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Abstract: The aims of this study are to isolate and identify
Entomopathogenic Fungi (EPF) from mineral and peat soils in relation with
the soil physico-chemical parameters. The mineral soil was sampled from
the MPOB Research Station Hulu Paka in Terengganu, whereas peat soil
was sampled from the MPOB Research Station Teluk Intan in Perak.
Isolation of these fungi was carried out using a selective medium.
Morphological characteristics of fungi were studied by observing the
mycelium and conidia grown on agar plates using a light microscope. Soil
physico-chemical parameters such as pH, water content, carbon and
nitrogen content were also determined. Two species of EPF isolated from
both types of soils were identified as Isaria amoenerosea and Metarhizium
anisopliae. On potato dextrose agar, the colony of I. amoenerosea was pink
in colour and slow growing with floccose mycelium which producing
conidiophores with 3 to 4 phialides. The conidia were subglobose or
irregular shapes between 2.0-3.0 µm long × 1.7-2.0 µm wide. The colony of
M. anisopliae was whitish yellow and turned to dark green when matured;
slow growing with floccose mycelium. The conidia were cylindrical with
the dimension ranging from 6.0-7.0 µm long × 2.0-2.8 µm wide. The result
shows that the occurrence of I. amoenerosea was more dominant than M.
anisopliae. In mineral soil, out of 30 samples, I. amoenerosea was isolated
from 25 soil samples (83%), while the M. anisopliae was only found in 15
samples (50%). In peat soil, out of 36 samples collected, 26 samples (72%)
were found with I. amoenerosea, while the fungus M. anisopliae was
isolated from eight samples (22%). In this study, the occurrence of EPF on
mineral soil was higher than from peat soil, which was possibly due to low
water content, high soil temperature and low C/N ratio.
Keywords: Entomopathogenic Fungi, Isaria amoenerosea, Metarhizium
anisopliae, Soil Physico-Chemical Parameters

Introduction
Entomopathogenic Fungi (EPF) are effective
biological control agents of various insect pests. Among
them, four well known genus are Metarhizium,
Beauveria, Isaria and Lecanicillium (Charnley and
Collin, 2007; Wraight et al., 2007; Vega et al., 2012).
The EPF have unique mechanisms in which they can
infect insects through direct penetration of cuticle by
fungal mycelia and later causing death to insects
(Carlile et al., 2001; Charnley and Collins, 2007;

Wraight et al., 2007). The EPF are widely distributed in
terrestrial ecosystem (Vega et al., 2012). Most of the
EPF can be found naturally in the soil, as soil provides a
good environmental shelter, which protected them from
solar radiation and against high temperature (Vega et al.,
2009). High distribution of soil-borne microorganisms in
the agriculture soil indicates that the soil is fertile and
healthy, thus give EPF higher chances to grow (Meyling
and Eilenberg, 2006). The occurrence of EPF in soil is
influenced by soil physico-chemical properties such as
pH, organic matter, carbon/nitrogen ratio and cropping
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soil has high organic carbon and organic matter, low
total nitrogen and high C/N ratio (Paramananthan, 2012).
The peat soil in this area is classified as sapric, as the
organic materials in the soil are completely decomposed
(Andriesse, 1988). The field has 36 blocks. For each
block, two samples were collected either from the center
of the block or between fourth and fifth oil palm tree
from the roadside. The distances between sampling
points were ranging from 90 to 260 m. There were 36
soil samples collected from this area.
In both sampling sites, the soil samples were collected
using a soil auger at a depth of 15 cm from the soil surface.
There was no fertilizer or herbicides applied in the
plantations for at least a month before the soil sampling was
conducted. To minimize the effect of abiotic factors such as
sunlight and moisture on survival of fungi, the soil samples
were placed into a zip-lock plastic bag and stored in
polystyrene box at 15°C between 2 to 4 h before they
were transported to the laboratory (Inglis et al., 2001;
Quesada-Moraga et al., 2007).

