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Abstract: The fungi of genus Trichoderma can be found nearly in all types of temperate and 

tropical soils. They can also be found on decaying wood, bark and other kind of plant organic 

materials. In the present investigation, 24 isolates of Trichoderma sp. were obtained from the 

rhizosphere soils of cocoa planted at Raub, Pahang. Taxonomic identification of isolates was 

done up to species level based on their macro and micro-morphological characteristics. The 

macro-morphological characteristics included linear growth, colony features, pigmentation and 

sporulation pattern. On the other hand, micro-morphological characteristics that were 

examined were shape and arrangement of conidiophores, phialides, conidia and the presence 

of chlamydospore. On the basis of macro and micro-morphological characteristics, 

Trichoderma isolates were classified into three species, namely T. harzianum, T. koningii 

and T. hamatum. The most abundant species in cocoa rhizosphere is T. harzianum (58%) 

followed by T. koningii (21%) and T. hamatum (21%). 
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INTRODUCTION 

Cocoa (Theobroma cacao) is one of the most important agricultural commodities in Malaysia. 

Its seeds, cocoa beans, are used to make chocolate, cocoa butter, cocoa solids and chocolate 

liquor. Although the world demand for cocoa products is increasing, the cocoa tree can be 

damaged by several diseases that may affect the sustainability of this crop. Approximately 40% 

of the annual cocoa production is lost to disease infection (Nembot et al., 2018). 

Several practices have been applied in managing cocoa diseases such as by using fungicides, 

resistant planting materials, quarantine method and cultural practices. However, these methods 

has led to several problems such as fungicides resistance development, environmental 

pollution, labor-intensive and uneconomical. One of the potential nonchemical alternative 

methods for managing crop diseases is by the using of microorganisms as biological control 
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agents. This method is environmental friendly, cost-effective and sustainable management of 

plant diseases (Kulkarni et al., 2007). 

Trichoderma spp. is a well-known biological control agent against wide range of plant 

pathogenic fungi. They are classified as Fungi Imperfecti due to the absence of sexual 

reproduction and only produce asexual spores i.e. conidia (Singh et al., 2006).  They occur 

worldwide nearly in all types of temperate and tropical soils. They can also be found on 

decaying wood, bark and other kind of plant organic materials (Howell, 2003). The success of 

Trichoderma species as a biological control agent is due to their special characteristics such as 

extensively distributed, high reproductive capacity, easy to isolate and culture, rapid growth, 

can compete for food and space, avirulent plant symbionts and producers of antibiotics, 

antifungal and enzymes (Pandya et al., 2011).   

Monte (2003) reported the capability of Trichoderma spp. in controlling soil-borne and air-

borne pathogens of Ascomycetous, Deuteromycetous and Basidiomycetous fungi. According 

to Benítez et al. (2004) the most common species of Trichoderma used as biocontrol agents 

are T. harzianum followed by T. virens and T. viride. However, the application of Trichoderma 

species in managing cocoa diseases in Malaysia was not really well documented. Therefore, 

this study was executed to isolate and identify Trichoderma spp. from cocoa rhizosphere. The 

isolated Trichoderma can be further tested for their biocontrol potential against cocoa diseases 

in the next study. 

MATERIAL & METHODS 

Collection of Soil Samples 

The soil samples were collected from two local cocoa plantations in Raub, Pahang, Malaysia. 

From each location, the samples were obtained from three different cocoa trees. Three 

subsamples were then taken randomly at a depth of 10 cm away from the surface at the 

rhizosphere area under the canopy of cocoa tree.  The soil samples were then kept into an ice-

box and transported to the laboratory. All subsamples from one site were mixed to get a 

composite sample representing the location (Ru and Di, 2012). 

Isolation of Trichoderma spp. 

Isolation of Trichoderma spp. from collected soil samples was conducted by using serial 

dilution technique (Arumugam et al., 2013). Ten gram of soil samples were added into 90 ml 

sterile distilled water before agitating in an orbital shaker at 100 rpm for 10 minutes. Dilutions 

were made up to 10-3 and 1 ml of final dilutions was pipetted into a petri dish. About 9 ml of 

Trichoderma selective medium (THSM) was poured into diluted soil, swirled gently and left 
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to solid. The soil plates were examined daily and each colony that exhibited yellowish to 

greenish colour with lumpy mycelial growth was subcultured onto potato dextrose agar (PDA). 

Single spore isolation was carried out on new PDA to obtain the pure culture of fungi. 

