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Abstract

[ Objectives | The paper was to identify growth-promoting strains within the culturable bacterial flora of areca palm. [ Methods ]

Culturable bacteria were isolated and identified from areca palm using samples obtained from both healthy and yellowing disease-affected plants

within the same orchard. Strains that exhibited significant differences between healthy and affected samples, or that were unique to the healthy

samples, were subsequently screened for their growth-promoting effects. [ Results] Three bacterial strains demonstrated robust and consistent

capacity for auxin production, specifically Paenibacillus, Pseudomonas aeruginosa, and Bacillus amyloliquefaciens, each yielding approximately

50 g of IAA per mL of bacterial solution. The strain Alcaligenes faecalis exhibited the highest efficacy in siderophore production, achieving

21.15% of active units. Additionally, A. faecalis, Bacillus velezensis, and P. aeruginosa were noted for their potassium-solubilizing capabili-

ties, as evidenced by the presence of distinct potassium-solubilizing zones. [ Conclusions ] The evaluation of the aforementioned growth-promo-

ting strains may offer valuable insights for the development of growth-promoting strains specifically for areca palm.
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1 Introduction

Areca palm (Areca catechu L. ) is a perennial evergreen tree be-
longing to the Palmae family. It is a prominent tropical cash crop,
enjoying the reputation of "small areca palm, big industry". The
areca palm industry serves as a crucial pillar of the economy in
Hainan Province, and its significance in the strategy for precise
poverty alleviation is increasingly recognized. In recent years, the
phenomenon of yellowing in areca palms has emerged as a serious
concern, affecting nearly all cities and counties within Hainan
Province. In addition to the pathological yellowing induced by
phytoplasma and other factors, physiological yellowing resulting
from phytotoxicity and nutritional deficiency also poses a signifi-
cant threat to the healthy development of the areca palm industry.
Yellow leaf disease (YLD) has the potential to induce a yield re-
duction of 70% -80% or even result in complete crop failure of
the areca palm in regions where the disease is prevalent. Current-
ly, there are no effective control measures available to mitigate its
impact. Soil microorganisms constitute a fundamental component
of the soil ecosystem and are essential for the self-healing proces-
ses of soil'). They contribute significantly to the decomposition of
organic matter, enhancement of plant nutrient uptake, and regula-
tion of plant diseases'™ . The rhizosphere soil refers to the soil lo-
cated within the tillage layer, specifically at depths of 5 =20 c¢m
adjacent to plant roots*'. Prior research has demonstrated that
pathogenic bacteria that infest plants can alter the microbial com-
munity structure of plants™*'. Wang Aihua et al. ' conducted a
study on healthy soils and soils infected by tobacco bacterial wilt,

revealing that healthy soils demonstrated a greater diversity of bac-
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teria. Wang Fang et al. ' conducted a study on the structure of
endophytic bacterial communities present in the tissues of citrus
plants affected by huanglongbing. Their findings revealed a nega-
tive correlation between the abundance of Serratia marcescens and
the population size of Candidatus Liberibacter asiaticus. Liu Bo
et al. " demonstrated that the presence of Serratia plymuthica,
Bacillus licheniformis, Pseudomonas putida, Bacillus fusiformis,
and Paenibacillus in the roots of citrus plants led to a significant
decrease in the population of Ca. Liberibacter. Xiong Dawei
et al. " discovered that the predominant endophytic bacteria in
citrus plants affected by huanglongbing exhibited significant chan-
ges. Specifically, healthy plants were characterized by the pres-
ence of the dominant genera Granulicella and Defluviicoccus,
which were absent in diseased plants. Zhang et al. "’ isolated
TF28 ( Bacillus amyloliquefaciens ) from soybean and discovered
that it not only inhibited the mycelial growth of Fusarium nwnili-
Jfornu in rice plants but also suppressed the growth of other patho-
genic bacteria. The utilization of endophytes and rhizosphere soil
microorganisms as potential biocontrol agents and exogenous gene
carriers in agricultural production presents significant prospects
and has emerged as a focal point of research among agricultural
experts °'. This study was conducted to identify beneficial growth-
promoting strains from the culturable bacterial flora of areca palm,
based on findings from previous research indicating that most dif-
ferential strains of healthy and diseased areca palms originate from
bacterial flora. The aim is to provide guidance for the development

of growth-promoting bacterial agents for areca palm cultivation.