systems (Asensio et al., 2003; Quesada-Moraga et al.,
2007; Oddsdóttir et al., 2010). Organic carbon and
nitrogen are two important components to measure soil
fertility and microbial activity (Kauffman et al., 1998).
Malaysia is the world’s second largest oil palm
producer and exporter after Indonesia, covering total
planted areas of more than 5.6 million hectares in 2015
(MPOB, 2015a; 2016). In Malaysia, the oil palm is mostly
planted in mineral soil, but in some areas, the palm also
growing well in peat soil. Many studies on the occurrence
and distribution of EPF in agricultural soils have been
carried out by various researchers especially in temperate
countries (Chandler et al., 1997; Jabbour and
Barbercheck, 2009; Meyling et al., 2011). However,
studies on the occurrence and distribution of EPF in
tropical soil, such as soil from oil palm plantation are still
lacking. In addition, the indigenous isolates of EPF found
from soils in this study could be potentially used as
biological agents to control major insect pests of oil palm
such as rhinoceros beetles, nettle caterpillars, termites and
bunch moths (Kamarudin and Wahid, 2007).
In previous studies, the use of EPF to control oil palm
insect pests was focused on EPF isolated from infected
insects (Ramlah et al., 1994; Ramle et al., 1999;
Shalina et al., 2010). However, the EPF from infected
insects is hardly to find, therefore, most of the work has
been focusing on isolating them from the soils. Various
isolation methods of EPF from soil have been developed,
but the methods are mostly suitable for isolation of EPF
from soil in temperate countries (Klingen et al., 2002;
Keller et al., 2003; Jarmul-Pietraszczyk et al., 2012).
Therefore, the objectives of this study are to isolate and
identify EPF from mineral and peat soils in relation with
the soil physico-chemical parameters.

Preparation of Soil Sample
In the laboratory, the soil samples were thoroughly
mixed manually inside the plastic bag until
homogeneous mixture was formed. The mixture was
then divided into two parts. The first part was used for
isolation of fungi and the second part was used for
physico-chemical analysis.

Soil Physico-Chemical Properties
Before the physico-chemical analyses were
conducted, 100 to 200 g of the soil was air-dried at room
temperature for two to three days. The soil was ground
using a mortar and pestle, then sieved using a 2 mm
mesh sieve. Gravimetric soil water content was
determined by drying 5 g of wet soil in an oven at 105°C
for 24 h as described by Van Reeuwijk (1986). Soil pH
was analyzed using a pH meter from soil: Water ratio of
1:2 solutions (Patiram et al., 2007). Total carbon (C) and
nitrogen (N) contents of the soil were determined using a
CN analyzer (Wright and Bailey, 2001).

Materials and Methods
Soil Sampling
Sampling of mineral soil was conducted in oil
palm plantation at Malaysian Palm Oil Board (MPOB)
Research Station Hulu Paka in Terengganu (Fig. 1).
The area is 832 hectares which falls within latitudes
N4° 36.478 and longitudes E103° 16.187. Mineral soil
is low in organic matter and low in C/N ratio
(Heritage et al., 1999). Soil classification indicates
that there are five soil series in this area. For each
series, two samples were collected from different field
blocks. The distances between sampling points varied
ranging from 26 to 755 m, depending on the locality
of the block. Overall, there were 30 samples were
collected from this area.
Sampling of peat soil was conducted in oil palm
plantation at MPOB Research Station Teluk Intan in Perak
(Fig. 1). The area is 425 hectares which falls within
latitudes N3° 49.166 and longitudes E101° 05.568. Peat

