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ASSESSMENT ON Trichoderma spp.
MIXTURE AS A POTENTIAL BIOCONTROL
AGENT OF Ganoderma boninense INFECTED

OIL PALM SEEDLINGS

MUSA, H*; NUSAIBAH, S A** and KHAIRULMAZMI, A**

ABSTRACT
Diseases caused by Ganoderma spp. have been causing serious oil palm yield losses and affecting its
contribution to the producers’ economy. Research on sustainable and eco-friendly remedy to counter the
disease is on the upsurge. Trichoderma spp. have been the most studied and valued microbes as biological
control agents (BCA) in an effort to combat a wide range of plant diseases. Therefore, in this current
study, the potential of Trichoderma spp. ( Trichoderma asperellum, Trichoderma harzianum, and
Trichoderma virens) as a mixture was evaluated as a BCA against basal stem rot disease of oil palm. The
mixture of Trichoderma spp. demonstrated a disease reduction of 83.03% and 89.16% from the foliar and
bole symptoms, respectively. The highest peroxidase (PO) level was detected in T1 (167.9 U g tissue) at
four months after post inoculation (mpi), and the lowest in T5 (72.3 U g7 tissue) at 1 mpi. Treatment 4
with all the three Trichoderma spp. displayed the maximum level of polyphenol oxidase (PPO) among
all the treatments conducted. Similarly, T4 recorded the highest accumulation of total phenolic content

(TPC) (49.6 mg ') in the seedling roots at harvest. Disease infestation was slower in Trichoderma treated

seedlings regardless of a single or mixture application compared to the positive control.
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INTRODUCTION

Oil palm (Elaies guineensis Jacq.) is an economically
imperative plantation crop, grown primarily for its
vegetable oil and has become one of the main oil
crops in the world. It is the world’s highest yielding
oil crop known today, producing approximately 4 to
5 t of crude palm oil (CPO) per hectare per year and
about 1 t of palm kernels (MPOC, 2017). Ganoderma
spp. are the causative agents of basal stem rot (BSR)
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and upper stem rot (USR) (Hasan et al., 2005; Rakib
et al., 2014; 2015). In Malaysia, the disease incidences
(DI) are higher in oil palm plantations located on
the coastal soil (Khairuddin and Chong, 2008).
Ganoderma boninense causes serious and irreversible
yield losses through shortening the economic
lifespan of oil palms (Cooper et al., 2011). Losses due
to Ganoderma disease on oil palm could be either
direct or indirect, whereby the direct losses refer to
the collapse or death of the palm, and indirect loss
may be referred to the decline in fresh fruit bunches
(FFB) weight and quality (Susanto et al., 2009).
Plants respond to pathogen attack or elicitor
(biological control agents) treatments by activating
different types of protective mechanisms aimed at
preventing pathogen development and spreading
(Malolepsza and Rozalska, 2005). Plants produce
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a wide range of antioxidant enzymes and defense
mechanisms such as polyphenol oxidase (PPO),
peroxidase (PO) and phenylalanine ammonia
lysase (PAL) that protect plant cells from oxidative
damage and infestation from phytopathogens.
Antioxidant enzymes work synergistically with
defense enzymes to promote the scavenging activity
of reactive oxygen species (ROS) and induce plant
resistance (Singh et al., 2011). The ROS also forms
physical barriers at the infection site by the oxidative
cross-linking of precursors during the biosynthesis
of polymers such as lignin and suberin or through
cross-linking of cell wall glycoproteins (Torres, 2010).
These polymers could be directly toxic, resulting
in degrading the cell walls of the plant pathogenic
fungi and bacteria (Treutter, 2006). In addition,
phenolic compounds also act as anti-microbials,
structural barriers, growth inhibitors of invaders,
modulators of pathogenicity and activators of plant
defense genes (Rao et al., 2015). Trichoderma have the
potential to attack plant pathogens and inhibit their
growth; many reports have shown that Trichoderma
induced local and systemic resistance in plants
against a wide range of plant pathogens (Harman
et al., 2004; Shoresh et al., 2010). Therefore, induced
resistance ability in the palms may provide a reliable
and sustainable alternative approach for the control
of diseases caused by Ganoderma spp.

