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Abstract. Fadhilah QG, Santoso I, Yasman. 2021. The antagonistic activity of marine actinomycetes from mangrove ecosystem against 
phytopathogenic fungi Colletotrichum sp. KA. Biodiversitas 22: 640-647.  Marine actinomycetes from mangrove ecosystems are known 
to be potential antifungal-producing isolates against phytopathogenic fungi. The aim of this research was to obtain potential marine 
actinomycetes isolates against the phytopathogenic fungi Colletotrichum sp. KA. Screening of 15 marine actinomycetes isolates using a 
dual culture method with a plug technique showed that 80% of isolates have antagonistic activity, represented as a percentage of growth 
inhibition range from 47.96% to 84.94%. Among 12 potential isolates, six isolates (SM4, SM11, SM14, SM15, SM18, and SM20) were 
evaluated for delayed antagonistic activity with incubation periods of 6, 9, and 12 days using the plug and streak techniques. The results 
showed that the percentage of growth inhibition of selected isolates inclined to increase along with the incubation period prior to 

inoculation of Colletotrichum sp. KA. Delayed antagonist assays using the streak technique resulted in higher inhibition results 
compared to the plug technique. Furthermore, the non-delayed assays of the two selected isolates, SM11 and SM15, also inhibited 
Colletotrichum sp. KA 57.99% and 59.88%, respectively. The delayed antagonist assay with a shorter incubation period of the two 
selected isolates also showed an increased percentage of growth inhibition of Colletotrichum sp. KA. According to our research, the 
delayed antagonistic assay of marine actinomycetes isolates with a 12-day incubation period using a plug technique was representative 
to evaluate the percentage of growth inhibition. 
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INTRODUCTION 

Actinomycetes are a group of bacteria known for 

producing bioactive compound (Janardhan et al. 2014). 

Streptomyces, one of the actinomycetes genera, has been 

reported to produce approximately 100,000 antimicrobial 

compounds (Bader et al. 2010). Continuous exploration of 

actinomycetes from marine ecosystems has revealed that 

marine actinomycetes are the potential source of diverse 

novel bioactive compounds (Solanki et al. 2008; Subramani 

and Aalbersberg 2012; Subramani and Sipkema 2019). 
Marine actinomycetes can produce compounds with 

various bioactivities, such as antiparasitic (Pimentel-Elardo 

et al. 2010), antifungal (Intra et al. 2011), antibacterial 

(Jiao et al. 2018), and anticancer (Davies-Bolorunduro et 

al. 2019). Therefore, actinomycetes play an important role 

in biotechnology and medicine, as well as agriculture 

(Barka et al. 2016). 

Antifungal-producing marine actinomycetes can 

become biocontrol agents in the agriculture sector to help 

overcome fungal phytopathogens (Bressan 2003). Abdallah 

et al. (2013) stated that biocontrol agents can be a better 
alternative strategy to overcome plant disease rather than 

using pesticides or agrochemicals. Pesticides have negative 

impacts on the environment and on humans. In comparison, 

the biocontrol agents of fungal phytopathogens are more 

efficient, environmentally friendly, and can be used for 

broad-spectrum (Chen et al. 2018). Moreover, using 

actinomycetes as a biocontrol agent, they can also produce 

plant growth-promoting compounds, such as indole acetic 

acid and siderophores, which are important for plant 

growth and development (Viaene et al. 2016; Chitraselvi 

2018).  

The phytopathogenic fungi Colletotrichum spp. are one 

of the top fungal pathogens that can infect various crops 

(Dean et al. 2012; Gautam 2014a). Colletotrichum sp. 
infection on crop products causes anthracnose, which 

reduces marketable products (Intra et al. 2011; Gautam 

2014b), consequently resulting in major economic losses of 

important crops (Dean et al. 2012). Colletotrichum sp. also 

infects coffee plants, causing coffee berry disease (Hindorf 

and Omondi 2011). Coffee is an important crop in the 

agriculture sector in Indonesia because it is one of the 

major export commodities (Martauli 2018). It is also well-

known product used around the world, hence important 

export that impacts the world economy (Pandergras 2010).  