Preparation of Selective Medium
A selective medium for isolation of EPF from soil
was developed based on Ramle et al. (1999), but with
slight modification. The medium was made from 1 g
peptone, 0.50 g yeast extract, 0.20 g chloramphenicol,
0.07g rose Bengal, 25 g Bacto agar and 1000 mL
distilled water. These ingredients were mixed and
dissolved by boiling in a microwave oven and then the
medium was autoclaved at 120°C for 15 min. The
medium was allowed to cool down between 60-65°C
and then 0.367 g Cetyl Tri-methyl Ammonium
Bromide (CTAB) was added into the medium before
poured into petri dishes.
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Fig. 1. Map showing location of sampling sites for mineral soil from MPOB Research Station Hulu Paka in Terengganu (latitudes
N4° 36.478 and longitudes E103° 16.187) and peat soil from MPOB Research Station Teluk Intan in Perak (latitudes N3°
49.166 and longitudes E101° 05.568)

consecutive days. The numbers of fungal Colony
Forming Unit (CFU) on each plate was counted. The
suspected EPF which grew on the selective medium
were sub-cultured onto Potato Dextrose Agar (PDA)
for isolation and later for identification.

Isolation of Entomopathogenic Fungi from Soil
About 5 g of soil samples were placed into a 20
mL universal bottle consisting of 10 mL of sterilized
distilled water with 0.02% Tween 80 solution. The
soil mixture was vigorously shaken for a few seconds
and then the bottle was kept stationary for about a
minute to allow sedimentation of soil particles. A total
of 1 mL of soil suspension was collected and added
into a new bottle. The suspension was diluted 10
times by mixing with 9 mL of sterilized distil water
plus 0.02% Tween 80. A total of 100 µL soil
suspension was pipetted onto selective medium plate
and spread evenly using a disposable L-shaped plastic
spreader. Three plates were used to isolate EPF from
each soil sample. Then the plates were placed inside
an incubator at temperature of 28°C for ten

Identification of Entomopathogenic Fungi
Identification of EPF was based on macro and micro
characteristics following the taxonomic keys and
classification by various researchers (Samson, 1974;
Tulloch, 1976; Rombach et al., 1987; Roberts and St.
Leger, 2004; Luangsa-Ard et al., 2005; Bischoff et al.,
2009). The macro characteristics of EPF were observed
by the colour of the culture and texture of the mycelium
grown on the PDA. The micro characteristics of EPF
were observed by the shapes and dimension of
3
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conidiophores, phialides and conidia. The micro
characteristics of the EPF were observed under an
advanced compound microscope equipped with the
imaging systems (cell-D, Olympus).

For species M. anisopliae, on selective medium, the
colonies formed a single green spot with floccose mycelia
(Fig. 2). On PDA, the colony was whitish yellow at first
and turned to dark green when matured (Fig. 5). The
colony was slow growing and produced floccose
mycelium with yellow in colour. Vegetative hyphae
were hyaline and smooth-walled. The conidiophores
have one to two cylindrical phialides (Fig. 6A). Conidia
were cylindrical with the dimension ranging from 6.07.0 µm long × 2.0-2.8 µm wide (Fig. 6B).

Results
Macro
and
Micro
Entomopathogenic Fungi

Characteristics

of

Two species of EPF isolated from the mineral and
peat soils were identified as Isaria amoenerosea and
Metarhizium anisopliae. The identification of I.
amoenerosea was firstly based on the taxonomic keys
by Samson (1974) and later following reclassification
by Luangsa-Ard et al. (2005). The I. amoenerosea
was previously known as Paecilomyces amoeneroseus
by Samson (1974). Whereas, the Metarhizium sp. in
this study was identified as M. anisopliae var.
anisopliae based on Tulloch (1976), but later it was
reclassified as M. anisopliae (Roberts and St. Leger,
2004; Bischoff et al., 2009).
On the selective medium, the colonies of I.
amoenerosea were commonly circular and initially
white then turned to powdery and pale in colour with
numerous formations of conidiophores (Fig. 2). On
PDA, the colony was pink in colour at first and turned
to reddish when matured. The colony grew slow and
produced floccose mycelium with pink in colour (Fig.
3). Vegetative hyphae were hyaline and smoothwalled. The conidiophores had complex branches with
three to four phialides (Fig. 4A). Conidia were small,
subglobose, some were irregular in shapes with the
dimension between 2.0-3.0 µm long × 1.7-2.0 µm
wide (Fig. 4B).

