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Abstract. Supriyanto, Purwanto, Poromarto SH, Supyani. 2020. Evaluation of in vitro antagonistic activity of fungi from peatlands
against Ganoderma species under acidic conditions. Biodiversitas 21: 2935-2945. The use of peatlands is a significant contributor to the
world’s palm oil production. A serious problem of oil palm plantations in peatlands is the high incidence of basal stem rot (BSR) disease
caused by Ganoderma, which has a higher attack rate than on mineral soils. There is no effective way to control Ganoderma in
peatlands. At present, the effort for the same focuses on environment-friendly biological methods; however, this is constrained by the
unavailability of appropriate biological agents for peatlands. The development of biological control agents for peatlands is hampered by
limited data on biological control of Ganoderma in peatlands. This research was conducted to evaluate the in vitro antagonistic activity
of fungi isolated from a peatland in acidic pH conditions. Twenty-seven Ganoderma-antagonistic fungi from peatland were evaluated
for their activity and their ability to antagonism in vitro within a pH range of 2-7. The results show that most antagonistic fungi from
peatland, based on biomass weight, the sporulation ability, and germination of conidium, were able to grow optimally at pH 3.0-4.0,
indicating that most of the Ganoderma-antagonistic fungi from peatland can be used as biological control agents for BSR on oil palms in
peatlands.
Keywords: Acidic pH, biological control, Ganoderma, oil palm, peatland

INTRODUCTION
The utilization of peatlands is important to global palm
oil production. In 2015, the area of oil palm plantation in
peatlands in the world was 3.1 million ha. Indonesia, the
largest palm oil-producing country in the world, has a large
area of oil palm plantations in peatlands, which is 2.046
million ha, equivalent to 14.58% of the total area of
Indonesian palm oil, which until 2017 was 14.03 million ha
(Miettinen et al. 2016; Dirjenbun 2017). Most oil palm
plantations in peatlands in Indonesia are spread on the
islands of Sumatera and Kalimantan. In Kalimantan island,
almost half (42.33%) of oil palm plantation in peatlands is
in the province of West Kalimantan, which covers 309.32
thousand ha (Miettinen et al. 2016).
A serious problem of oil palm plantations in peatlands
is the high incidence of basal stem rot (BSR) disease
caused by Ganoderma where the attack is higher and
appears earlier than in the mineral soils (Azahar et al. 2011;
Susanto et al. 2011; Rakib et al. 2017). Economically,
Ganoderma attacks are detrimental because they could
reduce the yields of crops when the oil palms suffer from
BSR diseases by an average of 43.32% in 6 months (Assis
et al. 2016). Ganoderma attacks usually cause palm death,
thus shortening the production period. The intensity of
BSR disease also always increases with age and oil palm
plantation regeneration (Chong et al. 2017). Ganoderma
species are saprophytic fungi indigenous tropical rainforest;

however, in certain situations it becomes pathogenic
(Pilotti 2005; Cooper et al. 2011). In addition, Ganoderma
is transmitted through air, besides through root contact,
with basidiospores (Rakib et al. 2014), has many host
plants (Muniroh et al. 2019), and forms a retaining structure
like sclerotium (pseudosclerotia) (Darmono 2000).
There are no effective methods to control the spread of
BSR disease in peatlands. Some methods that were
developed such as making a mounding at the stem base,
“stem surgery” (removing diseased tissue), making
isolation trenches, sanitation, land ploughing during oil
palm plantation replanting, using fungicides, using cover
crop legumes, or oil palm fertilizing improvements. The
results of these methods vary greatly (Fee 2011; Wong et
al. 2012; Priwiratama et al. 2014; Muniroh et al. 2019).
Biological control is an alternative control method that is
the focus of current development (Muniroh et al. 2019).
However, there are no reports on the biological agents that
can be effectively used in peatlands. Its development is
constrained by the lack of data on biological control in
peatlands, which have different characteristics compared to
mineral soils. The characteristic of tropical peatlands which
is considered a serious obstacle in biological control is its
extremely low pH level. Tropical peatlands in the lowlands
of Kalimantan have an average pH of 3.3 for the deepest
peatland, whereas shallow peatlands have an average pH of
4.3 (Andriesse 1988).
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Various Trichoderma species are known to be the main
antagonists of Ganoderma (Naher et al. 2015; Alexander et
al. 2017; Musa et al. 2018). The pH value of the growing
medium was reported as the most important parameter that
influences the growth and sporulation of Trichoderma
because it determines the availability of minerals and
influences the metabolic rate and enzymatic activity (Zehra
et al. 2017). Acidic soil conditions usually increase spore
germination, conidiophore production, mycelial growth,
antibiotic production, and reduce the fungus conidium
fungistatic (Bakker et al. 2012). However, evaluation of the
activity and dynamics of the antagonistic capabilities of
various Ganoderma antagonists in low pH environments
has not been widely reported. This research aims to
determine the fungal biomass growth, sporulation, and
germination of the conidia of Ganoderma-antagonistic
fungi from peatlands and their antagonism ability in the
low pH range. This information is important in the
development of strategies for controlling the BSR disease
of oil palm in peatlands caused by the Ganoderma species.

MATERIALS AND METHODS
The origin of Ganoderma isolates and their antagonists
Ganoderma isolates were isolated from Ganoderma
fruit bodies taken from diseased oil palms at PT. Bumi
Pratama Khatulistiwa (PT. BPK) in Kubu Raya District,
West Kalimantan Province, Indonesia (0° 2'44.11"N,
109°26'6.20"E). The Ganoderma-antagonistic fungal
isolates were collected from peat soils of 10 sample blocks
in PT. BPK (Figure 1). Three samples were taken from
each block at depths of 0-15 cm and 50-60 cm. The
samples from each block were made into a composite
based on a depth of 0-15 cm as a layer, which was
routinely disturbed by land maintenance activities, and a
depth of 50-60 cm as a layer that is considered to be
minimally disturbed during land maintenance. The pH
value of each peat sample was measured by mixing 2.5 mL
of fresh peat with 4 mL of 0.01 M CaCl2 solution and
allowed to stand for at least an hour and the pH was
measured (Notohadiprawiro 1985).

