were taken at 2 h intervals,
and the OD, , was measured to assess bacterial growth.
Three parallel replicates were set for each time point.
Bacterial growth curves were plotted with OD_  values

600
as the vertical axis and time as the horizontal axis.

Determination of IAA Content

Determination of IAA content of strain YB1701 by
colorimetric method [19]. The strains were inoculated
in a DF medium for overnight and then transferred
to a DF medium containing 0.1% L-tryptophan. The
strain YB1701 was cultured at 28°C for 7 days and then
centrifuged at 8000 rpm for 10 min. One mL suspension
was mixed into a 2 mL FeCl,-H,SO, solution and left
in darkness for 45 min. The absorbance of the sample
at 450 nm was measured to calculate the IAA content
according to the standard curve.

Determination of ACC Deaminase Activity

The strain YB1701 was added to 5 mL beef extract
peptone liquid medium and cultured at 28°C for 24 h.
0.5 mL of strain YB1701 solution was added to 60 mL of
Beef Extract Peptone Liquid Medium for 36 h. Bacteria
were collected for use by centrifugation at 4°C and 8000
rpm for 10 min, and the supernatant was discarded.
ACC deaminase activity was determined according to
the method of Saravanakumar and Samiyappan with
slight modification to assess the ability of the strain to
utilize ACC as nitrogen [20].

Determination of Inhibitory Rate
Against Plant Pathogenic Fungi

The three-point confrontation method was used to
determine the inhibitory rate of the antagonistic pathogen
fungi of the strain YB1701. Plant pathogenic fungi were
inoculated at three points on the potato dextrose agar
plate, and filter paper of the fermentation liquid of strain
YBI1701 was inoculated at the middle position. An agar
plate containing only the pathogenic fungi, without the
strain YBI1701, was used as the control. Each group was
repeated three times and cultured in an incubator at
28°C for 4-5 d. The diameter of each treatment colony
was measured, the average value was obtained, and the
antibacterial rate (%) was calculated.

Growth Promotion Experiment for Rice Seedlings
Rice seeds of similar size and full grain were

selected, soaked at 28°C for 24 h, and then germination
was promoted at 30°C for 24 h. The germinated seeds
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Fig. 1. Morphological observation of strain YB1701, the colony morphology of strain YB1701 (A) and the 100 x microscopic morphology

of strain YB1701 (B).

Table 1. Physiological and biochemical characteristics of strain YB1701

Physiological and biochemical characteristics Results Physiological and biochemical characteristics Results
D-glucose + Litmus milk test +
D-Sucrose + Peptone test +
D-Maltose + Glucose gas production +
D-Lactose - D-Mannitol +
MR test + H2S test -
Gelatin liquefaction test + VP test -
Citrate test -

Note: ("+" means positive, "-" means negative).

were seeded on 750 mL plastic cups filled with Hoagland
nutrient solution and covered with gauze mesh, and each
group was repeated three times. It was cultured in a
light incubator with diurnal and nocturnal temperatures
of 28°C/22°C, photoperiod of 12 h/12 h, air humidity of
80%, and light intensity of 300 uM-'m?s'. When the
seedlings reached two leaves, they were treated with
3% beef extract peptone medium as control and 3%
strain YB1701 fermentation solution as treatment. Shoot
height, root length, and shoot and root dry weight were
measured on the 10th, 12th, 14th, and 16th days after
treatment.

Statistical Analysis
The obtained data were checked and analyzed using
SPSS 21.0 software.
Results
Isolation and Identification of Strain YB1701
The colony of strain YB1701 is milky white and

opaque, with a wrinkled surface and irregular edges,
making it easy to pick (Fig. 1A). The bacteria are short

rod-shaped, Gram-positive, and form spores. They
measure approximately 1.6-3.1 pm in length and 0.9-1.1
pm in width (Fig. 1B).

D-glucose, D-sucrose, D-maltose, D-mannitol, MR
Test, gelatin liquefaction test, litmus milk test, peptone
test, and glucose gas production test were positive.
However, the D-lactose, H,S test, VP test, and citrate
test were negative (Table 1).