Occurrence of Entomopathogenic Fungi in Mineral
and Peat Soils
The occurrence of EPF I. amoenerosea and M.
anisopliae isolated from mineral and peat soils was
shown in Fig. 7. In both soil types, the I. amoenerosea
was more dominant than the M. anisopliae. In the
mineral soil, out of 30 soil samples, the I. amoenerosea
was successfully isolated from 25 soil samples, which
contributed to occurrence of 83%. On the other hand, the
occurrence of M. anisopliae was only 50% (Fig. 7). In
the peat soil, the occurrences of I. amoenerosea and M.
anisopliae were relatively low as compared to mineral
soil. Out of 36 peat soil samples, only 26 samples or
72% samples were found with fungus I. amoenerosea,
while M. anisopliae was found in eight samples only or
22% occurrence (Fig. 7).
The population density of I. amoenerosea and M.
anisopliae varied depending on the soil types and
sampling points (Fig. 8). In mineral soil, the highest
CFU of I. amoenerosea was recorded in sample AWGS5, which was approximately 1400 CFU/g, whereas the
lowest CFU of I. amoenerosea was found in sample
AWG-S2 at about 23 CFU/g (Fig. 8A). For M.
anisopliae, the highest population was recorded in
sample BLN-4-S1, which was at 730 CFU/g, whereas
the lowest CFU of M. anisopliae was found in sample
AWG-S2 at about 8 CFU/g (Fig. 8A).
In peat soil, the highest population of I. amoenerosea
was found in the soil sample 1B1 at about 95 CFU/g and
the lowest population was recorded in sample 1B2 at
about 18 CFU/g (Fig. 8B). For M. anisopliae, the highest
CFU was found in soil sample FASA 2 which was at
about 1800 CFU/g and the lowest CFU was in sample
4B1, which was 18 CFU/g (Fig. 8B). In the mineral soil,
there were 18 samples with I. amoenerosea less than 400
CFU/g and 13 samples with M. anisopliae less than 400
CFU/g. In the peat soil, 16 samples were found with I.
amoenerosea of less than 400 CFU/g, five samples with
M. anisopliae were less than 400 CFU/g. There were two
samples in peat, samples of FASA 2 and 5A, recorded
higher population of M. anisopliae for approximately
1800 CFU/g (Fig. 8B).

Fig. 2. The morphological appearances of I. amoenerosea and
M. anisopliae on selective medium at ten days after
incubation at 28°C
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Fig. 5. The appearance of pure culture of fungus M. anisopliae
on PDA. (A) Front view and (B) Reverse view

Fig. 3. The appearance of pure culture of fungus I. amoenerosea
on PDA. (A) Front view and (B) Reverse view

Fig. 4. Microscopic characteristics of I. amoenerosea showing
the arrangement of structures. (A) Conidiophores and
phialides and (B) conidia at 1000× magnifications

Fig. 6. Microscopic characteristics of M. anisopliae showing
the arrangement of structures. (A) Conidiophores and
phialides and (B) conidia at 1000× magnifications
5
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Fig. 7. The occurrence of entomopathogenic and other fungi (Penicillium sp., Aspergillus sp. and Tricoderma sp.) on mineral soil
sampled from the MPOB Research Station Hulu Paka in Terengganu and peat soil sampled from the MPOB Research Station
Teluk Intan in Perak

much higher water content than the mineral soil. For
peat soil the percentage of water content was ranging
from 79.37 to 425.32%, while for mineral soil it was
ranging from 12.01 to 50.57% (Table 2).
The contents of carbon and nitrogen for mineral soil
were ranging from 0.81 to 2.41% and from 0.34 to
0.61%, respectively and with the C/N ratio ranging from
2 to 4. Peat soil had high carbon content, which was
ranging from 34.87 to 52.45%, low in nitrogen content
of 1.67 to 2.12% and high C/N ratio ranging from 21 to
30 (Table 2).
Correlation analysis was performed to determine if
any relationship between population density of both
types of EPF and the soil physico-chemical parameters.
The result shows that very weak correlation was
observed between soil parameters such as soil pH, water
content and C/N ratio with the population density of I.
amoenerosea and M. anisopliae.