MATERIALS AND METHODS
Planting Materials and Preparation of Soil Mixture

Oil palm seedlings used in nursery trial studies
were four-month old cultivar Deli dura x AVROS
pisifera (Calix 600) purchased from Sime Darby
Seeds and Agricultural Services Sdn Bhd, Banting,
Selangor, Malaysia. Soil mixture was prepared at
Ladang Dua, Faculty of Agricuture, Universiti Putra
Malasyia (UPM), Serdang, Selangor, Malaysia and
sterilised at 120°C for 90 min. The soil mix was in a
ratio of 3:2:1 (top soil:peat soil:sand). The sterilised
soils were then placed into Panterra plastic garden
pots [height 16 cm, diameter 21 cm (top) and 14
cm (bottom)]. The seedlings were transferred to
plastic pots containing sterilised soil mixture prior
to artificial inoculation with G. boninense fully
colonised rubber wood blocks (RWB) as described
below from the original tray at nursery Ladang 15,
Faculty of Agriculture, UPM and watered twice
daily. The 15-15-15 NPK fertiliser was applied
every two months as recommended until harvest
(Nusaibah et al., 2017).

Ganoderma Inoculum on RWB Preparation

RWB of 6.0 x 6.0 x 6.0 cm in size were utilised
for the current experiment and the preparation of
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G. boninense (UPM 13) inoculum was carried out
according to Nusaibah et al. (2016). Each RWB was
placed into a heat-resistant polypropylene bag of 10.0
x 32.0 cm and autoclaved at 1.40 kg cm™ pressure,
121°C for 25 min. After autoclaving, the blocks were
left soaked in potato dextrose broth (PDB) overnight
in basins. On the following day, the blocks were
again placed in a heat-resistant polypropylene bag
and 100 ml of PDB was added to each bag. The bags
were then tied with raffia strings and autoclaved
for a second time under the mentioned conditions.
Inoculum preparations were made by placing 10
plugs sized 6 mm from eight-day old mycelium
cultures of G. boninense grown on potato dextrose
agar (PDA) obtained using a core-borer onto each
surface of the autoclaved RWB. Then, the bags were
tied quickly and carefully to avoid contamination
and incubated in the dark at 25 + 1°C for 10 to 12
weeks. Fully colonised and uncontaminated blocks
were used for inoculation on the oil palm seedlings.

Artificial Inoculation

Fully colonised RWB with pathogenic
G. boninense mycelium was placed horizontally at
the centre of the pot. The seedlings were then placed
on top of the blocks, ensuring that the roots will
come in a direct contact with the inoculums and
covered with the top soil. Detail of the treatments
are laid out in Table 1.

Preparation and Application of Trichoderma
Conidial Suspension

The Trichoderma spp. and G. boninense (UPM 13)
used as the treatment and pathogen respectively
(Table 1) were the culture collections of GanoLab,
Department of Plant Protection, Faculty of
Agriculture, UPM. These isolates were subcultured
on PDA and incubated at 25°C for seven days.
Subsequently, the seven-day old culture was
harvested using 10 ml of sterilised distilled water
by gently scrubbing the colony surface with a glass
rod. The plates were washed for the second time to
harvest all the fungal cultures. Conidial suspension
was passed through a sterilised cloth strainer to
remove mycelia fragments and the filtrate for each
Trichoderma species was utilised, namely Trichoderma

TABLE 1. EXPERIMENTAL TREATMENT DESIGN

Treatments Descriptions

T1 T. asperellum + G. boninense + plant

T2 T. harzianum + G. boninense + plant

T3 T. virens + G. boninense + plant

T4 Mixture of T. asperellum + T. harzianum +
T. virens + G. boninense + plant

T5 Negative control (+ plant )

T6 Positive control G. boninense (+ plant)
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asperullum, Trichoderma harzianum and Trichoderma
virens. One hundred ml of Trichoderma sp. spore
suspension with a final concentration of 5 x 10°
conidia/ml from each species used per seedling per
treatment were drenched two weeks before artificial
inoculation with G. boninense. As for the mixture
treatment, 300 ml of spore suspension containing
spores from all the three Trichoderma species (5 x 10
conidia/ml for each species) were applied. Sterile
distilled water was used in the positive control
treatments.

Experimental Design

The nursery trial experiments were arranged in
a randomised complete block design (RCBD) with
six treatments and 10 replications.

Disease Assessment

Disease development was monitored based on
a quantitative assessment measured as DI, which
was expressed in percentage at intervals of months.
DI was assessed based on foliar disease severity
(chlorosis and necrosis of leaves, with or without
presence of Ganodermabasidiocarp and dead plants).
DI refers to the number of seedlings showing
symptoms mentioned above in relation to the total
number of seedlings assessed by the formula from
Campbell and Madden (1990):

' Number of

JoDisease seedlings infected

incidence = x 100
(DI Total number of

seedlings assessed
Percentage of Disease Reduction

Percentage of disease reduction (DR) was
also determined based on the following formula
according to Bivi et al. (2016):

DI of positive control seedlings-DI

of treated seedlings

DR = x100

DI of positive control seedlings

Foliar Disease Severity

Meanwhile, the severity of foliar symptoms (%)
was assessed on a monthly basis according to Sariah
and Zakaria (2000) using the formula:

