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Abstract. Sofian, Suyadi, Nurhasanah, Sopialena. 2025. Isolation and characterization of endophytic fungi and their antagonistic 

activity against Fusarium spp., the causal agent of yellow disease in Piper nigrum. Biodiversitas 26: 1816-1826. Yellow disease in 

pepper (Piper nigrum), caused by Fusarium spp., significantly impacts crop productivity, manifesting as yellowing, wilting, defoliation, 

and root necrosis. Endophytic fungi offer a sustainable alternative to chemical pesticides for managing Fusarium spp. infections. The 

objective of this study was isolate and characterize endophytic fungi from Piper nigrum, Piper crocatum, and Capsicum annuum. Fungi 

were obtained from roots, stems, and leaves, cultured on PDA medium, and identified based on macroscopic and microscopic traits. The 

result revealed that a diverse community of endophytic fungi was associated with host-specific variations in fungal taxa. P. nigrum 

exhibited the highest fungal diversity, likely due to its rich phytochemical composition. A total of six fungal genera were identified: 

Trichoderma sp., Gliocladium sp., Penicillium sp., Aspergillus sp., Geotrichum sp., and Cephalosporium sp., each displaying unique 

morphological and functional attributes. Penicillium sp., Gliocladium sp., and Trichoderma sp. were found in several host plants, 

demonstrating their adaptability and potential for pathogen suppression. Notably, Gliocladium sp. and Trichoderma sp. showed 

remarkably rapid growth, giving them an advantage in competing for space and resources. Antagonistic assays further confirmed their 

ability to inhibit Fusarium sp.; Gliocladium sp. isolated from P. nigrum exhibited the highest effectiveness, consistently outperforming 

other isolates. This remarkable performance may be attributed to its dual antagonistic strategies—competition and antibiosis. Gliocladium 

sp. (PN) demonstrates a remarkable ability to establish sustained interactions with pathogens, ensuring prolonged suppression of 

Fusarium sp. over time. This capability highlights its potential utility in managing yellow disease in P. nigrum. 
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INTRODUCTION 

Fungal pathogens present a significant challenge to 

global agriculture, severely affecting crop yields and 

threatening food security. Among them, Fusarium spp. 

stand out as particularly harmful, causing diseases such as 

vascular wilt, root rot, and leaf yellowing, which result in 

widespread and lasting damage to economically vital crops. 

Their ability to persist in soil and rapidly adapt to changing 

environmental conditions complicates management efforts 

(Ekwomadu and Mwanza 2023). The widespread reliance 

on chemical fungicides, though effective initially, has 

caused serious long-term issues like environmental pollution, 

decreased effectiveness, and the rise of fungicide-resistant 

strains (Matelionienė et al. 2024). These problems highlight 

the urgent need for sustainable and eco-friendly strategies 

to manage plant diseases, especially those caused by 

Fusarium spp. (Pothiraj et al. 2021; Haruna et al. 2024). 

Fusarium spp., a soil-borne fungus, is a major problem 

in agriculture because it can severely reduce crop yields 

and affect many different types of plants. In black pepper 

(Piper nigrum L.), Fusarium spp. are responsible for yellow 

disease, a severe condition characterized by symptoms such 

as leaf yellowing, wilting, defoliation, and root necrosis, 

which can ultimately lead to plant mortality (Da Luz et al. 

2017). The significant losses caused by Fusarium-induced 

diseases and the difficulties in controlling this pathogen 

highlight the pressing need for practical and sustainable 

solutions (Pusztahelyi et al. 2015; Savary et al. 2019). 

Endophytic fungi are increasingly recognized for their 

potential as natural biocontrol agents due to their close 

association with plants and their ability to suppress pathogens 

through various mechanisms (Fontana et al. 2021). These 

fungi reside asymptomatically within plant tissues, providing 

several advantages to their hosts, including enhanced 

growth, improved stress tolerance, and increased disease 

resistance (Segaran and Sathiavelu 2019; Watts et al. 

2023). The antagonistic potential of endophytic fungi lies 

in their ability to compete for space and nutrients, produce 

antifungal secondary metabolites, and directly parasitize 

pathogens (Akram et al. 2023). Such characteristics position 

endophytic fungi as viable alternatives within Integrated 

Pest Management (IPM) strategies (Parveen and Rashtrapal 

2024; Ul Haq et al. 2024), providing a sustainable approach 

(Baron and Rigobelo 2021) to controlling soil-borne 
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pathogens like Fusarium spp. (Abdallah et al. 2018; Abro 

et al. 2019; Muhorakeye et al. 2024).  

