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ABSTRACT 
Trichoderma spp. are globally considered as the most dominant biofungicide in the market. Reports 
on Trichoderma spp. efficacy against pathogenic fungi in commercial crops have been numerous, 
but much less in medicinal plants. This study aimed at testing the potential biofungicidal activity of 
Trichoderma harzianum in inhibiting the growth of a putatively pathogenic fungus isolated from 
rodent tuber (Typhonium flagelliforme) plant. The methods consisted of isolation of fungi from the 
plant’s surface, soil, and polybags. The isolates were then screened for their putative pathogenicity 
against rodent tuber before being subjected to 16S rRNA molecular identification and in vitro 
antagonist test using T. harzianum. Result showed that only isolate K4 showed pathogenicity on T. 
flagelliforme, and was molecularly identified as Lasiodiplodia theobromae, known globally as 
fungal pathogen attacking various plants. L. theobromae was inhibited by T. harzianum with 
inhibition index of 23.0 ± 4.3%, which was about twice higher than that of the positive control 
nystatin 100.000 IU mL (11.1 ± 0.6%). In conclusion, T. harzianum inhibited the growth of L. 
theobromae in vitro, hence indicating its biofungicidal potential. 
 
Keywords: biofungicide, Lasiodiplodia theobrom, Trichoderma harzianum, Typhonium 

flagelliforme, pathogen 
 
ABSTRAK 
Trichoderma spp. merupakan biofungisida paling dominan di pasar global. Kemampuan 
pengendalian menggunakan Trichoderma spp. terhadap kapang patogen pada tanaman 
komoditas pangan sudah banyak dilaporkan, namun belum banyak untuk tanaman obat. 
Penelitian ini bertujuan menguji potensi aktivitas biofungisida Trichoderma harzianum dalam 
menghambat pertumbuhan kapang terduga patogen yang diisolasi dari tanaman keladi tikus 
(Typhonium flagelliforme). Metode penelitian meliputi isolasi kapang dari permukaan tanaman, 
tanah, dan polibag. Penapisan dilakukan untuk mendapatkan isolat yang berpotensi patogen 
terhadap keladi tikus, untuk kemudian diidentifikasi secara molekuler menggunakan 16S rRNA 
dan diuji antagonis in vitro menggunakan T. harzianum. Hasil penelitian menunjukkan bahwa 
hanya isolat K4 yang bersifat patogen pada T. flagelliforme dan secara molekuler diidentifikasi 
sebagai Lasiodiplodia theobromae, yang dikenal sebagai jamur patogen yang menyerang 
berbagai tanaman. Pertumbuhan L. theobromae dihambat oleh T. harzianum dengan indeks 
penghambatan 23,0 ± 4,3%, atau  dua kali lebih tinggi dari kontrol positif nistatin 100.000 IU mL 
(11,1 ± 0,6%). Sebagai kesimpulan, T. harzianum menghambat pertumbuhan L. theobromae 
secara in vitro, yang menunjukkan potensi biofungisidanya. 

 
Kata Kunci: biofungisida, Lasiodiplodia theobrom, Trichoderma harzianum, Typhonium 

flagelliforme, patogen 
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INTRODUCTION 
 

At present, biofungicides containing 
Trichoderma spp. are considered as the 
commercially most dominant biofungicide 
products in the world’s biopesticide market 
(Meher et al. 2020). Their efficacy has been 
demonstrated recently against plant 
pathogenic fungi including Magnaporthiopsis 
maydis in maize (Degani and Dor 2021), 
Erysiphe alphitoides in common oak (Oszako 
et al. 2021), Fusarium incarnatum in 
muskmelon (Intana et al. 2021), Alternaria 
solani in potato (Kumar et al. 2021), 
Plasmopara viticola in grapevine (Kamble et 
al. 2021), Fusarium solani in peanut (Erazo et 
al. 2021), and Colletotrichum gloeosporioides 
in chili pepper (Ruangwong et al. 2021). In 
addition, current researches on this soil-borne 
fungal genus has continually been 
undertaken on aspects related to its use as 
biocontrol such as mitogenomes (Kwak 
2021), combined application with a synthetic 
fungicide (Zhang et al. 2021), growth 
promoting effect (Yu et al. 2021), production 
in solid state fermentation (Liu et al. 2021; 
Mousumi Das et al. 2021; Sala et al. 2021), 
and fungal selection against multiple 
pathosystems (Manganiello et al. 2021).   