Figure 1. Map of the peat soil sampling locations in Kubu Raya District, West Kalimantan Province, Indonesia
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Measurements of peat pH were carried out in three
replications. Isolation was carried out by serial dilution on
potato-dextrose agar (PDA) and Martin agar medium,
identified based on colony morphological characteristics
and characteristics of conidiophores and conidia (Domsch
and Gams 1972). The isolated fungi were tested for their
antagonistic ability against Ganoderma by dual culture
method. Disc-shaped pieces of antagonistic candidate
isolates and 3-day old Ganoderma isolates of 5-mm
diameter were placed opposite at a distance of 4 cm in a
petri dish, incubated at room temperature, and were
observed for 7 days. The percentage of inhibition of
antagonistic fungi against Ganoderma was calculated by
the formula (100 × (CT)/C), where C is the radius of the
Ganoderma mycelium leading to the petri dish edge and T
is the Ganoderma radius leading to the antagonist (Ahlem
et al. 2012; Ting and Jioe 2016). Isolates with inhibition of
≥ 60% were maintained in a PDA medium at pH 5.5 for
further testing. PDA pH 5.5 was obtained by adding HCl
and measuring until it reached pH 5.5 before the medium
was autoclaved.
The effect of pH degrees on antagonistic fungal biomass
growth in potato-dextrose broth (PDB)
PDB (HiMedia) was dissolved in distilled water and
adjusted to pH 2, 3, 4, 5, 6, and 7 by adding HCl and KOH,
according to the required pH adjustment. A total of 20 mL
of PDB was placed into a 100 mL bottle and autoclaved for
15 minutes at 121°C. After it cooled down, a 5-mm
diameter of 3-day old antagonistic fungal isolate disc was
inoculated and shaken at 150 rpm for 7 days. On the 7th
day, culture was harvested by filtering, using Whatman No.
1 filter paper that had previously been stored in an oven at
80°C for 24 hours and weighed. The filtering results
substrates were then dried in an oven at 80°C and weighed
every 24 hours until their weight was relatively constant.
The final weight of biomass was calculated by subtracting
the weight of the dry substrates with the initial filter-paper
weight (Senthamizhlselvan et al. 2010).
The effect of pH degrees on sporulation and mycelial
biomass growth in PDA
The testing of the effect of pH on sporulation and
growth of mycelium biomass was carried out following the
method of Senthamizhlselvan et al. (2010) with
modification. PDB was dissolved at 2× concentration in
McIlvaine buffer (McIlvaine 1921) at pH 2, 3, 4, 5, 6, and
7, and then adjusted by adding HCl and KOH, according to
the required pH adjustment (Steyaert et al. 2010). An
equivalent volume of water agar was prepared at 2×
concentration and then both were sterilized. Both solutions
were then combined immediately before pouring into 10cm Petri dishes. After it cooled down, antagonistic isolates
with a 5-mm diameter and aged 3 days were inoculated in
the middle of a petri dish and incubated for 7 days. The
growth of the colony diameter was observed every day. On
the 7th day, conidium and mycelium were harvested. The
conidium was harvested by adding 10 mL of sterile
distilled water to the culture and the conidia were slowly
scraped off. The conidium was then filtered using sterile
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cheesecloth. The amount of conidium was calculated using
a hemocytometer by observing the number of conidia in the
smallest plot under a light microscope at 400×
magnification. Mycelium biomass was harvested by
melting the agar culture that was previously added to 10
mL of 0.1 N HCl in a water bath at 90C. The mycelium
was then filtered using Whatman No.1 filter paper, which
was previously stored in an oven at 80C for 24 hours and
weighed. Mycelium was then dried in an oven at 80C and
weighed every 24 hours until their weight was relatively
constant. The weight of mycelium was calculated by
subtracting the weight of the dry mycelium with the initial
filter-paper weight.
The effect of pH degrees on conidia germination
Conidium was harvested from 3-day old antagonistic
isolate culture by adding 10 mL sterile distilled water and
then the conidium was filtered using sterile cheesecloth,
following which 0.1-mL conidium suspension was placed
on a thin layer of water agar media and their pH was
adjusted using McIlvaine buffer (Mc Ilvaine 1921) at pH 2,
3, 4, 5, 6, and 7, and incubated at room temperature. After
24 hours, the conidium was stained with lactophenol cotton
blue, and the number of germinated conidia was observed
under a light microscope at 400× magnification.
The effect of pH degrees on the antagonistic ability
against Ganoderma
For each antagonistic fungi species obtained in
antagonism screening tests, one representative sample of
isolates was taken randomly to test its ability as a
Ganoderma antagonist in low pH. The effect of the degree
of pH on the ability of antagonism was observed by the
dual culture method between antagonistic isolates and
Ganoderma on a PDA medium that was prepared at pH 2,
3, 4, 5, 6, and 7, using a McIlvaine buffer (McIlvaine
1921). Disc-shaped pieces of Ganoderma-antagonistic
isolates and 3-day old Ganoderma isolates 5 mm in
diameter were placed opposite at a distance of 4 cm on a
PDA medium in a petri dish, incubated at room
temperature and observed for 7 days. The percentage of
inhibition of antagonistic fungi against Ganoderma was
calculated by the formula (100 × (CT)/C), where C is the
radius of the Ganoderma mycelium leading to the Petri
dish edge and T is the Ganoderma radius that leads to the
antagonist (Ahlem et al. 2012).
RESULTS AND DISCUSSION
The antagonistic isolates origin environment
Out of the peat soils taken from 10 blocks of the
observed samples, 27 fungal isolates were obtained that
had the ability of Ganoderma antagonists, consisting of
four fungi isolates from the Gliocladium genera and 23
from the Trichoderma genera. As reported by Supriyanto et
al. (2020), these 10 samples of oil palm plantation blocks in
the peatlands were the ones attacked by Ganoderma with
varying intensities, ranging from 4.62% to 69.81%.
Candidates for the Ganoderma-antagonist fungi were taken
from the infected area because peatland characteristics
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were varied across different locations. Thus, if the
Ganoderma-antagonist fungi were taken from another area,
there is a possibility that it would not be suitable for use in
these locations. Three blocks, namely 12A, 13A, and 13E,
were intensively maintained with twice-a-year fertilization,
including NPK, Borate, and CuSO4 fertilizers. Meanwhile,
7 other blocks were maintained intensively until the age of
around 8 years; however, the maintenance was less
intensive subsequently. The pH degrees of peatlands
ranged from 2.2 to 3.4 (Table 1).
The effect of low pH degrees on the growth of
antagonistic fungal mycelium
Based on the dry weight of mycelium (mycelium
biomass), there are variations in the growth of antagonistic
fungal isolates due to media pH treatment, both in PDB and
PDA. In PDB medium wherein the pH was adjusted from 2
to 7, there were 77.8% antagonistic fungal isolates showing
growth response patterns as convex curves. The response
patterns of 4 isolates (12AJ4, 12AJ7, F1J24, and 13EJ35)
were like sigmoid curves and 2 isolates (13AJ10 and
E4J11) were similar to concave curves. 37% isolates
reached a maximum of mycelium biomass at pH 3, 37%
isolates at pH 4, and 26% isolates at pH 5 and pH 6 (Table
2). Meanwhile, in the PDA medium, there were 41%
isolates whose maximum biomass reached pH 4, pH 3, and
pH 2, and the other isolates reached pH 5 (25.9%) and pH 6
and pH 7 (33.3%) (Table 2 and 3). The results also showed

