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AND BIOSTIMULANTS IN CURATIVE CONTROL
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ENDOPHYTIC BACTERIA, BIOFUNGICIDES

OF Ganoderma
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ABSTRACT
Basal stem rot (BSR) caused by Ganoderma boninense is a major oil palm (OP) disease. However, the
effective treatment that is practicable in the field as a recommendation remains elusive. This study aimed
to assess the effectiveness of the combinations that consisted of organic fungicide (OF), biofungicide (BF),
endophytic bacteria (EN) and biostimulant (BS) applied to 20-year old (TM 20) and 14-year old (TM 14)
OP with a mild, moderate, and severe level of infection. Results revealed that TM 20 palm recovery response
is slower for all infection levels. The effective treatments for mild infection of TM 20 were BF, EN and BS,
meanwhile, for moderate infection, the treatments included OF, BE, EN and BS. The effective treatment for
both mild and moderate infections for TM 14 was the treatment which comprises BF, EN and BS. It seems
that there is no need for BS in this mature palm for both mild and moderate Ganoderma sp. infection since
it has rapid recovery. However, the most effective treatment for severe Ganoderma infection in both OP
groups was a complete treatment consisting of OF, BF, EN and BS. We found that severe BSR symptoms

could be reduced by providing the complete treatment several times, both holistically and progressively.
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INTRODUCTION

Basal stem rot (BSR) is one of the major diseases
that affect oil palm (OP) which leads to economic
losses, estimated at USD256 million per year for
each 1% of its infection (Alexander et al., 2021). Thus
far, BSR control management has been investigated
in several studies (Ariffin et al., 2002); however,
an effective treatment that is practical in the field
remains elusive (Bharudin et al., 2022). The current
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BSR disease control includes the improvement of
the cultural control methods, both mechanically and
chemically. The alternative control method is the use
of biological agents. However, the control methods
have not been found practical in field applications.
Furthermore, many experiments on BSR disease
control were performed in vitro or limited to
nurseries, with very few studies conducted in the
field (Siddiqui et al., 2021).

Observations in the nursery using scanning
electron microscopy showed that the Ganoderma’s
mode of infection at the early stage was indicated
by the penetration of Ganoderma mycelium into the
epidermal cells on the root surface. To penetrate the
epidermal cells, the mycelium secretes lignolytic
enzymes to break down the lignin in the root
epidermal cells, which affects the xylem, and
consequently, the transport of nutrients and water
(Ho et al., 2016).
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Symptoms of BSR include rotting at the base
of the stem, that eventually spread to the fruiting
bodies and the roots. This condition limits the
uptake of water and nutrients to the leaves which
finally causes leaf chlorosis (Breton et al. 2009; Turner
& Gillbanks, 1974). Other symptoms observed are
stunted crown growth, including unopened spear
leaves. In more severe cases, the trunk breaks and
falls (Rees et al., 2012). The infection is also visible
through the appearance of the Ganoderma fruiting
body at the base of OP and the canopy becomes
yellowish (Breton et al., 2009).

The results of testing organic fungicide (OF)
on TM 15 plants that were attacked by Ganoderma
sp. showed that the plants were able to recover,
as indicated by root growth and began to open
their spear leaves and start flowering and produce
fruits (Widiastuti et al., 2018). OFs play a role in
suppressing the activity of Ganoderma sp. through
the toxicity of the active ingredient contained in
it, namely, allicin. Biostimulants (BS) function in
optimising photosynthesis. Plants that are able to
suppress the attack of Ganoderma sp. will carry out
photosynthesis again, so it is necessary to give BS to
optimise their photosynthesis.

Ganoderma sp. is a soil-borne pathogen and
hence the soil characteristics can affect plant
responses to Ganoderma sp. Goh et al. (2020)
showed an example of Ganoderma sp. infection in
two plots named Bernam and Blenheim, at an OP
estate in Perak, Malaysia. The Ganoderma attack
was higher in Bernam compared to Blenheim.
Bleinheim contains prokaryotic and eukaryotic
diversity with high pH and calcium (Ca) content.