Morphological identification of Trichoderma spp. 

Trichoderma isolates were identified into species levels based on their macro and micro-

morphological characteristics. The pure isolates that were grown on PDA were recorded for 

their colony features, pigmentation and sporulation pattern and the growth rate was measured 

according to identification method by Diba et al, (2007). 

To observe the micro-morphological features of Trichoderma, slide culture technique by 

Hamed et al. (2012) was applied. A block (1 cm2) of PDA was placed on a sterile slide and 

then cultured with Trichoderma on all four sides of the agar block and covered with cover slip. 

The culture was incubated for three days in a sterile glass petri dish layered with a damp filter 

paper. The micro-morphological appearances of Trichoderma were observed by placing the 

colonized cover slip on a new slide containing a drop of sterile distilled water. The slide culture 

was examined using light microscope (Rax Vision, model Y-100). The micro-morphological 

characteristics were observed as followed: shape and arrangement of conidiophores, phialides, 

conidia and the presence of chlamydospore.  

RESULTS AND DISCUSSION 

Trichoderma isolation from soil 

A total of 24 isolates of Trichoderma have been successfully recovered from cocoa rhizosphere 

soil collected from Raub, Pahang. They were primarily selected based on the pigmentation and 

colony features on THSM after three days of incubation. The lumpy growth of colony with 

yellowish to greenish colour (Figure 1) were subcultured on PDA media to get a pure culture 

of Trichoderma spp. These characteristics were also used by Naher et al., (2019) as primary 

selection for isolation of Trichoderma colony from soils.  
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Figure 1: Trichoderma colonies (Tr) from cocoa rhizosphere grown on THSM 

Macro-morphological characteristics of Trichoderma 

The pure culture of Trichoderma were recorded for their macro-morphological characteristics 

which were colony colour, pigmentation and sporulation pattern and the growth rate. 

According to Samuels et al., (2002), these characteristics were regarded as taxonomically 

useful characteristics for Trichoderma. All 24 isolates of Trichoderma had different growth 

rate and diverse colony colour and pigmentation (Table 1). Most of the isolates were fast-

growing and fully colonize the media plate in just 72 to 96 hours after inoculation. Only several 

colonies produced pigmentation on PDA that could be observed on the back of the plates 

(Figure 2). These pigmentations appeared when the colony are fully matured. The growth 

formation of Trichoderma spp. is irregular with undulate margin and flat elevation. Conidia 

were formed in two days and turned to light or dark green colour within three days. 

 

Table 1: Macro-morphological characteristics of Trichoderma isolates 

No. Isolate Growth 

rate 

(mm/day) 

Fully 

colonize 

plate 

after 

(hrs) 

Colony 

Colour 

Pigmentation Species 

1. TC4 32.08 72 Yellowish 

green 

Brownish 

yellow 

T. hamatum 

2. TC6 32.05 72 Dark green - T. hamatum 

3. TC9 27.83 72 Whitish 

green 

- T. hamatum 

4. TC10 31.28 72 Whitish 

green 

- T. hamatum 

5. TC12 32.58 72 Yellowish 

green 

Light yellow T. hamatum 

6. TC5 28.05 72 Yellowish 

green 

- T. koningii 
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7. TC8 29.10 72 Whitish 

green 

- T. koningii 

8. TC20 18.70 96 Whitish 

green 

Light yellow T. koningii 

9. TC21 21.70 96 Whitish 

green 

- T. koningii 

10. TC27 24.43 72 Whitish 

green 

- T. koningii 

11. TC7 31.08 72 Dark green - T. 

harzianum 

12. TC11 32.53 72 Whitish 

green 

- T. 

harzianum 

13. TC13 32.01 72 Yellowish 

green 

Light yellow T. 

harzianum 

14. TC14 30.61 72 Yellowish 

green 

- T. 

harzianum 

15. TC15 31.26 72 Yellowish 

green 

- T. 

harzianum 

16. TC16 31.03 72 Whitish 

green 

- T. 

harzianum 

17. TC17 28.91 72 Whitish 

green 

- T. 

harzianum 

18. TC18 31.68 72 Whitish 

green 

Brownish 

yellow 

T.harzianum 

19. TC19 30.46 72 Whitish 

green 

Light yellow T.harzianum 

20. TC22 29.15 72 Whitish 

green 

- T. 

harzianum 

21. TC23 31.70 72 Whitish 

green 

- T. 