that in the PDB medium, 74% isolates had maximum
growth at pH 3 and pH 4, whereas on PDA medium, only
67% of isolates were able to grow at acidic pH (pH 4, 3,
and 2). Except for B3J19, 13EJ15, E4J8, 12AJ7, and E4J13
isolates, all isolates produced maximum biomass at lower
pH in the PDB medium than in PDA medium. This is
probably because, in a liquid medium, the fungal mycelium
is believed to be freely dispersed evenly throughout the
medium and form macroscopic aggregates (Veiter et al.
2018). Therefore, absorption of nutrients and oxygen
occurs faster (Zhou et al. 2018). Meanwhile, in a solid
medium, fungal mycelium can only grow on the surface of
the medium (Canovas et al. 2017; Gomes et al. 2018).
The results of the analysis of variance of the mycelium
biomass with a confidence level of 95% also showed that
there were significant differences among the isolates in
response to changes in the pH degrees of PDB and PDA
medium. Five isolates’ biomass was significantly different
from other isolates in the pH 2 PDB medium; these were
B3J19, B3J9, 13EJ15, 13AJ6, and 12AJ7. At the same pH,
8 isolates, 13AJI0, C5J16, E4J8, E4J11, 13EJ15, B4J28,
B3J19, and F1J6, in PDA had higher biomass than in PDB.
Growth variation among the isolates was also observed in
antagonistic fungal colony diameter on PDA medium,
where a greater growth variation was found at pH 2, 6, and
7, as compared to pH 3, 4, and 5. Most isolates had an ideal
range of mycelium growth at pH 3 to pH 5 (Figure 2).

Table 1. Peatland pH degrees of Ganoderma-antagonistic fungi origin that were tested in this research
Isolate code
12AJ4
12AJ7
13AJ10
13AJ4
13AJ6
13EJ4A
13EJ15
13EJ35
13EJ4
13EJ8
B3J19
B3J3
B3J5
B3J9
B4J20
B4J28
B4J9
C5J10
C5J12
C5J16
C5J18
E4J11
E4J13
E4J8
F1J24
F1J4
F1J6

Species
Trichoderma harzianum
Trichoderma harzianum
Trichoderma harzianum
Gliocladium viride
Trichoderma harzianum
Gliocladium viride
Trichoderma harzianum
Trichoderma harzianum
Gliocladium sp.
Trichoderma harzianum
Trichoderma viride
Trichoderma harzianum
Trichoderma harzianum
Trichoderma harzianum
Trichoderma viride
Trichoderma harzianum
Trichoderma viride
Trichoderma harzianum
Trichoderma harzianum
Trichoderma harzianum
Trichoderma harzianum
Trichoderma harzianum
Trichoderma harzianum
Trichoderma harzianum
Trichoderma harzianum
Trichoderma harzianum
Gliocladium viride

Inhibition against
Ganoderma (%)
76.0
70.0
72.7
76.9
71.4
75.0
730
80.0
80.95
75.0
70.0
80.0
80.0
70.0
70.0
83.0
80.0
75.0
77.0
100.0
68.0
76.0
76.0
85.0
70.0
75
65. 0

Blocks
12A
12A
13A
13A
13A
13E
13E
13E
13E
13E
B3 Pls III
B3 Pls III
B3 Pls III
B3 Pls III
B4 Pls I
B4 Pls I
B4 Pls I
C5 Pls III
C5 Pls III
C5 Pls III
C5 Pls III
E4 Pls III
E4 Pls III
E4 Pls III
F1 Pls I
F1 Pls I
F1 Pls I

Peat pH (CaCl2)
At depth
At depth
0-15 cm
50-60 cm
2.4
2.4
2.3
2.9
2.9
2.9
2.4
2.4
2.9
2.9
3.1
3.1
3.1
3.1
3.0
3.0
2.6
3.4
3.4
3.4
3.4
2.8
3.3
3.3
2.6
2.3
2.6
-