Intra et al. (2011) reported the antifungal activity of 
Streptomyces from rhizospheric soils against 

Colletotrichum spp. In this research, several marine 

actinomycetes from a mangrove ecosystem were screened 

to obtain potential isolates that can be used against the 

fungal phytopathogen Colletotrichum sp. KA. Our previous 



FADHILAH et al. – Antagonistic activity of marine actinomycetes 

 

641 

research showed that marine actinomycetes can produce 

bioactive compounds with antibacterial (Fadhilah et al. 

2018) and antifungal activity (Alfisyahri et al. 2018; Zulfa 

et al. 2019). Therefore, marine actinomycetes isolated from 

mangrove ecosystems might be potential biocontrol agents 

against phytopathogenic fungi, such as Colletotrichum sp. 

KA. 

MATERIALS AND METHODS 

Microorganisms  

Fifteen marine actinomycetes isolates and the fungal 
phytopathogen Colletotrichum sp. KA were obtained from 

the Laboratory of Microbiology, Department of Biology, 

Faculty of Mathematics and Natural Sciences, Universitas 

Indonesia. Marine actinomycetes were isolated from leaf 

litter (Fadhilah et al. 2018) and sediment (Alfisyahri et al. 

2018) from a mangrove ecosystem, and were then labeled 

as SM and SD, respectively. Meanwhile, the fungal 

pathogen Colletotrichum sp. KA was isolated from infected 

coffee berries (Fadhilah et al. 2020). The isolates were 

purified using the quadrant streak method in cross streak 

media agar for marine actinomycetes isolates (Sengupta et 
al. 2015) and Potato Dextrose Agar (PDA) medium for 

Colletotrichum sp. KA. 

Antagonistic activity screening of marine actinomycetes 

isolates 

Antagonistic activity screening of marine actinomycetes 

against the fungal phytopathogen Colletotrichum sp. KA 

was performed using a dual culture method with a plug 

technique (Khamna et al. 2009; Qi et al. 2019). The marine 

actinomycetes isolates were grown on modified PDA 

medium which contained 50% PDA and 50% Starch 

Casein Agar (SCA) (Shrivastava et al. 2017). Starch Casein 
Agar contained 1% starch, 0.2% K2HPO4, 0.2% KNO3, 

0.03% casein, 0.005% MgSO4.7H2O, 0.002% CaCO3, 

0.001% FeSO4.7H2O, and 1.5% agar (Mohseni et al. 2013). 

The fungal phytopathogen Colletotrichum sp. KA was 

grown on PDA medium. 

Antagonistic activity screening of marine actinomycetes 

was carried out with two marine actinomycetes isolates on 

the modified PDA medium. The marine actinomycetes 

isolate colonies were plugged using a straw (Ø 5 mm), then 

placed opposite each other at 4 cm. The plates were 

incubated at 30°C for 9 days prior to Colletotrichum sp 

articulation. KA, so called delayed antagonist assay. A plug 
of Colletotrichum sp. KA (Ø 5 mm) from a 5-day old 

colony was placed between the marine actinomycetes 

isolate colonies. All the experiments were performed in 

triplicates.  

The result of the antagonist assay was observed after 5 

days of incubation at 30°C. The inhibition of 

Colletotrichum sp showed a positive result of the 

antagonist assay. KA mycelium growth. The radius of 

Colletotrichum sp. KA colonies were measured using 

calipers. The percentage of growth inhibition was 

calculated based on Song et al. (2020), where R2 is the 
radius of the control Colletotrichum sp. KA colony and R1 

is the radius of the treatment Colletotrichum sp. KA 

colony. The marine actinomycetes isolate with a higher 

percentage of growth inhibition were selected for further 

antagonist assays.  

 

 

Delayed antagonist assays of selected marine 

actinomycetes  

Marine actinomycetes isolate selected based on 
antagonistic activity screening were used for further 

antagonist assays with various incubation periods prior to 

the inoculation of Colletotrichum sp. KA. The various 

incubation periods in the delayed antagonist assays were 

done to evaluate the effect of incubation on the antagonistic 

activity of marine actinomycetes isolates. The delayed 

antagonist assays were also carried out on modified PDA 

medium in triplicate. The colonies of selected marine 

actinomycetes isolates (5 days old) were plugged using a 

straw (Ø 5 mm), then the agar discs were placed on the 

modified PDA medium. The plates were incubated at 30°C 
for 6, 9, and 12 days before the inoculation of 

Colletotrichum sp. KA. After the various incubation 

periods, an agar disc of Colletotrichum sp. KA (Ø 5 mm) 

from a 5-day old colony was placed 1 cm opposite from the 

marine actinomycetes colony. The plates were observed 

after 5 days of incubation at 30°C. The radius of the 

Colletotrichum sp. KA colony opposite the selected marine 

actinomycetes isolates was measured using calipers and the 

percentage of growth inhibition of Colletotrichum sp. KA 

was assessed.  