Endophytic fungi, with their remarkable adaptability, 

naturally adjust to the internal environment of the host 

plant (Ji et al. 2022). The presence of endophytic species is 

strongly influenced by the microhabitat conditions of the 

host plant as well as the genotypes of both the host plant 

and the endophytic fungi (Sopialena et al. 2018). These factors 

interact to shape the diversity, abundance, and functional 

roles of endophytes within plant tissues. Environmental 

factors, such as soil type, climate, and nutrient availability, 

along with the genetic traits of the host plant, create 

conditions that determine the compatibility and colonization 

potential of specific endophytic fungi (Guerreiro et al. 

2022; Wippel 2023). Similarly, the genetic characteristics 

of the fungi influence their ability to adapt to the host, 

establish beneficial relationships, and contribute to the 

plant's health (Alam et al. 2021). Moreover, their co-

evolution with plants (Saikkonen et al. 2004; Benucci et al. 

2020) and associated pathogens have enabled them to 

develop sophisticated antagonistic mechanisms. These include 

the production of bioactive compounds, which enhance 

their effectiveness as plant defense agents (Ancheeva et al. 

2020; Fadiji and Babalola 2020). 

Previous studies have demonstrated the diversity and 

biocontrol potential of endophytic fungi isolated from P. 

nigrum (Sopialena et al. 2018), which are well-known for 

their rich phytochemical composition and ecological 

interactions. However, there is still a significant gap in our 

understanding of the diversity, growth dynamics, and 

antagonistic mechanisms of endophytic fungi from pepper.  

 The aim of this study was to isolate and characterize 

endophytic fungi from roots, stems, and leaves of various 

plant species, with an emphasis on evaluating their 

antagonistic potential against Fusarium spp. causing yellow 

disease in black pepper (P. nigrum). The ultimate objective 

was to identify the most effective candidates for use as 

biocontrol agents.  

MATERIALS AND METHODS 

Sample collection and isolation of Fusarium sp.  

Fungal samples were collected from diseased pepper 

plants (Piper nigrum) plants exhibited symptoms of yellow 

disease plants exhibiting symptoms of yellow disease in 

community pepper plantations in Karang Tunggal and 

Bukit Pariaman Villages, Kutai Kartanegara Regency, East 

Kalimantan, Indonesia (Figure 1). Samples were collected 

from diseased pepper plants (P. nigrum) that exhibited 

yellow disease, such as leaf yellowing, branch shedding, 

complete plant defoliation, partial root necrosis, wilted root 

hairs, and bluish root discoloration.  

Diseased plant samples were washed under running tap 

water and sectioned in diseased and healthy tissues. These 

sections were surface sterilized by sequential immersion in 

2% sodium hypochlorite (NaOCl) for 1 minute, 70% ethanol 

for 1 minute, and rinsed twice with sterile distilled water. 

The sterilized samples were blotted dry with sterile tissue 

paper and plated onto Potato Dextrose Agar (PDA) medium 

in sterile Petri dishes. Plates were incubated at 25°C for 3-5 

days. 

Isolation of endophytic fungi 

Healthy plants of the genus Piper, including Piper 

crocatum (red betel), Capsicum annuum (red chili) and 

Piper nigrum (black pepper) were selected for endophytic 

fungal isolation. Samples were collected from roots, leaves, 

and young stems of plants that displayed no visible signs of 

disease. Two replicates of each plant part were collected. A 

total of six samples were collected from plant species.  

Plant parts were washed with 70% ethanol, followed by 

rinsing with sterile distilled water. Sections measuring 1 × 

1 cm were excised and surface-sterilized by sequential 

immersion in 5% NaOCl for 1 minute, 70% ethanol for 1 

minute, and rinsed twice in sterile distilled water. The 

sterilized tissues were blotted dry with sterile tissue paper 

and plated onto a PDA medium in sterilized Petri dishes. 

Plates were incubated at 25°C for 3-7 days to allow fungal 

growth. 

