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SUMMARY

Trichoderma species act as biological control agents against
fungal plant pathogens either directly or directly. In this study,
dual culture was used to assess the potential of Trichoderma
asperellum, T. harzianum, T. brevicompatum and T. viren to
control Ganoderma boninense. These species were
morphologically and Potato dextrose agar (PDA) and malt
extract agar (MEA) supported the highest mycelia growth.
provides useful information on the sporulation. Antagonistic
effects of Trichoderma spp. against G. boninense mycelia
growth were evaluated using dual culture test. The results
demonstrated that the percentage inhibition of radial growth
(PIRG) of G. boninense was >75% in in-vitro assay. The
highest percentage inhibition of radial (PIRG) values was
observed in T. asperellum (84.1%), while the minimum colony
overgrowth was observed in T. brevicompatum (76%0). This
study showed that Trichoderma spp. have a good antagonistic
effect on G. boninense mycelia growth and T. asperellum has
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the best potential to control the basal stem rot disease

pathogen.
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Trichoderma is a filamentous
ascomycete saprophytic fungus with
a worldwide distribution [3]. They
are cosmopolitan fungi found both in
the tropics and temperate climates;
growing on the bark of dead woods,
building materials, other fungi and
animals; demonstrating its high
adaptability to different ecological
conditions [1] [19]. They are
successful  colonizers of their
habitats, due to their efficient
utilization of the substrates available
in the habitat and production of
antibiotic metabolites and enzymes
[18]. Their capacity to produce
antibiotics, parasitize other fungi and
compete with deleterious plant
microorganisms have been widely
studied [2]. These fungi produce a
number of secondary metabolites
such as non-ribosomal peptides,
terpenoids, pyrones and indolic-
derived compounds [2]. Many strains
of Trichoderma are antagonistic to
other fungi and have shown
promising potentials as biological
control agents of soil-borne diseases
[8]. The biological control potential
of Trichoderma spp. has been
demonstrated on a wide spectrum of
plant diseases both in in vitro and in
vivo [11]. Species of Trichoderma

are recognized for their antagonist
ability towards various pathogens:
Rhizoctonia solani, Sclerotium rofsii,
Alternaria alternata, Botrytis
cinerea, Fusarium solani, F.
oxysporum [10]. This characteristic
has promoted an increase in the
interest on these fungi. T. harzianum
is most widely used in biological
control of many pathogenic fungi
such as A. alternata, B. cinerea,
Cochliobolus  heterostrophus, F.
oxysporum, R. solani, S. rolfsii [17].
The concern surrounding food safety
and the environmental impacts on
agriculture, caused by the use of
classic fungicides, biological control
agents have received increased
recognition. The biological control
agents are being used more often as a
complement or replacement of
fungicides [13].

Due to the needs for large scale
production of Trichoderma spp. as
reliable alternative for for the control
plant diseases, there is need to
properly characterize.
Characterization of Trichoderma was
based on the morphological and
cultural behaviors: growth pattern
and speed as well as colony’s colour
and odour. The other characters
studied with the aid of light
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microscope include conidial size,
shape and colour; conidiophores
apex  elongation, shape and
branching  pattern  [18]. The
objectives of this study were to
morphologicaly characterize selected
Trichoderma spp. and to determine
their in vitro antagonistic activities
against Ganoderma boninense which
causes basal stem rot disease in oil
palm [9].

MATERIALS AND METHODS
Culture of Trichoderma species

Three  Trichoderma  spp  (T.
asperellum, T. harzianum, T. virens
and T. brevicompatum) isolated from
different oil palm plantation soils in
Malaka, Malaysia, using dilution
plate method onto Trichoderma
selective  medium (TSM) and
maintained on potato dextrose agar
(PDA) at 27°C + 2°C were studied.