In addition, other fungi such as Penicillium sp.,
Aspergillus sp. and Tricoderma sp. were also isolated
from both types of soils. Our data show that the
occurrence of these three species either in
combination of three, two or single species were
higher than the EPF in both types of soil (Fig. 7).
These fungi were present in all samples of mineral
soil, while in peat it was only 83.3%.

The Effect of Soil Physico-Chemical Parameters on
Occurrence of EPF in Soils
The physico-chemical parameters such as pH, water
content, total carbon, total nitrogen and C/N ratio for
both types of soils are shown in Table 1 and 2. The
acidity for mineral soil was ranging from pH 3.38 to
4.35, slightly less acidic than peat soil that ranging
from 3.00 to 4.01 pH. The water content between two
types of soils was distinctly different. Peat soil had
6
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Fig. 8. The population density of I. amoenerosea and M. anisopliae isolated from (A) mineral soil and (B) peat soil
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Table 1. Physico-chemical parameters of mineral soil collected from the MPOB Research Station Hulu Paka in Terengganu
Sample number
pH value
Water content (%)
Total carbon (%)
Total nitrogen (%) C/N ratio
Awg S1
3.64
20.59
0.94
0.39
2
Awg S2
4.08
19.10
1.22
0.41
3
Awg S3
3.73
50.57
2.01
0.48
4
Awg S4
3.66
40.88
1.91
0.49
4
Awg S5
3.79
29.27
1.03
0.34
3
BT 8/3 S1
4.35
13.02
2.04
0.48
4
BT 8/3 S2
3.73
35.02
1.72
0.49
4
BT 8/3 S3
4.18
14.44
1.05
0.43
2
BT 8/3 S4
4.34
28.52
1.21
0.42
3
BT 8/3 S5
4.30
24.99
1.59
0.41
4
BT 8/4 S1
3.50
12.01
1.02
0.41
2
BT 8/4 S2
3.86
16.31
1.01
0.38
3
BT 8/4 S3
3.49
30.70
1.17
0.49
2
BT 8/4 S4
3.67
31.60
1.42
0.52
3
BT 8/4 S5
3.86
16.42
2.01
0.52
4
BGR S1
3.70
25.13
1.02
0.41
2
BGR S2
3.53
25.84
1.38
0.47
3
BGR S3
3.46
21.53
1.41
0.45
3
BGR S4
3.38
24.87
2.22
0.52
4
BGR S5
3.55
25.53
1.05
0.45
2
CHS S1
3.40
15.48
1.91
0.52
4
CHS S2
3.42
27.10
1.70
0.50
3
CHS S3
3.85
26.37
1.40
0.50
3
CHS S4
3.43
26.13
0.81
0.42
2
CHS S5
3.82
14.61
1.36
0.54
3
PBG S1
3.77
36.09
1.89
0.52
4
PBG S2
3.77
31.19
2.41
0.61
4
PBG S3
3.85
29.11
1.57
0.52
3
PBG S4
3.59
31.94
0.97
0.48
2
PBG S5
3.60
21.64
1.18
0.53
2
Table 2. Physico-chemical parameters of peat soil collected from the MPOB Research Station Teluk Intan in Perak
Sample number
pH value
Water content (%)
Total carbon (%)
Total nitrogen (%)
1A1
3.11
321.44
48.69
1.93
1A2
3.06
196.22
49.83
2.01
1B1
3.08
260.17
49.25
1.84
1B2
3.20
180.92
52.22
1.78
2A1
3.15
157.42
51.39
1.71
2A2
3.09
246.69
51.34
1.78
2B1
3.37
179.90
50.47
1.75
2B2
3.01
276.42
52.28
1.84
3A1
3.00
416.64
50.98
1.76
3A2
3.23
185.53
50.71
1.76
3B1
3.14
366.87
51.46
1.82
3B2
3.24
220.67
51.52
1.94
4A1
3.23
237.32
50.96
1.83
4A2
3.33
195.78
49.31
1.9
4B1
3.20
174.36
49.56
1.93
4B2
3.14
186.64
49.04
1.85
5A1
3.07
135.65
52.45
1.83
5A2
3.12
267.31
50.82
1.84
5B1
3.05
422.52
52.10
1.79
5B2
3.54
187.82
49.76
1.83
6A1
3.30
131.38
48.74
1.82
6A2
4.01
177.63
45.92
1.83
6B1
3.00
238.94
50.62
1.73
6B2
3.12
211.98
50.68
1.77
1A
3.41
234.07
49.88
1.91
2A
3.10
118.87
48.62
1.83
3A
3.05
425.32
51.48
1.74
4A
3.20
173.42
47.00
1.88
5A
3.24
124.73
34.87
1.67
FASA 2
3.72
200.98
47.76
2.12
1B
3.46
204.48
47.30
1.78
2B
3.62
79.37
48.55
1.94
3B
3.05
242.19