harzianum 

22. TC24 29.45 72 Yellowish 

green 

- T. 

harzianum 

23. TC25 30.25 72 Yellowish 

green 

Light yellow T. 

harzianum 

24. TC26 30.80 72 Whitish 

green 

Light yellow T. 

harzianum 
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Figure 2: Colony features and pigmentations of 24 isolates of Trichoderma on PDA 

medium at 5th day incubation 

 

The growth rate of T. hamatum isolates were ranged from 27.83 – 32.58 mm/day and all isolates 

were fully colonized the media plate after 72 hours. Their colony colours were varied (dark 

green, whitish green and yellowish green) and some isolates produced brownish yellow and 

light yellow pigments on PDA. The slowest growth rate of Trichoderma was recorded on T. 

koningii, isolate TC20 followed by TC21 with rate of 1.70 mm/day and 21.70 mm/day, 

respectively. These isolates took 96 hours to fully colonize the media. Most of the T. koningii 

isolates colony colour were whitish green and only TC20 produced pigmentation on PDA 

which was light yellow in colour. Meanwhile, T. harzianum isolates produced two 

pigmentation colours which were light yellow and brownish brown. The growth rate of T. 

harzianum isolates were ranged from 28.91 - 32.53 mm/day. Sekhar et al., (2017) also found 

the similar growth rate of Trichoderma spp. ranged from 24.33 – 30.00 mm/day. They isolated 

them from groundnut and identified them as T. koningii, T. reeseii, T. harzianum and T. 

aureoviride. 
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The above characteristics are macro-morphological features of Trichoderma spp. However, 

these characteristics are not sufficient to identify them into species level. Therefore, the 

observation of micro-morphological characteristics is crucial in order to confirm the species of 

Trichoderma. 

Micro-morphological characteristics of Trichoderma 

Micro-morphological observation was carried out by doing slide cultures to examine the 

microscopic characteristics of Trichoderma. The observed characteristics are shape and 

arrangement of conidiophores, phialides, conidia and the presence of chlamydospore (Gams 

and Bisset, 1998). Out of 24 isolates, the most abundance species in cocoa rhizosphere is T. 

harzianum (58%) followed by T. hamatum (21%) and T. koningii (21%) (Table 2).  This result 

is supported with the finding by Sharma and Singh (2014) which managed to obtain 80% 

isolates of T. harzianum from rhizosphere of different crops in India. The abundance of this 

species in the soil is because T. harzianum is the predominant species cluster in that habitat 

(Jaklitsch and Voglmayr, 2015). 

Table 2: Micro-morphological characteristics of Trichoderma isolates 

 

Isolate 

Characters 

Conidio-

phore 

Phialides Conidia  Chlamy-

dospore 

Species 

TC4, TC6, TC9, 

TC10, TC12 

Long; 

branched; 

verticillate 

Short; thick; 

ampulliform, 

Globose to 

ellipsoidal 

Present T. hamatum 

TC5, TC8, 

TC20, TC21, 

TC27 

Branched; 

erect,  

Pair 

phialides, 

lageniform 

Ellipsoidal

s 

Present T. koningii 

TC7, TC11, 

TC13, TC14, 

TC15, TC16, 

TC17, TC18, 

TC19, TC22, 

TC23, TC24, 

TC25, TC26 

Frequent 

branching; 

erect; 

verticillate  

Frequently 

paired, 

lageniform 

Globose to 

subglobose 

Present T. 

harzianum 

 

Micro-morphological features observed on TC4, TC6, TC9, TC10 and TC12 were showed 

them as T. hamatum. The features on conidiophores were shown as long, branched and 

verticillate (Figure 3A-B). Phialides were characteristically short, thick and ampulliform in 

shapes (Figure 3C). In this study, there is a character that has been observed only on T. 

hamatum which is the occurrence of sterile or fertile elongations of conidiophores (Figure 3D). 

According to Chaverri and Samuels (2003), majority of this species have pachybasium-like 
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morphology with irregular branching patterns. These fertile branches develop near the base of 

the extension or along the length of the main axis in cases when no extensions are formed. 

Conidia of T. hamatum isolates were formed with a shape of globose to ellipsoidal (Figure 3E) 

and chlamydosporos were formed in the middle of the hyphae (Figure 3F).  

