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Abstract

Ganoderma sp. is the main fungus that affects the oil palm, causing the basal
stem rot. This fungus can lead to a significant economic loss of 43% in an oil
palm plantation. To address this challenge, the management strategy focuses
on developing a cost-effective and environmentally friendly integrated control
method. Special emphasis has been placed on the use of indigenous antago-
nistic microorganisms. To achieve this, the microbial biodiversity in oil palm
has been explored. Fungi and bacteria have been isolated from soil beneath
their roots. Additionally, Ganoderma sp. has been isolated from fruiting bod-
ies located at the base of infected oil palms. The antagonistic effect of these
microorganisms on Ganoderma sp. has been assessed in vitro. The results
showed that in dual culture test with Ganoderma sp., two microorganisms, the
fungus (CS1) and the bacterium (IBS6) showed fungicidal effects with PIRG
value of 66% and 72% respectively. Furthermore, the molecular identification
revealed that fungus (CS1) exhibits a 99.79% similarity with Trichoderma vi-
rens, while the bacterium (IBSs) shows 100% similarity with Bacillus subtilis.
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1. Introduction

Oil palm (Elaeis guineensisjacq) is a monocotyledon from the family of Arecaceae.
it grows in the tropical areas, mainly in gulf guinea. It is an economically important
cash crop, grown primarily for its oil, and has become one of the main crops in the
world. To date, oil palm is the world’s highest-yielding oil-producing crop. Unfor-
tunately, one of the major constraints faced by oil palm farmers is the devastating
disease known as Ganoderma disease, caused by Ganoderma sp. The fungus was
reported before on older palms, but now it has been detected on younger palms aged
1 - 2 years old [1]. Ganoderma disease not only causes reduction in total oil yield
but also results in direct loss of stands due to palm death and economic losses.

Despite the effectiveness of synthetic chemicals in plant disease management,
their continuous utilization has resulted in the development of new streams of
fungi with multiple resistances, which further complicates the management of
plant diseases [2]. Furthermore, the use of these chemicals in plant protection is
also being restricted because of thier residual toxicity, long degradation period,
environmental contamination, chemical residues in food materials [3].

Therefore, there is an increasing concern and effort to develop a better plant
disease management approach that is not only safe and ecological friendly but also
economically feasible for farmers. The use of indigenous antagonistic microor-
ganisms agents could provide better compliance with these guidelines. These indig-
enous microorganisms are successful colonizers of their habitats due to their efficient
utilization of available substrates and production of antibiotics and enzymes [4].

The aim of this study is to select the antagonistic indigenous microorganisms
isolates from rhizospheric soil and roots of oil palm and evaluate their potential
biological control against Ganoderma sp. in vitro.

2. Materials and Methods
2.1. Sampling and Isolation of Ganoderma sp.

The fruiting body of Ganoderma sp. located at the base of the oil palm stem was
collected using a sterile knife, then transported to the Plant Biology Laboratory of
the University of Douala.

These fruiting body samples were cleaned with the tap water using a brush, the
external part was removed, and the internal structures were cut into cubes. Theses
fragments surface were sreilised with 70% alcohol for 30 seconds, then rinsed
twice with sterile distilled water. The samples pieces were inoculated into petri
dishes (9 cm diameter) containing 15 ml of PDA medium [5]. Incubation was
carried out in darkness at 27°C. Data were recorded every daily over a 4-weeks
period. Fungal samples were subjected to successive subcultures until pure myce-

lum was obtained.

2.2. Sampling of Soil and Roots of Qil Palm

2.2.1. Soil
Soil samples were collected from 4 different blocks (A3/06; B4/74; D4/74; G7/75)
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of socapalm Dibombari (Littoral-Cameroon) Plantation where the disease inci-
dence is high. Within each block, 4 asymptomactic plants located near disease foci
were selected. An 800 g soil samples was collected within 1 meter of the root sys-
tem of each plant in the 4 cardinal directions. Before each sampling, the soil sur-
face was cleaned of leaves and other organic debris. The soil samples were col-

lected from the 30 - 40 cm soil layer [6], carrefully mixed, and sent to the labora-

tory.