Delayed antagonist assays with a modified technique 
Delayed antagonist assays of selected marine 

actinomycetes isolates were also carried out using the dual 

culture method with a streak technique (Khucharoenphaisan et 

al. 2013). The marine actinomycetes isolates were streaked 

along the middle of the agar plate. The plates were 

incubated at 30°C for 6, 9, and 12 days. After the various 

incubation periods, the agar discs of Colletotrichum sp. KA 

(Ø 5 mm) from a 5-day old colony were placed at a 

distance of 1 cm on both sides of the marine actinomycetes 

colony. The results of the delayed antagonist assays were 

observed after 5 days of incubation at 30°C. The 

percentage of growth inhibition was calculated after the 
radius of the Colletotrichum sp. KA colony was measured. 

Non-delayed antagonistic activity assays of marine 

actinomycetes  

The non-delayed antagonistic assays were done using 

two selected marine actinomycetes isolates based on the 

previous assays. The two selected isolates were subjected 

to a non-delayed antagonist assay along with a shorter (3 

and 5 days) delayed antagonist assay period against 

Colletotrichum sp. KA. These assays were also performed 

in triplicate using the dual culture method with a modified 

PDA medium plug technique.  
The marine actinomycetes isolate from a 5-day old 

colony and the Colletotrichum sp. KA colony was plugged 

using a straw (Ø 5 mm). The marine actinomycetes isolate 
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agar discs were placed on modified PDA medium. The agar 

disc of Colletotrichum sp. KA was inoculated 2 cm 

opposite from actinomycetes at the same time for a non-

delayed antagonist assay. The Colletotrichum sp. KA agar 

disc inoculated on modified PDA medium without marine 

actinomycetes isolates served as the control. 

The antagonist assay results were observed 5 days after 

inoculation of Colletotrichum sp. KA. The antagonistic 

activity of selected marine actinomycetes isolates was 

indicated by the percentage of Colletotrichum sp growth 
inhibition. KA. The radius of Colletotrichum sp. KA 

colonies opposite the marine actinomycetes isolates was 

measured using calipers, then used to calculate the 

percentage of growth inhibition. 

RESULTS AND DISCUSSION 

Antagonistic activity screening of marine actinomycetes 

isolates 

The marine actinomycetes isolated from the mangrove 

ecosystem used in the present study showed antagonistic 

activity against fungal phytopathogen Colletotrichum sp. 

KA (Figure 1). Of the marine actinomycetes isolates, 80% 
have percentage of growth inhibition ranges from 47.96% 

to 84.94% (Table 1). Figure 1B very clearly shows strong 

inhibition of the two marine actinomycetes isolates (SD1 

and SM28) against the growth of Colletotrichum sp. KA; 

whereas, Figure 1D shows moderate inhibition of marine 

actinomycetes isolates (SD14 and SD6). In contrast with 

the isolates SD1 and SM28, where the inhibition might be 

due to a mixture effect of the two isolates, it is obviously 

seen that isolate SM11 showed strong inhibition against the 

growth of the fungal phytopathogen Colletotrichum sp. KA 

(Figure 1C). Nevertheless, the radius of Colletotrichum sp. 
KA in all positive antagonistic activity screening results 

can still be obtained through detailed observation (Table 1). 

The negative results shown by the remaining isolates 

(SM2, SM7, and SM12) indicate that Colletotrichum sp. 

KA can grow over these three isolates as demonstratively 

represented by SM7 in Table 1 and Figure 1C. It is 

interesting to note that among the 12 marine actinomycetes 

isolates that showed a positive result, the higher percentage 

of growth inhibition (more than 80%) mostly belongs to the 

SM isolates from leaf litter (seven isolates); meanwhile, the 

SD isolate from sediment has only one isolate (SD1). On 

the contrary, it is also surprising to notice that all isolates 

that show a negative result came from the SM isolates. The 

present study results support the fact that marine 
actinomycetes constitute an ongoing and promising source 

of bioactive metabolites (Solanki et al. 2008; Subramani 

and Aalbersberg 2012; Subramani and Sipkema 2019). 