2 Materials and methods
2.1 Materials
the regions most severely affected by YLD in Hainan Province,

Baoting, Qionghai, and Wanning, identified as

were selected as sampling sites. Areca palms of the same age ex-
hibiting symptoms of YLD were randomly chosen, and samples of

leaves, roots, and rhizosphere soils were collected from these dis-



2 Plant Diseases and Pests 2024

eased trees. Additionally, samples from healthy trees, which
showed no evidence of phytoplasma infection, were obtained from
the same orchard, ensuring that both the management practices
and soil texture were consistent (within 500 m of the sampled dis-
eased trees) to serve as a control group. Each tree served as a
replication, with three replications for both diseased trees infected
with YLD and healthy trees.

2.2 Methods

2.2.1 TIsolation of bacterial strains. (i) The dilution plate meth-
od was utilized for the analysis of soil samples. The collected and
processed soil samples, weighing 10 g, were transferred into a
wide-mouth bottle and supplemented with 90 mL of sterile water.
The mixture was then incubated on a shaker for 30 min, after
which it was diluted to create a bacterial suspension ranging from
107" t0 107"

(ii) The tissue homogenization method was employed for the
analysis of various tissues, including leaves and roots. In the con-
text of aseptic operations, the experimental materials were subjec-
ted to surface sterilization prior to use. The roots were sectioned
into strips approximately 0.2 cm in length, while the leaves were
A weight of 0.1 g of the

prepared material was then placed into a 2 mL centrifuge tube, to

. . . . 2
diced into pieces measuring 0.5 mm".

which 1 mL of sterile water and two sterilized steel beads were add-
ed. The mixture was subsequently shaken for 4 min using a 120 Hz
oscillator, resulting in the preparation of a stock solution of the bac-
terial suspension. A gradient dilution was subsequently performed to
create a bacterial suspension ranging from 10" to 107°.

(iii) The microorganisms were cultured to determine the op-
timal dilution concentration, following the methodologies estab-
lished by Xu Huamin""’ and Luo Fei'"*’.

2.2.2 Purification and preservation. All colonies on the optimal
dilution plate were selected and subsequently transferred to the
corresponding medium for numbered culture through streaking.
The colonies were purified through 2 —3 rounds of purification to
isolate pure bacterial strains, which were then preserved using the
cryopreservation method.

2.2.3 Bacterial morphology and physiological and biochemical
measurements. Following the purification of the strains, they were
transferred to nutrient agar (NA) plates and incubated at 32 °C
for 24 h. The transparency, morphology, size, edge, and other
characteristics of the colonies were subsequently observed. The
physiological and biochemical characteristics of the strains were
assessed utilizing biochemical test reagents manufactured by
Qingdao Hopebio Co. , Ltd. The identification of the strains was
conducted with reference to the Handbook of Systematic Identifica-
tion of Common Bacteria'"".

2.2.4 Molecular identification of strains. Bacterial DNA was ex-
tracted using extraction kits and subsequently amplified following
quality control measures (primers; 27F/1492R). After the ampli-
fication products were assessed for quality through electrophoresis,
we commissioned sequencing to Sangon Biotech Co. , Ltd. The se-

quencing results were analyzed using BLAST and identified ac-

cording to their homology'™’.

2.2.5 Screening of growth-promoting strains. (i) Screening of
TAA secreting strains. In accordance with the experimental meth-
odology established by Wang Jun'"’ | the study was conducted
through both qualitative and quantitative experiments. Initially,
purified strains obtained from healthy samples were inoculated into
King’s liquid medium and incubated at 28 “C with a shaking speed
of 180 r/min for a duration of 4 d. Subsequently, equal volumes
of bacterial suspensions and Salkowski’s colorimetric solution were
combined and allowed to undergo dark incubation on white ceram-
ic plates for 30 min. The resulting color changes were then ob-
served ; the brightness of the color was used as an indicator to as-
sess the strain’s ability to produce IAA. Furthermore, the auxin
content produced by the strain was quantitatively determined based
on the established standard curve of TAA.