Severity of foliar

symptoms (SFS) = [(ax1) + (b x 0.5)/ ¢ x 100]

where, a is the number of desiccated (browned/
wilted) leaves, b is the yellowing leaves, ¢ is the
total number of leaves, 1 is the index for desiccated
leaves, and 0.5 is the index for yellowing leaves.
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Root and Bole Disease Severity

At destructive sampling, the seedlings were
dissected longitudinally to observe root and stem
damage and the severity of the internal symptoms
was visually assessed based on the proportion of
root and bole tissues damaged by G. boninense. The
estimation was based on the following scale in Table
2 (Nusaibah et al., 2017).

Disease severity (DS) for internal symptom of
bole and root tissues was calculated based on the
following formula derived from Liu et al. (1995) as
follows:

Number of seedlings in the rating x
rating number x 100

DS

(internal) =

Total number of seedling assessed x
highest rating

TABLE 2. SCALE USED TO SCORE DISEASE SEVERITY
INDEX BASED ON ROOT AND BOLE TISSUES OF OIL PALM
SEEDLINGS INOCULATED WITH Ganoderma boninense

Scale Symptoms
0 Healthy: no internal rot
1 20% rotting of tissues
2 20% to 50% rotting of tissues
3 > 50% rotting of tissues
4 > 90% rotting of tissues

Assessment on the Plant Growth

To evaluate the effect of Trichoderma spp. on
oil palm seedlings growth in relation to disease
development, plant height was measured on a
monthly basis throughout the in vivo trial. The
plant height was measured from ground level to the
tip of the tallest leaf by placing a steel measuring
tape alongside the plant. The stem girth was also
measured monthly using an electronic digital
caliper, and for the effect of Trichoderma spp. on
leaf index, destructive samples were collected on a
monthly basis and the LI-3100 Area meter (LI-COR
Inc. Lincoln, Nebraska, USA) was used to measure
the leaf area index.

Shoot and Root (fresh and dry weight)

In order to determine the effect of Trichoderma
spp. on the general health of plant in relation
to disease and plant growth, six months after
transplanting and treatment application (at the end
of experiment), the plants fresh and dry weights
were measured for all treatments. Plants were
harvested for the shoots and roots by uprooting the
plants and cutting the shoots from the roots. The
shoots and roots were dried in an oven (Memmert,
Loading Modell 100 - 800, Schwabach, Germany) at
70°C for three days to obtain a constant weight.
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Statistical Analysis

Statistical analysis of the data was carried out
via analysis of variance (ANOVA) using the SAS
software [SAS 9.4 Version Institute Inc. Cary, NC,
USA]. The means were separated using Tukey’s
multiple range tests at p < 0.05, where the F-value
was significant.

Isolation of Ganoderma boninense from Infected
Oil Palm Roots after Six Months of Incubation

Harvested primary root samples from each
treatment were subjected to incubation on PDA for
pure culture isolation purpose. Freshly harvested
roots were brought back to the laboratory and
washed under running tap water to remove all
sand particles. Then, the roots were sterilised by
soaking them in 75% ethanol for 3 min, followed by
distilled sterile water for 3 min and tapped on sterile
filter paper until water from the root surface was
fully absorbed prior to incubation on PDA plates.
After five days of incubation, single colonies were
transferred to new PDA plates until pure cultures
were confirmed via morphological identification.
G. boninense inoculated in the nursery trial were
successfully isolated from the infected primary roots.
The pure cultures obtained were then subjected to
DNA extraction and molecular identification.

Molecular Detection of Ganoderma Disease
Infection

Extraction method for total DNA was done
according to the manual provided in Qiagen DNeasy
Plant Mini Kit with a slight modification according
to Nusaibah et al. (2011). Polymerase chain reaction
(PCR) amplification of Ganoderma boninense treated
oil palm root genomic DNA was performed using
the Ganoderma specific primers; Ganl: 5’ - TTG ACT
GGG TTG TAG CTG - 3’ and Gan2: 5" - GCG TTA
CAT CGC AAT ACA - 3' (Utomo and Niepold, 2000)
and a PCR master mix was prepared using QIAGEN
Hotstar-Taq Plus PCR Master Kit (QIAGEN,
Germany) and according to the manufacturer’s
instructions. The PCR protocol used started with
denaturation for 2 min at 95°C. This was followed
by 35 cycles of denaturation for 1 min at 94°C,
annealing for 30 s at 60°C and extension for 2 min
at 72°C. The final step of extension was carried
out for 10 min at 72°C, before it was maintained at
4°C. Later, 5 ul of loading dye was pipetted to each
tube of PCR product prior to the gel electrophoresis
step. The amplified products were analysed by
electrophoresis in 1.7% agarose in 1XTBE at 65 V for
80 min and visualised using Etidium bromide (0.5
ug ml?) for 20-30 min before visualising under a UV
transilluminator (BioRad®).
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Preparation of Crude Extract for Peroxidase (PO)
and Polypherol Oxidase (PPO) Assay