Among the 12 isolates that showed a positive result, six 

isolates with a higher inhibition percentage were selected 

for further delayed antagonistic assays. 
 

 
Table 1. Results of antagonistic activity screening of marine 
actinomycetes against the fungal phytopathogen Colletotrichum 
sp. KA 

 

Isolate 

Radius of 

control 

(mm) 

Radius of 

treatment (mm) 

Percentage of 

growth inhibition 

(%) 

SM2 34.91±2.30 -a - 

SM4 5.26±0.58 84.94±1.65 

SM7 - - 

SM11 5.72±0.33 83.62±0.93 

SM12 - - 

SM14 5.57±0.49 84.05±1.39 

SM15 5.27±0.44 84.91±1.27 

SM18 4.84±0.67 84.14±1.91 

SM20 5.54±0.25 84.13±0.72 

SM28 6.83±1.34 80.44±3.84 

SD1 6.45±0.24 81.53±0.69 

SD6 17.67±1.61 49.39±4.61 

SD7 15.33±0.76 56.08±2.18 

SD9 18.17±1.15 47.96±3.31 

SD14 15.33±1.04 56.08±2.98 

Note: aIndicates a negative value 

 

 

 

 

  
 

 
A B C D 

 
Figure 1. Representative results of antagonistic activity screening of marine actinomycetes isolates against the fungal phytopathogen 
Colletotrichum sp. KA: A. control; B. SD1 (left) and SM28 (right); C. SM11 (left) and SM7 (right); D. SD14 (left) and SD6 (right); 
(arrow: colony of Colletotrichum sp. KA) 
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Delayed antagonist assays of selected marine 

actinomycetes  

The results of the delayed antagonist assays of six 

selected marine actinomycetes isolates using the plug 

technique showed that all of the selected isolates can 

inhibit the growth of Colletotrichum sp. KA. The 

percentage of growth inhibition ranged from 62.88% to 

80.51%, 65.02% to 80.47%, and 61.18% to 84.16% for 6, 

9, and 12 days, respectively (Table 2). The 12-day delayed 

incubation period resulted in the highest percentage of 

growth inhibition and was also significantly different as 

compared to the 6- and 9-day delayed incubation periods, 

except for in the case of the isolates SM11 and SM20 

(Figure 2). Figure 3 provides a representative visualization 

of the antagonistic activity of the selected marine 

actinomycetes, SM15 isolate, toward Colletotrichum sp. 

KA, which had a percentage of growth inhibition of 

78.02%, 76.02%, and 84.16% after 6-, 9-, and 12-day 

delayed incubation periods, respectively.  

 

 
Table 2. Results of delayed antagonist assay of selected marine actinomycetes using the plug technique 
 

Isolate 

6 days  9 days  12 days 

Radius of 

control 

(mm) 

Radius of 

treatment 

(mm) 

Percentage 

of growth 

inhibition 

(%) 

Radius of 

control 

(mm) 

Radius of 

treatment 

(mm) 

Percentage 

of growth 

inhibition 

(%) 

Radius of 

control 

(mm) 

Radius of 

treatment 

(mm) 

Percentage 

of growth 

inhibition 

(%) 

SM4 33.15±1.84 7.21±0.27 78.25±0.80 32.21±0.45 8.10±0.53 74.84±1.65 31.71±0.53 6.12±0.13  80.69±0.42 
SM11 6.46±0.30 80.51±0.90 6.41±0.22 80.10±0.70 6.54±0.12 79.37±0.38 
SM14 6.54±0.38 80.27±1.14 6.29±0.37 80.47±1.13 5.60±0.08  82.34±0.24 
SM15 7.29±0.27 78.02±0.82 7.72±0.29 76.02±0.92 5.02±0.20  84.16±0.63 
SM18 7.00±0.27 78.89±0.81 6.77±0.14 78.99±0.44 5.62±0.61  82.27±1.94 
SM20 12.31±0.68 62.88±2.06 11.27±0.49 65.02±1.53 12.31±0.09  61.18±0.28 