SUPRIYANTO et al. – Evaluation of fungi under acidic condition

2939

Table 2. Dry weight of mycelium variation of Ganoderma-antagonistic fungi isolates grown in PDB medium in the pH range 2-7 for 7 days
Dry weigh of mycelium (mg)
Isolate
Species
code
pH 2
pH 3
pH 4
pH 5
12AJ4
T. harzianum
6.6ab
82.2a
97.8i
76.7a
12AJ7
T. harzianum
13.2bc
81.1a
62.2cdef
77.8a
13AJ10
T. harzianum
7.0ab
73.3a
70.0cdefgh
4.4a
13AJ4
G. viride
4.2a
91.1a
85.6fghi
55.8a
13EJ4A
T. harzianum
8.2ab
71.7a
71.7cdefgh
47.5a
13AJ6
G. viride
15.4c
116.7a
76.7cdefghi
78.9a
13EJ15
T. harzianum
23.2d
82.2a
80.0efghi
67.8a
13EJ35
T. harzianum
3.9a
56.7a
36.7ab
42.2a
13EJ4
Gliocladium sp.
5.3a
64.2a
57.5bcde
93.3a
13EJ8
T. harzianum
5.2a
64.2a
58.3bcde
54.2a
B3J19
T. viride
32.2e
32.2a
55.6bcd
58.9a
B3J3
T. harzianum
3.7a
56.7a
73.3cdefgh
43.3a
B3J5
T. harzianum
1.2a
94.4a
54.4abc
38.9a
B3J9
T. harzianum
26.2de
81.1a
83.3fghi
83.3a
B4J20
T. viride
3.3a
67.5a
87.5ghi
75.8a
B4J28
T. harzianum
1.8a
121.7a
75.0cdefghi
809.2b
B4J9
T. viride
2.0a
106.7a
54.4abc
17.8a
C5J10
T. harzianum
4.0a
73.3a
65.0cdefg
78.3a
C5J12
T. harzianum
4.5a
66.7a
67.8cdefgh
44.4a
C5J16
T. harzianum
8.2ab
112.0a
90.0hi
85.3a
C5J18
T, harzianum
2.5a
389.3b
551.3j
566.7b
E4J11
T. harzianum
2.2a
55.0a
53.3abc
70.0a
E4J13
T. harzianum
3.3a
31.7a
33.3a
30.8a
E4J8
T. harzianum
5.6a
72.2a
78.9defghi
64.4a
F1J24
T. harzianum
4.9a
67.8a
80.0efghi
50.0a
F1J4
T. harzianum
0.4a
64.4a
57.8bcde
102.2a
F1J6
G. viride
3.3a
46.7a
67.8cdefgh
43.3a
Note: Means followed by the same letters were not significantly different at 5% level of significant

pH 6
72.2ghi
93.3i
5.6a
92.2i
64.2efgh
72.2ghi
68.9fghi
41.1bcde
50.8cdefg
58.3efgh
53.3cdefg
31.1bcd
24.4ab
52.2cdefg
65.0efgh
74.2ghi
24.4ab
66.1efgh
62.2efgh
82.7hi
564.0j
65.0efgh
55.8defg
57.8efgh
57.8efgh
44.4bcdef
28.9abc

pH 7
75.6def
92.2f
25.6ab
74.4def
65.8cdef
61.1cdef
74.4def
56.7bcde
60.8cdef
49.2bcde
61.1cdef
8.9a
31.1abc
64.4cdef
61.7cdef
70.8def
60.0cdef
78.3ef
53.3bcde
78.0ef
559.3g
56.7bcde
40.8bcd
46.7bcde
77.8ef
71.1def
43.3bcde

Table 3. Dry weight of mycelium of Ganoderma-antagonistic fungi isolates from peatlands grown in PDA medium in the pH range 2-7 for 7 days
Dry weigh of mycelium (mg)
pH 2
pH 3
pH 4
pH 5
12AJ4
T. harzianum
27.8abc
36.7abc
61.1bcdef
51.1abcde
12AJ7
T. harzianum
46.7cdefgh
70.0defgh
56.7bcdef
53.3abcde
13AJ10
T. harzianum
57.5defghi
39.2abc
35.0ab
61.7bcdef
13AJ4
G. viride
0,0a
22.2a
41.1ab
35.6ab
13EJ4A
T. harzianum
51.1cdefghi
85.6ghi
87.8fgh
105.6hi
13AJ6
G. viride
47.8cdefgh
73.3efgh
93.3gh
66.7cdef
13EJ15
T. harzianum
68.9ghi
58.3bcdefgh 65.0bcdefg
41.7abc
13EJ35
T. harzianum
28.9bcd
28.1ab
36.7ab
48.3abcd
13EJ4
Gliocladium sp.
46.7cdefgh
86.7ghi
80.8efgh
109.2hi
13EJ8
T. harzianum
0,0a
75.6fghi
65.6bcdefg
54.4abcdef
B3J19
T. viride
78.9i
34.4abc
47.8abc
54.4abcdef
B3J3
T. harzianum
30.0bcde
42.2abcd
48.9abcd
26.7a
B3J5
T. harzianum
48.3cdefgh
32.5abc
63.5bcdefg
80.8efgh
B3J9
T. harzianum
44.4cdefgh
44.4abcde
56.7bcdef
58.9bcdef
B4J20
T. viride
37.3cdef
51.3abcdef
46.0abc
122.0i
B4J28
T. harzianum
71.1hi
77.5fghi
46.7abc
60.8bcdef
B4J9
T. viride
8.9ab
35.6abc
36.7ab
67.8cdef
C5J10
T. harzianum
40.0cdefg
35.8abc
37.5ab
30.8ab
C5J12
T. harzianum
26.7abc
87.8hi
80.0defgh
123.3i
C5J16
T. harzianum
58.9efghi
56.7bcdefg
96.7h
167.8j
C5J18
T, harzianum
50.8cdefghi
62.5cdefgh
50.8abcde
70.0cdefg
E4J11
T. harzianum
64.4fghi
62.2cdefgh
20.0a
56.7abcdef
E4J13
T. harzianum
44.4cdefgh
103.3i
82.5efgh
97.5ghi
E4J8
T. harzianum
60.7fghi
48.7abcdef
40.0ab
48.7abcd
F1J24
T. harzianum
25.6abc
43.3abcde
56.7bcdef
41.1abc
F1J4
T. harzianum
47.5cdefgh
70.8defgh
75.8cdefgh
75.8defg
F1J6
G. viride
79.2i
52.5abcdef
41.7ab
85.0fgh
Note: Means followed by the same letters were not significantly different at 5% level of significance

