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Gibberellic agld ) This study explored the development of a biofertilizer formulation us-
e s Ll , ing Purpureocillium lilacinum, a plant growth-promoting fungus (PGPF), and evalu-
l?lanjc growth promoting ated its efficacy on Brassica chinensis var. parachinensis. Fungal isolates were obtained
fungi o from soil samples through serial dilution plating and screened for plant growth-
Purp Zfreoczllzum .lzlacmum promoting traits, particularly auxin (IAA) and gibberellic acid (GAs) produc-
Sustainable agriculture tion. Two potential P. lzlacinum (Srk_P_06 and Srk_P_12) exhibited good IAA and

Zeoli . . . .
Sleli)nlrtftte d: GAs production respectively at 36.0 pg mL-' and 58.1 pgmlL-! for IAA while 15.7
13 Ma 202'5 pug mL-! and 11.2 pg mL-! for GA; showing their potential of being used as an ac-
Acce }t,e d: tive component in biofertiliser formulation. P. lilacinum strain Srk_P_12 bound to
prec zeolite and later formulated under different percentage in combination with NPK
27 November 2025 - . .
Published: fertiliser (15:15:15) to be tested under controlled conditions. Synergistic effects
05 Jur;e 9 Oé 6 were observed, with co-application of 40:60 (zeolite:NPK) resulting in a 17 % in-
Editors: crease in plant weight compared to NPK alone. These findings demonstrate P. /i-
Miftahui Nmi lacinum's function as growth enhancer offering a sustainable alternative to conven-
Annisaa Widyasari tional fertilization practices. Further research is warranted before the microbe can

be commercialised such as field validation trials and also molecular characterization
of plant-microbe interactions to optimise application protocols for diverse cropping
systems. This work is hoped to contribute to the advancing microbial-based strate-
gies for sustainable agriculture practices by reducing the used of chemical inputs in
farmers practice and thus help to maintain the biodiversity of the ecosystem in the
area.
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INTRODUCTION

The extensive application of chemical pesticides and fertilisers has prompted
significant concerns among researchers regarding the long-term sustainabil-
ity of these practices in agricultural ecosystems. These concerns encompass
detrimental effects on soil structure, environmental health, and most critical-
ly, the potential risks to human health. In response to this, many researchers
have advocated for the adoption of green technologies as sustainable alterna-
tives to conventional agricultural practices which has the potential in main-
taining ecological balance and also for a long term agricultural viability (Diab
et al. 2024; Gamage et al. 2024,).

Purpureoctllium lilacinum is a soil-borne fungus known for its dual role
as a plant growth promoting microorganism and an effective biological con-
trol agent (Khan & Tanaka 2023). Purpureocillium lilacitnum is commonly iso-
lated from the rhizosphere of various plant species and exhibits notable pH
tolerance, thriving in temperatures ranging from 8 to 38 °C (Khan & Tanaka
2023). P. lilacinum demonstrates significant biocontrol potential against insect
pests, nematodes and phytopathogenic fungi such as Rhizoctonia sola-
nt and Cytospora chrysosperma (Khan & Tanaka 2023; Rigobelo et al.
2024). Purpureoctllium lilactnum also enhances plant growth through various
mechanisms (Yang et al. 2015; Khan & Tanaka 2023; Rigobelo et al. 2024).
Given these attributes, P. [ilacinum can be considered as a crucial element of
Integrated Pest Management (IPM) systems

The use of Purpureocillium lilactnum as a plant growth-promoting fun-
gus (PGPF) has not been extensively documented in scientific literature. Far-
ias et al. (2018) developed a fungal consortium comprising P. lilacinum, Beau-
veria bassiana, Metarhizium anisopliae, Pochonia chlamydosporia, and T'richoder-
ma asperellum to assess their plant growth-promoting effects on soybean, corn
and maize. While the results demonstrated a significant positive impact on
the plant growth, the specific contribution of P. lzlacinum could not be difter-
entiated due to the consortium-based approach. In a more targeted study,
Rigobelo et al. (2024) reported that P. lilactnum has been used as a biological
control agent of nematode and PGPF. However, in this study, we utilised P.
lilacinum to control Ralstonia solanacearum.