In addition, Blenheim contains suppressive
bacteria such as Calditrichaeota, Zixibacteria,
Ommnitrophicaeota, — Rokubacteria, ~ Planctomycetes

strain AKYG587, Defferibacteres strain JdFR-76,
and Rubrobacter (Actinobacteria). Meanwhile, in
Bernam, there is a high proportion of Uronema
(Ciliophora), mammals and Chloroflexi and
Acidothermus (Actinobacteria) bacteria (Goh et
al., 2020). The antagonistic microorganisms of
Ganoderma were added to the soil to manipulate
the diversity in the rhizosphere, which was
then expected to inhibit the pathogen infection.
Trichoderma is a biological agent that has
been widely used to control Ganoderma sp.
(Badalyan et al., 2004; Munthe & Dahang, 2018).
The mechanism of Trichoderma sp. involves
microparasites, antibiotics, and nutrient
competition and induces a defence response or
systemic resistance response in plants. Trichoderma’s
hypermechanism is by penetrating Ganoderma’s cell
wall, entering the cell and absorbing the nutrients
(Ismail, 2007). Trichoderma sp. also produces
B-1,3-glucanase and chitinase that can hydrolyse
chitin from the cell wall of pathogens that cause
hyphae lysis (Hazabar & Yaherwandi, 2006).
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Another treatment is by using endophytes
and their mechanism of producing several
bioactive antimicrobial and antiviral metabolites
along with producing various antioxidants
to suppress pathogens (Gouda et al., 2016).
Endophytes protect plants against pathogen
attack by triggering the host to induce resistance
through several molecular events. Upon pathogen
attack, the interaction between plant endophytic
associations leads to an alteration in the second
messenger such as Ca* in the cytosol (Vadassery
& Oelmiiller, 2009). Jasmonic acid (JA), ethylene
(ET), and salicylic acid (SA) trigger induced
resistance. JA and ET pathways are known
to encourage resistance toward necrotrophic
pathogens; however, the SA pathway activates
resistance toward biotrophic and hemibiotrophic
pathogens (Ding et al., 2011). Moreover, biocontrol
practices through endophytes may be achieved
through direct inhibition of pathogens or indirectly
by establishing the plant’s systemic resistance
(Chaudhary et al., 2022; Pathak et al., 2022; Santoyo
et al., 2016).

This research aimed to assess the effectiveness
of some BSR control through environment-friendly
techniques. Moreover, this study addresses the
question about the different responses of the two
age groups of OP, firstly, for plants aged over
20 years as the maximum production period (then
mentioned as TM 20) and secondly, the group of
plants at peak production, aged around 14 years (in
this study mentioned as TM 14).

MATERIALS AND METHODS

The research was conducted in Afdeling 1, Block 11,
Cisalak Baru Plantations, the Banten Province, with
the planting year of 1997 for TM 20. Furthermore,
for TM 14, the research was conducted in Afdeling 1,
Block 24, with the planting year of 2003. The planted
area used was approximately 0.3 ha (45 palms) for
both TM 20 and TM 14.

Plant Treatment

This study used four treatments based on the
combination of OF BS, biofungicide (BF), and
endophytic bacteria (EN), as detailed in Table 1.
Each treatment was tested in three categories of BSR
disease’s attack levels, namely mild, moderate and
severe attack, each of which was represented by
three biological replicates.

The OF used was developed from the main
active compound, namely, allicin, which was tested
at laboratory scale as an effective inhibitor for
Ganoderma’s growth. Furthermore, the BS utilised
in this study was derived from seaweed. This
compound has been currently widely developed
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Figure 1. Some examples of OP affected by Ganoderma, from left to right: TM 20 mild infection with treatment B; TM 20 moderate
infection with treatment B; TM 14 severe infection with treatment A; TM 14 severe infection with treatment B.

as commercial products. OF and BS were applied
through stem injection (approximately 20 cm
in depth) in opposite directions (Figure 2). Both
treatments were applied through a 25 cm long and
2 cm in diameter polyvinyl chloride (PVC) pipe
planted in OP stem at 40° to 45° slope.