Isolate

Species

pH 6
65.6cdefgh
53.3bcdef
70.0efgh
63.3bcdefgh
35.6ab
111.1j
38.3abc
48.0abcde
88.3ghij
56.7bcdef
38.9abc
43.3abcde
100.8ij
50.0bcdef
78.0fghi
55.8bcdef
61.1bcdefg
40.8abcd
162.2k
106.7j
77.5fghi
61.1bcdefg
69.2defgh
20.7a
47.8abcde
90.0hij
35.8ab

pH 7
77.8efghij
56.7cdefg
94.2hij
52.2bcdef
61.1cdefgh
43.3bcd
53.3bcdef
51.3bcdef
107.5j
48.9bcde
63.3cdefghi
37.8abcd
95.8ij
35.6abc
40.7bcd
42.5bcd
66.7cdefghi
5.8a
84.4fghij
87.8ghij
20.0ab
71.1defghi
80.8efghij
34.0abc
54.4cdefg
53.3bcdef
83.3efghij
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pH 3

pH 4

pH 5

pH 6

pH 7

Mycelial growth (cm)

pH 2

Days after inoculation
Figure 2. Patterns of the mycelial growth response of 27 isolates of Ganoderma-antagonistic fungi from peatlands grown in PDA
medium with a pH of 2-7 for 7 days of observation

Variations in the growth of mycelium isolate from
Ganoderma-antagonists from peatlands at low pH degrees
occur at the species level. In the PDB medium, all
Gliocladium viride isolates were weak at pH 2. However,
except for the 13AJ4 isolate, all others could produce
maximum biomass at pH 4, 3, and 2. In Trichoderma
harzianum, only 3 isolates were able to produce significantly
higher biomass at pH 2, namely 13EJ15, B3J9, and 13AJ6
isolates. Most of the isolates could also produce maximum
biomass at pH 4, 3, and 2, except for 6 isolates: 12AJ7,
B3J9, C5H10, E4J13, E4J11, and F1J4. Meanwhile, in
Trichoderma viride, only one isolate, namely B3J19, could
grow to pH 2. However, all T. viride isolates were able to
produce maximum biomass at pH 4, 3, and 2.
In the PDA medium, all G. viride isolates were able to
grow at pH degrees until pH 2, except for 13AJ4 isolate,
which was unable to grow at pH 2. The maximum biomass
of isolates was at pH 5, except isolate 13AJ4, which
occurred at pH 6. In T. harzianum, almost all isolates were
able to grow at pH 2, except for 13EJ8 isolate, which was