Leaf crude extract was prepared according to the
method described by Samatha et al. (2012). A total of
0.25 g of fresh leaves was harvested on a monthly
basis; each of the samples was ground in a chilled
mortar and pestle by adding liquid nitrogen until
a fine powder was obtained. The ground samples
were transferred to 2 ml eppendorf tubes and kept
in ice. The samples were then treated with 250 ul
of cold 0.05 M sodium acetate buffer (pH 5). About
1.5 mg of polyvinyl pyrrolidone (PVP) was added
to the mixture and centrifuged for 20 min at 14 000
rpm (4°C). After centrifugation, the supernatant for
each of the samples was collected and used for PO
and PPO determinations.

Determination of PO

About 50 ul of the enzyme extract was
transferred into a 2 ml tube containing 750 pl of
reaction substrate [80 ul of 0.1 M sodium phosphate
buffer (pH 6), followed by an addition of 250 ul
of ImM hydrogen peroxide]. Another 500 pl of
guaicol was added to the tube and the mixture was
incubated at room temperature (26°C - 28°C) for 30
min. A change in absorbance measured at 470 nm at
a 3 s interval for 1 min was recorded after inserting
the cuvette in a UV spectrophotometer. The blank
was prepared from the reaction substrate without
addition of the extract as a control (Kokkinakis and
Brook, 1979).

Determination PPO

Determination of PPO was verified with the
change in colour intensity of pyrrol products. The
reaction mixture comprised of 50 pl of enzyme
extract from different samples and placed in a 2 ml
tube containing 750 pl of 0.2 M sodium acetate buffer
(pH 5) at 4°C. Another 100 ul of 0.02 M pyrogallol
was added to the reaction mixture. The activity
was expressed at 410 nm absorbance. The blank
was prepared from the reaction substrate without
adding the extract (Kokkinakis and Brook, 1979).

Determination of Total Phenolic Content (TPC)

TPC of the leaves was examined using the
method by Slinkard and Singleton (1977). TPC
was expressed as Gallic acid equivalents (GAE) g
of the leaves. The activities of PO, PPO and TPC
were expressed as changes in absorbance unit g of
plant tissue according to the formula described by
Kokkinakis and Brook (1979).

Optical density x dilution factor
Unit g~! tissue = % 100
g of tissue used in the assay
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where, optical density = the absorbance of
spectrophotometer, dilution factor = 10, ¢ = the
amount of tissue used.

RESULTS

Effect of Trichoderma spp. on Basal Stem Rot
Disease Suppression in Oil Palm Seedlings

DS analysis based on the foliar and bole
demonstrated that the oil palm seedlings treated
with T4 in the nursery experiment have significantly
(p < 0.05) reduced the percentage of DSI caused
by G. boninense. Thus, the mixture application of
Trichoderma spp. (T4) has established successful
disease suppression. The positive control treatment
suffered the highest damage based on the foliar
symptoms and bole rot (with bole necrotic
lesions > 50%). The foliar disease symptoms were
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significantly reduced by 83.03% in T4, followed
by 81.49%, 78.78%, 74.57% in T2, T1, and T3,
respectively. Similarly, the mixture treatment had
significantly reduced bole damage by 89.16% in T4
(Figure 1), while the negative control (T5) remained
healthy throughout the experimental period.

The percentages of disease reduction calculated
based on both foliar and bole symptoms are shown
on Table 3. Application of the Trichoderma spp.
mixture acted as the most effective treatment in
suppressing Ganoderma disease foliar symptoms
with 83% DR percentage. Meanwhile, T1, T2 and
T3 were also effective with the foliar DR of 78.7%,
81.5% and 74.1%, respectively. However, the lowest
bole symptom DR was 78.6% in T1 treatment. In
addition, the percentage of DI was assessed as in
Figure 2. The highest percentage of DI was found in
T6 (80%), while the lowest was found in T4 (20%) at
six months after inoculation.
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Note: FDS - foliar disease symptom. BDS - Bole disease symptom.

Figure 1. Foliar and bole disease severity index assessed after 24 weeks of inoculation period. Means (p<0.05) with the same letter are not significantly
different by Tukey’s studentised range (HSD) test. Vertical bar represents standard error.

