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Abstract
Utilizing coastal land for agriculture presents challenges such as low water content, high soil salinity, and low 
organic compound content. To support plant growth under these conditions, biofertilizers composed of plant growth 
promoting Rhizobacteria (PGPR), especially those inhabiting coastal areas, are needed. The Parangkusumo sand 
dunes on the southern coast of Java, Indonesia, is a unique coastal ecosystem characterized by arid conditions, high 
temperatures, and high soil salinity. To date, no studies have reported the isolation of PGPR from this ecosystem. 
This study is the first to isolate and identify PGPR associated with Spinifex littoreus, a dominant plant species 
in the Parangkusumo sand dunes, which are adapted to the harsh condition of Parangkusumo sand dunes. Ten 
rhizobacterial isolates were obtained, with five identified as members of the Bacillaceae family. All isolates 
demonstrated phosphate solubilization activity, while seven exhibited cellulolytic activity. One isolate, Priestia 
aryabhattai strain 2, notably showed phosphate solubilization and nitrogen fixation activities. The findings of 
this PGPR activity screening offer valuable insights for developing biofertilizers tailored for coastal agricultural 
applications.

Keywords: plant growth promoting Rhizobacteria, coastal sand dunes, Spinifex littoreus, biofertilizer, sustainable 
agriculture.

Resumo
A utilização de terras costeiras para a agricultura apresenta desafios, como o baixo teor de água, a alta salinidade do 
solo e o baixo teor de compostos orgânicos. Para apoiar o crescimento das plantas nessas condições, são necessários 
biofertilizantes compostos por rizobactérias promotoras do crescimento das plantas (PGPR), especialmente as que 
habitam as áreas costeiras. As dunas de areia de Parangkusumo, na costa sul de Java, Indonésia, são um ecossistema 
costeiro único caracterizado por condições áridas, altas temperaturas e alta salinidade do solo. Até o momento, 
nenhum estudo relatou o isolamento de PGPR desse ecossistema. Este estudo é o primeiro a isolar e identificar 
a PGPR associada à Spinifex littoreus, uma espécie de planta dominante nas dunas de areia de Parangkusumo e 
adaptada às condições adversas dessas dunas. Foram obtidos dez isolados de rizobactérias, sendo que cinco foram 
identificados como membros da família Bacillaceae. Todos os isolados demonstraram atividade de solubilização de 
fosfato, enquanto sete apresentaram atividade celulolítica. Um isolado, a cepa 2 de Priestia aryabhattai, demonstrou 
notavelmente atividades de solubilização de fosfato e fixação de nitrogênio. As descobertas dessa triagem de 
atividade de PGPR oferecem informações valiosas para o desenvolvimento de biofertilizantes adaptados para 
aplicações agrícolas costeiras.

Palavras-chave: Rhizobactérias promotoras de crescimento de plantas, dunas de areia costeiras, Spinifex littoreus, 
biofertilizante, agricultura sustentável.
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2.2. Molecular identification of bacterial isolates

The genomic DNA of isolates was extracted and 
purified using the Wizard® Genomic DNA Purification 
Kit (Promega, USA). The target region of the 16S rRNA 
gene was amplified using primers 27F (5’- AGA GTT TGA 
TCM TGG CTC AG-3’) and 1492R (5’- TAC GGY TAC CTT 
GTT ACG ACT T-3’) (Satyapal et al., 2018). The PCR product 
was purified using the DNA Clean & Concentrator™-5 kit 
(Zymo Research, USA). Purified PCR products were sent to 
First Base (Singapore) for bidirectional Sanger sequencing. 
Sequences were compared for homology against the 
NCBI database of 16S ribosomal RNA sequences using 
Nucleotide BLAST (https://blast.ncbi.nlm.nih.gov/Blast.
cgi) (Camacho et al., 2009) and confirmed with 16S-based 
identification from EZBioCloud (https://www.ezbiocloud.
net/) (Yoon et al., 2017).

2.3. Phosphate solubilization assay

The phosphate solubilization assay was done by 
culturing bacteria in Luria Bertani (LB) broth medium 
(Himedia, India) and incubated in an incubator shaker 
(120 rpm) at 37°C for 24 hours. Cultures were adjusted 
to an optical density (OD) of 0.1 at 600 nm by LB dilution. 
Twenty microliters of bacterial culture were injected onto 
sterile paper discs (d=6 mm) placed on Pikovskaya’s agar 
medium (Himedia, India) in triplicate and incubated at 
37°C for 48 hours. The diameter of the clear zone around 
the discs was measured to calculate the phosphate 
solubilization index (Akbar et al., 2021).