(ii) Screening of siderophore production strains. In accord-
ance with the methodologies established by Liu Lihui et al. "'’ and
Yang Yanan'""' | the purified strains obtained from healthy sam-
ples were initially inoculated into MSA-CAS liquid medium. The
cultures were then incubated for a duration of 2 d at a temperature
of 28 °C and a shaking speed of 120 r/min. The color change of
the medium from blue to red or orange-yellow served as an indica-
tor of siderophore production. A bacterial seed solution with quali-
tative siderophore production was inoculated into MSA liquid me-
dium at an inoculum size of 1% . A control group was established,
and the medium was incubated at 37 “C with a shaking speed of
180 r/min for a duration of 3 d. Following incubation, the fermen-
tation broth was subjected to centrifugation, and an equal volume
of the fermentation supernatant was mixed with the CAS assay so-
lution. The absorbance of the resulting solution was measured after
1 h and recorded as As.

The absorbance value in the control group was denoted as Ar,
which was calculated using the following formula.

Siderophore activity unit (% ) = [ (Ar — As)/Ar] x 100%

(1)

(iii) Screening of potassium-solubilizing strains. 10 pL of
bacterial solution derived from the strain obtained from healthy
samples was inoculated onto potassium feldspar medium and incu-
bated at a temperature of 28 °C for a duration of 2 =5 d. Strains
exhibiting distinct transparent halos indicative of potassium solubi-
lization were classified as positive potassium-solubilizing strains.
Highly efficient potassium-solubilizing bacteria were identified
based on the presence or absence of a transparent zone surrounding
the colony, as well as the magnitude of the solubility index, which
was determined following the methodology outlined by Cui Yongli-
ang et al. ",

Solubility index = Hydrolysis zone radius (R)/Colony radius
(r) (2)

3 Results and analysis
3.1 Isolation and identification of culturable bacteria from

healthy and diseased areca palm samples Gradient dilutions of
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the bacterial solution in each sample were conducted to ascertain
the optimal dilution of 10* for rhizosphere soil bacterial colony
counts, the optimal concentration of 10* for root endophytic bacte-
rial colony counts, and the optimal dilution of 10° for leaf endo-
phytic bacterial colony counts. The bacterial strains were isolated
and purified based on optimal dilution concentrations, resulting in
a total of 329 bacterial strains. These strains underwent both bio-
logical and analytical identification.

3.2 Screening of auxin production strains As illustrated in
Figs. 1 -2, the intensity of IAA production capacity was assessed
in the secretions of over 300 bacterial strains isolated from healthy
samples, based on the degree of color change observed during the
initial screening reaction. Among these strains, 20 were found to
produce auxin. Following additional quantitative screening and
verification, three strains exhibiting robust and stable auxin pro-
duction capacity were ultimately identified. The auxin production
capacity of each strain is illustrated in Fig. 2. Strain j3-lv-32
(Paenibacillus) exhibited the highest TAA production capacity,
achieving a concentration of 61.3 pg/mL. This was followed by
strain j3-gl-3 ( B. amyloliquefaciens ) with a concentration of
56.9 pwg/mL, and strain wrj-2-5 ( Pseudomonas aeruginosa) with
a concentration of 49.6 pg/mL. The IAA production capacities of
these three strains were notably robust, each reaching approxi-
mately 50 pg/mL.
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3.3 Screening results of siderophore-producing strain As
illustrated in Fig. 3 and Table 1, the results of the initial screening
qualitative experiments led to the selection of six strains exhibiting
superior siderophore production for subsequent quantitative analy-
sis. The yield of siderophore was assessed using a SA iron-limited
culture medium. As illustrated in Fig. 3, the strain brj-21 (Alcali-

genes faecalis ) exhibited the highest yield of siderophore,

achieving 21. 15% of activity units. Conversely, the strain wsj-31
( Bacillus velezensis ) demonstrated the lowest yield, attaining

16.94% of activity units for siderophores.