Identification of fungal isolates 

After incubation, fungal colonies were identified based 

on macroscopic and microscopic characteristics. Macroscopic 

identification included observations of colony morphology, 

such as color, texture, growth rate, and shape. For 

microscopic analysis, fungal structures were stained with 

methylene blue and examined under a light microscope to 

observe hyphal types, conidia morphology, and conidiophore 

features.  

Purification of fungal isolates  

Isolated fungal colonies were purified by subculturing 

onto fresh PDA medium. Hyphal tips or spores were 

aseptically transferred using a sterile inoculating loop. 

Purified cultures were incubated in sealed Petri dishes 

wrapped with parafilm and maintained at 25°C until 

sufficient growth was observed for further analysis. 

 

 

  
 

Figure 1. Pepper plants infected with yellow disease 
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Fungal propagation 

Purified fungal isolates were propagated on fresh PDA 

medium to obtain sufficient fungal biomass. This process 

was repeated to ensure consistency and uniformity of fungal 

cultures. The diameters of fungal colonies were measured 

to assess growth. Measurements were taken along the longest 

(d1) and shortest (d2) diameters of the fungal colony, and 

the mean colony diameter (D) was calculated using the 

formula:  

 

 

In vitro antagonistic test of endophytic fungal 

The in-vitro antagonistic test was conducted using the 

direct opposition method on 9 cm diameter Petri dishes 

containing PDA medium. Purified inoculants of the 

endophytic fungi and Fusarium sp. were aseptically placed 

side by side on the PDA medium; each inoculum was 

positioned 3 cm from the edge of the Petri dish. Both fungi 

were inoculated simultaneously to ensure uniform growth 

conditions. Pathogen isolates were also cultured in separate 

Petri dishes under the same conditions as controls. The 

experiment was performed with 10 replicates, and the 

cultures were incubated at 25°C. Observations were carried 

out until 7 days post-inoculation. Observations focused on 

the growth of Fusarium sp. colonies and the presence of 

inhibition zones between the two opposing fungal colonies. 

Colony diameters were measured to assess fungal growth 

and calculate the percentage inhibition of Fusarium sp. 

growth by endophytic fungi.  

The mechanisms of antagonism were evaluated with 

thoroughness and precision by observing interactions such 

as growth competition between the pathogenic and 

antagonistic fungi. Observations were meticulous, focusing 

on features like the overgrowth of antagonistic fungi on 

pathogen colonies, the formation of inhibition zones, and 

other morphological changes indicative of antifungal 

activity. The antagonistic interactions between endophytic 

fungi and Fusarium sp. were assessed by measuring colony 

growth and observing antagonistic mechanisms such as 

competition and inhibition zones. The percentage of growth 

inhibition (I) was calculated using the formula developed 

by Barnett and Hunter (1972) as following: 

 

Where: 

I : Growth inhibition 

r1 : Radius of pathogen colony with the growing path 

against the antagonist fungi colony  

r2 : Radius of pathogen colony with the growing path 

close to the antagonist fungi colony  

Data analysis 

Quantitative data were analyzed using Analysis of 

Variance (ANOVA) based on a Completely Randomized 

Design (CRD). Means were compared using the Least 

Significant Difference (LSD) test at a 5% significance level. 

Qualitative data, including morphological observations and 

antagonistic interactions, were analyzed descriptively.  

RESULTS AND DISCUSSION 

 Isolation of Fusarium sp. causal agent of yellow disease 

of pepper 

Fusarium sp. was isolated from infected plant tissues 

and found to be associated with yellow disease symptoms, 

including yellowing, wilting, defoliation, and eventual root 

necrosis. The pathogen was identified as the causal agent of 

the disease based on its consistent morphological characteristics, 

observed both macroscopically and microscopically (Table 

1). On PDA medium, Fusarium sp. colonies exhibited a 

white, cotton-like appearance with a concentric growth 

pattern spreading both laterally and vertically. After seven 

days of incubation, fungal colonies grew to the edge of the 

9 cm Petri dish, with smooth colony margins and limited 

aerial mycelium (Figure 2.A). These macroscopic features 

highlight the aggressive growth nature of Fusarium sp., a 

trait often associated with pathogenicity. 

