
Vol.	10(2):	211-222,	May	2022	 DOI:	https://doi.org/10.23960/jsl.v10i2.547										 																						

Jurnal	Sylva	Lestari	
Journal	homepage:	https://sylvalestari.fp.unila.ac.id	 

 211 

P-ISSN: 2339-0913 
E-ISSN: 2549-5747 

 

Full Length Research Article 

Identification of Endophytic Fungi of Balangeran (Shorea balangeran Korth.) 
by Morphological Characterization 

Yunik Istikorini*, Okta Yulia Sari 
Department of Silviculture, Faculty of Forestry and Environment, IPB University. IPB Dramaga Campus 16680, Bogor Indonesia 
* Corresponding Author. E-mail address: yunik.istikorini@gmail.com  
 
ARTICLE HISTORY: 
Received: 16 June 2021 
Peer review completed: 30 November 2021 
Received in revised form: 20 January 2022 
Accepted: 26 February 2022 

 
KEYWORDS: 
Endophytic fungi 
Identification 
Morphological characterization 
Shorea balangeran 
 
 
 
 
 
 
 
 
 
 
 
 
© 2022 The Author(s). Published by 
Department of Forestry, Faculty of 
Agriculture, University of Lampung in 
collaboration with Indonesia Network for 
Agroforestry Education (INAFE). 
This is an open access article under the 
CC BY-NC license: 
https://creativecommons.org/licenses/by-
nc/4.0/. 

ABSTRACT 
 

Endophytic fungi are the potential biological agent that could stimulate 
plant growth and inhibit plant disease. The existence of diverse and 
abundant endophytic fungi encourages continuous exploration. One of the 
plants that have potential as a source of endophytic fungi is balangeran 
(Shorea balangeran Korth.). The study aimed to identify the species of 
endophytic fungi from the leaf and twig of S. balangeran based on 
morphological characteristics. Fungi isolation was conducted by multiple 
sterilizations and purification. Furthermore, the macroscopic and 
microscopic morphological characteristics of the endophytic fungi isolates 
were also identified. The results showed nine colony characteristics of 
endophytic fungi. Endophytic fungi of Colletotrichum sp1. (SbD 1.1), 
Phomopsis sp. (SbD 1.3.1), Colletotrichum sp2. (SbD 1.3.2), and 
Beauveria sp. (SbD 3.1) were only found on the leaves, while Aspergillus 
niger (SbB 5.1), Colletotrichum sp3. (SbB 5.2), and Nigrospora sp. (SbB 
5.3.2 and SbB 6.3) were only found on the twigs. Endophytic fungi 
Phyllosticta sp. (SbD 1.2) were found in the leaves and twigs. The growth 
rate of endophytic fungi showed that Colletotrichum sp3 (SbB 5.2) was the 
fastest, and Phyllosticta sp. (SbD 1.2) was the slowest among the nine 
isolates. Endophytic fungi that have been isolated will be analyzed for their 
benefits as a biological agent in future research. 

 
1. Introduction 

All plants in natural ecosystems appear to be symbiotic with fungal endophytes. Endophytic 
fungi are naturally associated with host plants and live-in plant tissue organs. This potential is 
supported by endophytic fungi that are very diverse and abundant in various plants. For example, 
endophytic fungi in the shoots, leaves, and stems of kemaitan (Lunasia amara) are very abundant 
consist of 37 different morphospecies (Istikorini and Hartoyo 2019). The role of endophytic fungi 
in plants is as a natural pest and disease control. Endophyte fungi from Anredera cordifolia can 
inhibit dieback disease severity 33.34 - 40.84% in jabon seedlings (Istikorini 2019). The 
endophytic fungi promote plant growth and resistance through the resulting bioactive compounds 
(Tejesvi et al. 2011). Endophytic fungi produce mycotoxins or other metabolites that cause 
changes in the host’s physiology and biochemistry. The presence of endophytes in plant tissues 
can directly inhibit the development of pathogens in plants (Deka et al. 2017). 
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Each plant contains one or more endophytic microbes capable of producing antimicrobial 
secondary metabolites. Therefore, it is an excellent opportunity to explore endophytic fungi from 
various plants. One plant that can become a source of endophytic fungi is balangeran (Shorea 
balangeran Korth). Balangeran is a woody plant that grows in the habitat of peat swamp forests. 
This species is elong to Dipterocarpaceae family and the wood is classified into solid class II and 
durable class III (Suryanto et al. 2012). Balangeran wood is generally used as for construction 
purposes. The advantages of S. balangeran as a source of endophytic fungi are its resistant 
properties to wood-decaying fungi (Suryanto et al. 2012). Resistance to wood-decaying fungi 
attacks may be derived from metabolites produced by endophytic fungi in S. balangeran. 
Therefore, identifying the species of endophytic fungi in S. balangeran is the first step to 
researching other potentials of endophytic fungi. 