BF used in this research was selected as
Trichoderma sp., which has been effective in
controlling Ganoderma sp. While endophytic (EN)
bacteria consist of two bacterial types, i.e., SM-58,
which is a photosynthetic bacteria and EDF 64,
which is Serratia sp. Both species were obtained from
Indonesian QOil Palm Research Institute (IOPRI)'s
collection, as reported by Eris et al. (2017). Either BF
or EN was applied at 1.0-1.5 m horizontally around
the trunk.

The application of treatment for the TM 20
subjects for mild infection was at every two weeks
(four times in total), while that for the moderate
and severe categories was once a week (eight times
in total), for two months. Application frequency
for all categories in TM 14 was once a week for
three months (12 times in total). This application
frequency refers to the risk of falling or death of

trees within 6-24 months for young palm, from
their initial symptoms; meanwhile, the adult trees
continue their metabolism function for 2-3 years
after the first infection (Rees et al., 2007).

Observations were also made on five parameters,
namely, the number of Ganoderma fruiting bodies,
spear leaves that do not open (twisted), occurrence
of leaves chlorosis, the number of fresh fruit
bunches (FFB), and both the number and weight
of the harvested FFB. Observations on TM 20
trees were carried out up to the 51* week after
treatment application. Meanwhile, TM 14 trees
were monitored every month until the 24™ week
after the treatment. Observations of harvested fruit
bunches were carried out for 7 and 5 months for
TM 20 and TM 14, respectively.

There were four treatments provided: Treatment
A allows Ganoderma control by combining a
wholesome ingredient, Treatment B acts as a
negative control for BF and bacterial endophytes,
Treatment C was given to investigate the absence
of OF and Treatment D was given to observe the
plant’s response upon Ganoderma attack without BS
(Table 1).

Stem injection,
approximately 20 cm,
through PVC pipe, at

opposite directions

Figure 2. lllustration of OF and BS applications at opposite directions of the oil palm stem.

TABLE 1. THE TREATMENT TESTED IN THIS STUDY

Organic fungicide Biofungicide (BF) and Endophytic bacteria (EN) Biostimulant
Treatment ) .
(OF) Trichoderma (BF) Endofit-64 and SM 58 (EN) (BS)

Control - - - -
A + + + +
B + - - +
C - + + +
D + + + -
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Data Observation and Analysis

To facilitate the discussion, observational data
obtained were then quantified by giving weighted
scores based on the following provisions as shown
in Table 2.

RESULTS AND DISCUSSION

During the observation of treatment A, the TM 20
palm tree for moderate infection, fell at the 23™ week,
while another TM 20 palm with severe infection,
fell at the 47" week. Further observations could
not be made on these palms. Figure 3 presents the
number of fruiting bodies of Ganoderma sp. on TM
20 until the 51% week’s observation. It was observed
that Ganoderma fruiting bodies appeared only in
the control palm, starting from the 47" until the 51*
week of observation.

The TM 14 palms in the severe category for
the B and C treatments (Figure 3), fell at weeks 24
and 20, respectively, hence no further observations
could be made on these trees. Figure 3 also
illustrates that Ganoderma fruiting bodies could
not be found in the mild and moderate categories.
The low values observed in the mild and moderate

levels of infection were not definitive indicators.
Furthermore, Corley and Tinker (2003) explained
that the infection can also occur without any
symptoms, such as the absence of Ganoderma
fruiting body and normal development of spear
leaves, although the pathogen was already present
in the plant (Widiastuti et al., 2016). These results
indicate that all treatments tested can be used
as a preventive strategy to avoid the formation
or reduction of the number of fruiting bodies of
Ganoderma sp.

Interesting results were also found in the
TM 14 palms of the severe category. Each treatment
resulted in lower number of fruiting bodies, relative
to the control. Treatments A, B and C showed the
presence of fruiting body formation until the 24"
week, although the number was much lower
relative to control. Moreover, treatment D showed
the highest growth repression of Ganoderma fruiting
bodies. It seems that a mature OP tree at a younger
age (TM 14) has better recovery or immunity even
without any BS treatment (treatment D), compared
to older OP (TM 20).