Microscopic observations revealed that Fusarium sp. 

possessed hyaline, septate hyphae, with crescent shape (sickle-

shaped) conidia with sharp, pointed ends. The conidia were 

hyaline (non-pigmented) and formed on non-branching 

conidiophores (Figure 2.B). These morphological features 

align with authoritative fungal identification references 

(Shahnazi et al. 2012; Lestari et al. 2021), including Barnett 

and Hunter's fungal identification guide. The absence of 

branching conidiophores and the presence of crescent-

shaped macroconidia are diagnostic characteristics that 

confirm the pathogen as Fusarium sp. (Schroers et al. 2017; 

Zakaria et al. 2022). 

 

 

  
 

Figure 2. Pure culture of Fusarium sp.: A. 7 days old colony; B. 

Macro conidia 

 

 

Table 1. Characteristic of Fusarium sp. on PDA medium 

 

Characteristic Macroscopic Microscopic 

Colony color White - 

Spreading pattern Spreading laterally and 

vertically (Concentric) 

- 

Mycelium shape Cotton-like - 

Conidia shape - Crescent-shaped with 

sharp, pointed ends 

Conidia color - Non-pigmented 

Conidiophores 

branches 

- Non-branching 

Hyphae shape - Septate 

Hyphae color - Hyaline 

A B 
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The observed symptoms of yellow disease in pepper 

plants strongly correlate with the pathogenic mechanisms of 

Fusarium oxysporum, a well-documented soil-borne pathogen 

known to cause vascular wilting in a wide range of crops 

(Srinivas et al. 2019; Soleha et al. 2022). The yellowing of 

leaves, defoliation, and root necrosis observed in this study 

are hallmarks of vascular wilt disease (Ekwomadu and 

Mwanza 2023). The pathogen most likely enters the host 

plant through root wounds or natural openings, colonizing 

the vascular system and disrupting water and nutrient 

transport (Yadeta and Thomma 2013; Wang et al. 2015). 

The production of cell wall-degrading enzymes and 

mycotoxins by Fusarium sp. exacerbates tissue damage, 

ultimately leading to plant death (Perincherry et al. 2019; 

Ekwomadu et al. 2021). The aggressive growth observed in 

culture, with rapid lateral and vertical spread, underscores 

the pathogen's colonization efficiency and may explain the 

rapid progression of symptoms in infected plants (Aslam et 

al. 2019; Chakrapani et al. 2023). 

Endophytic fungal diversity in genus Piper 

The present study successfully identified a diverse 

community of endophytic fungi associated with three plant 

species in the genus Piper: P. crocatum, C. annuum, and P. 

nigrum. Each species exhibited distinct fungal taxa, indicating 

host-specific variations in fungal colonization (Figure 3). 

These findings are consistent with previous studies, showing 

that habitat preferences and host plant interactions 

influence the diversity of endophytic communities, exhibited 

by the distinct variations of fungi's macroscopic and 

microscopic characteristics. 

In P. crocatum, two significant fungal isolates were 

identified: Penicillium sp. (Isolate 1) and Aspergillus sp. 

Penicillium sp. exhibited greenish colonies with yellowish 

pigmentation underneath, irregular margins, and hyaline, 

non-septate hyphae, producing green, spherical conidia. 

Aspergillus sp. formed solid black, powdery colonies 

characterized by septate hyphae and a brush-like arrangement 

of black, spherical conidia (Table 2). Three fungal isolates 

were observed in C. annuum, namely: Gliocladium, 

Trichoderma, and Geotrichum (Table 3). Gliocladium sp. 

developed white to greenish colonies with branched 

conidiophores and green, spherical conidia; Trichoderma 

sp. exhibited green to dark green circular colonies with 

smooth conidia and branching conidiophores; and Geotrichum 

sp. presented white to brownish-grey colonies with cylindrical 

conidia. In P. nigrum, four taxa were identified, including 

Trichoderma sp. with dark green colonies, Cephalosporium 

sp. displaying cream-colored colonies with single-celled 

cylindrical conidia, and Penicillium sp. (Isolate 2) showing 

greenish colonies with reddish undersides and velvety 

textures (Table 4). The morphological characteristics of 

these endophytic fungi align with established taxonomic 

descriptions, confirming their identity and significance 

(Saithong et al. 2010; Abdennabi et al. 2017; Sopialena et 

al. 2018; Hidayah et al. 2021; Syarifah et al. 2021; Fan and 

Shi 2024).  