Research of endophytic fungi derived from S. balangeran is very limited, even though S. 
balangeran has been known as wood species resistant to fungal attacks.  Some endophytic fungi 
were found from S. balangeran twigs (Kumala and Fitri 2008).  However, the endophytic fungi 
were not identified and only used the isolated code in subsequent tests. It shows that studies and 
information about the species of S. balangeran endophytic fungi are limited regarding the number 
of isolates and species identified. This plant’s diverse and abundant endophytic can find other 
endophytes derived from leaves and twigs. In addition, the identification and morphological 
characteristics of fungi found need to be known to examine further the potential of bioactive 
compounds that are beneficial for improving plant growth and resistance. This study aimed to 
identify the species of endophytic fungi from S. balangeran based on macroscopic and 
microscopic morphological characteristics. 
 

2. Materials and Methods 

2.1. Time and Location 

The study was conducted from November 2019 - March 2020. Samples of S. balangeran 
used were the healthy leaves and twigs obtained from IUPHHK PT. Dasa Intiga Kapuas Regency, 
Central Kalimantan (114° 39' East Longitude and 0° 04' North Latitude). The isolation of 
endophytic fungi S. balangeran was performed at the Pathology Laboratory, Department of 
Silviculture, Faculty of Forestry and Environment, IPB University. 

 
2.2. Isolation and Identification of Endophytic Fungi 

Samples of S. balangeran were obtained from IUPHHK PT. Dasa Intiga, Kapuas, Central 
Kalimantan, Indonesia. Samples were taken from as many as five plant seeds aged ± 9 months. 
Healthy samples with no plant disease symptoms were washed thoroughly using running water 
and air dry. Samples were separated between leaves and twigs. Leaf samples were cut into a ± 5 
mm ´ 5 mm section, while the twig samples were cut with a length of ± 10 mm.  

The method to isolate the endophytic fungi was done by modifying the procedure described 
by Photita et al. (2004). The slice cutting samples were sterilized by soaking in a solution of 96% 
ethanol for 30 seconds, natrium hypochlorite (NaOCl) 1% for 1 min; 70% ethanol for 1 min; 30% 
ethanol for 30 seconds; rinsed using sterile water for three times and dried in sterile filter paper. 
Samples were placed on PDA and incubated at room temperature for seven days. Each Petri dish 
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is planted with four segments of leaves or twigs. Mycelium fungi with different shapes and colors 
that grew on segment pieces were purified on PDA. 

Subsequently, the isolates were observed on PDA and were identified based on macroscopic 
and microscopic morphological characteristics. Fungal isolates were characterized 
morphologically based on color and tint in colony surface and reverse, colony surface texture, 
colony margin, pattern, pigment exuded, and organ formed. Microscopic observations were 
conducted by observing the growth of hyphae, conidiophore, conidia, and other specific 
characteristics (Barnet and Hunter 1998; Watanabe 2002). 
 
2.3. Growth Rate of Endophytic Fungi  

Endophytic fungi obtained were then measured and observed in the growth rate of fungi 
colonies. Mycelial discs (diameter ± 6 mm) of each 7-day-old endophytic fungi were transferred 
to PDA. Colony diameter was measured daily for seven days, and growth rate was calculated as 
the 7-day average of mean daily growth (Prihastuti et al. 2009). 
 