Culture morphology

Seven days old Trichoderma spp
cultures on PDA at 27 + 2° C were
observed under light microscope
(Nikon Model Eclipse E200, Japan)
at 400 magnification where conidia
size  (length and width) was
measured as well as conidia shape
and colony colour observed [4]. A
minimum of 50 conidia was
measured per replicate for each
species. Culture slides of each
specieS were prepared using a

modified method for fungal slide
culture [8]. Sterile distilled PDA
(seven to eight milliliters) was
poured into each sterile 90 mm
plastic petri dish and allowed to
solidify. A sterile 22 mm? cover
glass was centered on the agar. The
PDA medium (10 ml) was poured
into a second 90 mm petri dish,
allowed to solidify, and cut with a
sterile stainless steel spatula into
blocks approximately five to eight
millimeters.  One  block  was
aseptically removed and placed on
the cover glass. Inoculation of the
agar block on one or more sides with
fungal hyphae or conidia was
followed by placement of a second
sterile cover glass on top of it. Then
the petri dish lid was replaced. The
completed modified slide cultures
were incubated at the 27 + 2°C for
three days. Using sterile forceps, the
top cover slide was gently lifted onto
a glass slide with a drop of
lactophenol cotton blue and viewed
microscopically at 400
magnifications.

Cultural characteristics of
Trichoderma species

The colony growth rate of each
specie was studied on four different
types of artificial media (Potato
dextrose agar (PDA), Czapex- dox
agar (CDA), cornmeal agar (CMA)
and malt extract agar (MEA)); PDA
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at varying pH levels (5, 6,7 &9) and
on PDA at varing temperatures
(20,25, 30 & 35° C). The pH of
levels were adjusted with potassium
hydroxide (KOH) and set using pH
meter prior to autoclaving at 121°C
and 100 kPa (15 psi) above
atmospheric pressure for 20 min.
Mycelia plugs of six millimeters in
diameter from each specie were
taken from actively growing margin
of a three days old cultures, placed
onto petri dishes with media for the
various treatments and incubated at
27+2°C for five days.

In vitro antagonistic activity of
Trichoderma spp. against G.
boninense

An agar disc (6 mm) was taken from
four days old PDA plate cultures of
each Trichoderma spp. and placed on
the periphery of the PDA plates (9
cm). Another agar disc of the same
size of G. boninense was placed
opposite end the same plate, while
another plate inoculated with just a

(R1—R2)
PIRG = ———— X 100

(R1)
Where R1 — radius of the pathogen
colony (mm) in the control plate, R2
— radius of the pathogen colony
(mm) in the dual cultures plate.

G. boninense plug served as a
positive control. Each treatment was
replicated five times and incubated at
27+2°C. Antagonistic activity was
determined as from four days after
incubation (DAI) by measuring the
radius of the G. boninense colony
growth in the direction of the
antagonist  (Trichoderma) colony
(R2) and the radius of the G.
boninense colony in the positive
control plate (R1). The experiment
was repeated twice. The percentage
(%) inhibition of G. boninense radial
growth was measured at 5 days after
inoculation by measuring the radial
growth (mm) of the developing
colony toward the antagonist until
the plant pathogen (G. boninense)
colony was completely surrounded
by the antagonist (Trichoderma
spp.). The percentage growth rate
inhibition (PIRG) of pathogen was
calculated according to the formula
below developed by Skidmore and
Dickinson [23].

Experimental design and statistical
analysis

The experimental design used in this
study was completely randomized
design (CRD) in five treatments
(Trichoderma asperellum +
Ganoderma boninense; T. harzianum
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+ G. boninense; T. brevicompatum +
G. boninense; T. virens + G.
boninense; G. boninense alone as
positive control), each treatment was
replicated six times for the
laboratory experiments. The data
collected were analyzed using with
SAS software [SAS 9.4 Version
Institute Inc. Cary, NC, USA], and
statistical means were separated
using Duncan's multiple range test
(DMRT) at 5% significant level.

RESULTS

Morphological characteristics of
Trichoderma species

Seven days old Trichoderma spp.
cultures on PDA showed variations
in colony, conidia size and shape

(Table 1). T. harzianum had pale
green colony while all the other
species were dark green (Plate 1)
colour from green, pale green, to
dark green. Morphological colour
changed from pale green to dark
green for Trichoderma spp (Plate 2).
Conidia of T. asperellum and T.
harzianum were subglobose; T.
brevicompactum obovoid and T.
virens ellipsoidal (Table 1 and Plate
2). T. asperellum and T.
brevicompactum produced longest
and shortest conidia which ranged
between 3.0 — 4.5 and 2.5 -2.5 pum,
respectively (Tablel). Conidia width
range for T. virens (3.0 -3.0 um) was
the highest while T. brevicompactum
recorded the least (2.0-2.4 um).