2.4. Nitrogen fixing assay

The nitrogen fixation assay used semi-solid Nitrogen 
Free Bromothymol (NFB) medium (5 g/L malic acid, 4 g/L 
KOH, 0.5 sg/L K2HPO4, 0.1 g/L MgSO4.7H2O, 0.05 g/L MnSO4.
H2O, 0.02 g/L NaCl, 0.01 g/L CaCl2, 0.05 g/L FeSO4.7H2O, 
0.002 g/L Na2MoO4.2H2O, 1.75 g/L Bacto agar, and 2 mL/L 
0.5% Bromothymol blue). Cultures were adjusted to an OD 
of 0.1 at 600 nm, and 20 µl was inoculated into the NFB 
medium in triplicate. The inoculated media was incubated 
at 30°C for 30 days. Positive results were indicated by 
a color change from yellow-green to blue and pellicle 
formation (Nafisah et al., 2022).

2.5. Cellulolytic assay

Overnight cultures of bacterial isolates in LB broth 
medium were adjusted to an OD of 0.1 at 600 nm and 
injected onto sterile paper discs placed on Bushnell Haas 
agar supplemented with carboxymethyl cellulose (CMC) 
in triplicate. Plates were incubated at 37°C for 48 hours, 
then flooded with 0.1% (weight/volume) Congo red reagent. 
Plates were incubated again for 30 min at room temperature 
and washed with 1 mol/L NaCl. The diameter of the 
clear zone indicating cellulolytic activity was measured 
(Ni’matuzahroh et al., 2024; Zhang and Dong, 2022).

2.6. Data analysis

The mean of clear zone diameter in phosphate 
solubilization and cellulolytic assay was calculated. Data 
was subjected to Analysis of Variance (ANOVA) and post 

1. Introduction

The need for agricultural land is increasing due to the 
rising demand and consumption of agricultural products 
(Bengochea Paz et al., 2020). With one of the world’s longest 
coastlines, Indonesia has coastal areas with potential 
for agriculture (Sui et al., 2020). However, high salinity, 
low organic matter, and limited freshwater availability 
hinder agricultural use in these areas (Park et al. 2022; 
Rumanti et al., 2018; Ismail et al., 2022). Staple crops such 
as corn, wheat, and rice are sensitive to salinity, negatively 
impacting their yield (Hussain  et  al., 2019; Aftab and 
Hakeem, 2020).

Biofertilizers composed of plant growth-promoting 
Rhizobacteria (PGPR) can enhance crop growth and yield in 
coastal regions (Hoque et al., 2023). For example, Bacillus 
aryabhattai isolated from saline areas in Bangladesh has 
increased salt-responsive gene expression in rice (Oryza 
sativa L.) (Sultana et al., 2020). Similarly, B. aryabhattai 
from salt-affected rice fields in Malaysia increased rice 
grain weight (Shultana  et  al., 2020), and Pseudomonas 
putida enhanced wheat growth in saline soils in Pakistan 
(Ullah et al., 2022). Halotolerant Bacillus safensis improved 
corn’s physiological response to saline conditions and 
increased growth (Azeem et al., 2022).

The Parangkusumo sand dunes on Java’s southern coast 
is the only barchan-type sand dunes in a humid tropical 
climate region characterized by an arid, saline, and low-
nutrient environment that can be a source of PGPR for 
biofertilizers (Putro and Prasetiyowati, 2019; Nicolla et al., 
2021). Previous metagenomic studies detected various 
PGPR species in these dunes (Vu et al., 2022). One way 
to discover rhizobacteria’s potential to enhance nutrient 
availability for plants is by testing their abilities on nitrogen 
fixation, phosphate solubilization, and organic compound 
hydrolysis. Rhizobacteria isolates showing positive results 
for activities mentioned is a potential candidate of PGPR.

This study explores rhizospheric bacteria with PGPR 
activity from Spinifex littoreus, the dominant plant found 
in the Parangkusumo sand dunes. The bacterial isolates 
obtained were tested for their nitrogen fixation, phosphate 
solubilization, and organic compound hydrolysis abilities. 
These isolates could be used to formulate biofertilizers for 
crops cultivated in coastal areas.