3. Results and Discussion 

3.1. Number of Endophytic Fungi Isolates 

The results of the isolation of endophytic fungi on the leaves and twigs of balangeran (S. 
balangeran) obtained nine morphological characteristics of the colony, which are coded isolate 
SbD 1.1, SbD 1.2, SbD 1.3.1, SbD 1.3.2, SbD 3.1, SbB 5.1, SbB 5.2, SbB 5.3.2, and SbB 6.3. 
Among the nine isolates, five isolates were found only in each part of the plant except the SbD 1.2 
isolate found in both parts of the isolated plant (Table 1). Isolates SbD 1,1, SbD 1.3.1, SbD 1.3.2, 
and SbD 3.1 were only found in the S. balangeran leaves. In addition, isolates SbB 5.1, SbB 5.2, 
SbB 5.3.2, and SbB 6.3 were only found in S. balangeran twigs. 

 
Table 1. Endophytic fungi isolate from balangeran (S. balangeran) 

Isolate Code Plant Section 
Leaf Twig 

SbD 1.1 + - 
SbD 1.2 + + 
SbD 1.3.1 + - 
SbD 1.3.2 + - 
SbD 3.1 + - 
SbB 5.1 - + 
SbB 5.2 - + 
SbB 5.3.2 - + 
SbB 6.3 - + 
Total Isolate 5 5 

Notes:  + refer that fungi are present and – refer that fungi are absent in the specific plant section. 
 
3.2. The Colony Growth Rate of Endophytic Fungi  

The mycelium growth rate of endophytic fungi was observed for seven days. The growth rate 
of each isolate can be seen in Fig. 1. Fungi SbB 5.2 has a very fast growth rate because the SbB 
5.2 colony has reached the edge of the Petri dish within seven days. Fungi SbD 1.1 and SbD 1.3.1 
growth is not as fast as SbB 5.2, SbB 5.3.2, and SbB 6.3 with moderate growth. SbD 1.2, SbD 
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1.3.2, SbD 3.1 and SbB 5.1 are slow-growing isolates. The diameter of each isolate at the end of 
the observation can be seen in Table 2. 

 
Fig. 1. The growth rate of endophytic fungi S. balangeran for seven days in PDA. 

 
Table 2. Diameter of S. balangeran endophytic fungi colony on PDA 7 days after inoculation 

Isolate Code Colony Diameter (cm) 
SbD 1.1 7.50 
SbD 1.2 2.90 

SbD 1.3.1 7.60 
SbD 1.3.2 3.30 
SbD 3.1 3.30 
SbB 5.1 4.50 
SbB 5.2 9.00 

SbB 5.3.2 8.50 
SbB 6.3 8.40 

 

3.3. Morphological Characteristics of Isolate SbD 1.1 

Isolate SbD 1.1 has the macroscopic features of white colonies with grayish-colored middles. 
Colonies on PDA at first white, becoming grey to dark grey at the center with age. The reverse 
color was white to grayish-green. Aerial mycelium is pale grey, dense, and cottony (Fig. 2a). Fungi 
SbD 1.1 has hyaline hyphae, stringed and hyaline conidiophores. The conidia are cylindrical and 
hyaline (Fig. 2c). Appressoria is dark gray to blackish brown and cylindrical (Fig. 2d). Based on 
these characteristics, isolate SbD 1.1 has the characteristics of the Colletotrichum sp.  

 
3.4. Morphological Characteristics of Isolate SbD 1.2 

The macroscopic feature of fungi SbD 1.2 shows dark-colored colonies. The colony color is 
gray at the beginning of development, then turns black. The edges of the colony are irregular, 
without aerial mycelium. The bottom appearance shows a blacker color (Fig. 3b). Fungi have 
macroscopic features of irregular colony edges, arachnoid patterns, smooth and flat colony 
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surfaces, and mycelium is dull grayish-green to blackness (Fig. 3a). Microscopic features of isolate 
SbD 1.2 are hyphae hyaline (Fig. 3c), hyaline conidia, and ovoid form (Fig. 3d). 