2.2.2.Roots

Roots sampling was conducted in 4 differents blocks (Rao. 2018) of socapalm di-
bombari with high disease incidence. For each block, one asymptomatic oil palm
located in the disease foci was selected. Roots were collected aseptically at a depth
of 0.2 - 20 cm [7]. The roots were stored with rhizospheric soil in bags at 4°C until
use to prevent druying out and preserve the integrity of microoganisms associeted
with the root.

2.3. Isolation of Microorganisms from Soil and Roots

2.3.1. Soil Microorganisms
The collected soil samples were crushed and sieved, the microorganisms were iso-
lated according to the method of [6], which consisted of taking 10 g of crushed
sample and transferring it to 90 ml of sterile distilled water, then shaking for 30
minutes, which constituted a 107! dilutions. From that solution, other solutions
were prepared by transferring 1 ml of solution into 9 ml of sterile distilled water
up to 107 [8]. Only dilutions 107, 107, 107 and 10~7 were used for inoculation of
the solid medium [9].

Inoculation consisted of taking 0.1 ml of each dilution using a pipette and de-
positing it into a petri dish containaing the culture medium; three replicates were

performed for each dilution.

2.3.2. Roots’ Microorganisms

Roots samples were washed with tap water, cut into 2 cm pieces, disinfected with
70% ethanol for 30 seconds, and rinsed three times with distilled water to remove
any residual disinfectant. The pieces xere then cultured on PDA medium in petri
dishes and incubated in the dark for 7 days for fungal growth [6] and 2 days for
bacterial growth.

2.4. Microorganisms Purification

2.4.1. Bacteria
Bacteria that grew in the petri dishes were subcultured and purified several times

by streaking on PCA medium. The method used was the quadrant technique [10].

2.4.2. Fungi
Colonies showing fine filaments (hyphae) in the incubated petri dishes were iden-
tified as fungi and were isolated and subcultured using a sterilized platinum loop

on the PDA medium. Incubation was performed at 28°C for 4 to 6 days. This
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process was repeated until pure strains were obtained [11].

2.5. Screening of Isolated Microorganisms

Direct Confrontation
All isolated microorganisms underwent a direct confrontation test to assess their
competiviness against the pathogen responsible for the disease [12]. This test
identifies the most competitive microorganism showing potential for use in bio-
logical control.

1) Fungi

This technique consists of placing a Ganoderma sp. mycelium disk and an an-
tagonistic disk to be tested in a diamtrically opposite position in the same 90 mm
diameter petri dish containaing PDA medium. The two 6 mm mycelium disks of
the same age (4 days old) were placed about 30 mm apart from each other relative
to the center of petri disk [12]. The control consisted of placing a 6mm diameter
of Ganoderma sp. (4 days old) alone at the center of the petri dish containaing
PDA culture medium.

Incubation was performed at 27°C for 7 days with daily observations. After 3
days of incubation, the percentage of inhibition of diameter growth (PIDG) of the
pathogen was assessed using the method of [13]. Three repititions were made per

microorganisms.

PIDG (%) = (1 - G/ &) x 100

C, = control fungi diameter

C, = fungal diameter confronted by the antagonistic microorganism

2) Bacteria

The direct confrontation assay was conducted in Petri dishes containing PDA
medium. A 6 mm diameter mycelial disk of Ganoderma sp. (4 days old) was
placed at the center of the petri dish surrounded by two streaks of bacterial (2 days
old) culture spaced 2 cm apart. Three replicates were performed for each confron-
tation. The dishes were incubated at 27°C in dackness for 7 days and observed
daily. The control consisted of monoculture of Ganoderma sp. Inoculated at the
center of the petri dish. The results were evaluated by measuring the distance of
mycelial growth of Ganoderma sp. towards the bacterial antagonist, and the per-

centage of inhibition was calculated using the equation reported by [14].