While numerous researches have 
been devoted on the use of Trichoderma 
spp. as biofungicide agents against fungal 
pathogens in economically important crops, 
fewer reports have been published on their 
use in medicinal plants (Singh and Pandey 
2020). For instance, Trichoderma viride was 
shown to have >60% antagonistic activity in 
vitro against Alternaria alternata and 
Sclerotium rolfsii, which are the fungal 
pathogens of Indian gingseng (Withania 
somnifera) (Kushwaha et al. 2019). The 
study also reported that, inoculation of both 
T. viride and the native endophytic fungi of 
W. somnifera improved the plant growth and 
the accumulation of the bioactive 
compounds withanolides. In another 
medicinal plant, turmeric, systemic 
resistance against the rhizome rot causing-
fungus Pythium aphanidermatum was 
induced byTrichoderma asperellum 
(Vinayarani et al. 2019). In the study, T. 
asperellum was amongst 5 of 30 fungi 
isolated from the turmeric rhizosphere 
which exhibited more than 70% inhibition 
against P. aphanidermatum as well as 

multiple plant growth promoting activities in 
vitro. Similar results were obtained by 
Huang et al. (2021) who used Trichoderma 
brevicompactum to control the root rot 
disease caused by Fusarium oxysporum in 
the chinese medicinal plant Atractylodes 
macrocephala. 

Rodent tuber (Typhonium 
flagelliforme) is a medicinal plant commonly 
found in Indonesia and known for its 
anticancer (Khalivulla et al. 2019) and 
antioxidant (Septaningsih et al. 2021) 
activities. There have been numerous 
studies on the in vitro propagation of rodent 
tuber plant, but not on its large-scale 
cultivation, which is very rare. In one of such 
cultivation study, identifying the plant’s 
pathogen was deemed important since 
pathogenic attack could destroy all the 
leaves of a rodent tuber clump with more 
than 20 shoots in a short  time (Juhaeti 
2002). Since medicinal plants are not 
different from other plants in that they have 
specific fungal pathogens (Abtahi and 
Nourani 2017), the genus Typhonium could 
have them too. Thus, this study aimed at 
testing the potential biofungicide 
Trichoderma harzianum for its inhibitory 
activity against the growth of a putatively 
pathogenic fungus isolated from rodent 
tuber (Typhonium flagelliforme) plant. 
 
MATERIALS AND METHODS  
 
Location and time 

This study was conducted in January 
2021–January 2022 at the Biotechnology 
Laboratory, the National Research and 
Innovation Agency (BRIN), Science and 
Technology Park, South Tangerang, Banten, 
Indonesia. Molecular identification was 
carried out by Genetika Science Indonesia 
Ltd. (Tangerang City, Banten). 
 
Isolation of putatively pathogenic fungi 

Since no report has been published on 
pathogenic fungi known to attack T. 
flagelliforme cultivated outdoor in the field, 
this study started with isolating the putative 
pathogenic fungi of the medicinal plant T. 
flagelliforme (Figure 1) available in the 
medical plant collection of the 
Biotechnology Laboratory, the National 
Research and Innovation Agency (BRIN), 
Science and Technology Park, South 
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Tangerang, Banten, Indonesia. Fungal 
isolation was carried out from the surface of 
the stems, soil, and the inner surface of the 
polybags containing the plants, specifically 
on spots showing mycelial formation and/or 
plant lesions, as well as from aphids living 
on the plants. The isolates were taken 
directly using a sterile ose needle and then 
transferred to glass Petri dishes (9 cm 
diameter) containing selective media for 
fungal growth, namely Sabouraud Dextrose 
Agar (SDA, Oxoid, UK), Malt Extract Agar 
(MEA, Oxoid, UK), and Potato Dextrose 
Agar (PDA, Oxoid, UK). Incubation was 
carried out for 5–7 days at room 
temperature. The fungal isolates cultured 
on the Petri dishes were observed, and 
marked based on different morphologies. 
When it was identified as not purely single 
culture, the isolates were further purified by 
subculturing on PDA medium at room 
temperature for 5–7 days or until fungal 
colonies were observed. The pure isolates 
were examined macroscopically and 
microscopically at 10× and 40× 
magnification for morphological 
identification. If, following the observation, 
the isolates were deemed still not pure, the 
isolates were purified further using the 
same procedure. Macroscopic 

characterization was carried out on the 
colony morphology and colours, whereas 
microscopic characterization on the shapes 
of hyphae and spores or conidia. Subculture 
of pure isolates was carried out by 
transferring 1 × 1 cm agar cut containing the 
mycelia onto a new PDA medium, incubated 
at room temperature until the fungal colony 
formed.  