 
Fig. 2. The morphological characteristics of SbD 1.1: (a) upper surface colony, (b) lower surface 

colony, (c) conidia, and (d) appressoria. Scale bars = 10 µm. 
 

Based on the macroscopic and microscopic features, the isolate SbD 1.2 is Phyllosticta sp. 
(teleomorph Guignardia). Fungi Phyllosticta sp has macroscopic features of irregular colony 
edges, smooth and flat colony surfaces, and dull grayish to blackish mycelium (Baayen et al. 2002). 
Conidia is ovoid, hyaline, aseptate, and surrounded by thick mucoid (Guarnaccia et al. 2017).  

 
Fig. 3. The morphological characteristics of SbD 1.2: (a) upper surface colony, (b) lower surface 

colony, (c) hyphae, and (d) conidia. Scale bars = 10 µm. 
 

3.5. Morphological Characteristics of Isolate SbD 1.3.1 

Isolate SbD 1.3.1 has white colonies with layered circular growth with wavy edges. Its 
mycelium growth pattern is circularly wavy, forming a rose pattern (flowery pattern) with irregular 
mycelium edges (Fig. 4a). Mycelium has a powdery texture. Isolate SbD 1.3.1 has little air 
mycelium. Hyphae hyaline are pale brown and stringy. Conidia hyaline, 1-celled, dimorphic. 
Pycnidia is half-embedded in agar media (Fig. 4c). Based on the macroscopic and microscopic 
morphological characteristics, isolate SbD 1.3.1 has the characteristics of Phomopsis spp. The 
morphological characteristics of Phomopsis spp. has a bumpy colony appearance. The colony is 
white with wavy edges and the bottom of the grayish colony (Mahadevakumar et al. 2017). 
Phomopsis spp. has black conidiomata with cylindrical and elongated phialide containing non-
agreed hyaline conidia, namely alpha and beta (Udayanga et al. 2011). 

a b c d 

a b c d 
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Fig. 4. The morphological characteristics of SbD 1.3.1: (a) upper surface colony, (b) lower surface 

colony, (c) conidia. Scale bars = 10 µm. 
 
3.6. Morphological Characteristics of Isolate SbD 1.3.2 

Isolate SbD 1.3.2 has macroscopic features of the colony in greenish-gray and blackish 
brown (Fig. 5a) with white edges at the bottom (Fig. 5b). The edges of the colony have growth 
that tends to be flat. Hyphae are hyaline and stringed. Conidia is falcate-shaped (Fig. 5c). Based 
on macroscopic and microscopic cyclical, isolate SbD 1.3.2 is identified as Colletotrichum sp.   

  
Fig. 5. The morphological characteristics of SbD 1.3.2: (a) upper surface colony, (b) lower surface 

colony, and (c) conidia. Scale bars = 10 µm. 
 

3.7. Morphological Characteristics of Isolate SbD 3.1 

Isolate SbD 3.1 has colonies of white macroscopic features on the upper and lower surfaces 
(Fig. 6b). The mycelia isolate misty like cotton (Fig. 6a). The edge of the isolate SbD 3.1 colony 
tends to be flat and has a colony growth of 3.25 cm at the end of the seven-day observation (Table 
2). Isolate SbD 3.1 has hyphae attached to hyaline colors and thin hyphae walls (Fig. 6c). The 
conidia are round (ovoid) with hyaline color (Fig. 6c). Based on Oliveira et. al.  (2010), the fungi 
are Beauveria sp. 
 
3.8. Morphological Characteristics of Isolate SbB 5.1 

The result of morphological observations of the colony showed that isolate SbB 5.1 has a 
yellow colony with a round black spore on the upper surface (Fig. 7a). In contrast, the lower 
surface of the colony is yellowish-white (Fig. 7b). Mycelium forms a concentric zone with 
irregular edges. The isolate has little air mycelium on the upper surface of the colony (Fig. 7a). 
SbB 5.1 has a light brown hyaline conidiophore, forms globular vesicles, and grows concentrically 
(Fig. 6c). At the end of the conidiophore, there is a phialide. Conidia is globose/round (Fig. 6d). 