2. Materials and Methods

2.1. Isolation and morphological characterization of the 
bacterial isolates

Soil samples were collected aseptically from the 
area surrounding the roots of S. littoreus within the 
Parangkusumo coastal sand dunes. Ten grams of soil were 
mixed with 90 ml of sterile saline solution (0.85% NaCl) 
in 250 ml conical flasks and agitated on an orbital shaker 
at 180 rpm for 30 minutes to create a homogeneous soil 
suspension. One milliliter of each suspension was spread 
onto Reasoner’s 2A (R2A) agar (Himedia, India) plates and 
incubated at 37°C for 24 hours. Colonies displaying diverse 
morphological characteristics (i.e., shape, color, elevation, 
margin) were selected and subjected to Gram staining.

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi


Brazilian Journal of Biology, 2024, vol. 84, e284907 3/11

Isolation and identification of PGPR from coastal sand dunes

hoc comparison tests with a confidence level of 95% 
(α = 0.05) using GraphPad Prism software version 9.5. 
ANOVA was performed to determine the significance 
of the differences between the means of clear zone 
diameter in phosphate solubilization and cellulolytic 
assay. Tukey’s HSD post hoc method was applied to 
identify homogeneous subsets.

3. Results

3.1. Characterization and identification of bacterial 
isolates

Ten bacterial isolates with diverse colony characteristics 
were successfully isolated. Gram staining revealed five 
Gram-positive rod-shaped bacteria, two Gram-positive 
cocci, and three Gram-negative rod-shaped bacteria 
(Table 1). Molecular identification using 16S rRNA gene 
sequencing identified five isolates as members of the 
Bacillaceae family from genera Peribacillus, Bacillus, and 
Priestia. The unidentified isolates were labeled as SLA, 
SLB, SLC, SLD, and SLE (Table 2).

3.2. Phosphate solubilization activities

All ten isolates exhibited phosphate solubilization 
activity, with phosphate solubilization indices ranging 
from 0.23 to 0.34 (Figure  1). The highest activity was 
shown by isolate SLC with an index of 0.34. No significant 
differences were found among the isolates.

3.3. Nitrogen fixing activities

Of the ten bacterial isolates tested, only P. aryabhattai 
strain 2 exhibited nitrogen-fixing activity, as indicated by 
a color change in the NFB medium from yellow to blue 
after 14 days (Figure 2). The remaining isolates showed 
no nitrogen-fixing activity.

3.4. Cellulolytic activity

Seven isolates demonstrated cellulolytic activity 
(Figure 3). P. aryabhattai strain 1 had the highest activity 
with an index of 1.18, followed by isolate SLB with an 
index of 0.70. The cellulolytic activity of these two isolates 
differed significantly from others (Figure 3a).

4. Discussion

To our knowledge, this study is among the first to isolate 
PGPR associated with S. littoreus, the dominant plant found 
in the Parangkusumo sand dunes. Ten PGPR isolates were 
obtained, with five identified as the members of Bacillaceae 
family. Indeed, a previous study (Geraldi et al., 2022) also 
reported a high abundance of this bacteria family found 
in Parangkusumo sand dunes. Geraldi et al. (2022) also 
reported five species from this family, i.e., genera Bacillus 
and Priestia, exhibiting antimicrobial activities. Other 
studies (Zelaya-Molina et al., 2023; Manetsberger et al., 
2023; Tsotetsi et al., 2022; Shahid et al., 2021) also reported 
the two genera having plant growth-promoting activities, 
facilitating nutrient acquisition and producing compounds 
that modulate plant growth and defense mechanisms.

PGPR facilitates nutrient acquisition through activities 
like phosphate solubilization. In the topsoil, there are 
approximately 50 to 3000 mg/kg of phosphorus, but only 
0.1% is available for plant uptake due to immobilization, 
adsorption, and precipitation with soil cations (Zhu et al., 
2018; Kishore et al., 2015). PGPR, such as genera Bacillus, 
Pseudomonas, and Burkholderia, can solubilize phosphate 
through various mechanisms, including the production 
of enzymes (e.g., phosphatase and phytase), organic 
acids (e.g., citric acid, oxalic acid, and succinic acid), and 
ion chelators (e.g., siderophores) (Sarmah and Sarma 
2023; Rawat et al., 2021). All ten isolates in this study 
showed those activities that can enhance plant growth 
in saline soils. Bacillus paramycoides and P. aryabhattai 
harbor genes related to phosphate solubilization activity, 
e.g., genes encoding alkaline phosphatase (GenBank 
accession number: NZ_MAOI01000075 Region: 31327-

Figure 1. The mean ± SD of the phosphate solubilization index of 
the ten bacterial isolates. Letters indicate grouping based on the 
Anova post-hoc Tukey test.