 
 
 

 
 
Figure 2. Diagram of percentage of growth inhibition of selected marine actinomycetes isolates using the plug technique 

 
 
 

 
  

 

A B C D 

 
Figure 3. Representative results of antagonist assays using the plug technique on the SM15 isolate with various incubation periods: A. 
control; B. 6 days; C. 9 days; and D. 12 days; (arrow: colony of Colletotrichum sp. KA) 
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Delayed antagonist assay with modified technique 

The results of the further delayed antagonistic assays of 

six selected marine actinomycetes isolate using the dual 

culture method with a streak technique are displayed in 

Table 3. The percentage of growth inhibition was slightly 

higher compared to when the plug technique was used, 

ranging from 76.75% to 86.51%, 73.47% to 84.88%, and 

77.22% to 85.91% for 6, 9, and 12 days, respectively. In 

contrast with the plug technique results, the percentage of 

growth inhibition of various delayed antagonist assays with 
the streak technique showed insignificant differences as 

qualitatively indicated by the average and their standard 

deviation values overlapping with one another (Figure 4). 

There is also no trend indicating that a longer incubation 

period results in a higher percentage of growth inhibition of 

isolates, and vice versa. All isolates can inhibit the growth 

of Colletotrichum sp. KA with a percentage of growth 

inhibition of more than 81%, except the isolate SM20, 

which only inhibited Colletotrichum sp. KA up to 77%.  

Figure 5 shows a representative visualization of 

antagonistic activity with the steak technique of the 

selected marine actinomycetes, SM15 isolate, against 

Colletotrichum sp. KA. Figure 4 represents the antagonistic 

activity assay of the SM15 isolate with a delayed culture of 
6, 9, and 12 days, which show the values of percentage of 

growth inhibition of 86.51%, 84.88%, and 84.85%, 

respectively. 

 

 
Table 3. Results of the delayed antagonist assay of selected marine actinomycetes using the streak technique 

 

Isolate 

6 days  9 days  12 days 

Radius of 

control 

(mm) 

Radius of 

treatment 

(mm) 

Percentage 

of growth 

inhibition 

(%) 

Radius of 

control 

(mm) 

Radius of 

treatment 

(mm) 

Percentage 

of growth 

inhibition 

(%) 

Radius of 

control 

(mm) 

Radius of 

treatment 

(mm) 

Percentage 

of growth 

inhibition 

(%) 

SM4 34.26±1.38 

 
 

4.94±0.43 85.57±1.26 33.12±1.65 5.11±0.39 84.57±1.18 34.63±1.03 5.57±0.67 83.91±1.95 

SM11 5.66±0.66 83.48±1.93  5.19±0.20 84.33±0.61 4.88±0.44 85.91±1.28 
SM14 5.99±0.39 82.52±1.14  6.08±0.62 81.64±1.86 5.19±0.62 85.00±1.79 
SM15 4.62±0.23 86.51±0.68  5.01±0.44 84.88±1.34 5.25±1.17 84.85±3.38 
SM18 5.18±0.59 84.89±1.73  6.03±0.55 81.80±1.67 5.66±0.43 83.67±1.23 
SM20 7.97±0.62 76.75±1.82  8.79±0.58 73.47±1.75 7.89±0.39 77.22±1.13 

 
 

 
 

Figure 4. Diagram of the percentage of growth inhibition of selected marine actinomycetes isolates 
 

 

   

 

A B C D 
Figure 5. Representative results of antagonist assays using the streak technique of SM15 isolate with various incubation periods: A. 
control; B. 6 days; C. 9 days; and D. 12 days; (arrow: colony of Colletotrichum sp. KA) 
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Table 4. Results of antagonist assays of SM11 and SM15 isolates 
 

Isolate 

Non-delayed antagonist assay 
Delayed antagonist assay 

3 days 5 days 

Radius of 

control 

(mm) 

Radius of 

treatment 

(mm) 

Percentage 

of growth 

inhibition 

(%) 

Radius of 

control 

(mm) 

Radius of 

treatment 

(mm) 

Percentage 

of growth 

inhibition 

(%) 

Radius of 

control 

(mm) 

Radius of 

treatment 

(mm) 

Percentage 

of growth 

inhibition 

(%) 