The 16S rDNA gene sequence was determined and
compared in the nucleic acid database after amplification
to determine the taxonomic status of the strain and
download the corresponding sequence. The results
showed that the 16S rDNA sequence of strain YB1701
was the most similar to that of a B. amyloliquefaciens
strain in the genus Bacillus. MEGA11.0 was used to
construct a phylogenetic tree for the 16S rDNA sequence
of strain YBI1701 and the sequences of related strains
(Fig. 2). Strain YB1701 belongs to the same branch as
other strains. The similarity between strain YB1701
and B. amyloliquefaciens was high, indicating that
they had higher homology and a closer developmental
relationship. According to the morphological observation
and biochemical results, the strain YB1701 was classified
as Firmicutes, Bacillus classes, Bacillus orders, Bacillus
families, Bacillus genera, and B. amyloliquefaciens.



Enhanced Plant Growth and Pathogen Inhibition...

7913

7308 —2%2  KC172031.1 Bacillus tequilensis strain SH1
4.996 —@ JN700121.1 Bacillus amyloliquefaciens subsp. plantarum strain L06
1203 KF418240.1 Bacillus amyloliquefaciens strain NELB-12
1544 W‘E KF818651.1 Bacillus methylotrophicus strain 265XY6
B MG763619.1 Bacillus velezensis strain Vi11
1.329 2.002 il KC255377.1 Bacillus amyloliquefaciens strain G81
10379 L2%Y7  k1520690.1 Geobacillus stearothermophilus strain HB12265
1.367 e KC855545.1 Bagillus subtilis strain PUFSTFMIA30
LHEED KC855549.1 Bacillus tequilensis strain PUESTEMId34
e KR534193.1 Baillus subtilis strain
0.391 — 0000 \yp470¢
— 0.537 —@ KF933607.1 Bacillus amyloliquefaciens strain BDH11
1.861 s MF356863.1 Bacillus velezensis strain EE2
¥ 9995  K7986118.1 Bacillus tequilensis strain Lmb053
M MG008635. 1 Bacillus velezensis strain LNHL1
i KR855693.1 Bacillus methylotrophicus strain KD3 16S
1:5 1:0 ! !

Fig. 2. Phylogenetic tree of obtained strains and their closest sequences in GenBank. (the number before strain name or species name is

the entry number)

0Dgq0

1.04

0.0 L T L T L. L . T

T T T
02 4 6 8 10121116 18 20 22 24 26 28 30 32 34 36 38 10 12 44
Time/ (h)

Fig. 3. Ability to degrade starch (A), optimum pH (B) and growth curve (C) of strain YB1701

Starch-Degrading Capacity

The presence of an obvious transparent zone around
the colonies on the medium indicated that strain YB1701
possessed strong starch decomposition ability (Fig. 3A).

Growth Characteristics Analysis

Strain YB1701 exhibited gradual growth increases
when the pH was between 4.0 and 8.0, with the
maximum growth observed at pH 8.0. Growth began to
decline when the pH exceeded 8.0, although the strain
was still able to grow at pH 11.0, indicating its capability
to survive in alkaline environments. The optimal pH
range for strain YB1701 was found to be between 7.0
and 8.0 (Fig. 3B).

Before 4 h, the OD, value of strain YBI701
remained unchanged, and the OD, value of strain
YBI1701 increased with the increase of time within 4-16
h, and the OD,, value reached the maximum at 28 h.

After 32 h, strain YB1701 began to enter the decline
period (Fig. 3C).

IAA Production Capacity

The IAA content of strain YB1701 was measured at
137.58 pg'mL"}, indicating that the strain was capable of
producing [AA.

ACC Deaminase Production Activity

The ACC deaminase activity of strain YB1701 was
measured at 3.03 pumol'mg-h?'. This indicated that
strain YBI1701 possessed ACC deaminase activity,
which could enhance the plant's resistance to drought,
high temperatures, diseases, insect infestations, and
heavy metal pollution.
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Table 2. Inhibition rate of strain YB1701 on pathogenic fungi.