In the TM 20 palms of the severe infection
category, only treatment D showed higher
production of fruiting bodies compared to other
treatments. Treatments A and B which consisted of

TABLE 2. REFERENCE WEIGHTED SCORE OF PARAMETERS OBSERVED

Parameter Observed data Score
Number of Ganoderma fruiting bodies 1 0.3 point per 1 fruiting body
Spear leaves 1-2 spear leaves 0.0
3 spear leaves 0.3 point
4 spear leaves 0.6 point
Chlorosis leaves occurrence Absence of chlorosis leaf 1.0
1 chlorotic leaf 2.0
2 chlorotic leaves 3.0
3 chlorotic leaves 4.0
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Figure 3. The number of fruiting bodies of oil palm trees in each treatment and category of BSR disease attack [(a) TM 20 and (b) TM 14].
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a complete formulation of treatment and OF added
with BS had caused a very low number of fruiting
bodies, which were indicative of successful control.
In this research, the prolific number of fruiting bodies
also caused them to become dried naturally and
therefore was not counted for the next observation,
even if the palms were still standing then. It seems
that the number of Ganoderma sp. fruiting bodies
did not correlate with the severity of BSR disease,
because sometimes there were occurrences of fallen
palms with the absence of fruiting bodies in the
moderate infection category, while up to 80 fruiting
bodies were observed in the severely infected palms.

In the infected OP, new spear leaves did not
open, due to the malfunction in the roots to absorb
water. The TM 20 palms in all the control treatments
of the mild infection category, did not produce any
unopened spear leaves (Figure 4a). However, in the
moderate category, the control treatments showed
an increase in unopened spear leaves from the first
observation up to the 36" week. A similar response
pattern was found in treatment C, which showed
the presence of unopened spear leaves until the
47" week of observation. No palms with unopened
spear leaves were found in treatments A, B and D,
from the beginning to the end of the observation.
However, in the severe category, there were quite a
lot of unopened spear leaves, reaching 1.6 leaves per
palm in the control treatments, in the 51* week of
observation. The presence of unopened spear leaves
was observed in treatment B, only on the 51* week
of observation, while treatments C and D showed
unopened spear leaves at the beginning of the
observation and were reduced by the 51* week of
observation.

In contrast to the earlier findings (Sapak et al.,
2008) that suggest an improvement of OP seedling’s
vegetative growth due to endophytic bacteria
treatment, our finding shows that treatment B, as the
negative control of endophytic bacteria, has shown
more incidence of unopened spear leaves. Further
experimental investigation is needed to differentiate

Spear leaves score on TM 20
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the responses of mature and seedlings to the
endophytic bacteria treatment. The interesting result
was shown in treatment A, where in the beginning,
the spear leaves were unopened, but by the 36"
week, there were no more unopened spear leaves up
to the last observation, which was at 51 weeks. This
could be due to the return of the roots” function to
absorb water, enabling the spear leaves to open. The
results from treatment A which contain a complete
package of all ingredients which include OF, BE
EN, and BS when applied simultaneously, seem to
demonstrate a beneficial role for health recovery in
aged OP (TM 20).

The results also indicate that for TM 14 in each
infection category (Figure 4b), different response
patterns were observed to each treatment tested.
In the moderate category, treatment A showed the
best result in avoiding presence of unopened spear
leaves. Specifically, in the severe category, treatment
C showed a decrease in the number of unopened
spear leaves, contrary to treatments A and D, which
have an increase in number of unopened spear
leaves at the 24™ week of observation. Treatment C
showed good results in terms of reducing numbers
of unopened spear leaves, in the moderate and
severe categories. In contrast, treatment B showed
an increase in the number of unopened spear leaves
and was the highest compared to other treatments,
although in general, unopened spear leaves were no
longer found, at the 24" week.