SM11 
32.09±0.45 

13.48±0.78 57.99±2.42 
32.84±0.28 

13.61±0.36 58.56±1.11 
32.90±0.34 

11.93±0.11 63.74±0.32 
SM15 12.88±0.41 59.88±1.27 12.70±0.29 61.34±0.89 11.16±0.73 66.08±2.23 

 
 
 

   
A B C 

Figure 6. Representative results of antagonistic activity of marine actinomycetes SM11 isolate: A. non-delayed antagonistic assay; B. 
delayed antagonistic assay for 3 days; C. delayed antagonistic assay for 5 days; (arrow shows the colony of Colletotrichum sp. KA) 
 
 
 
 

Non-delayed antagonistic activity assay of marine 

actinomycetes 

The percentage of growth inhibition in the non-delayed 

antagonist assays for SM11 and SM15 was 57.99% and 

59.88%, respectively (Table 4). The results of the delayed 

antagonist assays exhibited a percentage of growth 

inhibition of SM11 and SM15 isolates to be increased 

slightly from 58.56% to 63.74% and 61.35% to 66.08%, 

respectively. It was shown that the longer incubation period 

of marine actinomycetes isolates prior to inoculation of 
Colletotrichum sp. KA can increase antagonistic activity. 

Nevertheless, it is interesting to note that the percentage of 

growth inhibition in non-delayed assays was not 

significantly different from the percentage of growth 

inhibition at 3 days of delayed incubation, but just starts to 

be significantly different at 5 days of delayed incubation 

(Table 4 and Figure 6).  

Discussion 

Our study showed that the potential marine 

actinomycetes isolate against phytopathogenic fungi, 

Colletotrichum sp. KA was isolated mostly from the leaf 
litter rather than the sediment of the mangrove ecosystem 

(Table 1). Azman et al. (2015) stated that mangrove 

ecosystems have unique characteristics, such as high 

salinity, extreme tides, muddiness, and high temperatures. 

These conditions make mangrove ecosystems good 

supporting habitats for actinomycetes, which are a potential 

source of bioactive compounds (Xu et al. 2014). In the 

mangrove ecosystem, leaf litter was present on the surface 

of the sediment, which was exposed to the tides; therefore, 

nutrients were accumulated. According to Srisunont et al. 

(2017), nutrients in mangrove ecosystems are provided 

from tidal inundation, fauna, and microbial activities. 

Activities such as decomposition is a source of nutrients 

from litterfall in the mangrove area. Since the nutrients are 

carried by tides and litterfall, various organisms, including 

microorganisms, can live on leaf litter. Various 

microorganisms in mangrove ecosystem might cause 

competition among microorganism populations, including 

marine actinomycetes. In their natural habitats, 
microorganisms live within communities and may produce 

bioactive compounds. The bioactive compounds used for 

nutrition or competition for space may inhibit other 

microorganisms (Yu et al. 2019).  

Sediment in mangrove ecosystems also reported can 

contain many nutrients. The sediment becomes a storage 

place for the nutrients that accumulate on the surface. 

About 50% of nutrients in sediment are obtained from the 

litter (Srisunont et al. 2017). Nevertheless, microorganism 

diversity in sediment might be lower than in the leaf litter. 

Since only certain populations of microorganisms can live 
in sediment, less competition might occur among 

microorganisms, including marine actinomycetes. 

Consequently, marine actinomycetes might produce limited 

bioactive compounds. Therefore, the probability of 

obtained potential bioactive compound–producing 

actinomycetes from the leaf litter was higher than from the 

sediment. 

Marine actinomycetes are known for their potential to 

produce various novel bioactive compounds (Subramani 

and Aalsbersberg 2012). Agreeing with that statement, the 

screening of antagonistic marine actinomycetes in this 

1 cm 
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study exhibited that 80% of isolates were potential 

antifungal-producing actinomycetes. Among the 12 active 

actinomycetes, eight isolates (67%) showed antagonism of 

80.44% to 84.94%, whereas only four isolates (33%) 

showed antagonistic activity in a range of 47.96% to 

56.08%. According to Khucharoenphaisan et al. (2013), the 

percentage of growth inhibition in a range of 61% to 100% 

is categorized as highly efficient in significantly inhibiting 

growth activity; meanwhile, the percentage of growth 

inhibition in a range of 41% to 60% is categorized as 
having the ability to inhibit the growth of fungal mycelium.  