Pathogenic fungus Inhibition rate (%) Pathogenic fungus Inhibition rate (%)
Acremonium strictum 74.8 Fusarium graminearum 61.5
Exserohilum turcicum 85.3 Fusarium culmorum 65.7

Bipolaris sorghicola 66.9 Frumentum subglutinans 71
Bipolaris zeicola 73.6 Botrytis cinerea Pers. 72.7
Pyricularia grisea 79.3 Pythium aphanidermatum 72.1
Phytophthora capsici Leonian 56.9 Sclerotinia sclerotiorum 82.5
Trichothecium roseum 78.8 Pythium gramincola Subra 59.6
Fusariumr:;c;;s Z,(;mmf P 65.7 Curvularia lunata 64.4

Inhibitory Rate Effect on Plant Pathogenic Fungi

The inhibition rate of strain YB1701 to 16 plant
pathogenic fungi tested was >50%. In particular, the
inhibition rate for the tested Exserohilum turcicum and
Sclerotinia sclerotiorum was > 80% (Table 2; Fig. 4).

Seedling Growth and Biomass
Accumulation of Rice Seedlings

The hydroponic experiments revealed that strain
YBI1701 significantly improved rice seedling growth,
biomass, and main agronomic traits compared to the
control (Fig. 5A; Fig. 5B).

Strain YB1701 demonstrated notable effects on rice
seedling growth. The shoot height significantly (P<0.05)
increased by 41.36% and 64.54% on the 10th and 16th
days after treatment, respectively, compared to the
control (Fig. 5C); strain YBI1701 also promoted root
length, which markedly (P<0.05) increased by 17.44%
and 20.39% on the 14th and 16th days, respectively,
compared to the control, with significant differences
observed (P<0.05) (Fig. 5D). The shoot dry weight in
the treatment group increased by 13.95% and 71.94%
on the 10th and 16th days, respectively, compared to
the control (Fig. SE). The difference in root dry weight
between the treatment and control groups decreased
over time, and there was no significant difference on
the 16th day. However, root dry weight increased after
the 16th day (Fig. SF). These results suggest that strain
YBI1701 effectively enhances shoot and root growth and
contributes to increased biomass in rice seedlings.

Discussion

It has been reported that over 80% of plant root
microorganisms can synthesize IAA. IAA is a crucial
hormone for plant growth, playing an essential role
in various developmental stages. It is involved in
processes such as cell elongation, cell division, tissue
differentiation, apical dominance, lateral root, and root

hair formation, as well as regulating taproot length.
IAA promotes root development and seedling growth,
contributing significantly to overall plant growth [21].
Interestingly, PGPR can secrete IAA to promote the
growth and development of host plants. For example,
IAA-producing PGPR was isolated from the rhizosphere
soil of volcanic plants in Mexico [22]. The strain Da-
bac TI-8, isolated from rhizosphere soil samples in
Antarctica, produced IAA at lower temperatures at
concentrations sufficient to affect plant growth [23].
Twenty-six PGPR were isolated from the rhizosphere
soil of wild Musa in a coal mining area, and 7 had
good growth-promoting ability [24]. Idris validated
the growth-promoting effects of the PGPR strain B.
amyloliquefaciens FZB42, which was isolated from
plant rhizosphere soil and has been commercialized.
The effects on plant growth were found to be equivalent
to IAA concentrations of 107 to 107 mol-L' TAA [25].
Twenty-four PGPR were isolated from the rhizosphere
and roots of surviving snowbushes, all capable of
producing IAA. Among them, 17 strains produced IAA
at concentrations exceeding 10 pgmL™' [26]. In the
present study, strain YB1701 was found to secrete 137.58
pg-mL™ of TAA, suggesting that it has the potential to
regulate plant growth and development through TAA
secretion. ACC deaminase, an enzyme unique to many
PGPRs, can break down the precursor of ethylene
synthesis, thereby reducing ethylene levels in plants.
Studies have shown that ACC deaminase activity must
exceed 20 nmol'mg'-h”' to have a noticeable growth-
promoting effect on plants. This reduction in ethylene
helps alleviate stress conditions and enhances plant
growth [27]. Ten PGPR strains with ACC deaminase
activity were isolated from the rhizosphere of the semi-
desert weeds [28]. Three new strains were isolated from
the rhizosphere of crops affected by salinization along
coastal India, with ACC deaminase activities ranging
from 1.87 + 0.27 to 2.88 + 0.71 pmol'mg"h™" [29].
The isolation of a strain from the rhizosphere of Avena
fatua L., which can utilize ACC as its sole nitrogen
source, exhibited ACC deaminase activity 0.576 =+
0.055 pumol'mg'h™! [30]. ACC deaminase activity was
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Fig. 4. The plate faceoff method was used to determine the pairs of strain YB1701 against Pyricularia grisea (A), Frumentum subglutinans
(B), Bipolaris zeicola (C), Phytophthora capsici Leonian (D), Botrytis cinerea Pers. (E), Pythium aphanidermatum (F), Bipolaris sorghicola
(G), Fusarium culmorum (H), Fusarium graminearum (I), Curvularia lunata (J), Sclerotinia sclerotiorum (K), Exserohilum turcicum (L),
Pythium gramincola Subra (M), Acremonium strictum (N), Trichothecium roseum (O), Fusarium oxysporum f. sp. Melonis (P).