TABLE 3. PERCENTAGE OF Ganoderma DISEASE REDUCTION ON DIFFERENT TREATMENTS
AT SIX MONTHS AFTER ARTIFICIAL INOCULATION CALCULATED BASED ON NEGATIVE
CONTROL TREATMENT

Treatment

Foliar symptoms
reduction (%)

Bole symptoms
reduction (%)

T1 (T. asperellum + G. boninense)

T2 (T. harzianum + G. boninense)

T3 (T. virens + G. boninense)

T4 T. asperellum + T. harzianum +
T. virens + G. boninense

78.7 78.6
81.5 85.4
747 89.1
83.0 89.4
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Effect of Trichoderma spp. Mixture on the Palm’s
Vegetative Growth

Trichoderma spp. treatments promoted the
growth of oil palm seedlings (Table 4). The effect
of Trichoderma spp. mixture on oil palm seedlings
growth was assessed by measuring the number
of plant growth parameters at six months post
inoculation (mpi). The plant height and stem
girth were significantly increased by 28.33 cm
and 5.95 cm respectively in T4, compared to the
positive control seedlings in T6. The dried shoot
and root tissue weight also increased by 6.53 g and
2.69 g respectively in T4. The leaf area index was
significantly increased by 132.37 as compared to
the positive control. The mixture of Trichoderma

spp. treatment exhibited a significant effect on plant
height, stem girth, leaf area index and seedlings
biomass.

Detection of Pathogenic Ganoderma and
Trichoderma spp. from Harvested Roots

To confirm disease establishment and the
presence of biological control agents applied in
each treatment, DNA amplification was applied
to detect the microbes involved. Harvested
primary roots of each treatment were incubated
on PDA plates to yield the respective fungi,
namely G. boninense and Trichoderma spp. These
cultures were subcultured until pure cultures were
obtained and then subjected to DNA extraction.
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Note: T1 - T. asperellum + G. boninense; T2 - T. harzianum + G. boninense; T3 - T. virens + G. boninense; T4 - T. asperellum + T. harzianum +

T. virens + G. boninense mixture and T6 - positive control (G. boninense).

Figure 2. Percentage of disease incidence in oil palm seedlings inoculated with Ganoderma boninense and treated with Trichoderma spp. (values
are means of 10 replications; vertical bars are error bar, p< 0.05).

TABLE 4. EFFECTS OF Trichoderma spp. TREATMENTS MIXTURE ON PALM’S VEGETATIVE
GROWTH PARAMETER AT SIX MONTH POST INOCULATION

Treatment Seedling growth parameters
Plant height (cm) Stem girth (cm) Leave areaindex Shoot dried weight (g) Root dried weight (g)

T1 68.25+1.58* 17.65£1.17° 288.30+2.57" 12.70+0.97 4.27+0.36"
T2 65.62+2.23% 16.92+1.31° 303.17+1.96 11.5+0.38® 4.23+0.57
T3 62.85+2.82¢ 16.44+1.48° 312.77+3.98% 13.041.79% 4.17+0.93
T4 69.8642.73° 17.72+1.42° 361.48+2.06° 14.1+1.06° 5.23+0.65°
T5 51.53+4.47¢ 16.43+0.91° 253.17+1.324 10.9+0.45° 2.95+0.66"
T6 41.53+2.55¢ 11.77+0.92¢ 229.1142.724 7.5740.92¢ 2.54+0.38°

Note: Means with the same letter are not significantly different by Tukey's test at 5% level of significance. T1 - Trichoderma
asperellum + Ganoderma boninense; T2 - Trichoderma harzianum + Ganoderma boninense; T3 - Trichoderma virens + Ganoderma
boninense; T4 - T. asperellum + T. harzianum + T. virens + G. boninense mixture; T5 - negative control; T6 - positive control (only

Ganoderma boninense).
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PCR was carried out by amplifying the DNA of
these isolates via Ganoderma and Trichoderma genus
specific marker sets respectively (Figure 3), Ganl:
5 - TTG ACT GGG TTG TAG CTG - 3, Gan2:
5" - GCG TTA CAT CGC AAT ACA - 3', TVPFE:
5"CCGCCGGAGGACCAACCAA3 andTVPR-
5" GACAGGCATGCCCGCCAGAS'. These markers
successfully amplified all the isolated microbes
used in this study and the sequences were identified
as G. boninense (UPM13) (167 bp) (Figure 3) and
Trichoderma spp. (245 bp) (Figure 4).