The observed diversity of endophytic fungi across the 

three host plants suggests that factors, such as plant tissue 

structure, chemical composition, and environmental conditions 

significantly influence fungal colonization patterns (Baron 

and Rigobelo 2021). Distinct fungal communities indicate 

that host plants exert selective pressures on their associated 

endophytes, shaping microbial composition to enhance 

resilience against environmental stressors and pathogen 

challenges (Segaran and Sathiavelu 2019; Watts et al. 

2023; Manathunga et al. 2024). Endophytic fungi are 

recognized for their robust adaptability and secondary 

metabolite production, both of which play crucial roles in 

plant defense mechanisms (Akram et al. 2023). For 

instance, Penicillium sp. is well-documented for its production 

of bioactive compounds with antimicrobial properties 

(Rančić et al. 2006; Shaaban et al. 2016; Zerroug et al. 2018). 

Similarly, Aspergillus sp. is notable for its contributions to 

nutrient cycling, stress tolerance, and the regulation of 

plant endogenous hormones and secondary metabolites 

(Ismail et al. 2020; Leetanasaksakul et al. 2024). Geotrichum 

sp. also demonstrates antimicrobial activity (Manganyi et 

al. 2019; Wang et al. 2023) and plant growth-promoting 

effects (George et al. 2019), further underscoring its 

functional versatility. Among the endophytes studied, 

Trichoderma sp. and Gliocladium sp. stand out for their 

exceptional biocontrol potential against soil-borne pathogens 

like Fusarium spp. These fungi employ a range of 

mechanisms, including mycoparasitism, secretion of 

hydrolytic enzymes, and production of volatile organic 

compounds, to suppress pathogen growth (Bastakoti et al. 

2017; Tyśkiewicz et al. 2022; Guzmán-Guzmán et al. 2023; 

Fardhani et al. 2024). Their ability to rapidly colonize plant 

tissues and exert long-lasting antagonistic effects makes 

them valuable components of integrated pest management 

strategies. Furthermore, the presence of Cephalosporium 

sp. reinforces the concept that endophytic fungi contribute 

to plant health through their antimicrobial, antioxidant, and 

cytotoxic activities (Farhat et al. 2023; Rollando et al. 2023).  

The presence of Penicillium sp., Gliocladium sp., and 

Trichoderma sp. in multiple host plants (Tables 2-4) 

highlights their ecological flexibility and potential as 

effective agents for biological control. The occurrence of 

these fungi in multiple host plants demonstrates their 

ecological flexibility and capacity to form symbiotic 

associations across different environments, suggesting their 

suitability for use in Integrated Pest Management (IPM) 

systems (Corbu et al. 2023). Through mechanisms like 

competing for nutrients, producing hydrolytic enzymes, 

and secondary metabolites biosynthesis, these fungi can 

effectively reduce disease impacts and support plant 

growth and resilience. 

The highest diversity of endophytic fungi was observed 

in P. nigrum (Table 4), which can be attributed to its rich 

and complex phytochemical composition (Sopialena et al. 

2018). These bioactive compounds, including alkaloids, 

phenolics, and terpenoids, likely create a favorable 

microenvironment that supports microbial colonization and 

sustains diverse fungal communities (Rai et al. 2021; Su et 

al. 2023). The rich chemical profile of Piper nigrum serves 

both as a defense against pathogens and a catalyst for 

symbiotic interactions with endophytic fungi. This dynamic 

relationship emphasizes the role of secondary metabolites 

in shaping and structuring fungal communities. 
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Antagonistic potential 

In this study, among the isolated endophytic fungi, 

Gliocladium sp. (CA) and Trichoderma sp. (PN) exhibited 

the fastest growth, nearly covering the entire Petri dish by 

the fourth and fifth day of incubation (Table 5), which are 

also observed in the previous studies (Matas-Baca et al. 

2023; Yao et al. 2023; Sopialena et al. 2024; Valeria et al. 

2024). In addition, Gliocladium sp. (CA) demonstrated 

faster growth, surpassing that of Fusarium sp., the 

causative agent of yellow disease in P. nigrum, beginning 

on the fifth day. This rapid growth not only enhances their 

ability to monopolize limited resources but also provides a 

competitive edge in spatial niches, a vital factor in 

suppressing slower-growing pathogens (Yao et al. 2023). 

In contrast, other fungal isolates exhibited slower growth, 

which may be attributed to intrinsic growth characteristics 

or differences in resource utilization efficiency. 