Fig.3 Chromogenic reaction of siderophore production of various
strains

Table 1 Siderophore yield of various strains

Strain Siderophore yield // %
j3-1v-32 20.48 +2.79
wrj-2-5 17.80 £2.53
j3-gl-3 19.08 +1.14
qrj-2-6-2 18.36 +2.87
brj-21 21.15+1.68
wsj-31 16.94 £2.36

3.4 Screening of potassium-solubilizing strains As illustra-
ted in Fig. 4 and Table 2, the isolated and purified strains ob-
tained from healthy samples were individually inoculated onto po-
tassium feldspar plates. Following incubation, the presence of a
transparent potassium-solubilizing zone surrounding the bacterial
colonies was assessed. As a result of the investigation, three
strains were identified as exhibiting potassium-solubilizing zones:
j3-1v-27-1 (B. wvelezensis) , brj-21 (A. faecalis) , and wrj-2-5 (P.
aeruginosa) . According to the solubility index, the strain brj-21
demonstrated the highest potassium solubilizing capacity, followed

by j3-1v-27-1 and wrj-2-5.

j31v-27-1

brj-21 wr j-2-5
Fig.4 Potassium-solubilizing zones of potassium-solubilizing strains

Table 2 Screening of potassium-solubilizing strains

Hydrolysis zone radius Colony radius Solubility index

Strain

(R) //mm (r) //mm (R/T)
j3-1v-27-1 8.27 2.20 3.96
brj-21 9.00 2.27 3.98
wrj-2-5 8.17 2.50 3.17

4 Discussion

In recent years, issues such as soil compaction and nutrient imbal-
ance have arisen due to factors including soil fertility, inadequate
management practices by farmers, and the improper application of
chemical fertilizers and pesticides. These challenges have ulti-
mately resulted in a decline in areca palm yield and an increased
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incidence of diseases. The utilization of plant-promoting and dis-
ease-resistant bacteria presents a promising strategy for mitigating
these problems'"’. Siderophores can chelate insoluble Fe’* in the
soil by forming complexes, which facilitates plant uptake and utili-
zation. This process enhances the iron content within the plant and
promotes plant growth™ . Wang Huan et al. " isolated Pseudo-
monas hunanensis, which is capable of producing siderophores,
from the rhizosphere soil of tea trees. Their findings indicated that
this bacterium significantly enhanced both the plant height and
fresh weight of water spinach. Potassium-solubilizing bacteria pos-
sess the capability to transform mineral potassium present in the
soil into a soluble form that can be easily assimilated by plants,

[22] [23]

thereby enhancing potassium utilization Song Cong et al.
isolated a strain of Sinorhizobium meliloti, a bacterium known for
its efficient potassium-solubilizing capabilities, from mountainous
soils in Hebei and Shanxi. Their findings indicated that this strain
significantly enhanced the germination rate, biomass, and overall
quality of cucumber plants. Jaisingh et al. ™ isolated strains of
Bacillus spp. , Azotobacter spp. , and Pseudomonas spp. from ses-
ame soil. These strains were found to significantly enhance sesame
plant height, increase the number of branches, and improve the
yield per plant compared to the control group. In this experiment,
we screened healthy areca palm samples for strains exhibiting en-
hanced growth-promoting effects. The auxin production strains
identified include Paenibacillus, B.

P. aeruginosa, which produced approximately 50 wg of IAA per

amyloliquefaciens, and

mL of bacterial solution. This production level places these strains
in the upper-middle range of IAA production capacity when com-
pared to the majority of IAA production strains that have been iso-
lated to date'” .
strain identified in this study was A. faecalis, which demonstrated

The most effective siderophore production

an ability to achieve 20.15% of active units. Notably, Yang

[17]

Yanan isolated A. faecalis from the rhizosphere of tomato

plants, which exhibited an even higher capacity of 69.27% of ac-
tive units. Furthermore, the auxin-producing P. aeruginosa and
the siderophore-producing A. faecalis in this investigation also dis-
played significant potassium-solubilizing effects.
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