50.47
1.79
4B
3.14
301.06
51.34
1.83
5B
3.29
310.30
50.46
1.81
6B
3.26
206.74
37.60
1.74
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C/N ratio
25
25
27
29
30
29
29
28
29
29
28
27
28
26
26
26
29
28
29
27
27
25
29
29
26
27
30
25
21
23
27
25
28
28
28
22
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many researchers as it is found effective in isolating various
species of EPF (Strasser et al., 1996; Fernandes et al.,
2010; Rangel et al., 2010). In this study, the developed
selective medium was partially inhibited the growth of
saprophytic fungi. Although some of them were still
growing, but they grew at relatively slower rate, thus
making the isolation of EPF from the same plate was
possible.
In the development of selective media, dodine have
been commonly used in several previous studies
(Beilharz et al., 1982; Chase et al., 1986; Liu et al.,
1993; Strasser et al., 1996; Rangel et al., 2010). Other
studies have shown that fungicides such as
thiabendazole, benomyl and cupric sulphate can also be
used in selective media for isolating EPF from soils
(Luz et al., 2007; Fernandes et al., 2010). However,
these substances are expensive and hardly to find and
therefore it has been replaced with much cheaper
substance such as CTAB. Findings in this study and
other previous studies have shown that CTAB is costeffective materials which can be used in selective
medium for isolating EPF from soil (Mohan et al., 1982;
Ramle et al., 1999; Posadas et al., 2012).
Findings in this study demonstrate that the high
occurrence of fungi in soil under the oil palm plantation
suggest that the sufficient availability of nutrients and
organic matters for the fungi to grow (Ingham, 2000). In
the respect of EPF, their occurrence was relatively higher
in the mineral soil as compared to peat soil (Fig. 7). In
the mineral soil, the occurrence of I. amoenerosea and
M. anisopliae were 83% and 50%, respectively, while in
peat soil was 72% for I. amoenerosea and 22% for M.
anisopliae. High occurrence of EPF in mineral soil could
be associated with the soil physico-chemical factors such
pH, water content and C/N ratio.
The pH value for mineral soil was between pH 3.38
to 4.35, slightly less acidic than peat soil of between 3.00
to 4.01 pH. Study by Quesada-Moraga et al. (2007)
found that the EPF, especially the M. anisopliae was
commonly found in slightly acidic soil with pH less than
7. High in water content in peat possibly made the
temperature of peat soil cooler than mineral soil, thus
make the soil unfavorable to EPF, as compared to mineral
soil with higher temperatures (Vänninen et al., 2000).
Therefore, findings in this study showed that the
occurrence of EPF in peat soil was slightly lower than
mineral soil. Vänninen et al. (2000) supported this
finding, who documented that fungi such as M. anisopliae
are likely to grow more in soil with high temperatures.
Another factor that associated with high occurrence
of EPF in mineral soil was the low C/N ratio as
compared to peat soil. Heritage et al. (1999) and
Paramananthan (2012) reported that mineral soil was
generally low in organic matter content, thus contributed
low C/N ratio. A study by Miller (2000) found that
mineral soil with low C/N ratio was more favorable for