(%) Inhibition = (1 — D,/D,) x 100

D, = control fungi diameter

D, = fungal diameter affected by the bacteria

2.6. Characterization and Identification of Antagonistic
Microorganisms
2.6.1. Fungi
1) Morphological description
The macroscopic appearance of fungi was evaluated from cultures on PDA me-

dium, and the following characteristics were examined:
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- thallus color and texture;
- underside color of colony;
- myceial growth rate.
2) Microscopic description
The method consisted of cutting a small piece of scoth tape and applying it with
its adhesive side to the colony using tweeters, then placing it on a clean slide. Ob-
servations were made at 40x magnification, and the following critteria observe:
- spore morphology;
- mycelium characteristic: hyphal color and size;

- branching pattern, clamp connection.

2.6.2. Bacteria

1) Macroscopic observations of colonies

The initial step in bacterial strain identification is the macroscopic examination
of islated colonies. The main characteristic evaluated are: shape, color, elevation,
contour, size, surface, and opacity [15].

2) Microscopic description

a) Biochemical characterization

i) Catalase test

It involves the search for catalase, an important enzyme for the elimination of
hydrogen peroxide according to the following rection:

In bacteriology, the catalase test is used to identify and chacterize bacteria, par-
ticlarity Gram-poisitive bacteria. The test consisted of transferring a bacterial col-
ony from a solid agar plate to a sterile slide, followed by the addition of a drop of
hydrogen peroxide (H,O,). The presence of catalase is demonstrated by the im-
mediate evolution of gas bubbles [16].

ii) Oxydase test

The oxydase test is a diagnostic tool used to detect the presence of oxydase en-
zyme in bacteria [17]. This test is crucial for identifying Gram-negative bacteria,
as it helps to differentiate oxidase-positive bacteria, such as Pseudomonas species,
and oxidase-negative bacteria [18].

The oxydase test involves adding a reagent typically tetramethyl-P-Phenylene-
diamine, to a bacterial colony [18]. If the bacteria possess the oxydase enzyme, the
reagent will be oxydized and change color. The oxydase test results are interpreted
as follow:

Positive result: bacterium is oxydase positive, indicating the presence of the
oxydase enzyme, and the reagent changes color.

Negative result: the bacterium is oxidase-negative indicating the absence of ox-

ydase enzyme, and the reagent does not change the color.

2.6.3. Molecular Identification

Genomic DNA was extracted from the samples received using the Quick-DNA™
Fungal/Bacterial kit (Zymo Research, Catalogue No. D6005). The ITS target re-
gion was amplified using OneTaq® Quick-Load® 2X Master Mix (NEB, Catalogue
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No. M0486) with the primers presented in Table 1 for fungi and Table 2 for bac-
teria. The PCR products were run on a gel and cleaned up enzymatically using the
EXOSAP method. The extracted fragments were sequenced in the forward and
reverse direction (Nimagen, BrilliantDye™ Terminator Cycle Sequencing Kit
V3.1, BRD3-100/1000) and purified (Zymo Research, ZR-96 DNA Sequencing
Clean-up Kit™, Catalogue No. D4050). The purified fragments were analyzed on
the ABI 3500x] Genetic Analyzer (Applied Biosystems, ThermoFisher Scientific)
for each reaction for every sample, as listed in Section 1. DNASTAR was used
Genomic DNA was extracted from the samples received using the Quick-DNA™
Fungal/Bacterial kit (Zymo Research, Catalogue No. D6005). The ITS target re-
gion was amplified using OneTaq® Quick-to analyse the ab1 files generated by the
ABI 3500XL Genetic Analyzer and results were obtained by a BLAST search
(NCBI).

Table 1. ITS Primers sequences.

Name of primer Target Sequence 5’ to 3’
ITS-1 rDNA sequences TCCGTAGGTGAACCTGCG
ITS-4 rDNAsquences TCCTCCGCTTATTGATATGC

Table 2. ITS Primers sequences.