Figure 2. The result of nitrogen-fixing activity assay of ten bacterial 
isolates. Positive assay result was shown by Priestia aryabhattai strain 2.
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33000 and NZ_CP024035 Region: 1201855-1203510) and 
genes encoding phosphate signaling complex protein 
(GenBank accession number: NZ_MAOI01000066 Region: 
141474-142130 and NZ_CP024035 Region: complement 
(4276578-4277237)) (Khalifa and Alsowayeh 2023; 

Yang  et  al., 2024). Furthermore, these two species can 
increase phosphate accumulation and wheat growth in 
saline soil conditions (Li et al., 2023; Shahid et al., 2022). 
Meanwhile, Bacillus zanthoxyli has been reported to exhibit 
phosphate solubilization activity and enhance the growth 

Table 2. Molecular identification results of the isolates.

Isolate Number Closest Species Identity (%) Isolate Code

1 Peribacillus acanthi 99.65 -

2 Bacillus paramycoides 99.71 -

3 - - SLA

4 Priestia aryabhattai strain 1 99.86

5 Priestia aryabhattai strain 2 99.78

6 Bacillus zanthoxyli 99.57

7 - - SLB

8 - - SLC

9 - - SLD

10 - - SLE

Figure 3. The results of the cellulolytic assay of the ten isolates: a. The mean ± SD of the cellulolytic index. Letters indicate grouping 
based on the Anova post-hoc Tukey test; b. The positive result of selected isolates in Bushnell Haas agar with CMC.
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of tall fescue (Lolium arundinaceum) under saline stress 
conditions (Li  et  al., 2022). Interestingly, in this study, 
phosphate solubilization activity from Peribacillus acanthi 
is reported for the first time.

Nitrogen is another nutrient with low bioavailability 
in soil (Hamane  et  al., 2020; Nag  et  al., 2020). PGPR 
can facilitate nitrogen acquisition through nitrogen 
fixation via the nitrogenase enzyme (Aasfar et al., 2021; 
Mahmud et al., 2020). In this study, the only isolate showing 
nitrogen fixation activity was P. aryabhattai strain 2. This 
species harbors nifU gene (GenBank accession number: 
NZ_CP024035 Region: 4713040-4713270) linked to nitrogen 
fixation (Santos et al., 2012; Patil et al., 2017; Khalifa and 
Alsowayeh, 2023). Previous studies (Mehmood  et  al., 
2021; Deng et al., 2022) also indicated that P. aryabhattai 
can fixate atmospheric nitrogen, supporting wheat and 
maize growth.

The last evaluated activity in this study was cellulolytic 
activity, which is critical for providing glucose nutrients to 
PGPR in rhizospheric soil by breaking down cellulose from 
plant litter, the most abundant biomass in soil (Tang et al., 
2020). Prior reports have indicated that P. aryabhattai 
produces cellulase enzyme (Wen et al., 2015; Paz et al., 
2016; Pandiarajan and Revathy, 2020). However, studies 
reporting cellulase production by B. paramycoides and B. 
zanthoxyli are limited. Instead, both species have been 
reported as producers of protease and lipase (Ren et al., 
2022; Oliveira et al., 2022).

Further studies are needed to confirm the effects of 
these isolates on plant growth under coastal conditions. 
A possible strategy is utilizing P. aryabhattai strain 2 as 
a single isolate in biofertilizer formulations due to its 
phosphate solubilization, nitrogen fixation, and cellulolytic 
activities. Another strategy is combining isolates with the 
highest phosphate solubilization, nitrogen fixation, and 
cellulolytic activities, such as isolates SLC, P. aryabhattai 
strain 2, and P. aryabhattai strain 1.

5. Conclusions

Ten rhizospheric bacterial isolates from S. littoreus 
in the Parangkusumo sand dunes were successfully 
isolated. Five isolates were identified as Bacillaceae, 
known for plant growth-promoting activities. All isolates 
exhibited phosphate solubilization activity, one (P. 
aryabhattai strain 2) showed nitrogen fixation, and seven 
demonstrated cellulolytic activity. These isolates could 
be used as biofertilizers for sustainable agriculture, 
aiding in achieving Sustainable Development Goal 2, 
“zero hunger”.
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