Polyphenol Oxidase Activity

The results indicated that all the three
Trichoderma spp. had the ability to induce defense
enzymes in Trichoderma treated oil palm seedlings
and the Trichoderma spp. mixture treatment
displayed the maximum PPO activities among all
the treatments. At one mpi with G. boninense and
treated with Trichoderma spp., the PPO activity
significantly increased as compared to the negative
and positive controls. PPO activity in all treatments

reached a maximum peak at three and four mpi,
and a decrease was recorded in the subsequent
month. The increase of this enzyme was greater in
oil palm seedlings treated with Trichoderma alone
or in combination with G. boninense than oil palm
seedlings inoculated with G. boninense alone. In
addition, T4 (mixture of Trichoderma spp.) induced
significantly higher levels of disease infestations in
oil palm seedlings as compared to the controls based
on DS and DI (Figure 5).

PO activity

The results indicated that PO activity in
Trichoderma spp. treated oil palm seedlings varied
from 72.25 to 167.89 U g' tissue. There was a
significant difference in the activity of PO between
Trichoderma spp. treatments (Figure 6). The maximum
PO was detected in T1 (167.89 U g tissue) at four
mpi, whereas the minimum activity was from T5
(72.2589 U g™ tissue) at one mpi. Based on the overall
results obtained, T. asperellum was identified as the

<— 100bp

Figure 3. Polymerase chain reaction amplification products with the size of 167 bp were generated by Ganoderma genus specific primer sets, Gan 1
and Gan 2. Lane 1 and 8: 100 bp ladder; Lane 2: negative control; Lane 3: Ganoderma boninense (LIPM13) isolated from treatment -T1= treated with
Trichoderma asperellum + Ganoderma boninense + plant; Lane 4: Ganoderma boninense (UPM13) isolated from treatment-T2= treated with
Trichoderma harzianum + Ganoderma boninense + plant; Lane 5: Ganoderma boninense (UPM13) isolated from treatment -T3= treated with
Trichoderma virens + Ganoderma boninense + plant; Lane 6: Ganoderma boninense (UPM13) isolated from treatment -T6= Positive control
(only Ganoderma boninense) + plant], Lane 7: Aspergillus niger (control).

L5 L6 L7 L8 L9 L10 L11 L12 L13

<—— 500 bp

<—— 100 bp

Figure 4. Polymerase chain reaction amplification products with 245 bp generated by Trichoderma genus specific primer sets, ToPF and TuPR. Lane
1 and 13: 100 bp ladder; Lane 2, 3 and 4: Trichoderma asperellum isolates isolated from treatment -T1= treated with Trichoderma asperellum
+ Ganoderma boninense + plant; Lane 5, 6 and 7: Trichoderma harzianum isolates isolated from treatment ~T2 = treated with Trichoderma
asperellum + Ganoderma boninense + plant; Lane 8, 9 and 10: Trichoderma virens isolates isolated from treatment —T2 = treated with
Trichoderma asperellum + Ganoderma boninense + plant; Lane 11: Aspergillus niger (control); Lane 12: negative control.
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Figure 5. Effect of Trichoderma spp. treatments on polyphenol oxidase activity of oil palm seedlings inoculated with Ganoderma boninense.
Values are means of five replications and differences between the means are separated by Tukey’s test at 5% level of significance, bars = standard error.

200

180

160

140

120

T bt
-
-

100

A

o

80

60

Peroxidase activity (unit g tissue)

40

20

T Ty TAT Ty T Ty T T T T T T Y T ¥ T Y T ¥ T T

AT A A AR A

3¢

s

)

ik

vor
*

e,
SRR Shie

3

et
——
e

S

&
&

&

Sk doa
&

-
e

o
o
e

S5
hetstste
X S
LA A A AL LSS LSS 7 3 wem

e

E 1
& b o

i X b2 #

3 & ¥ b

5 £ I b2 | 1

&3 5] bes el

3 & H *

4 e || ey

&3 5] b il

3 &) b | | H

<3 2] boH ] D T

3 & H b 2

3 2] e bl

R

atatatetatatatyl
Ty

PR

NRE

s
S
RPN N
R

5
a

RN HHHH KK KKK KKK KKK

o o o o o o o o o A A A A A A S 7

&
N
¥
¥
¥
N :
% :
: AN 4N RE
£~ 3 2] b \ 3 -8
£ b 2] bl £l N
] 3 &) b \ B s
£ 3 2] = \ bl N
2 2 1 HMN N B 14
-~ 3 o+ £ \ B> -~
A : 5 AN B R AR
o 3 &) » \ el N
£ 3 &) » \ ¥ -
£ 3 2] = \ b N
a & ] b \ bed &' 3
2 AN 2t R AR T5
= 3 S b \ b -
o) 2 B R ZEN A
£ <3 &) = \ Fe] N
) : & SN o E ]
B i 2 SR # E T6
% o o o \ 3 -
A i HNR i R RE

3 4 5 6

Months post inoculation (mpi)

Note: T1 - Trichoderma asperellum+ Ganoderma boninense; T2 - Trichoderma harzianum + Ganoderma boninense; T3 - Trichoderma virens +
Ganoderma boninense; T4 - T. asperellum + T. harzianum + T. virens + G. boninense; T5 - negative control; T6 - positive control (only G. boninense).