Name of primer Target Sequence 5’ to 3’
ITS 16S-27F 16S rDNA sequence AGAGTTTGATCMTGGCTCAG
ITS 16S-1492R 16S rDNA sequence CGGTTACCTTGTTACGACTT

2.7. Statical Analysis

Data analysis was performed using SAS (Statistical Analysis System) software for
statistical analyses. The result of qualitative and quantitative variables were ex-
pressed as percentages and illustrated using bar/ graphs generated with microsoft
Excel. For the isolated microorganisms, analysis of variance (ANOVA) was con-
ducted. To compare average values of groups student’s t-test, Newman and Keuls

tests were performed at a significance level of 5%.

3. Results
3.1. Sampling, Isolation and Purification of Ganoderma sp.

The fruiting body of Ganoderma sp. located at the base of the oil palm tree stem
(Figure 1) has a semi-circular shape, with a shiny color ranging from orange to

reddish-brown coloration, and its fresh is colored and woody (Figure 2).

3.1.1. Morphologic Characteristic of Mycelium
A 14-day-old purified mycelium of Ganoderma sp. exhibits a development of
dense, white, cottony filaments with a thin texture. The aerial filaments are abun-

dant and slightly orange at the edge (Figure 3). This mycelium has a moderate
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average growth. After 6 days, the filament reaches the edge of the 9 cm diameter
pedri dish.

Figure 2. Fruiting body havested.

Figure 3. Ganoderma sp. mycelium.
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3.1.2. Microscopic Characteristics
Microscopic examination reveals that the hyphae of isolated Ganoderma sp. are
branched, forming a dense and complex network with secondary and tertiary
branches. The hyphae are septate and narrow, measuring 5 - 15 um in width, and
display clamp connections (Figure 4).

Spoores are spherical

Figure 4. Ganoderma sp hypha.

3.2. Isolation and Purification of Microorganisms

The search for microorganisms from the rhizospheric soil of the palm grove and
oil palm roots resulted in the isolation of 2 types of microorganisms: 14 fungal
isolates (CRy, CR;, CR;, CRy, CRs, CRg, CRs, CSi, CS,CS4, CRyo, CRy, CSy1, CS12)
and 16 bacterial isolates (IBS,, IBS,, IBSs, IBS,, IBSs, IBS¢, IBS;, IBSs, IBSy, IBS,,
IBS,;, IBS,, IBR1, IBR2, IBS13, IBR4). CR refers to root-associted fungi, CS to
soil-associeted fungi, IBS to soil-associeted bacteria and IBR to root-associeted
bacteria. Fungi dominate root isolates for 64% compared to 36% for bacteria.
However, these proportions are reversed in soil where bacteria account 75% and
fungi 25% (Figure 5).

80

70
60 -
50 -

40 - B Fungi

mBacteria
30 -
20

10 -

0 -
Sail Root

Figure 5. Diversity and distribution of microorganisms in the oil palm ecosystem.
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In Vitro Antagonism Assay

1) Direct confrontation

The various microorganisms isolated were screened for their antififungal activ-
ity. Two microorganisms gave a PIRG value more than 50%. The fungus (CS;) and
the bacterium (IBSs) showed significant antifungal activity, inhibiting pathogen
growth by 66% and 72%, respectively (Figure 6, Figure 7). On control plates, col-
ony of Ganoderma sp. covered the 9 cm diameter of petri dish in 6 days.

In direct dual culture with fungus (CS,), Ganoderma sp. exhibits growth similar
to the negative control during the first 3 days. However, starting from the 3™ day,
its growth slows down, reaching a maximum diameter of 40 mm on the 4th, fol-
lowed by a reduction to 30 mm (Figure 8). The hyphae of the phyopathogen
swelled up, and the spores of the antagonistic fungus (CS1) were observed on it,
followed by its rupture (Figure 9).

In direct confrontation with the IBS6 bacterium, Ganoderma sp. growth is slow
from the early days compared to the control. It reaches its maximum on the 5th
day with a radial growth diameter of 25 mm and then stabilizes. No physical con-
tact was oberved between the bacterium IBS6 and the pathogen Ganoderma sp.
(Figure 10).