unable to grow at pH 2. However, there were 10 isolates
(50% of T. harzianum) whose optimum growth was
achieved at pH 4, 3, and 2, namely 12AJ7, 13EJ8, B3J3,
B4J28, C5J10, E4J8, E4J11, E4J13, F1J24, and 13EJ15;
while for other isolates, the optimum biomass was reached
at pH 5, 6 and 7. Moreover, in T. viride, except for B3J19
isolate, wherein maximum biomass was reached at pH 2,
all isolates produced the highest mycelium biomass at pH
5. Variation in growth ability among the isolates in a
species living in a specific acidic environment seems to be
a common phenomenon, even to the genetic level, as has
been reported by Hujslova et al. (2014) and Thanh et al.
(2019).
The effect of low pH degrees on the sporulation and
germination of conidia
As much as 84,5% of the isolates were optimally
sporulated at pH 3 and 4 (63% occurred at pH 3; 21.5% at
pH 4). Only 3.7% isolates’ optimal sporulation occurred at
pH 5, 6, and 7. Four isolates were not able to sporulate at
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pH 2, namely 12AJ7, 13AJ4, C5J10, and B3J3. The
increase in pH degrees of the medium caused an increase in
sporulation until a certain pH and then the sporulation
decreased with increasing pH degrees, except for isolates
12AJ7, 13AJ4, C5J10, and F1J4 (Table 4). The same
pattern was found in the observation of optimum conidium
germination of isolates where as many as 88.9% of the
optimum conidium germination isolates occurred at pH 3
and 4 (25.95 % occurred at pH 3 and 62.9% at pH 4).
55.6% isolates were unable to germinate at pH 2 and there
were only 2 whose germination reached about 50% at pH
2, namely13EJ8 and B3J5. For almost all isolates except
F1J24, the percentage of the conidia germination increased
with increasing pH until pH 3 and 4, then decreased with
increasing pH degrees of the medium. At pH 6, the
conidium germination for almost all isolates dropped
dramatically to below 10%. At pH 7, nearly 75% of isolates
were unable to germinate and germination of the 25% other
isolates decreased to below 2% (Table 5).
There was variation in the ability to produce conidia in
G. viride, T. harzianum, and T. viride from peatlands in
West Kalimantan when grown in a medium with a low pH.
In the G. viride, except for 13AJ4 isolate where the
maximum conidia production occurred at pH 5, all isolates
produced maximum conidia at pH 4 and pH 3. In T.
harzianum, 3 isolates were unable to form conidium at pH
2, namely 12AJ4, B3J5, and F1J4, while other isolates
formed conidium but in small amounts. The highest
amount of conidia at pH 2 was obtained from 13EJ15
isolate. Most of the isolates produced the maximum
number of conidia at pH 4 and pH 3, except for 13AJ6,
C5J12, and C5J16, which produced the maximum number
of conidia at pH 5 and pH 6. Further, 5 isolates could
produce the maximum conidium number at pH 3, namely
12AJ4, 13AJ10, B3J9, C5J10, and F1J4. In T. viride, no
isolate could sporulate at pH 2 and they produced
maximum sporulation at pH 4. However, there was one
isolate that was different from the others because the
conidium production was small at all degrees of the given
pH treatment, namely, isolate B4J9. Morphologically, this
isolate also tends to show a brighter conidia color, which is
yellowish-green. Variation was also found in the ability to
germinate conidium of G. viride, T. harzianum, and T.
viride. In G. viride, all isolates had optimum conidia
germination at pH 3 to 5; however, the conidium could not
germinate at pH 2 and pH 7. Variation only occurred at the
optimum pH of conidia germination, where 13EJ4A and
F1J6 isolates occurred at pH 3, while 13AJ4 and 13EJ4
isolates occurred at pH 4.
Variation was also found in the ability to germinate
conidium of G. viride, T. harzianum, and T. viride. In the
G. viride, all isolates had optimum conidium germination at
pH 3 to pH 5. However, they were unable to germinate at
pH 2 and pH 7. Notably, a variation only occurred at the
optimum pH degrees of conidium germination where the
13EJ4A and F1J6 isolates occurred at pH 3, while the
13AJ4 and 13EJ4 isolates occurred at pH 4. The conidium
of 10 T. harzianum isolates germinated optimally at pH 4,
namely 13EJ15, B3J5, B4J28, C5J10, C5J12, C5J16,
C5J18, E4J8, E4J11, and F1J4, while 8 isolates, namely
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12AJ4, 12AJ7, 13AJ10, 13AJ6, 13EJ35, B3J3, B3J9, and
F1J24, germinated optimally at pH 3. There were only two
isolates, 13EJ8 and E4J13, whose optimal conidium
germination occurred at pH 5. At pH 2 and pH 6, most
isolates were unable to germinate, or even if they were
able, the percentage dropped drastically. There were 5
isolates whose conidium were able to germinate at pH 2,
namely 13EJ8, 13EJ15, B3J5, C5J18 and E4J8, whereas
others were not able to germinate. There were only 8
isolates that grew at pH 6, namely 13EJ8, 13EJ15, B4J28,
B3J5, B3J9, C5J12, C5J18, and E4J8, while the remaining
isolates were unable to grow. All isolates germinated at pH
7. At T. viride, all isolates had optimum conidium
germination at pH 3 to pH 5, i.e. B3J19 occurred at pH 3,
B4J9 isolate at pH 4, and B4J20 isolate at pH 5. At pH 2
and pH 6, only B3J19 isolate germinated, while at pH 7, all
isolates were unable to germinate.
These results are to some extent different from the
results of previous studies in which Trichoderma was
generally unable to produce spores optimally at pH < 4.
Onilude and Seyi-Amole (2018) found that optimum
sporulation of T. harzianum from Nigeria was achieved at
pH 4, Trichoderma spp. from Punjab, India, optimum at pH
6 (Roy et al. 2015), and 4 Trichoderma species from Uttar
Pradesh, India, optimum at pH 4.6 to 7.6 (Zehra et al.
2017). The results of this research are also different than
the results of Srivastava et al. (2014) and Mishra and Khan
(2015) where optimum sporulation T. harzianum and T.
viride (from Kanpur and Bhopal, India) occurred at pH 5.57.5 and 5-9 respectively. These results indicate that the
optimum pH range for conidium sporulation and
germination of Trichoderma and Gliocladium is likely to
be strongly influenced by the area of origin of the isolate.
In this research, the optimum sporulation ability achieved
at pH 3 and 4 by most isolates was thought to be the result
of adaptation to the peatland environment below pH 4.
However, Steyaert et al. (2010) concluded that sporulation
at low pH is also influenced by lighting factors. Fungal
biomass was not necessarily correlated with fungal
sporulation (Gao 2016). Thus, in low pH level situations, it
is necessary to learn more about other environmental
factors that influence conidium sporulation and
germination in those isolates.
The effect of low pH degrees on the ability as an
antagonist against Ganoderma
Based on Pearson’s correlation analysis, it is known
that there is no strong correlation between the pH degrees
of peatlands from isolates and the ability of antagonism of
each isolate to Ganoderma. The value of r 0.36 (p-value:
0.12) at a depth of 0-15 cm and 0.21 (p-value: 0.37) at a
depth of 50-60 cm. It is well known that the ability of
Trichoderma spp. and other antagonistic fungi are affected
by a certain environmental pH condition. Therefore, it is
important to gather information about the effect of pH on
its growth and antagonistic activity in vitro in the desired
environmental pH situation. In this research, 3 isolate
samples were taken randomly to represent G. viride (13AJ4
isolate), T. harzianum (13EJ15 isolate) and T. viride
(B3J19 isolate) species and tested their antagonistic ability
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Table 4. Variation in conidium production of Ganoderma-antagonist isolates from peatlands grown in PDA medium in the pH range of
2-7 for 7 days
Number of conidium (×108/mL)
pH 2
pH 3
pH 4
pH 5
pH 6
12AJ4
T. harzianum
2.99ab
16.00a
11.30ab
12.00abcd
8.75cdef
12AJ7
T. harzianum
0.00a
6.61a
17.80ab
6.72abc
8.73cdef
13AJ10
T. harzianum
0.02a
12.60a
2.70a
0.05a
0.18a
13AJ4
G. viride
0.00a
5.47a
3.35a
13.90abcde
7.59bcde
13EJ4A T. harzianum
0.60a
2.54a
9.79ab
0.64ab
0.21a
13AJ6
G. viride
0.09a
6.89a
6.06ab
8.73abcd
21.11hij
13EJ15
T. harzianum
21.11d
54.80a
155.00def
14.60bcde
13.30efg
13EJ35
T. harzianum
0.42a
23.00a
68.20bc
16.60cdef
7.20abcde
13EJ4
Gliocladium sp.
21.90d
25.80a
31.10ab
18.20cdef
8.13bcde
13EJ8
T. harzianum
0.01a
20.60a
181.00ef
26.30efg
14.70efgh
B3J19
T. viride
0.01a
74.10a
186.00ef
186.00h
15.70fghi
B3J3
T. harzianum
0.00a
64.50a
201.00fg
19.90cdef
17.30ghij
B3J5
T. harzianum
12.20bcd
26.70a
114.00cd
7.89abc
1.93abc
B3J9
T. harzianum
0.01a
139.00a
403.00i
22.10def
23.60jkl
B4J20
T. viride
5.92abc
131.00a
208.00fg
5.94abc
8.02bcde
B4J28
T. harzianum
0.73a
46.50a
106.00cd
12.90abcde
10.30bcde
B4J9
T. viride
0.00a
1.37a
2.46a
0.92ab
0.24a
C5J10
T. harzianum
0.00a
35.50a
32.90ab
18.60cdef
29.3l
C5J12
T. harzianum
1.32a
14.90a
20.90ab
29.00fg
10.10defg
C5J16
T. harzianum
1.82a
18.40a
23.90ab
35.30g
28.30kl
C5J18
T. harzianum
15.40cd
26.00a
31.20ab
18.60cdef
13.90efg
E4J11
T. harzianum
1.29a
71.40a
137.00de
12.70abcde
9.38def
E4J13
T. harzianum
0.00a
104.00a
114.00cd
6.71abc
4.06abcd
E4J8
T. harzianum
0.58a
77.80a
249.00g
17.30cdef
22.30ijk
F1J24
T. harzianum
9.58a
10.30a
16.80ab
12.80abcde
0.89ab
F1J4
T. harzianum
12.20bcd
16.80a
7.42ab
10.40abcd
13.10efg
F1J6
G. viride
1.25a
23.30a
16.70ab
0.64ab
0.25a
Note: Means followed by the same letters were not significantly different at 5% level of significance.
Isolate