With the growing global demand for sustainable agricultural practices
such as utilisation of biodiversity for agriculture usage, the development of P.
lilacinum-based commercial biopesticides and PGPF will definitely become a
key focus of agricultural research and innovation. This study aims to evaluate
the potential of P. lilacinum as a plant growth-promoting agent and also as-
sessing its feasibility for enhancing crop productivity.

MATERIALS AND METHODS

Soil sample processing and fungal isolation

Approximately 10 g of peat soil collected from MARDI Sessang Research
Station was suspended in 100 mL of sterile distilled water in a 500 mL conical
flask. The mixture was homogenised by agitation on an orbital shaker at 250
rpm for 1 hr. Subsequently, 150 pL of the soil suspension was aseptically
transferred and spread onto Potato Dextrose Agar (PDA) plates (Jeftrey et al.
2024). A serial dilution series (107 to 1077) was prepared using sterile dis-
tilled water to optimise isolation of fungus. Petri dish plates were incubated
at room temperature for 5 days. After 5 days, pure culture of fungal colonies
was subcultured onto new PDA petri dishes for the growth of pure cultures
for further analyses.

Screening of Plant Growth Promoting characteristic
The procedure was adapted from Iqbal and Hasnain (2013) with minor modi-
fications. The fungal spore suspension was incubated at 28+ 2°C for
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48 hours, after which the culture broth was standardised to a density of
10’ CFU mL-'using a hemocytometer. Two milliliters of the broth were
transferred into a microcentrifuge tube and centrifuged at 10,000 rpm for 30
minutes. The supernatant was then combined with Salkowski’s reagent in
a 2:1 (v/v) ratio and incubated for 80 mins in dark to allow color formation.
The development of a pink chromogen was taken as evidence of in-
dole-3-acetic acid (IAA) production. The IAA concentration was quantified
spectrophotometrically at 530 nm using NanoDrop spectrophotometer.
A standard calibration curve, was generated using commercial available IAA
(Sigma-Aldrich), for determination of the fungal IAA secretion levels. The
experimental procedure for GAs screening was conducted in accordance with
the method established by Pandya and Desai (2014), without modifications.
Purpureocillzum lilacinum was grown in a conical flask containing 100 mL of
nutrient broth at 85 °C for 48 hrs. After that, the fungal cells samples were
centrifuged at 10,000 rpm for 20 minutes. The pH of the resulting superna-
tant was adjusted to 2.5 using HCI, followed by extraction through liquid-
liquid partition method (ethyl acetate/NaHCO3). The ethyl acetate phase was
then collected and quantified using NanoDrop spectrophotometer at 254 nm
to obtained the amount of GAs produced. A standard calibration curve was
generated using commercially available gibberellic acid (GAs; Sigma-
Aldrich) and quantified spectrophotometrically at 254 nm using NanoDrop
spectrophotometer.

Screening of antagonistic activity

Fungal isolates were subcultured on fresh PDA and incubated at at 28 + 2 °C

tor 7 days. The bacterial pathogen Ralstonia solanacearum (MMCC10070), ob-

tained from the MARDI Microbial Culture Collection (MMCC, Malaysia),

was cultured on Tetrazolium Chloride Agar (TZC) at 28 + 2 °C for 24-48

hours. Antimicrobial activity was assessed using the Kirby-Bauer diffusion

method (Bauer et al. 1966), with modifications. Ralstonia solanacearum was

lawns on TZC plate and the fungal mycelial plugs (5 mm diameter) were in-

oculated to the agar plate and incubated for 24 hrs at 28 £ 2 °C. All assays

were performed in triplicate manner under controlled conditions. Formation

of clear zone indicate anti-bacterial activity. Antimicrobial activity was quan-

tified by calculating the percentage inhibition using the formula:
[=[(a—b)/a]x100 %