 
Pathogenicity test 

Pathogenicity test was carried out in 
order to know whether the individual fungal 
isolates, which were deliberately inoculated 
onto the intact (undamaged) leaf and stem 
surfaces of the rodent tuber plant, were able 
to grow on the living rodent tuber plant, 
causing infection, disease, and lesion. The 
rodent tuber plants to be infected (or 
inoculated) with the fungal isolates were 
prepared 2 weeks prior to the pathogenicity 
test. Medium containing a mixture of soil, 
husk charcoal, and sand in 2:1:1 ratio was 
sieved, steam sterilised for 2 hours, and 
transferred into 15 × 15 cm polybags. These 
polybags were used to cultivate rodent 
tuber plants (2–4 months old) which were 
taken from previous collection. Before 
planted into the new polybags, the plants 
were surface sterilized by washing with tap 
water, spraying with 70% ethanol, and 
finally rinsing using sterilized reverse 
osmosis (RO) water.  

For the inoculation of the putatively 
pathogenic fungal isolates onto the tuber 
rodent plants, the pure fungal isolates were 
regenerated by subculturing onto PDA Petri 
dishes, incubated at room temperature for 5 
days. This PDA subcultures were used to 
inoculate 50 mL Erlenmeyer flasks 
containing 10 mL potato dextrose broth 
(PDB, Difco, USA), followed by 10-day 
incubation at room temperature, shaking at 
150 rpm. The mycelial mass yielded were 
then crushed using spatula to reduce its size 
so as to produce mycelium suspension 
which ease inoculation onto the host plants. 
All of the procedures were done aseptically. 

To test if the fungal isolates could 
cause disease to the plant, the fungal 
mycelium suspension was applied to the 
surface of rodent tuber leaves and stems. 
Using a cotton bud, the mycelium 
suspension was smeared onto the intact 
(undamaged) leaf and stem surfaces which 

 
 

Figure 1. Medicinal plant rodent tuber (T. flagelliforme) 
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were previously sterilized using 70% 
ethanol. For each fungal isolate, each 
treatment was repeated 3 times. After 
inoculation, the plants were placed at 25-cm 
distance apart from each other in an orderly 
arrangement based on the completely 
randomized design. Observation of the signs 
of disease (wilts, yellowing, brown streaks, 
leaf spots, and chlorosis) on the inoculated 
plants was carried out for 7 days.  
 
Re-isolation of putatively pathogenic fungi 

The fungal-inoculated rodent tuber 
plants were identified for the signs of 
infection. The leaves and/or stems showing 
disease symptoms were cut off, cleaned 
and surface sterilized by firstly removing the 
dirt with running tap water for about 10 
seconds. These samples were then cut into 
1 × 1 cm size, soaked in 70% ethanol for 30 
seconds, and subsequently drained to dry. 
Next, the samples were rinsed using sterile 
RO water, soaked in 5.3% sodium 
hypochlorite for 30 seconds, rinsed again 
with sterile RO water, drained and dried 
using sterile white tissue paper. These 
surfaced sterilised samples were grown on 
PDA agar in Petri dishes (9 cm diameter). 
The growing fungi were isolated and 
identified macroscopically and 
microscopically, and compared their 

morphological similarity with those fungi 
initially used to infect the plant. 
 
16S rRNA Molecular Identification 

One fungal isolate, which was confirmed 
to have pathogenic trait on T. flagelliforme, 
was sent to Genetika Science Indonesia Ltd. 
(Tangerang City, Banten) for molecular 
identification using 16S rRNA as marker. The 
procedure started with genomic DNA 
extraction using Quick-DNA Fungal/Bacterial 
Miniprep Kit (Zymo Research, D6005, USA), 
followed by PCR amplification using (2×) 
MyTaq HS Red Mix (Bioline, BIO-25048, UK) 
and ITS 1-4 primer. Finally, bi-directional 
sequencing was then carried out. The resulting 
DNA sequence was analysed using BLAST 
against the NCBI 16S rDNA database 
(https://blast.ncbi.nlm.ih.gov/Blast.cgi). 
 