0
4

N
o
N
o
»
o

% Inhibition

Figure 6. Percentage of inhibition of Ganoderma sp. induced by isolated fungi.
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Figure 7. Percentage of inhibition of Ganoderma sp. induced by isolated bacteria.
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Figure 8. Effect of CS1 and IBS6 on the radical growth of Ganoderma sp.

Figure 10. Interaction between IBSs and Ganoderma sp.

3.3. Microorganisms Identification
3.3.1. Fungus (CS1)

1) Macroscopic description

The macroscopic characterization of the fungus (CS1) was conducted on 7-day-
old cultures. This fungus has aerial hyphae forming a dense network. The colonies

are initially whitish and then turn green after sporulation, which starts on the 4th
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day with the first concentric circle. The texture is cottony, and the mycelium is
composed of branched filaments. Fungus (CS1) shows fast growth in culture me-

dium and the development of conidia with green-yellow color (Figure 11).

Figure 11. Fungus (CS1).

2) Microscopic description
Under the microscope, the fungus (CS1) has phialides, specialized cells that
produce bottle-shaped conidia. The conidia are green and spherical, character-

istic of asexual spores borne on branched conidiophores (Figure 12).

Figure 12. Microscopic structure.

3.3.2. Bacterium (IBSs)
1) Macroscopic characteristics
After inoculation on PCA medium and incubation for 48 hours at 27°C, the mac-

roscopic characteristic of IBS6 Bacterium are summarized in table below (Figure 13).

Code shape Color Elevation size Surface opacity edge

IBS6 Irregular yellow bomb punctiform smoth translucent serrated
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Figure 13. Bacterium (IBSs).

2) Microscopic characteristics

Gram staining performed on colonies of bacterium (IBS6) reveals that this bac-
terium is Gram-positive and appears as violet rods.

a) Biochemical test

The biochemical test revealed that bacterium IBS; is catalase-positive and ox-

ydase -negative.

3.3.3. Molecular Identification of Microoganisms (CS1 and IBS6)

The BLAST results correspond to the similarity between the queried sequences
and biologiacal sequence in the NCBI databse. Two significant matches were ob-
tained: for code IBS6, a similatity of 99.79% was observed with Bacillus subtilis
(GenBank accesssion MT571500.1) and CS1, a perfect match of 100% identity was
found with Trichoderma vierens Genank (accessionMN102106.1).

4. Discussion
4.1. Sampling and Isolation of Ganoderma sp.

This study aimed firstly to highlight the microbial biodiversity within the palm
grove ecosystem. The results showed a significant qualitative and quantitative di-
versity in the two studied components, soil and root endophytes. The isolation of
potential biological control agents of phytopathogens requires sampling from the
rhizosphere of plants to be protected that are growing in soil infested with the
target pathogens [19]. Furthermore, it is important to select roots of vigorous and
healthy plants located in the area where the disease is present, in order to identify
microorganisms that have developed effective defense strategies against phyto-
pathogens.

Isolation from healthy oil palm roots revealed a predominance of fungi (64%)
compared to bacteria (36%). These results are similar to those that obtained by

[20] who reported a proportion of 66.31% of fungi against 33.04% of bacteria dur-
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ing their search for indigenous microorganisms of caccao antagonistic to Phy-

tophthora palmivora.

4.2. Isolation and Purification of Microorganisms

In the soil, a high proliferation of the two cathegories was observed, with bacteria
being the dominant group (75%). [21] reported that bacteria are numerically
abundant organisms in the soil, especially in rhizosphere. It is the preferential site
for indigenous microorganisms with potential antagonistic activity against
Ganoderma sp. because they occupy the same ecologique niche [20] [21].

Secondly this study aimed to identify indigenous microoganisms with antag-
ponistic activity against Ganoderma sp. To achieve this study, in vitro screening
was conducted on microbial isolates to select those showing promising efficacy
agaisnt this pathogen.