Fungal colony growth is a critical parameter in assessing 

the antagonistic potential of endophytic fungi, as it reflects 

their ability to compete for space and resources, which are 

essential factors in biological control (Panchalingam et al. 

2022; Muhorakeye et al. 2024). Rapidly growing fungi can 

dominate the substrate, outcompeting pathogens for nutrients 

and colonization sites, thereby suppressing their growth 

and proliferation (Mohiddin et al. 2021). The results of 

antagonism tests demonstrated the ability of endophytic 

fungi to inhibit the growth of Fusarium sp. through diverse 

mechanisms, including competition and antibiosis (Table 6). 

The ecological diversity and functional specificity of 

these mechanisms reflect the adaptive capacity of 

endophytic fungi to combat diverse pathogen challenges in 

various environmental conditions (Akram et al. 2023). The 

competition involves the rapid colonization of resources 

and substrate space, which denies pathogens the essential 

conditions for growth (Panchalingam et al. 2022; Priyashantha 

et al. 2023; Yao et al. 2023). This physical and spatial 

exclusion is particularly effective when combined with 

rapid fungal growth. Antibiosis, on the other hand, involves 

the production of secondary metabolites such as antibiotics, 

hydrolytic enzymes, and volatile organic compounds, 

which directly inhibit pathogen growth and development 

(Tyśkiewicz et al. 2022; Fardhani et al. 2024; Leetanasaksakul 

et al. 2024). These dual mechanisms make endophytic 

fungi versatile biological control agents. 

Among the tested fungi, Gliocladium sp. (PN) 

demonstrated the most effective inhibition of Fusarium sp. 

throughout the study, consistently outperforming other 

isolates in its antagonistic activity. The effectiveness of 

Gliocladium sp. may be due to its ability to use both 

competition and antibiosis against pathogens (Figure 4). 

Gliocladium sp. quickly took control of the substrate 

(Table 5) and likely produced secondary compounds that 

further inhibited the growth of Fusarium sp. The combined 

effect of these mechanisms underscores the importance of 

multifaceted antagonistic strategies in achieving effective 

biological control. These findings are consistent with 

previous studies that highlight the dual mechanisms of 

Gliocladium sp. as key contributors to its biocontrol 

efficacy against several plant pathogenic fungi including 

Colletotrichum gloeosporioides (78.75%), Rhizoctonia 

solani (75%), Fusarium sp. (56%), and Phytophthora sp. 

(25%) (Fardhani et al. 2024). 
 

 

Table 2. Characteristics of endophytic fungi isolated from Piper crocatum   

 

Morphological characteristics Penicillium sp. (isolate 1) Aspergillus sp. 

Macroscopic   

Colony color Greenish with yellowish reverse side Black 

Growth direction Spreading irregularly in all directions Spreading radially, forming clustered colonies 

Colony texture Moderately smooth Coarse, resembling sand granules 

Microscopic   

Conidia shape Spherical Spherical 

Conidia color Greenish Dark brown to black 

Conidiophore branching Branched Unbranched 

Hyphae structure Non-septate Non-septate 

Hyphae color Hyaline Hyaline 

 

 

Table 3. Characteristics of endophytic fungi isolated from Capsicum annuum 

 

Morphological characteristics Gliocladium sp. (isolate 1) Trichoderma sp. (isolate 1) Geotrichum sp. 

Macroscopic    

Colony color White to greenish White to dark green White to brownish grey 

Growth direction Spreading uniformly in all 

directions 

Spreading radially and vertically 

to form circular colonies 

Spreading uniformly in all 

directions, covering the Petri dish 

Colony texture Smooth Smooth Smooth, even 

Microscopic    

Conidia shape Spherical Spherical Cylindrical 

Conidia color Dark green Green Blackish white 

Conidiophore branching Branched Branched Branched 

Hyphae structure Septate Septate Cylindrical 

Hyphae color Hyaline Hyaline Hyaline 
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Figure 3. Endophytic fungal diversity in genus Piper: A. Colony; B. Microscopic observation; C. Illustrates of fungi (Barnett and 

Hunter 2006) 
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Table 4. Endophytic fungi in Piper nigrum 

 

Morphological 

characteristics 

Trichoderma sp. 

(Isolate 2) 
Cephalosporium sp. 

Gliocladium sp. 

(Isolate 2) 

Penicillium sp. 