Discussion
Two species of EPF, the I. amoenerosea and M.
anisopliae were isolated from mineral and peat soils.
Based on taxonomic keys by Samson (1974), there are
two species of Isaria that have pink colonies which are I.
fumosorosea and I. amoenerosea. However, the sizes of
conidia for these two species were different. The size of
conidia of I. fumosorosea is longer than I. amoenerosea
with the dimension between 3.0-4.0 µm long × 1.0-2.0
µm wide. While for I. amoenerosea, the size of conidia
is between 2.5-3.5 µm long × 1.7-2.2 µm wide. Based on
Samson (1974), the conidia dimension of I. amoenerosea
found in this study which was between 2.0-3.0 µm long
× 1.7-2.0 µm wide was closely similar with those species
of I. amoenerosea. Based on molecular phylogenetic
study by Luangsa-Ard et al. (2005), this species was
named as I. amoenerosea. Based on taxonomic keys by
Tulloch (1976) and Rombach et al. (1987), the isolated
Metarhizium was classified as M. anisopliae var.
anisopliae or well known as short-spored isolates (Fig. 4).
Later, based on classification and molecular phylogenetic
study (Roberts and St. Leger, 2004; Bischoff et al., 2009),
this species was only called as M. anisopliae.
Another species of EPF that has received a great
interest for research was Beauveria sp. This species has a
wide hosts, infecting numerous insect pests and its can be
isolated either from infected insect cadavers or soil
(Oduor et al., 2000; Meyling and Eilenberg, 2006;
Quesada-Moraga et al., 2007; Thakur and Sandhu, 2010).
However, unlike Metarhizium sp., none of the samples
from both types of soil was found with Beauveria sp.
High occurrence of Metarhizium sp. was also found by
Vega et al. (2012), who reported that the Metarhizium sp.
were easily isolated from soil in tropical countries as
compared to Beauveria sp. that was more commonly found
in temperate countries. Thus, this indicated that the
Beauveria sp. is more tolerant to cooler environment as
claimed by various workers (Keller et al., 2003;
Meyling and Eilenberg, 2006; Medo and Cagáň, 2011).
It is well known that the I. fumosorosea and I.
farinosa are commonly isolated from the soil and
pathogenic to a wide range of insects, but not the I.
amoenerosea (Meyling and Eilenberg, 2006; Sun and
Liu, 2008; Medo and Cagáň, 2011). Although the reason
for this is still unknown, but it was possibly due to the
differences in selective medium compositions and
geographical localities of the samples.
In general, there are two methods that can be used to
isolate EPF from soil, either using a selective medium or
insect-baiting method using the larvae of Galleria
mellonella or Tenebrio molitor. Isolating EPF using a
selective medium is relatively difficult due to the
presence of fast growing saprophytic fungi living in the
soil. Besides the selective medium is complex and
expensive, but yet this method has been widely used by
9
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microbiological activity such as bacteria and fungi. Peat
soil has high organic carbon and organic matter but low
in total nitrogen, in which contributed to high C/N ratio
(Paramananthan, 2012; MPOB, 2015b). As reported by
Satrio et al. (2009), high amount of organic matter and
organic carbon can cause the soil to have insufficient of
nitrogen for decomposition process and nutrients for
microbiological activity. Nitrogen availability in soils is
important component for fungal growth (Rousk and
Baath, 2007). Other studies also reported that low
occurrence of EPF in soil with high organic matter
content was due to the presence of high activity of
antagonistic microorganisms in the soil (Studdert and
Kaya, 1990; Vänninen et al., 2000; Kessler et al., 2003).
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