Figure 6. Effect of Trichoderma spp. treatments on peroxidase activity on oil palm seedlings inoculated with Ganoderma boninense. Values are
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species that triggered the most in the induction
of oil palm PO activity. In general, Trichoderma
treatments were able to produce an inducible PO
defense enzyme that was higher than the untreated
control treatments.

Estimation of Total Phenolic Content from Roots
of Oil Palm Seedlings

The accumulations of total phenolic content
for various treatments in the G. boninense infected
oil palm seedling roots were recorded (Figure
7). The positive control (T6) showed the lowest
accumulation of total phenolic content (18.7 mg
g?), while the mixture of Trichoderma spp. (T4)
recorded the highest accumulation (49.6 mg g?) in
the seedling root at harvest. Among the various
treatments tested, T4 was found to be the best
treatment to increase the total phenolic content in
oil palm seedling root infected with G. boninense. T1
(44.08 mg g), T2 (46.25 mg g), and T3 (42.6 mg g)
also showed potential for increasing total phenolic
content to suppress G. boninense activity.

DISCUSSION

The present study determines the efficacy of
Trichoderma spp. mixture on the control of
G. boninense infection in oil palm seedlings.

This work provided evidence that Trichoderma
spp. mixture effectively suppressed BSR disease
infestation, induced resistance and promoted
oil palm seedling vegetative growth. The use of
beneficial microbes in crop protection has greatly
increased in the recent years. Trichoderma spp.
are among the most promising fungi towards the
development of sustainable agricultural production
(Mokhtar and Aid, 2013; Bashan et al., 2014).
Trichoderma spp. demonstrated high potentials as a
biological control of Ganoderma infection in oil palm
(Sariah et al., 2005; Sundram et al., 2008). Naher et al.
(2014) also reviewed that T. harzianum and T. virens
could strongly inhibit the growth of G. boninense
in an in vitro trial. However, it was noted that
Trichoderma could only protect the palms at a very
early stage of Ganoderma infection, and is not able to
cure severely infected palms (Abdullah et al., 2003).

The application of Trichoderma spp. mixture
provided the preventive effects that significantly
reduced the disease symptoms established in
oil palm seedlings. Furthermore, the mixture
application tends to portray synergistic effects
that enhanced the efficacy of Trichoderma spp. in
the biological control of G. boninense in oil palm
seedlings. In all Trichoderma treated seedlings, higher
disease suppression led to a corresponding increase
in fresh and dry shoot weights as well as an increase
in root weight (fresh and dry). The increase in palm
growth and stimulation of the defense system due
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Figure 7. Total phenolic content [expression as 4-hydroxybenzoic acid (mg) equivalent to root weight (g)] in oil palm seedling root at six months
after inoculation and treatment. Means represented with the same letter in a column are not significantly different by Tukey’s Test at 5% level of

significance, bars represent standard error.
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to seedling treatment with Trichoderma spp. were
in concomitant with the previous research findings
(Hermosa et al., 2013; Martinez-Medina et al., 2014;
Saravanakumar et al., 2016). Increase in plant
vegetative growth treated with Trichoderma spp. has
been reported on arable crops such as maize (Zea
mays) (Harman ef al., 2004), wheat (Triticum aestivum)
(Shivanna et al.,, 1996), and cotton (Shanmugaiah
et al., 2009). Rinu et al. (2014) also reported on the
growth enhancement of legume crops after the
application of Trichoderma gamsii. Likewise, in tree
crops such as cocoa, significant increases in fresh
shoot weight, root weight and plant height were
observed when compared with the control seedlings
after a treatment period of five months in a nursery
with T. asperellum application (Tchameni et al., 2011).
In addition, increases in Pinus radiate (coniferous
evergreen tree) seedling stem diameter, height and
dry weight by 30% in nurseries were reported when
treated with Trichoderna spp. mixtures (Minchin et
al., 2006).