(Isolate 2) 

Macroscopic     

Colony color White to dark green Cream White to greenish Greenish with pink reverse 

Growth direction Radially and vertically, 

forming circular colonies 

Radially and vertically, 

covering the Petri dish 

Spreading in all directions Spreading in all directions 

Colony texture Smooth Smooth Smooth Moderately smooth 

Microscopic     

Conidia shape Spherical Cylindrical Spherical Spherical 

Conidia color Green Transparent Dark green Green 

Conidiophore 

branching 

Branched Branched Branched Branched with phialides 

Hyphae structure Septate Septate Septate Septate 

Hyphae color Hyaline Hyaline Hyaline Hyaline 

 

 

Table 5. Fungal colony growth rate on PDA medium (cm) 

 

Fungi 
Day After Inoculation (DAI) 

1 2 3 4 5 6 7 

Penicillium sp. (PC) 2.40 4.40 5.60 7.60 7.90 8.20 8.50 

Aspergilus niger (PC) 2.40 3.50 5.50 6.60 7.60 8.20 8.33 

Geotrichum sp. (CA) 1.96 3.45 4.50 5.64 7.85 8.30 8.50 

Trichoderma sp. (CA) 4.40 4.60 6.50 7.20 7.80 8.40 9.00 

Gliocladium sp. (CA) 4.60 6.50 7.30 8.50 9.00 9.00 9.00 

Cephalosporium sp. (PN) 1.04 3.45 4.80 5.65 6.86 7.50 8.50 

Gliocladium sp. (PN) 4.40 5.80 6.50 7.40 8.00 8.60 9.00 

Trichoderma sp. (PN) 5.00 5.70 6.70 7.30 7.80 8.80 9.00 

Penicillium sp. (PN) 2.30 4.70 5.60 6.60 7.50 8.40 8.64 

Fusarium sp. (PY) 5.60 6.65 8.45 8.65 8.75 8.80 9.00 

Note: PC: Isolated from P. crocatum; CA: Isolated from C. annum; PN: Isolated from P. nigrum; PY: Pathogen of Yellow disease in P. nigrum 

 

 

 

Table 6. Antagonistic mechanism of endophytic fungi 

 

Endophytic fungi 
Antagonistic mechanisms 

Competition Parasitism Antibiosis 

Penicillium sp. (PC) + - - 

Aspergilus niger (PC) + - - 

Geotrichum sp. (CA) + - - 

Trichoderma sp. (CA) + - - 

Gliocladium sp. (CA) + - - 

Cephalosporium sp. (PN) + - - 

Gliocladium sp. (PN) + - + 

Trichoderma sp. (PN) + - - 

Penicillium sp. (PN) + - - 

Notes: PC: Isolated from P. crocatum; CA: Isolated from C. 

annum; PN: Isolated from P. nigrum; PY: Pathogen of yellow 

disease in P. nigrum. Antagonistic mechanism occur (+); An 

antagonistic mechanism did not occur (-) 

 

 

The inhibition percentage data further confirmed the 

efficacy of specific endophytic fungi in suppressing Fusarium 

sp. (Table 7). On the first day of observation, Gliocladium 

sp. (CA) (P3) and Trichoderma sp. (CA) (P3) exhibited 

significantly higher inhibition rates compared to other 

treatments. Early suppression is critical in preventing pathogen 

establishment and subsequent disease development (Yao et 

al. 2023). However, by the fourth to seventh days, 

Gliocladium sp. (PN) (P6) emerged as the most effective 

antagonist, maintaining its inhibitory activity up to 48%. 

The progressive increase in inhibition percentages observed 

for Gliocladium sp. (PN) suggests a sustained interaction 

with the pathogen, reflecting its ability to establish long-

term dominance over Fusarium sp. 

The consistent and robust antagonistic performance of 

Gliocladium sp. (PN) highlights its potential as a reliable 

biocontrol agent, capable of suppressing soil-borne pathogens 

such as Fusarium sp., the causal agent of yellow disease in 

black pepper. This fungus combines multiple antagonistic 

mechanisms, including competition for space and nutrients 

and antibiosis through the production of antifungal secondary 

metabolites (Aishwardani et al. 2024; Mindrati et al. 2024). 

These dual mechanisms enhance its adaptability to diverse 

environmental conditions and pathogen challenges, making it 

a versatile and effective option for Integrated Pest 

Management (IPM). Such biological control strategies offer 

a sustainable alternative to conventional chemical pesticides, 

reducing their environmental impact and the risk of 

developing pesticide-resistant pathogen strains (Fadiji and 

Babalola 2020; Baron and Rigobelo 2021; Fontana et al. 