[: Percent inhibition (%),

a: Diameter growth of inhibition zone (mm)

b: Fungi plug size (mm)

Identification of soil fungi

Genomic DNA (how the prepare genomic DNA, write down in method). was
extracted from the fungal isolates using the QIAamp® DNA Mini Kit
(QIAGEN, Germany), in accordance with the manufacturer’s protocol. Am-
plification of the internal transcribed spacer (I'TS) region was performed us-
ing polymerase chain reaction (PCR) with universal fungal primers I'TS4 (5-
TCCTCCGCTTATTGATATGC-38")andITSs5 (5'-
TCCGTAGGTGAACCTGCGG-3’). Each PCR reaction was conducted in a
final volume of 25 pL, comprising 0.1 pg of genomic DNA, 10 pM of each pri-
mer, 1x Taq polymerase buffer, 1.5 mM MgCL, 0.2 mM of deoxynucleotide
triphosphate (ANTP), and 1 U of Taq DNA polymerase. The thermal cycling
protocol are as follows; initial denaturation at 94 °C for 3 minutes, followed
by 35 cycles of denaturation at 94 °C for 30 seconds, annealing at 55 °C for 40
seconds, and extension at 72 °C for 35 seconds, with a final extension step at
72 °C for 7 minutes according to Iyanyi et al. (2021) with little modifications.
PCR amplicons were purified using the QIAquick PCR Purification Kit
(QIAGEN, Germany), and the purified products were subsequently subjected
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to sequencing by Apical Scientific Sdn. Bhd. (Selangor, Malaysia). The ob-
tained most potential fungus sequence was subjected to BLASTN analysis
with the libraries of sequences at the National Center for Biotechnology In-
tormation (NCBI) nucleotide database to determine the fungal taxonomic
identity (www.ncbi.nlm.nih.gov). Phylogenetic reconstruction was performed
using the Maximum Likelihood method with the Kimura 2-parameter model
(Kimura 1980). A bootstrap consensus tree based on 1000 replicates was gen-
erated to represent the evolutionary history of the taxa analyzed (Felsenstein
1985). All evolutionary analyses were conducted using MEGA X (Kumar et
al. 2018).

Formulation of Purpureocillium lilacinum

Selected Purpureocillium lilacinum was grown in 500mL Potato Dextrose
Broth (PDB) in a 2L conical flask with continuous agitation for 5 days. Spores
count of 108 was determined using hemacytometer. Zeolite will be used as the
carrier to house Purpureocillium lilacinum. Zeolite powder was added at the
amount of 500 g L-! and later 2 % (v/v) of glycerol was also added into the
suspension. The suspension was further agitated at 8000 rpm for another 24
hrs to facilitate the binding of fungal spores onto the zeolite surface. After 24
hrs, the suspension was filtered and air dried for 1-2 days under sterile condi-
tion before it was kept in a ziplock bag for future usage.

Greenhouse testing on Brassica chinensis
Coco peat sourced from a local market in Selangor, Malaysia was used as the
planting medium for Brassica chinensis. Five gram (5 g) of the mixture of Zeo-
lite and NPK green fertilizer was used for each B. chinensis in the pot. The ex-
perimental treatments, outlined in Table 1, were applied twice during the
study: once on the 1st day and again on the 15th day after planting. No artifi-
cial lighting was used to influence plant growth. Plants were manually irri-
gated each morning and evening. Ambient temperature was monitored and
recorded twice daily at approximately 09:00 and 17:00. Plants were harvested
30 days after planting, and fresh weight, dry weight, and root length were
quantified for each treatment. The experiment followed a randomised com-
plete block design with five replicates per treatment. All results obtained
were analysed using Tukey’s HSD Test. Fresh weight was measured imme-
diately after harvesting. Dry weight was determined after oven-drying the
plants at 55 °C overnight. To prevent moisture absorption, dried samples
were promptly transferred to pre-weighed Ziplock bags upon removal from
the oven. Dry weight (g) was calculated as:

Dry weight = (c+ d) — (e)
c: Weight of dried plant
d: Ziplock bag
e: Weight of empty Ziplock bag

RESULTS AND DISCUSSION

Fungal enumeration, plant growth promoting and antagonistic activity
A total of 12 fungi isolates were isolated from the soil samples collected. All
the 12 isolates were evaluated for their ability to produce Indole-3-Acetic Ac-
id (IAA) and Gibberellic Acid (GAs), and the results are presented in Table 3.
It was observed that 5 of the isolated fungi showed the ability to produce IAA
with isolate Srk_P_12 giving the highest reading of 58.9 pgml;'. Four of the
tungi isolated were observed to produce GAs with the highest observed to be
15.0 pgmL-'. Two best fungi (Srk_P_06 and Srk_P_12) were selected and
identified to be Purpureocillium lilacinum (Table 2). Phylogenetic tree con-
structed showed the close relateness of these 2 strain to P. lilacinum (Figure

1).
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Table 1. Experimental design of treatment used.

Treatment Zeolite inoculated with Purpureocillium NPRK green ferti-
ltlacinum (%) lizer (%)

To: Zeolite 100 (without Purpureocillium lilacinum) 0

T1: Zeolite + Purpureocillium lilacinum : NPK 80 20

(4:1)

T2: Zeolite + Purpureocillium lilacinum : NPK 60 40

(3:2)

T3: Zeolite + Purpureocillium lilacinum : NPK 40 60

(2:3)

T4: Zeolite + Purpureocillium lilacinum : NPK 20 80

(1:4)

T5: NPK 0 100

Note: Only 5 g of treatment used per pot of Brassica chinensis

100

100 Purpureocillium lilacinum strain ORNL16 18S ribosomal RNA gene

{ Aspergillus niger 18S ribosomal RNA
86

Penicillium chrysogenum 185 ribosomal RNA

—— SrkP 06
g L—— Purpureocillium lilacinum strain GP20 18S ribosomal RNA gene

— Bacillus subtilis strain NRRL NRS-744

oo L—— Streptomyces griseus Streptomyces griseus

Fusarium solani FO1 gene for 185 rRNA
[ Harposporium harposporiferum partial sequence

54 L — Polycephalomyces formosus partial sequence

Figure 1. Phylogenetic tree constructed for Srk_P_06 and Srk_P_12

Baron et al. (2020), noted that Purpureoctllium lilacinum was a good can-
didate for plant growth promoting microbes. In a study conducted by Moreno
-Salazar et al. (2020), the researchers showed that P. lilacinum produces IAA
which is essential for the growth of plant. Garcia-Latorre et al. (2025),
showed that P. lilactnum isolated from healthy leaves of Trifolium subterraneum
produces 4.43 pg ml-'of IAA and 451.85 pg mL-'of GAs. This is in contrast
with the results obtained in this study, where the highest IAA and GAs ob-
tained was 58.1 pg mL-'and 15.7 pg mlL-' respectively showing that P. lilaci-
num isolated form Malaysia soil produce more IAA but less GAs. With the
isolation these plant growth hormone producers, it showed that P. lzlacinum
not only having the potential to control plant disease such as Ralstonia sola-
nacearum but also a good producer of plant hormones.

The potential of P. lilacinum to be used as a biological control for Ral-
stonia solanacearum has not been well studied. Due to that in this study, we
studied the potential used of P. lilactnum against R. solanacearum. Currently
attention on controlling of plant pathogens, such as R. solanacearum, Sclero-
tinia sclerotiorum and Phytophthora capsici has been focus on Purpureoctllium sp.
(Yang et al. 2015; Hu et al. 2020; Gomes et al. 2023). Shanmugam et al.
(2024), in their study also stated the benefit of using P. lilacinum together
with other microbes to control disease (R. solanacearum) of tomato in Tamil
Nadu, India. From our observation, 9 isolates in our study showed the ability
to produce inhibition zones against R. solanacearum. The highest percentage
of inhibition was observed from isolate Srk_P_11 which is 74.1 % (Table 3).
Interaction of Purpureocillium lilacinum with plants provide lots of benefits.
These fungi has the ability to decompose organic matter and also release im-
portant nutrients (nitrogen, phosphorus, and kalium) that can be easily uptake
by the plants. P. lilactnum also produces phytohormones that stimulate plant
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Table 2. Sequences for Srk_P_06 and Srk_P_12 with the blastn result.