7916

Xiaoging Yi, et al.

C [JcContol [ YBI1701
b
b
15
’g c
~ d
= de
AT T
3 c
i
=
w
sl
0
E

0.18 -

Shoot dry weight (¢/15plant)

Time (d)

a
d
a
b
0.12 -
.1 . 5
d d
3 2
| |_I
0.00
10 12 14 16

D [IConrol  EEEYBITOI
a
= b
g 10 - b
g e e s
5 ¢ e ‘
3
O
~
5 -
0
a g
0.09 |
2 b
£ ¢ ¢
=
v d
= = d
20
= 006 F ¢
=
a0
2
4
B
=]
8 0.03
~
0.00
10 12 14 16
Time (d)

Fig. 5. Effect of strain YB1701 treatment on growth parameters of rice seedlings on the 16th day after treatment (A, B). Effect of strain
YB1701 treatment on growth parameters of rice seedlings at 10, 12, 14 and 16 days. Shoot height (C), root length (D), shoot dry weight
(E) and root dry weight (F) are means + SD of independent experiments. Different letters indicate significant differences at P<0.05.

detected in all PGPR strains isolated from pineapple
rhizosphere, particularly Brevundimonas sp. CHTIJ
5H consumed 88% ACC over 24 h, with the highest
deaminase activity of 13.37 pmol'mg™"-h™' [31]. In a
study involving the isolation of 96 PGPR strains from
the rhizosphere of pearl millet, 28 strains exhibited ACC
deaminase activity. Among them, B. amyloliquefaciens
MMRO04 showed the highest ACC deaminase activity,
reaching 2.19 pmol'mg*-h™ [32]. In the current study,
the ACC deaminase activity of strain YB1701 reached
3.03 pmol'mg"-h™, suggesting a strong potential for
promoting plant growth. PGPR like YB1701 colonizes
the roots of plants and produces beneficial metabolites
that enhance nutrient uptake and improve nutrient use
efficiency. Inoculation of the PGPR 5Bl in Arabidopsis

Thaliana altered root growth and branching patterns,
thereby promoting root development [33]. PGPR
Burkholderia was screened from acid sulfate soil and
an experimental farm of the nuclear agriculture research
institute and inoculated to rice, which promoted rice
growth. All measured plant growth parameters were
improved over the untreated control, showing that
the application of these two bacteria could reduce
the primary fertilizer in rice production by 50% [34].
Field application of 7 selected PGPR strains led to a
significant increase in the productivity of Crocus sativus
L. (saffron). This included improvements in various
growth parameters such as the number of germinated
bulbs, plant height, stigma length, and the fresh and
dry weight of the stigma, which is the most valuable
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part of the saffron plant [35]. The strain SM33, isolated
from the rhizosphere of Minthostachys verticillata,
demonstrated a positive effect on the seedlings of M.
verticillata [36]. The growth-promoting effects of PGPR
strains B. amyloliquefaciens BS006 and Pseudomonas
PS006 on banana growth parameters, such as plant
height, leaf number, leaf area, root and shoot dry weight,
and fresh weight, were found to outperform those of
100% chemical fertilizer [37]. In the current study,
strain YB1701 significantly promoted the growth of rice
seedlings, increasing shoot height, root length, and shoot
and root dry weight by 64.54%, 20.39%, 71.94%, and
2.36%, respectively, which further proved the growth-
promoting effect of strain YB1701 on rice seedlings (Fig.
5).