2021; Manathunga et al. 2024). The findings of this study 

highlight the ecological and functional diversity of 

endophytic fungi and their significant potential for biological 

control. The consistent inhibitory activity of Gliocladium 

sp. (PN) and its ability to sustain pathogen Fusarium sp. 

suppression over time suggests its utility in overcoming 

yellow disease in P. nigrum. 
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Figure 4. Antagonistic mechanism of endophytic fungi. Endophytic fungi that experience competition mechanisms: A. Penicillium sp. 

(PC); B. Aspergillus sp. (PC); C. Geotrichum sp. (CA); D. Trichoderma sp. (CA); E. Gliocladium sp. (CA); F. Cephalosporium sp. (PN); 

H. Trichoderma sp. (PN); I. Penicillium sp. (PN). Competition and antibiosis mechanisms: G. Gliocladium sp. (PN). Note: PC: Isolated 

from P. crocatum; CA: Isolated from C. annum; PN: Isolated from P. nigrum; PY: Pathogen of Yellow disease in P. nigrum 

 

 

Table 7. Percentage of inhibitory activity of endophytic fungi against Fusarium sp. 

 

Fungi 
Day After Inoculation (DAI) 

1 2 3 4 5 6 7 

P1. A. niger (PC) 16.92 b 15.62 a 12.39 a 13.62 a 13.63 a 16.35 a 17.11 a 

P2. Penicillium sp. (PC) 15.16 ab 18.43 ab 14.67 a 18.99 a 26.23 b 18.08 a 25.53 ab 

P3. Gliocladium sp. (CA) 30.11 d 25.11 a 32.13 b 32.69 c 35.96 b 36.76 b 36.55 b 

P4. Trichoderma sp. (CA) 38.60 d 31.44 b 35.10 c 34.33 d 36.44 b 38.45 b 38.46 b 

P5. Geotrichum sp. (CA) 28.56 cd 23.39 c 30.94 b 32.03 c 32.43 b 33.09 b 33.01 b 

P6. Gliocladium sp. (PN) 7.55 a 24.56 c 31.22 b 35.76 d 37.68 c 38.70 b 48.07 c 

P7. Cephalosporium sp. (PN) 10.18 ab 18.59 c 32.59 b 35.47 d 36.35 b 35.94 b 37.63 b 

P8. Trichoderma sp. (PN) 23.27 c 22.01 ab 29.19 b 27.77 b 28.25 b 34.36 b 37.71 b 

P9. Penicillium sp. (PN) 19.43 c 26.48 c 22.27 a 21.21 a 23.73 ab 29.31ab 32.45 b 

ANOVA * * * * * * * 

LSD 8.23 6.92 7.83 7.75 8.66 10.05 9.11 

Note: PC: Isolated from P. crocatum; CA: Isolated from C. annum; PN: Isolated from P. nigrum. *Significant at 95%; LSD: Least 

Significant Different value 

 

 

In conclusion, this study highlights the diversity and 

functional potential of endophytic fungi isolated from P. 

crocatum, C. annuum, and P. nigrum. The fungal isolates, 

including Trichoderma sp., Gliocladium sp., Penicillium 

sp., Aspergillus sp., Geotrichum sp., and Cephalosporium 

sp., exhibited distinct macroscopic and microscopic 

characteristics and demonstrated varying degrees of 

antagonistic activity against Fusarium sp. Among these, 

Gliocladium sp. isolated from Piper nigrum emerged as the 

most effective biocontrol agent, maintaining consistent and 

robust inhibitory activity through mechanisms of 

competition and antibiosis. Gliocladium sp. (PN) has 

shown strong and consistent pathogen suppression, making 

it a promising option for controlling yellow disease in 
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Piper nigrum. This research highlights the diverse range of 

endophytic fungi and their significant contribution to 

sustainable farming, inspiring a new wave of research and 

application. By providing a natural and eco-friendly 

alternative to chemical pesticides, these fungi promote 

agricultural practices that are more environmentally 

sustainable. As valuable components of integrated pest 

management (IPM) systems, they contribute to long-term 

crop protection and the reduction of chemical inputs in 

agricultural systems. 
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