The tree canopy is generally affected by
BSR infection, which causes the roots to rot thus
disturbing the water and nutrient uptake. The
greenness of the leaves elucidates the ability of the
plant to absorb nutrients. In the mild attack category,
the TM 20 palms without any additional treatment,
had increased leaf chlorosis symptoms until the end
of the observation (Figure 5). The chlorotic palms
were observed in treatments A, B and D. However,
treatment C showed the most stable and lowest
number of leaf chlorosis symptoms. Response in
treatments C and D was evidence to support the

(b) Spear leaves score on TM 14
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Figure 4. The unopened spear leaves values in each treatment and category of BSR disease attack [(a) TM 20 and (b) TM 14].
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hypothesis that the addition of BF and EN could
reduce leaf chlorosis in mild infection. Leaf chlorosis
has been known as a symptom of Ganoderma attack
due to the disturbance in nutrition and water
transport mechanism in infected plants. To address
this concern, some studies have underlined the role
of endophytic bacteria in nitrogen uptake recovery
(Da Silveira et al., 2018).

The response of treatment B in the moderate
category of TM 20, explained that the absence of BF
and EN inflicts a higher incidence of leaf chlorosis.
However, contrary to the severe category, treatment
B also gave the lowest in number of leaf chlorosis.
For moderate and severe categories, treatment D
seems to show the tolerance of TM 20 palms (with
the absence of BS in its formulation), which showed
a gradual decrease of chlorotic leaves during the
long-term observation (51 weeks). In the moderate
category, treatment A, having a complete package
of ingredients, (consisting of OF, BE EN and BS),
can be recommended as having a beneficial role in
decreasing the number of leaf chlorosis, as well as
response in reducing unopened spear leaves.

In the mild infection category (Figure b5),
there was a decline in leaf chlorosis for the TM
14 palms in treatments A, B and C, at week 20.
From the beginning to the end of observation, the
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lowest chlorosis number occurred in treatment D.
Meanwhile, in the moderate infection category, the
TM 14 palms in all treatments showed a decrease in
leaf chlorosis, with the fastest decline in treatment
D (week 13) and maintained up to week 24.
Different results were shown in the severe infection
category, where the TM 14 palms only showed a
decline in number of leaf chlorosis in treatment A.
However, the main positive response to treatment
A only appeared about 4 months after its first
application.

The TM 20 palms with mild infection showed
the highest number of FFB harvested in treatment
C, followed by B, D and A, relative to control
(Figure 6). In the moderate infection category, the
highest number of FFB harvested was in treatment
A, followed by treatments C and D. In the severe
infection category, palms in the control treatment
did not produce any FFB, within 51 weeks of
observation. Overall, palms given treatment A
produced the highest FFB harvest compared to
other treatments.

The TM 14 palms with mild and moderate
infection, had produced the highest number of
FFB when given treatment D (Figure 6), followed
by treatments C and A. Palms given treatment D
also showed a better development of FFB. The

Chlorotic leaves score for TM 14

(b)

45
40
35

230

@

225

S 20

o

515
1.0
05

0.0

Cf A B C D|Cl A B C D|Cil A B C D

Mild Moderate Severe
Grouping according to plant’s severity level

B Week 0 M Week4 M Week8 Week 13 B Week 20 M Week 24

Figure 5. The value of oil palm trees with chlorotic leaves in each treatment and category of BSR disease attack [(a) TM 20 and (b) TM 14].
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Figure 6. Total number of FFB harvested in each treatment and category of BSR disease attack [(a) TM 20 and (b) TM 14].
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formation of FFB started at 24 months; and was
observed over 51 weeks or 12 months. In the
severe infection category, palms given treatment A
produced the highest number of FFB. These results
indicated that during a severe infection, the palms
need to be supported by the complete formulation
of treatments, to enable the palm to restore
nutrients to produce the optimal number of FFB.
It can be seen in the number of FFB that can still be
slowly produced, with sizes not as large as the FFB
produced by palms with mild and moderate levels
of Ganoderma infection.

Fruit formation normally starts between
30 to 160 days after pollination (Tranbarger ef al.,
2011). Due to the Ganoderma infection, the length
of time required for the formation of FFB and
harvesting was delayed in the TM 20 palms.
Furthermore, it was reported that severe infection
can linearly affect FFB performance (Evizal &
Prasmatiwi, 2022).