Mixtures were reported to give a greater
bioactivity than single Trichoderma spp. applied to
crops in terms of growth promotion and enhanced
immunity against diseases (Singh et al., 2011). Awork
by Rudresh et al. (2005) demonstrated that a mixture
of three Trichoderma strains [T. viride (PDBCTV 32),
T. virens (PDBCTV 12), and T. harzianum (PDBCTH
10)] applied to chickpeas in a nursery trial yielded
a significant increase in the number of branches /
plant, plant height and increased uptake of nitrogen
and maximum shoot and root phosphorus uptake.
In addition, positive results in field trials also led
to increased branch number, plant height, total
biomass, and nitrogen uptake to the shoot and
root (Rudresh et al., 2005). Mixture of Trichoderma
spp. with each other or other antagonist microbes
may result in a decrease of antagonistic effects
or may otherwise lead to a synergistic effect that
will increase the efficacy of disease suppression
(Robinson et al., 2009). Mixture of two T. harzianum
strains showed more synergistic effect against
Rhizoctonia solani (Yobo et al., 2011) which could
be due to the fact that different Trichoderma species
produce different toxic substances (gliotoxin)
that might help to increase the establishment of
T. harzianum in the soil.

Our data also revealed that the mixture of
Trichoderma spp. treatment in 0il palm improved and
increased PPO, PO and TPC activities significantly
in response to G. boninense infection. In addition,
the PPO and PO in positive control (T6) were
observed to be higher compared to the negative
control (T5), and these responses could be the
systemic defense demonstrated by the palm itself
to counter Ganoderma infection. Unfortunately, the
increasing trend in PPO dropped gradually from 4
mpi onwards, exhibiting the palms’ inability to fight
against the stronger counter-attack by G. boninense.
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Thus, the treatments with Trichoderma aided the
palms tremendously by increasing the levels of PO
and PPO, even with the stronger counter attack
by the pathogenic Ganoderma. These findings are
supported by the earlier observation by Singh et
al. (2011), who reported on an increased activity
of phenylalanine-ammonia lyase and peroxidase
in chickpea when the plants were treated with
Trichoderma strain, Pseudomonas fluorescens and a
Rhizobia strain RL091 in a mixture under the stress
of Sclerotium rolfsii.

In a study by Latha et al. (2009), tomato seeds
pre-treated with Bacillus subtilis and P. fluorescens
demonstrated reduction in disease incidence of
early leaf blight that was correlated with increased
accumulation of PPO and PO enzymes. A microbial
mixture consisting of Pseudomonas aeruginosa,
Mesorhizobium spp. and T. harzianum was shown
to induce defense responses against S. rolfsii in
chickpea. Co-inoculation of Azospirillum sp. and
P. aeruginosa was found to have synergistic effects
on yield and suppression of root rot disease caused
by Rhizoctonia bataticola (Marimuthu et al., 2013).
Enhanced activation of phenylalanine-ammonia
lyase pathway leading to a sudden increase in
concentration of phenolics was achieved when
plants were inoculated with a mixture of beneficial
microbes (Singh et al., 2011). Cyanobacteria consortia
Anabaena sp., Anabaena azotobacter biofilm and
Providencia sp. elicited defense responses in a hybrid
maize, leading to enhanced activity of defense
enzymes such as PPO, PO and PAL in the maize
roots, which also showed a positive correlation with
increased crop vigor and yields (Prasanna et al.,
2013). Similarly, systemic resistance was enhanced
due to a high accumulation of defense enzyme in
response to Ralstonia solanacearum challenged in
tomatoes (Vanitha et al., 2009). The data obtained
also demonstrated a synergistic combination of the
Trichoderma spp. which triggered a higher phenolic
compound accumulation in oil palm seedlings
compared to single species application. Phenolic
compounds in plants and their synthesis in response
to infection have been associated with plant
resistance (Nikraftar et al., 2013). These compounds
accumulated in the plant cell wall in a salicylic
acid (SA) dependent pathway (Alonso-Ramirez et
al., 2014) and by releasing important anti-fungal
compounds, which led to the resistance responses
in plants. In addition, phenolic compounds are
oxidised by other compounds like PO to form more
toxic compounds, like quinines, which are directly
toxic to fungal pathogens (Gogoi et al., 2001).

CONCLUSION

Based on the findings of this study, we concluded
that the mixture of Trichoderma spp. could help in
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controlling BSR disease in oil palms. For a better
control and prevention of G. boninense infestation,
mixture of Trichoderma spp. could be applied at
the nursery stage for a minimum of three months
prior to seedlings transplant to the field to enable
Trichoderma spp. to colonise the root zones. This
may prevent soil-borne fungal pathogens, at the
same time enhance the palm growth and improve
plant health. Post inoculation demonstrated
that the oil palm seedlings responded well to
Trichoderma treatment by inducing systemic and
localised resistances due to G. boninense infection
and caused significant changes in the host plants
in terms of PPO, PO and total phenolic content.
These mechanisms may help in developing
resistance in oil palm seedlings, thus protecting
them from G. boninense infection.
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