 

a b c 

a b c 
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Fig. 6. The morphological characteristics of SbD 3.1: (a) upper surface colony, (b) lower surface 

colony, and (c) conidiophore and conidia. Scale bars =10 µm. 
 

  
Fig. 7. The morphological characteristics of SbB 5.1: (a) upper surface colony, (b) lower surface 

colony, (c) conidiophore, and phialides (d) conidia. Scale bars =10 µm. 
 

Isolate SbB 5.1 has the morphology characteristics of the fungi Aspergillus niger. Isolates 
have white colonies with round black spores on the upper surface, while the lower surface of the 
colony is yellowish-white (Silva et al. 2011). Konidiofor A. niger is fine-walled with a hyaline 
color that turns dark approaching vesicles (George and Ramteke 2019). 

 
3.9. Morphological Characteristics of Isolate SbB 5.2 

Isolate SbB 5.2 has a greenish-gray colony on the upper surface (Fig. 8a). The lower surface 
is blackish-brown gray (Fig. 8b). Isolate SbB 5.2 has a flat colony edge. Conidia hyaline, 
cylindrical conidia (Fig. 8c). Based on the macroscopic and microscopic characterization, sycopic 
of isolate SbB 5.2 is Colletotrichum sp. (Weir et al. 2012). 

  
Fig. 8. The morphological characteristics of SbB 5.2: (a) upper surface colony, lower surface 

colony, and (c) conidia. Scale bars =10 µm. 
 

a b c 

a b c
 

d 

a b c 



Istikorini and Sari (2022)    Jurnal Sylva Lestari 10(2): 211-222 

 218 

3.10. Morphological Characteristics of Isolate SbB 5.3.2 

Isolate SbB 5.3.2 has a cotton-like colony’s features with corrugated colony edges (Fig. 9b). 
The upper surface has black spots that are spores (Fig. 9a). The isolate SbB 5.3.2 has microscopic 
features of hyphae hyaline and spherical (round) black conidia (Fig. 9c). This characteristic is 
Nigrospora sp.  Based on Wang et al. (2017), Nigrospora sp.  It has the characteristics of hyaline-
colored hyphae and solitary conidia in a spherical (round) shape in black. 

 
Fig. 9. The morphological characteristics of SbB 5.3.2: (a) upper surface colony, (b) lower surface 

colony, and (c) hyphae, and conidia. Scale bars =10 µm. 
 
3.11. Morphological Characteristics of Isolate SbB 6.3 

Isolate SbB 6.3 has the macroscopic features of a yellowish-white colony like cotton with 
corrugated colonies (Fig. 10a). Hifa hyalin and conidia are spherical (round) in black (Fig. 10c). 
The macroscopic and microscopic characteristics of SbB 6.3 is similar to isolate SbB 5.3, 
Nigrospora sp. (Wang et al. 2017). The growth of isolate SbB 6.3 colonies on the 7th day is 8.4 
cm (Table 2). 

 
Fig. 10. The morphological characteristics of SbB 6.3: (a) upper surface colony, (b) lower surface 

colony, and (c) hyphae, and conidia. Scale bars =10 µm 
 

The identification results show that the leaves and twigs of the S. balangeran contain some 
endophytic fungi, namely Colletotrichum sp1. (SbD 1.1), Phylosticta spp. (SbD 1.2). Phomopsis 
sp (SbD 1.3.1), Colletotrichum sp2. (SbD 1.3.2), Beauveria sp.  (SbD 3.1), Aspergillus niger (SbB 
5.1), Colletotrichum sp3. (SbB 5.2), Nigrospora sp.  (SbB 5.3.2 and SbB 6.3).  In this study, 
endophytic fungi found in the leaves and twigs of the S. balangeran were also seen as endophytic 
fungi in other plants. Three Colletotrichum species in this research have different macroscopic and 
microscopic morphological characteristics. Identification morphology has the challenge of 

a b c 

a b c 
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identifying at the species level. Such as the consistency and accuracy of identifications, molecular 
identification techniques are needed (Manoylove 2014).  