Strain Number Sequence Blastn result

Srk_P_o6 cctetggeaccgttcgagaaatcaaagettttgggctetggggggagtatggteg- Purpureocillium
caaggctggaacttaaaggaattgacggaagggceaccaccaggggtggagectgeggcttaatttga  lilacinum
ctcaacacgggacaacgtactaggtccagacatacgaaggattgacagaatacagcetctttcataatcat

atggetagtgotocatggeccttcttagttggtoggagegatttgtctggttaattccgataacgacaga

gaccctgacctgcacactagtgccegettggttcaagegeggtgectetgagagggacaatggetey
caaacccatggaagtegctggoccaaaacaggtctgtgatgceccttagatgttctggoccgeacgegeg

ctacactgatggcgegcagcegagcecacgctggactgacaaggctggctgatettgtgaaacgecategt
gctaggoatagagcattgeaatttgctettgaacgaggaatcectagtaagegceaagtcatcagettge
gttgattacgtcectgecctttgtacacaccgceccgtegcetactaccgattgaatggcttagtgagatcte

cggatcggtgccctggtetecgecctggtgctgagaagetgatcaaacttggtcatttagaggaagta
aaagtcgtaacaaggtttccgtaggtoa

Srk_P_12 taagcaattatacggcgaaactgcgaatggctcattatataagttategtttatttga- Purpureocillium
tagcaccttactacttggataaccgtggtaattctagagctaatacatgcetaaaaateccgacttcggaag  lilacinum
ggatgtatttattagattaaaaaccaatgcecctetgggctctectggtoattcatgataacttctcgaatege
atggccttgegecggcgatggttcattcaaatttcttecctatcaactttegatgtttggotagteoccaa
acatggttgcaacgggtaacggaggottaggoctcgateccggagaaggagectgagaacatecaa
ggaaggcagcaggcgcgcaaattacccaatcccgacacggggaggotagtoacaataaatactgatac
agggoctcttttgggtcttgtaattggaatgagtacaatttaaatcccttaacgaggaacaattggageoc
aagtctgttgccageagecgeggtaattccagetccaatagegtatattaaagttgttgtggttaaaaact
cgtagttgaaccttggocctggctggccggtecgectcaccgegtgcactggtecggecgggccttte
cctetgtggaaccccatgecctteactgggtetggcgeooaaacaggacttttactttgaaaaattaga
gtgctccaggceaggcectatgctcgaatacattageatggaataatgaaataggacgtgeggttctatttt
gttgotttctaggaccgecgtaatga

Table 3. Production of Indole-3-Acetic Acid (IAA) and Gibberellic Acid (GAs) by isolated fungi.

Isolate no. Phytohormone producer Percentage of antibacteria activity against
(mean = SD pg mL-") Ralstonia solanacearum
IAA GA; (mean £ SD %)

Srk_P_o1 0.0 0.0 44.0 *+ 6.8k

Srk_P_02 0.0 5.6 £ 0.36h 51.5 + 2.6k

Srk_P_03 892.6 + 0.47¢ 8.4 + 0.40¢ 55.6 £ 4.8

Srk_P_04 0.0 0.0 56.9 £ 4.0l

Srk_P_o5 0.0 0.0 84.5 + 5.1k

Srk_P_o06 36.0 £ 0.74b 15.7 £ 0.75¢ 0.0

Srk_P_07 36.8 + 1.15P 0.0 68.7 £+ 2.0!

Srk_P_o8 0.0 0.0 65.7 £ 3.71

Srk_P_09 0.0 0.0 0.0

Srk_P_10 0.0 0.0 0.0

Srk_P_11 27.8 £ 0.724 0.0 74.1 £ 1.6!