Antagonist test 

Double-well inhibition zone assay was 
used to test the efficacy of biofungicide 
fungal candidate Trichoderma harzianum 
against the putatively pathogenic fungal 
isolate.  To do this, PDA on disposable Petri 
dishes (8.7 cm diameter) were prepared in 
which two identical wells were made on the 
agar surface, along the diameter line. Both 
wells were approximately of ±3 cm apart 
and each well was of ±3-cm distance from 
the Petri dish edge (Figure 2). One well was 
for inoculation of the putatively pathogenic 
fungal isolate and the other was either for 
sterile RO water (negative control), nystatin 
100.000 IU mL (positive control), or T. 
harzianum. A volume of 0.1 mL was used 
for transferring the sterile RO water or 
nystatin aqueous solution into the two wells. 
T. harzianum mycelium, initially subcultured 
on PDA, was transferred into the well by 
single-point inoculation. Each treatment 
was replicated twice and was incubated at 

room temperature (25–27 C) for 7 days, 
during which the fungal growth was 
observed and the inhibition index was 
calculated using the following formula: 

 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝐼𝑛𝑑𝑒𝑥 (%)  =  
(𝑟1 − 𝑟2)

𝑟1
× 100% 

 
Where: r1 and r2 (in mm) represent the colony 
radii of the putatively pathogenic fungal 
isolate toward the Petri edge and toward the 
inhibiting agent, respectively. 

 
 

Figure 2. Antagonist test on PDA Petri dishes: A. 
Inoculation point of putatively pathogenic 
fungal isolate; B. Inoculation point of 
potential biofungicide fungus (T. harzianum) 
or placement point of either sterile RO water 
(negative control) or nystatin (positive 
control). 
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RESULTS AND DISCUSSION  
 
Putatively pathogenic fungal isolates 

In total, 23 fungal isolates (Table 1) 
were obtained, some of which were 
macroscopically and microscopically 
identified as Penicillium (2 isolates), 
Aspergillus sp. (4 isolates), Gliomastix 
murorum (1 isolate), Geotrichum (1 isolate), 
Mycogone (1 isolate), and Rhizopus sp. (2 
isolates), whereas the other 12 isolates were 
unidentified. These isolates were further 
subjected to pathogenic test, with the 
exception of fungal isolates commonly found 
in soil (such as Rhizopus and Aspergillus), 
known as non-pathogenic to plants 
(Gliomastixm, Mycogone, and Geotrichum), 
and those isolates that could not be 
regenerated. 

 
Pathogenicity test 

As many as 14 isolates were used in 
pathogenicity test against the rodent tuber 
plants. Based on the results of 
pathogenicity test (Table 2), the inoculation 

Table 1. Putatively pathogenic fungi isolated from rodent tuber plant (T. flagelliforme) 
 

No Fungal Isolate Code Result of Identification Pathogenicity Test 

1 B1 Unidentified tested 

2 B2 Unidentified tested 

3 B3 Gliomastix murorum untested 

4 B4 Rhizopus sp. untested 

5 B5 Rhizopus sp. untested 

6 B6 Unidentified tested 

7 B7 Penicillium sp. tested 

8 B8 Unidentified tested 

9 D4 Aspergillus sp. untested 

10 D5 Aspergillus sp. untested 

11 D8 Unidentified untested 

12 D9 Unidentified tested 

13 D10 Mycogone tested 

14 T2 Aspergillus sp. untested 

15 T3 Unidentified tested 

16 T4 Unidentified tested 

17 K1 Geotrichum tested 

18 K2 Aspergillus sp. untested 

19 K4 Unidentified tested 

20 K5 Penicillium citrinum untested 

21 T.As.k Unidentified tested 

22 T(K)2MT Unidentified tested 

23 BT(K)3 Unidentified tested 

 

Table 2. Putatively fungal isolates inoculated on 
rodent tuber plant 

 

No 
Fungal 

Isolate Code 

Observable Symptoms on 

Leaves Stems 

1 B1 no no 

2 B2 yes no 

3 B6 no no 

4 B7 no no 

5 B8 no no 

6 D9 yes no 

7 D10 no no 

8 T3 yes no 

9 T4 yes no 

10 K1 no no 

11 K4 yes no 

12 T.As.k yes no 

13 T(K)2MT yes no 

14 BT(K)3 yes yes 
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of 14 isolates showed only 8 isolates (B2, 
D9, T3, T4, K4, T.As.k, T(K)2MT, and 
BT(K)3) which produced symptoms on the 
leaves of the inoculated rodent tuber plants. 
In contrast, only those plants inoculated 
with BT(K)3 displayed symptom on the 
stems. To confirm whether it was the initially 
inoculated fungal isolates that caused the 
disease symptoms, re-isolation was then 
carried out from the symptomatic plants. It 
was found that it was only isolate K4 that 
showed morphological similarity with the 
fungus re-isolated from the plant previously 
inoculated with isolate K4. Thus, K4 was 
designated as the putatively pathogenic 
fungus for rodent tuber plant grown in green 
house. 