Various endophytes were isolated from their host plants and then the secondary metabolites 
were produced by these endophytic microbes with isolated, purified and diluted their molecular 
structure. Colletotrichum sp. is an endophytic fungus from inside the stem of Artemisia annua, 
producing the highly potential metabolite artemisinin as an antimalarial (Lu et al. 2000). 
Colletotrichum sp1. (SbD 1.1), has characteristics like C. fructicola. Fungi C. fructicola has a white 
upper colony changing from gray to dark gray, and the lower colony is white and greenish. 
Conidiophores rare, septate, hyaline. Conidia ellipsoidal, smooth-walled, septate, hyaline. C. 
fructicola were identified as fungal endophytes of Dendrobium spp. (Hu et al. 2015; Ma et al. 
2018). 

Based on macroscopic and microscopic cyclical, Colletotrichum sp2. (SbD 1.3.2) has 
characteristics like C. truncatum. The characteristics of colony C. truncatum is a pale gray upper 
colony and a dark brown lower colony, and falcate-shaped conidia with blackish-brown 
appressoria (Liu et al. 2016). Colletotrichum sp3. (SbB 5.2) has characteristics like C. 
queenslandicum (Weir et al. 2012). Mukti et al. (2018) reported that eight species of endophytic 
fungi were successfully isolated and turned out to be from the same genus, Colletotrichum. Species 
of endophytic fungi successfully isolated from Cordyline fruticosa leaves include C. coccodes, C. 
aotearoa, C. kahawae, C. fruticola, C. cordylinicola, and C. theobromicola. The species of 
endophytic fungi that was successfully isolated from the Cordyline fruticosa stem is C.  
queenslandicum.  

Phomopsis sp. produces antibacterial and antifungal metabolites Phomopsichalasin (Horn et 
al. 1995). Thirty strains of Phyllosticta have been isolated on healthy leaves in some plants (Wikee 
et al. 2013). Fungi Beauveria sp. is one of the endophytic entomopathogenic fungi in cocoa plants 
(Trizelia and Winarto 2016). Fungi Nigrospora sp. (SbB 5.3.2) has a very fast growth rate because 
it has reached the edge of a Petri dish within seven days. Fungi Colletotrichum sp1. (SbD 1.1) has 
a moderate growth rate. Fungi Phylosticta (SbD 1.2), Beauveria sp. (SbD 3.1), and Colletotrichum 
sp2. (SbD 1.3.2) are classified as slow-growth isolates. The resulting growth of fungi colonies has 
a vital role in its life cycle. In general, biological agents have rapid growth, forming large conidia 
to become an efficient saprophyte. The faster the growth of antagonistic fungi, the more effectively 
suppressing pathogens’ growth. 

Conidia are a means of asexual reproduction, spread, and the survival of fungi in their 
environment. The growth spurt indicates the competition mechanism of space and nutrition with 
pathogens. The faster the growth of antagonistic fungi, the more effectively suppressing 
pathogens’ growth (Agrios 2008; Soesanto 2008). Endophytic fungi that have been isolated from 
the leaves and twigs of the S. balangeran need to be tested for their ability to produce beneficial 
secondary metabolites and tested for their potential as a biological agency.  
 

4. Conclusions 

The study obtained nine species of endophytic fungi based on the morphological 
characteristics of the leaves and twigs of S. balangeran. Fungi of Colletotrichum sp1. (SbD 1.1), 
Phomopsis sp (SbD 1.3.1), Colletotrichum sp2. (SbD 1.3.2), and Beauveria sp. (SbD 3.1) were 
found only on the leaves.  Endofit fungi of Aspergillus niger (SbB 5.1), Colletotrichum sp3. (SbB 
5.2), and Nigrospora sp. (SbB 5.3.2 and SbB 6.3) were only found on the twigs. Fungi Phyllosticta 



Istikorini and Sari (2022)    Jurnal Sylva Lestari 10(2): 211-222 

 220 

sp.  (SbD 1.2) were found on the leaves and twigs of S. balangeran. The morphological 
identification has the challenge of identifying at the species level; hence, molecular identification 
techniques are needed. Endophytic fungi from S. balangeran will be analyzed for their benefits as 
a biological agent in future research. 
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