In addition, PGPR has indeed garnered significant
attention for its biocontrol capabilities. These bacteria
can suppress plant diseases through various mechanisms,
such as producing antimicrobial compounds,
outcompeting pathogens for resources, and inducing
systemic resistance in plants. Five strains of PGPR were
isolated from the rhizosphere of forest plants. These
strains exhibited strong antagonistic effects against
Colletotrichum truncatum in chili peppers, with spore
germination inhibition rates approaching 100% [38].
Three strains of PGPR isolated from the rhizosphere of
Arabidopsis thaliana demonstrated over 65% inhibition
of  Phytophthora capsici, Phytophthora citricola,
Phytophthora palmivora, and Phytophthora cinnamomi
[39]. A Bacillus was isolated from the grain rhizosphere
and screened for microorganisms resistant to plant
pathogenicity, foodborne pathogenicity, and spoilage
in vitro [40]. B. amyloliqueques exhibits inherent high
resistance to stress and holds significant potential for
biological control and the sustainable development of
agriculture. B. amyloliquefaciens is a bacterium with
broad-spectrum antifungal activity, capable of producing
a large number of secondary metabolites and various
antifungal substances. B. amyloliquefaciens PPCB004
had antifungal activity against 7 different postharvest
fungal pathogens [41]. B. amyloliquefaciens Bc2 was
isolated from the rhizosphere soil of strawberries,
which had good antipathogenic activity against
strawberry anthracnose [42]. Zhao isolated a strain of B.
amyloliquefaciens and used it to produce the antifungal
lipopeptide Iturillin A, which exhibited strong activity
against Fusarium oxysporum [43]. Lu isolated a
strain of B. amyloliquefaciens TB2, which had a good
inhibitory effects on Aspergillus flavus and Fusarium
oxysporum [44]. The lipopeptides surfactin, iturin,
and fengycin were isolated from B. amyloliquefaciens
with inhibitory against C. difficile growth and viability
[45]. B. amyloliquefaciens SC-B15, isolated from the
rhizosphere soil of chestnut cultivation, demonstrated
broad-spectrum antifungal activity with an inhibition
rate exceeding 64% against various mycotoxins and
fungi [46]. B. amyloliquefaciens ZK-9 isolated from
wheat rhizosphere soil exhibited inhibitory effects on
various pathogenic fungi, including 82.14% inhibition

against Fusarium crown rot and 71.76% inhibition
against Fusarium head blight [47]. In the present study,
strain YB1701 exhibited a significant inhibitory effect on
16 test pathogens. Notably, the inhibition rates against
Exserohilum turcicum and Sclerotinia sclerotiorum
were >80%, demonstrating that strain YB1701 has
broad-spectrum resistance and inhibition capabilities
against a range of pathogenic fungi (Table 2; Fig. 4).
The proportion of microbial pesticides among
existing pesticide varieties has significantly increased
compared to the past. Additionally, various biocontrol
Bacillus species have been processed and widely
utilized as microbial pesticides. The use of biological
control agents like B. amyloliquefaciens addresses
some of the shortcomings associated with air pollution,
environmental contamination, and harm to human
health. It serves as an effective alternative to chemical
control methods and synthetic fertilizers [48, 49]. In the
future, strain YBI1701 is expected to be developed into
a microbial fertilizer for agricultural production. Since
different PGPRs exhibit varying growth-promoting
effects on different plant species, their selection should
be tailored to the specific plant species and growth
environment. Researchers and experts must continue
to explore and refine their approaches to achieve more
efficient and safer agricultural production methods [50].

Conclusions

In this study, strain YB1701 was isolated from the
rhizosphere soil of Suaeda salsa. Tt exhibits starch
decomposition abilities, produces IAA and ACC
deaminase significantly inhibits a variety of pathogens,
and can significantly promote the growth of rice
seedlings. Therefore, strain YBI1701 has the potential
for pathogen resistance and growth promotion, offering
opportunities for developing new biocontrol and growth-
promoting resources. It could be applied in agriculture,
industry, and other fields, thereby enriching microbial
strain resources and providing a foundation for their
utilization.
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