Species

pH 7
0.41ab
10.40cde
0.13a
7.45abcd
0.00a
6.90abcd
14.90def
20.40f
1.53abc
1.71abc
1.99abc
18.30ef
0.64ab
20.60f
0.29ab
9.45bcd
0.01a
18.10ef
13.80def
18.20ef
0.53ab
1.52abc
4.50abc
22.00f
0.43ab
0.ab
0.17a

Table 5. Variation in the percentage of conidial germination of Ganoderma-antagonist isolates from peatlands in the pH range 2-7 for 7 days.
Isolate

Species

Conidial germination (%)

pH 2
pH 3
pH 4
pH 5
12AJ4
T. harzianum
0.00a
76.57abc
99.28f
81.98bcd
12AJ7
T. harzianum
0.00a
97.32bcd
96.67ef
97.11d
13AJ10
T. harzianum
0.00a
96.64cde
97.32ef
97.22d
13AJ4
G. viride
0.00a
98.32de
90.73bcde
79.37bcd
13EJ4A
T. harzianum
0.00a
87.60bcde
100f
94.63d
13AJ6
G. viride
1.61a
95.29cde
95.99def
99.47d
13EJ15
T. harzianum
2.02a
86.00bcde
95.86def
64.64b
13EJ35
T. harzianum
0.000a
99.01e
96.91ef
98.90d
13EJ4
Gliocladium sp.
3.72a
95.15cde
97.20ef
97.97d
13EJ8
T. harzianum
48.04cd
61.15a
79.17a
81.98bcd
B3J19
T. viride
27.89bc
95.91cde
95.33def
30.78a
B3J3
T. harzianum
0.00a
98.39de
97.79ef
83.08bcd
B3J5
T. harzianum
54.52d
77.23abcd
94.84def
70.21bc
B3J9
T. harzianum
0.00a
96.88cde
87.10bc
90.63cd
B4J20
T. viride
0.00a
69.54ab
85.32b
84.94bcd
B4J28
T. harzianum
0.00a
100e
100f
100d
B4J9
T. viride
2.78a
93.36cde
99.42f
95.58d
C5J10
T. harzianum
0.00a
76.57abc
99.28f
81.97bcd
C5J12
T. harzianum
0.00a
94.02cde
99.81f
98.55d
C5J16
T. harzianum
0.29a
80.40abcde
92.54cdef
77.61bcd
C5J18
T. harzianum
13.99ab
70.33ab
94.89def
87.64bcd
E4J11
T. harzianum
0.00a
96.93cde
100f
64.81b
E4J13
T. harzianum
0.00a
92.93cde
95.00def
97.32d
E4J8
T. harzianum
29.38bc
89.60bcde
95.17def
87.03bcd
F1J24
T. harzianum
1.45a
95.46cde
89.21bcd
93.60cd
F1J4
T. harzianum
0.00a
94.66cde
100f
83.64bcd
F1J6
G. viride
0.41a
89.25bcde
100f
42.91a
Note: Means followed by the same letters were not significantly different at 5% level of significance

pH 6
0.14a
0.88a
1.92a
2.01a
1.08a
3.63a
6.85a
1.01a
55.81c
8.15a
2.20a
36.63b
6.66a
3.20a
0.00a
6.38a
1.56a
0.14a
5.08a
0.98a
3.92a
0.00a
1.49a
3.80a
0.00a
1.61a
1.23a