Actinomycetes having the potential to inhibit fungal 

phytopathogen growth were also reported by some other 

studies. Crawford et al. (1993) reported actinomycetes 

antagonist activity against the fungal root pathogen 

Pythium ultimum. Khamna et al. (2009) assessed the 

antagonistic activity of actinomycete isolates, of which, 27 

were active against at least one of the six plant pathogenic 

fungi: Alternaria brassicicola, A. porri, Colletotrichum 

gloeosporioides, Fusarium oxysporum, Penicillium 

digitatum, and Sclerotium rolfsii. Haidar et al. (2016) also 
reported that actinomycetes isolates were active towards 

the fungal phytopathogen Phaeomoniella chlamydospora. 

These findings, again, confirm that actinomycetes 

constitute a promising and ongoing source of bioactive 

metabolites that can act against phytopathogenic fungi 

(Solanki et al. 2008; Subramani and Aalbersberg 2012; 

Subramani and Sipkema 2019). 

Delayed antagonistic assays using both the plug and 

streak techniques provided an opportunity for 

actinomycetes to grow and secrete their bioactive 

compounds into the medium. In the present study, various 
incubation periods in delayed antagonistic assays before 

the inoculation of Colletotrichum sp. KA were used to find 

out the optimal period for antifungal activity effect. 

Actinomycetes were found to produce bioactive 

compounds in the stationary phase (Barka et al. 2016). This 

study confirmed actinomycete species’ stationary phase 

varied. Even though most of the selected actinomycetes 

isolates showed their highest antagonistic activity at 12 

days of delayed incubation, the SM11 and SM20 isolates 

showed their highest antagonistic activity at 6 and 9 days of 

delayed incubation, respectively. To the best of our 

knowledge, using various delayed antagonist assays to find 
the optimal period for screening antifungal activity are 

reported here for the first time. 

The percentage of growth inhibition in the delayed 

antagonist assay when using the streak technique (Table 3) 

was slightly higher than that of plug technique (Table 4). 

This is likely because the colony of marine actinomycetes 

isolates used in the streak technique was wider and more 

populated than in the plug technique, so the actinomycetes 

were able to produce more bioactive compounds to inhibit 

the growth of Colletotrichum sp. KA. This could also be 

the reason why the various delayed antagonist assays using 
the streak technique gave results that were not significantly 

different. It is assumed that the remaining medium at both 

sides of the actinomycetes isolates colony was saturated 

with the bioactive compounds produced by the 

actinomycetes.  

A non-delayed antagonistic assay using the plug 

technique proved that actinomycetes secrete bioactive 

compounds into the medium. The percentage of growth 

inhibition in the non-delayed antagonist assays was not 

significantly different in comparison with the percentage of 

growth inhibition in the assay with 3 days of delayed 

incubation. It is assumed that the actinomycetes took some 

time to grow and produce bioactive compounds. The 

remaining bioactive compounds secreted during the 

sporulation stage into the isolates’ plug medium took the 
responsibility for the antagonistic activity, in addition to 

those secreted during the 5 days of incubation of the 

antagonist assay itself. Khamna et al. (2009) and 

Khucharoenphaisan et al. (2013) reported that antagonistic 

activity might be due to the production of bioactive 

compounds by the actinomycetes. This study also 

recommended the use of a delayed antagonist assay with 

the plug technique because of both microorganisms – 

marine actinomycetes isolates and Colletotrichum sp. KA – 

have a similar plug agar dimension, therefore, an equal 

antagonism.  
Further study of marine actinomycetes isolates from 

mangrove ecosystems have to be assessed using antibiosis 

assays, which will ensure that isolates produce antifungal 

compounds rather than food or space competition for the 

fungal phytopathogen Colletotrichum sp. KA. In 

conclusion, the isolates of marine actinomycetes from 

mangrove ecosystems are potential antagonistic isolates. 

The antagonist assay using the plug technique was the 

representative technique to obtain percentage of growth 

inhibition. The delayed antagonist assay with a 12-day 

incubation period prior to inoculation of Colletotrichum sp. 
KA was optimal to evaluate the antagonistic activity of 

marine actinomycetes isolates.  
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