Molecular identification 
The PCR product of 16S rRNA 

extracted from isolate K4 produced a single 
bright band on agarose gel, showing the size 
of between 500-600 bp (Figure 3). 
Sequencing and its subsequent alignment 
analysis of the sequence assembly result 
(Figure 4) using BLAST against the NCBI 16S 
rDNA database showed that isolate K4 was 
99–100% identical to the fungus 
Lasiodiplodia theobromae (Figure 5).  

Isolate K4 was molecularly identified as 
Lasiodiplodia theobromae, which is known to 
be pathogenic to crops and woody plants 
around the world, including cacao (Ali et al. 
2019), tea (Jiang et al. 2020), mahogany 
(Webber et al. 2021), citrus (Zheng et al. 
2020), grapevine (Zhang et al. 2019), mango 
(Kamil et al. 2018), longan fruit (Chen et al. 
2021), and coconut palm (Santos et al. 2020). 
Although L. theobromae is rarely reported to 
cause disease on medicinal plants, there is at 
least one study in Brazil which mentioned the 
pathogenic fungus causing ginger rhizome rot 
(Moreira et al. 2013). This study is the first 
report on L. theobromae likely to be 
pathogenic to the medicinal plant T. 
flagelliforme. In another study, L. theobromae 
was reported to be the medicinal plant 
Morinda citrifolia’s endophytic fungus, which 
produces taxol, a compound with anticancer  
activity (Pandi et al. 2011). 
 
Antagonistic test 

In vitro test on PDA dishes showed that 
T. harzianum had the ability to inhibit the 
growth of the fungal isolate K4 (L. 
theobromae), which overgrew the entire 
surface of PDA plate in the absence of 
inhibitory agent such as nystatin (Figure 6). 
The inhibition index of T. harzianum against 
L. theobromae was 23.0 ± 4.3%, which was 

 
 

Figure 3. PCR products of 16S rRNA extracted from 
isolate K4 

 

 
 

Figure 4. Sequence assembly result of the PCR product (547 bp) of 16S rRNA extracted from isolate K4 
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about twice as much as nystatin 100.000 IU 
mL (11.1 ± 0.6%).  

This study reported the effectivity of T. 
harzianum in inhibiting the growth of 
pathogenic fungus L. theobromae isolated 
from the medicinal plant T. flagelliforme. 
Similar result was obtained by Wanjiku et al. 
(2021), where T. harzianum were found to be 
the most effective controlling agent against L. 
theobromae both in vitro and on postharvest 
avocado fruit. Trichoderma spp. were also 
found capable of inhibiting the growth of L. 
theobromae in relation to its pathogenicity on 
teak (Borges et al. 2018) and grapevine 
(Rusin et al. 2021). Other in vitro growth 
inhibition of L. theobromae by Trichoderma 
was also observed (Bhadra et al. 2015, 
Dissanayak et al. 2021). Thus, genus 

Trichoderma offers opportunities for further 
studies on its application to control L. 
theobromae which may attack rodent tuber 
plants in the field. 

 
CONCLUSION 
 

Trichoderma harzianum demonstrated 
growth inhibition activity against the putatively 
pathogenic fungus isolated from T. 
flagelliforme at 23.0 ± 4.3% inhibition level, 
which was about twice stronger than those by 
the positive control nystatin 100.000 IU mL 
(11.1 ± 0.6%). This isolate was molecularly 
identified as Lasiodiplodia theobromae, which 
is known worldwide to attack various species 
of plants inhabiting tropical and temperate 
areas. 

 
 

Figure 5. Top 10 hit BLAST results against NCBI database of the sequence assembly result of the 16S rRNA PCR 
product of isolate K4 

 

   
 
Figure 6. Putatively pathogenic isolate K4 subjected to antagonistic test against nystatin as control positive (left), RO 

water as control negative (middle), and T. harzianum as potential biofungicide (right). (Petri dish diameter: 
8.7 cm). 

 

T. harzianum 
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