Srk_P_12 58.1 £0.912 11.2 £ 0.40f 67.4 £ 1.2

Value (mean * standard deviation) with different alphabets within the same column are significantly different by
Tukey’s test at p < 0.05.

growth. (Tariq et al. 2020; Rigobelo et al. 2024)

Glasshouse trial analysis

The used of Purpureocillium lilacinum as a plant growth promoting fungi was
not well studied. Purpureocillium lilactnum strain Srk_P_12 (Figure 2) was
chosen for further investigation in the pot trail due to its good attributes in
[AA and GA; properties. It was observed that T8 which is the combination of
40 % Zeolite (inoculated with P. lilacinum) and 60 % NPK provide a better
growth for Brassica chinensis not just the weight but also the growth of the
root. By comparing T5 (positive control) with T3, we observed an increased
in Brassica chinensis treated under T3 showed an increased in mean weight of
17 % but there is no differences in the mean root elongation for both treat-
ments (Table 4).




J. Tropical Biodiversity and Biotechnology, vol. 11 (2026), jtbb21514

Figure 2. Purpureocillium lilacinum subcultured on Potato Dextrose Agar.

Table 4. Weight and root length for each treatment.

Treatment Weight Dry weight Root length
(mean = SD g) (mean = SD g) (mean = SD cm)
To 13.43 £ 1.068% 0.672 £ 0.053¢ 15.0 £ 3.000i
T1 18.85 £ 2.430b 1.285 £ 0.170f 12.1 £ 3.568k
T2 19.25 + 1.130b 1.925 £ 0.113h 9.2 + 0.289!
T3 28.95 + 0.4774d 2.895 + 0.048i 15.3 £ 0.577
T4 20.00 + 0.979 1.600 £ 0.0788 12.3 £ 1.258k
T5 23.88 £ 0.501°¢ 2.886 + 0.060! 15.6 £ 0.777

Value (mean * standard deviation) with different alphabets within the same column
are significantly different by Tukey’s test at p < 0.05.

It is well known that auxin help plant growth by promoting root and
shoot development, stimulating fruit growth, and aiding in regulating flower-
ing while gibberellic acid helps to promote plant growth and mediate plants
biochemical and physiological responses (FFarhad et al. 2022). According to
Baron et al. (2020), the higher IAA production by P. lilacinum the plant dry
weight will increase. Purpureocillium lilacinum strain Srk_P_12 which has the
highest IAA production was chosen and tested for its impact on plant growth.
Treatment T3, showed the highest dry weight of 2.895 g among all treat-
ment. Apart from this, it also has a root length of 15.3 cm which is compara-
ble to the root length of treatment with NPK fertilizer (T5).

CONCLUSIONS

The current study highlighted the promising bioactive potential of Pur-
pureoctllium lilacinum strain Srk_P_12, isolated from peat soil, in promoting
plant growth and suppressing phytopathogens. Quantitative analysis revealed
that the strain synthesises significant levels of indole-3-acetic acid (IAA) at
58.1 ug mL-1 and gibberellic acid (GAs) at 11.2 ug mL-!, both of which are key
phytohormones involved in root development, cell elongation, and overall
plant vigor. Additionally, Srk_P_12 exhibited notable antagonistic activity
against Ralstonia solanacearum, achieving 67.4- % inhibition, suggesting its
potential role in biocontrol strategies. Pot trials demonstrated that a formula-
tion comprising Srk_P_12 combined with 40 % zeolite and 60 % NPK fertilis-
er resulted in a 17 % increase in the biomass of Brassica chinensis, underscor-
ing its efficacy as a plant growth-promoting fungus (PGPF). To validate
these findings under agronomic conditions, further investigations including
large-scale field trials, formulation stability assessments, and long-term effi-
cacy studies are essential. These steps will ensure the reproducibility, scalabil-
ity, and commercial viability of Srk_P_12-based bioformulations for sustaina-
ble agriculture.
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