Plate 1: Conidia shape of T. asperellum (a), T. harzianum (b), T. brevicompactum

(c), and T virens (d)
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Table 1: Morphological and cultural characteristics of Trichoderma species

Fungal species Conidia size range (um) | Conidia shape | Colony colour
Length Width

T. harzianum 28-34 20-2.9 subglobose pale green

T. asperellum 3.0-45 2.2-30 subglobose dark green

T. brevicompatum 25-2.7 20-2.4 obovoid dark green

T. virens 29-43 3.0-4.0 ellipsoidal dark green

Plate 2: Morphological growth and sporulation appeareance of T. asperellum (A),
T. harzianum (B), T. virens (C) and T. brevicompactum (D) on PDA after five

days at 27+2°C

Trichoderma species colony growth
on different media

Trichoderma species grew on all
nutrient media tested with the fastest
growth recorded in PDA and MEA
(Table 2). On PDA, the mycelia
growth  of  Trichoderma  spp
significantly varied from each other
with T. asperellum exhibiting the
highest mycelial growth (8.57 cm),
while T. brevicompactum had the
least (6.50 cm). However, there were

significant differences in colony
growth between the species on each
medium (PDA, MEA, Czapek and
CMA. Effect of the media tested
showed that the nature of media
affected the mycelial growth. They
were found to be capable of growing
on almost all the media tested with
different growth. Potato dextrose
agar proved to the most suitable
medium  for the growth of
Trichoderma spp. On PDA, the
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growth  pattern showed slight
differences in the nature of the
colony growth and sporulation. The
colony colour changed from light
green shade to green and dark green
with the production of conidia. The

conidia wall patterns and shape were
rough, subglobose, and smooth.
These  observations were in
consistent with the previous reports
on different growing media for
Trichoderma.

Table 2: Trichoderma species colony growth on different fungi growing media at

5 days after inoculation

Species Colony diameter (cm) on:

PDA CMA Czapek agar MEA
T. harzianum 8.17+0.32° 7.43+0.25° 552+0.40%°  7.80+0.45%
T. asperellum 8.57+0.58? 6.80+0.34® 6.03+0.212 7.90+0.20?
T. virens 7.10+0.20° 7.70£0.11*  5.16+0.04° 7.52+0.36°
T. 6.50+0.25¢ 5.60+0.78"  4.31%0.10° 6.11+0.20°

brevicompatum

+ Standard deviation (SD). The values followed with the same superscript letter
within a column were not significantly different (P< 0.05) according to Duncan's

Multiple Range Test.

Effect of temperature on the
colony growth of Trichoderma
species

All the four Trichoderma species
produced colony growth at different
temperatures, with the maximum
colony growth recorded at 25 and 30
OC. The colony growth was generally
increasing with an increase in
temperature but drastically decreased

at 35°C (Fig. 1). At 15°C, T.
harzianum and T. viren recorded
significantly higher mycelia growth
than T. asperellum and T.
brevicompactum. However, at 20°C,
T. asperellum and T. viren which did
not differ from each other recorded
the highest colony growth as shown
in figure 1.
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Figure 1: Effect of temperature on species studied with significant

colony growth of Trichoderma spp
on PDA. Error bars represents the
Standard Error (SE) of the mean.
Bars with the same letter are not
significantly different according to a
to Duncan's multiple range test at P <
0.05. TH: Trichoderma harzianum;
TA: Trichoderma asperellum; TV:
Trichoderma  virens and TB:
Trichoderma brevicompactum

Effect of pH on the colony growth
of Trichoderma species

The pH was observed to affect
colony growth of all Trichoderma

variation amongst the species at
various acidity levels (Fig.2). and
mean growth for species grown at
different pH levels 4, 5, 7, 8 and 9
were significantly different (P <
0.01). Colony growth for all
Trichoderma spp were at pH 6, but
there were significant difference (P <
0.01) between T.brevicompatum and
three others species at pH6. The
minimum  colony  growth  for
Trichoderma species were recorded
atpH 9.
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Figure 2: Effect of pH on colony
growth of Trichoderma spp on PDA
Error bars represents Standard Error
(SE) of the mean. Bars with same
letter are not significantly different
according to a Duncan's multiple

range tests at P < 0.05. TH:
Trichoderma harzianum; TA:
Trichoderma  asperellum;  TV:
Trichoderma virens and TB:

Trichoderma brevicompactum

In vitro screening of Trichoderma
spp. against Ganoderma boninense

The dual plate assays performed with
four Trichoderma species against G.

boninense showed varying levels of
antagonistic responses against the
pathogen (Fig.3 and plate 4). There
were significant differences in
percent growth inhibition (PIGR)
between the four Trichoderma
species studied. The PIRG values
ranged from 76.0 to 84.6%, with T.
asperellum recording the maximum
(84.6%) and T. brevicompactum the
least (76.0%) as shown in Figure 3
and Plate 4. All the Trichoderma spp
tested clearly demonstrated high
(above 50%) antifungal activities,
and they may be used as antagonist
against G. boninense.
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Figure 3: In vitro antagonistic
activity of Trichoderma species
against G. boninense. Bars with
same letter are not significantly
different according to a Duncan's

multiple range tests at P < 0.05. TH:
Trichoderma harzianum; TA:
Trichoderma  asperellum;  TV:
Trichoderma virens and TB:
Trichoderma brevicompactum

Plate 4: In-vitro growth and
inhibition of G. boninense on PDA
by T. virens (A), T. asperellum (B),
T. brevicompatum (C), and T.
harzianum (D) and control (E) at
seven days of incubation

DISCUSSION

Our results showed that
morphological characters of
Trichoderma spp. studied

showedclose similarity in their

conidia shape, colour and conidia
size. Thus, making it difficult to
characterize at species level based on
the microscopic features. The shapes
of conidia were not useful in
characters for characterization of
Trichoderma spp. because of the
confusion caused by the use of
different terms in different literatures
to describe the shapes of the conidia.
Furthermore, no systematic rule was
established in defining the shapes of
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the conidia. The description of the
shapes of conidia may be subjective,
and thus it may not be precise for
characterization of Trichoderma
species.

It was reported that different
growing media used for Trichoderma
spp. characterization based on their
morphological characteristics,
confirmed that PDA provides useful
information on  the  pigment
production while MEA is an
appropriate  medium for conidium
production and observation of
conidiophore branching [20].
Trichoderma spp. colony growth was
affected by medium pH and
temperature. The results showed that
pH and temperature influenced the
mycelial growth which clearly
demonstrated  the  ability  of
Trichoderma spp: (Trichoderma
asperellum; T. harzianum; T.
brevicompatum and T. virens) to
grow on a wide range of pH and
temperature, with an optimal pH and
temperature of 4 - 7 and 25-30°C
respectively. The results are in
conformity with Limon et al., [12],
who reported that acidic pH favoured
the fungal growth than alkaline pH.
Singh et al.,, [21] also confirmed
that T. atroviride optimum soil pH is
4 -7.5 for growth and sporulation.
The optimum pH for Trichoderma
spp. growth varied between 4.6 and
5.6 depending on the strains [22].

The most favourable temperature for
growth and sporulation of T.
harzianum and T. viride was found
in between 25- 40°C, whereas for T.
asperellum and T. hamatum, it was
25-35°C.  Similarly, the most
favourable range of pH was in
between 4.6-7.6 for all the four spp.
of Trichoderma [26].

Trichoderma spp. tested have the
potential as a biological control
agent of G. boninense with all of
them inhibiting colony growth by
over 70%. The selection of
Trichoderma spp. as biological
control agents depends largely on
their effectiveness in the in vitro
results [5] the biological control
potential of Trichoderma spp. could
be due to production of antibiotic,
secondary metabolite compounds or
lytic enzymes, which contributed to
direct antagonistic effect on the G.
boninense cell wall and
mycoparasitic activities [14]. The
potential of  Trichoderma in
producing antibiotic and Iytic
enzymes capable of hydrolyzing the
fungal pathogens cell wall contents
[24] [13]. Many Trichoderma spp.
are also capable of improving plant
growth and disease resistance [6]
[25].

Due to variable antagonistic ability
of individual Trichoderma species, it
is important that they be screened
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first to select for the most active
antagonist against G. boninense, thus
T. asperellum can be considered as a
best biocontrol agent.
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