pH 7
0.00a
0.00a
0.00a
0.00a
0.00a
0.00a
0.00a
1.35a
0.00a
0.00a
1.23a
0.00a
0.00a
0.00a
0.00a
0.00a
2.62b
0.00a
0.60a
0.34a
0.00a
0.00a
0.00a
0.00a
0.00a
0.60b
0.18a
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Figure 3. Three examples of antagonistic fungal isolates from peatlands used in the antagonism test (above) and the results of their
antagonism test against Ganoderma G301 in the pH range 2-7 (bottom) on the 7th day after inoculation. The antagonistic fungal
mycelium grows past the Ganoderma mycelium (white arrow) and the antagonist mycelium fungus is unable to pass through the
Ganoderma mycelium (red arrow)

against Ganoderma on a medium regulated at pH 2, 3, 4, 5,
6, and 7, each isolate gave a different response. The highest
percentage of inhibition against Ganoderma in all isolates
occurred at pH 3 and 4. However, all isolates lost their
ability at pH 2 because they were unable to grow. At pH 2,
Ganoderma was also unable to grow as a result of no
interaction. Based on visual observations of colony
interactions, the influence of the pH level of the medium
also causes differences in interactions between antagonistic
fungi and Ganoderma (Figure 3).
The results of the antagonism observations were
different from those of some previous studies. Usually, the
ability of the antagonism of Trichoderma spp. was declined
at acidic pH. Optimum inhibition of Trichoderma against
Fusarium sp., the cause of rot seedling on red onion in Sri
Lanka, occurred at pH 6 (Abeyratne and Deshappriya
2018). Also, inhibition of T. viride against Sclerotium
rolfsii and Rhizoctonia solani occurred at pH 5.5 to pH 6
(Bagwan 2010). Media pH degrees affect the ability of
fungal antagonism possibly through its influence in
regulating enzyme secretion and its stability. Regulating
the secretion of these enzymes plays an important role
when fungal acting as a competitor for nutrition and living
space as well as a mycoparasites. The β-glucosidase
enzyme was activated below pH 5, while xylosidase was
activated at pH 6 (Naher et al. 2014). Asran-Amal et al.

(2010) also identify pH 6-7 as the optimal pH range for the
activity of chitinase enzymes released by Trichoderma sp.
Therefore, further research is needed to determine the
effect of low pH degrees on the mechanism of the
antagonism more clearly.
Observation of mycelium biomass and colony diameter
showed that most of the Ganoderma-antagonist fungal
isolates from West Kalimantan peatlands were able to grow
at acidic pH (pH 4, 3, and 2). This ability was alleged to be
the result of a process of natural selection in the peatlands
environment, which occurs continuously such that genetic
variation is enabled. Some previous research results
indicate that based on the dry weight of the biomass,
Trichoderma species have a variation in optimum pH
range, depending on the native habitat of the isolates.
These variations of optimum pH were from a pH range of
4.6 to 6.8 (Jackson et al. 1991), between 5.5 to 7.5 (Singh
et al. 2014), or 3.5 to 5 (Onilude and Seyi-Amole 2018).
Taylor et al. (2017) stated that fungal genomes are
remarkably ﬂuid and variable. Variation in wild
populations is a rich resource for associating genetic
variation with phenotypic variation. The sources of genetic
variation, including single nucleotide mutations and
recombination, gene gain and loss, gene family expansion
and contraction, horizontal gene transfer, loss of
heterozygosity, genome rearrangements, epigenetic
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modiﬁcations, and other sources. Genetic variation in the
fungal population could potentially lead to differences in
physiology function and response to the environments
(Lind et al. 2017; Longnya et al. 2020). In general, genetic
variation in the fungal population was the result of longterm adaptations to their ecological environments and
environmental heterogeneity has played an important role
in these processes (Xu et al. 2014). The variations in the
peatland environments, especially those related to pH and
other chemical environmental characteristics were believed
to trigger these genetic variations. However, soil age and
the C accumulation rate were found to play important roles
in shaping the fungal community structure (Zhang et al.
2017). Also, in West Kalimantan peatlands, changes in
water content, bulk density and porosity of the soil were
positively correlated with the fungal communities in
peatlands (Nusantara and Aspan 2017). Therefore, physical
characteristics of peat such as bulk density, soil
temperature, water table depth, water content, and soil
porosity were also believed to play an important role in the
occurrence of fungal genetic variation.
Based on these results, most of the isolates tested in this
research were believed to be acid-tolerant fungi, as
proposed by Gross and Robbins (2000) and Hujslova et al.
(2014). These fungi, in addition to being able to grow in
acidic environments, were also still able to grow in an
environment that tends to be neutral. This shows that most
of the antagonistic fungi isolates from the peatland were
indigenous peat fungi that were in accordance with the
conditions of a low pH level so that their activities were not
disturbed by low pH degrees.
The results of this research confirm previous studies
about the presence of acid-tolerant fungi (Gross and
Robbins 2000; Hujslova et al. 2014; Mardanov et al. 2016;
Thanh et al. 2019). For example, the study of Mardanov et
al. (2016), in which strains of Penicillium were taken from
wastes of the ore mining deposit in Siberia that were
known to be able to grow in a pH 1.9, and 4 acid-tolerant
Trichoderma species reported by Gross and Robbins
(2000), which have the optimum growth pH range varies
from 3.7 to 4.7, 2 to 7, 3.4 to 4.7 and 3.1 to 5. The results
of this research also indicate that most of the fungal isolates
from peatlands could act as biological control agents
against Ganoderma on peatlands because they could grow
at pH 3 to 4, which is the pH of the peatlands environment
in this research site. Most of the isolates were able to grow
and produce abundant conidium and their conidia were able
to germinate normally at the same pH degrees and were
able to act as an antagonist for the pathogenic fungi
Ganoderma that is devastating to oil palm plantations in
peatlands.
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