Mycelium isolated from the carpophore of Ganoderma sp. exhibited morpho-
logical characteristics consistent with those reported for Ganoderma sp. by [22]
and [23].

4.3. Microorganisms Identification

The result of the in vitro dual culture test showed that the bacterium Bacillus sub-
tilis (IBS¢) and the fungus (CS;) were able to inhibit the radial growth of
Ganoderma sp. with PIRG value of 72% and 66% respectively. The selection of the
two microorganisms as biological agents depends largely on their effectiveness in
vitroresult against Ganoderma sp. Some studies have also revealed that Ganoderma
sp. has been inhibited to some extent by some biocontol agents, namely Actino-
mycetes, arbuscular mycorrhizal fungi, Bacillus spp., Diaporthe spp, mycopara-
site, Penicillium, Streptomycetes spp., and Trichoderma spp. [24]; [12] tested 3
different species of Trichoderma namely T. asparellum, T. virens, T. harzianum
reporting that all the 7richoderma spp. tested significantly inhibited the growth
of Ganoderma sp. with PIRG of more than 70% for all the species tested. The in-
hibition of Ganoderma sp. observed in direct confrontations suggests that the sig-
nificant growth of antagonistic agents allow them to develop more rapidly, colo-
nize the culture medium, and mobilize nutriments to their advantage [25]. This
effect could be most likely due to the production of antibiotic, secondary metab-
olite compounds, or lytic enzymes which could contribute to the direct antago-
nistic effect degrading Ganoderma sp. cell wall and mycoparasitic activities [12]
[24]. Moreover, antagonism could be also be caused by production of volatile and
non volatile antibiotic acting synergistically with enzymes to contreract the path-
ogen. The main lytic enzymes produced by the biological control agents are chi-
tinase, glucanase, cellulase and protease. The production of these cell wall degrad-
ing enzymes could be responsible for the inhibition of Ganoderma sp. in vitro.
During direct confrontation between the Trichoderma virens(CS,) and Ganoderma
sp. significant differences were observed in antagonistic activity. The radical

growth diameter of Ganoderma sp. control and the confronted were similar until
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3rd day, suggesting a delayed antagonistic activity. However after the 3rd day, a
significant difference between Control and the treatment diameters was noticed.
By the 4th day, Ganodema sp. growth (40 mm) stopped, likely due to space occu-
pation or nutrient depletion. On the 5th day, the diameter of Ganoderma sp. re-
duced to 30 mm, which could correspond to the destruction of a portion of
Ganoderma mycelium by the antagonistic agent (Figure 10).

For the treatment by Bacillus subtilis (IBSe) the Ganoderma sp. growth was
slowed from the first day compared to the contol, indicating early antagonistic
activity. [26] reported that antibiotic production by Bacillus subtilis is a process
that begins early in the growth of the bacterium, but it is during the stationary
phase or in aged cultures that the bacterium releases the largest amount of antibi-
otic into the culture medium, maximizing its antimicrobial potential. The early
antagonistic activity of the bacterium IBSs could be attributed to its rapid growth,
allowing it to effectively colonize the environment and exert its inhibitory effect
[27]. The diameter reached its peak on the 5th day and remainded stable until 7th
(Figure 10). The lack of physical contact between IBSs and Ganoderma sp. suggest
a potential inhibitory action at a distance, likely due to the production of antibi-

otics and other secondary metabolites.

5. Conclusion

This study demonstrates that it is possible to isolate indigenous microorganisms
from the oil palm ecosystem. Among isolates, a fungus (CS1) and a bacterium
(IBSs) showed significant antagonistic effects against Ganoderma sp. in laboratory
conditions. Molecular identification of selected microorganisms revealed that the
fungus (CS,) is affiliated with Trichoderma virens and the bacterium IBSs with
Bacillus subtilis. This in vitro efficacy can serve as research leads for developing
biological control against basal stem rot in oil palms. However, the potential of
this approach can only be realized if its efficacy is confirmed through in vivo test-
ing and subsequently validated under real-world conditions in oil palms planta-

tions.
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