The weighing results of FFB produced by the
TM 20 palms (Figure 7) in the mild and moderate
infection categories, showed the same trend with
the FFB numbers. Palms with mild infection of
Ganoderma, when given treatments C and B, had
produced the highest FFB weights, while the lowest
FFB weights were observed in treatment A. Palms
with a moderate infection when given treatment A,
had produced the highest FFB weight. However,
palms in the severe infection category when given
treatment B, had produced much higher FFB
weight, compared to treatment A. The smaller
weight of FFB in treatment A was apparently due to
the disruption of nutrients in palms with Ganoderma
infection.

Ctl A B C D
Mild

Ctl A B C D

Moderate

In the mild infection category, the TM 14
palms had produced the highest weight of FFB in
treatments D, followed by A and C, which was far
above the control treatment. At the moderate and
mild infection, the palms produced the highest
FFB weight in treatment D. However, palms in the
severe infection category can still produce high FFB
weights, provided they are treated with the complete
treatment package of OF, BF and BS.

Comparison of the Response of TM 20 and TM 14
Plants to Treatment

Under normal conditions, the TM 20 palms
have passed the peak production phase, and
moving towards the old palm age of 25 to 30 years.
Meanwhile, the TM 14 palms are still in the peak
production stage. Therefore, responses to the four
treatments were varied due to the production phase
differences. In general, the fresh fruiting bodies of
Ganoderma were formed in much greater numbers
in the control than in treatments A, B, C and D.
However, the number of fruiting bodies observed
did not always correlate with the level of Ganoderma
infection since the dead, fallen trees have a varied
number of Ganoderma fruiting bodies. For example,
the fallen TM 20 palms, had no fruiting bodies in
the moderate infection category, while there can be
up to 80 fruiting bodies in the palms of the severe
infection category. On two fallen TM 14 palms with
severe infection, the number of fruiting bodies varied
between 4 and 87. It is therefore suspected that the
colonisation of Ganoderma sp. in the stem could
better determine the severity of infection compared
to the number of fruiting bodies observed.
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Figure 7. Total weight of FFB harvested in each treatment and category of BSR disease attack [(a) TM 20 and (b) TM 14].
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There was also a tendency of high correlation
between a number of fruiting bodies and
unopened spear leaves (Table 3). In TM 20 palms,
the correlation was high in week 8, even though
no more treatment was added for the moderate
and severe infection categories. The phenotypic
response through number of unopened spear
leaves and Ganoderma fruiting bodies was high. For
TM 14 palms, the critical period of infection was
visible between week 0 and 13, indicated by the
high incidence of Ganoderma fruiting bodies that
was positively correlated to the high number of
unopened spear leaves.

Several potential treatments are summarised
in Table 4, based on several main phenotypic
parameters indicative of Ganoderma infection on
TM 14 and TM 20. These treatments succeeded
in influencing the dynamics of the presence of
Ganoderma fruiting bodies, leaf chlorosis, unopened
spear leaves, and FFB on the palms. In this study,
the emphasis on the best treatment was based on
the decrease in the number of fruiting bodies of
Ganoderma sp., unopened spear leaves and leaf
chlorosis, along with an increase or a high number
and weight of FFB after treatment. It is assumed
that with the treatment, the number of Ganoderma

TABLE 3. CORRELATION ANALYSIS BETWEEN PARAMETERS

TM 20 ™ 14
Fruing  Spest oy prp Fruiing - Spear oo prp
Fruiting bodies 1.00 Fruiting bodies 1.00
Spear leaves 0.55 1.00 Spear leaves 0.85 1.00
Chlorosis 0.40 0.48 1.00 Chlorosis 0.09 0.21 1.00
FFB 1.00 FFB 0?07 050 1.00
Fruing  Spesr oy g Fruting  Speat oy g
Fruiting bodies 1.00 Fruiting bodies 1.00
Spear leaves 0.81 1.00 Spear leaves 0.69 1.00
Chlorosis 0.48 0.40 1.00 Chlorosis 0.17 0.46 1.00
FFB 055 028 081 100 FFB 050 062 035 1.00
Fruing  Spesr (i i prp Fruting  Spesr e prp
Fruiting bodies 1.00 Fruiting bodies 1.00
Spear leaves 0.82 1.00 Spear leaves 0.79 1.00
Chlorosis 0.60 0.46 1.00 Chlorosis 0.26 0.19 1.00
FFB 1.00 FFB 078 057 0 1.00
Fruiing Spear (oo prp Fruiog  Spest oy prp
Fruiting bodies 1.00 Fruiting bodies 1.00
Spear leaves 0.61 1.00 Spear leaves 0.84 1.00
Chlorosis 0.58 0.58 1.00 Chlorosis 043 0.38 1.00
FFB 1.00 FFB 07 0m  -016 1.00
Fruiing  Spear (oo pp Fruing  Spest (oo g
Fruiting bodies 1.00 Fruiting bodies 1.00
Spear leaves 0.97 1.00 Spear leaves 0.57 1.00
Chlorosis 0.60 0.63 1.00 Chlorosis 0.42 0.38 1.00
FFB -045 1.00 FFB 059 019 014 1.00
Fruting  Spesr  cy o prp Fruiing Spear oo prp
Fruiting bodies 1.00 Fruiting bodies 1.00
Spear leaves 0.92 1.00 Spear leaves 0.41 1.00
Chlorosis 0.61 0.62 1.00 Chlorosis 0.59 0.66 1.00
FFB -0.36 1.00 FFB -0.40 1.00
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fruiting bodies will decrease, and the spear
leaves will open, which decreases the unopened
spear leaves number, followed by a decrease in
leaf chlorosis; thus, the metabolism of the palm
tree recovers and gradually becomes healthy. In
very mature TM 20 palms, their responses to the
treatments take longer, up to 51 weeks, while for
TM 14, it takes only about 20 weeks.

TABLE 4. POTENTIAL TREATMENTS FOR CURATIVE
TREATMENTS OF BSR

Potential treatment

BSR disease attack rate

TM 20 T™ 14
Mild C D
Moderate A D
Severe A A

For TM 20 palms in the mild infection category,
the best treatment was C (BF, EN and BS), while
for TM 14 palms, it was D (OF, BF and EN). On
trees with moderate attacks, the best treatments for
TM 20 palms were A (OF, BF, EN and BS) and D
(OF, BF and EN), while for TM 14 palms, the best
treatments were D (OF, BF and EN) and C (BF, EN
and BS). In severely affected palms, recovery was
apparent in treatment A (OF, BE, EN, BS) for both
TM 20 and TM 14 palms. A seaweed-based BS has
been assayed for its antifungal function against
G. boninense (Aziz et al., 2019), and the efficacy
relies on different phytol components, due to
seaweed species extracted. The application of
the product in each treatment of this study was
only conducted in a single period. The use of the
chemical fungicide hexaconazole to control BSR, as
recommended by the Malaysian Palm Oil Board,
is applied three times within six months. The
dosage of that fungicide was 4.5 g, dissolved in
3 L of water (The Star, 2021). It is recommended that
the treatments need to be carried out at least every
six months.

CONCLUSION

Ganoderma BSR disease in OP is identified through
signs (part of the pathogen) and symptoms that
appear on the palm. Both are the main determinants
of the criteria for the development of pathogen
colonisation in destroying plant tissue and
indicating the existence of malignancy in plants.
The treatments given to TM 20 and TM 14 palms
exhibited a dynamic effect in reducing the number
of fruiting bodies of Ganoderma sp., unopened
spear leaves and leaf chlorosis occurrences, and
an increase in the number and weight of FFB after
treatments. The response to cell repair was slower
and required more time to recover in the older
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TM 20 palms compared to TM 14. It is concluded
that applications of OF, BF, END and BS have
the potency to cure the basal stem rot disease
caused by Ganoderma sp. However, the continuous
application of these products is necessary, since
Ganoderma propagules are supposed to be present
in the root area and possibly even in plant
tissues.
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