 

 

Figure 3. Micro-morphological observation of Trichoderma hamatum (TC6). A-B: Spore 

masses with conidiophores; C: Phialides (arrows); D: Sterile elongation of conidiophore 

(arrows); E: Phialospores (arrows); F: Chlamydospores (arrow) 

 

The isolates TC5, TC8, TC20, TC21 and TC27 features were T. koningii similarity. The micro-

morphological observation on conidiophores formed were branches and usually formed in 

nearly 90o to the main axis (Figure 4A). Phialides tend to be paired and lageniform in shapes 

(Figure 4B-C). The conidia were shown as ellipsoidal (Figure 4D) and most of the 

chlamydospores in all isolates were formed on the hyphal tips (Figure 4E). The above features 

are also similar to the morphological observation of T. koningii isolated from rhizosphere of 

oil palm in Malaysia (Naher et al., 2019). Beside T. koningii, they also managed to isolate T. 

harzianum from rhizosphere of paddy, scallion, long bean, banana and tomato. Meanwhile, the 

other species which are T. asperellum, T. pararesei, T. virens and T. viride were isolated from 

rhizosphere of eggplant, rubber and pineapple.  
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Figure 4. Micro-morphological observation of Trichoderma koningii (TC5). A: Spore 

masses with conidiophores; B-C: Phialides (arrows); D: Phialospores (arrows); E: 

Chlamydospores (arrows) 

 

Trichoderma harzianum is the most abundant isolated species during this study. All isolated 

colonies showed more or less similar in their micro-morphological features (Figure 5). 

Conidiophores of T. harzianum were frequently branched nearly at 90o in verticillate pattern 

(Figure 5A). Phialides were frequently paired and lageniform in shapes (Figure 5B-C). The 

conidia were globose to subglobose in shape (Figure 5D) and the formation of chlamydospores 

were observed in the middle of hyphae on most isolates (Figure 5E).   

 

Figure 5. Micro-morphological observation of Trichoderma harzianum (TC25). A: Spore 

masses with conidiophores; B-C: Phialides (arrows); D: Phialospores (arrows); E: 

Chlamydospores (arrow) 
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CONCLUSION 

Our study concluded that out of 24 isolates, the most abundant species in cocoa rhizosphere is 

T. harzianum (58%) followed by T. koningii (21%) and T. hamatum (21%). The cultural 

characteristics were not highly variable. These isolates will be further tested for their potential 

on controlling cocoa diseases.  

References 

[1] Arumugam, K., Ramalingam, P. and Appu, M. (2013). Isolation of Trichoderma viride and 

Pseudomonas fluorescens organism from soil and their treatment against rice pathogen. 

Journal of Microbiology and Biotechnology Research. 3:77-81. 

[2] Benítez, T., Rincón, A.M., Limón, M.C. & Codón, A.C. (2004). Biocontrol mechanisms of 

Trichoderma strains. International Microbiology. 7: 249-260. 

[3] Chaverri, P. and Samuels, G.J. (2003). Hypocrea/Trichoderma (Ascomycota, Hypocreales, 

Hypocreaceae): Species with green ascospores. Studies in Mycology. 48: 1-113. 

[4] Diba, K., Kordbacheh, P., Mirhendi, S., Rezaie, S. and Mahmoudi, M. (2007). Identification 

of Aspergillus species using morphological characteristics. Pakistan Journal of Medical 

Sciences. 23: 867-872. 

 [5] Gams, W. and J. Bissett, (1998). Morphology and Identification of Trichoderma. In: 

Trichoderma and Gliocladium: Basic Biology, Taxonomy and Genetics, Harman, G.E. and 

C.P. Kubicek (Eds.). Vol. 1, Taylor and Francis, London, UK., ISBN-13: 9780203483558, 

pp:3-34. 

[6] Hamed, E.R., El-Gamal, N. and El-Shami, A. (2012). Efficacy of formulation and storage 

on rice straw waste on the activation of bioagents against root-rot diseases of bean plants. 

Archives of Phytopathology and Plant Protection. 45: 22-32. 

[7] Howell, C.R. (2003). Mechanisms employed by Trichoderma species in the biological 

control of plant diseases: The history and evolution of current concepts. Plant Disease. 87: 4-

10.  

[8] Jaklitsch, W.M. and Voglmayr, H. (2015). Biodiversity of Trichoderma (Hypocreaceae) in 

southern Europe and Macaronesia. Studies in Mycology. 80: 1–87. 

[9] Kulkarni, M., Chaudhari, R. and Chaudhari, A. (2007). Novel tensio-active microbial 

compounds for bio-control applications. In: General concepts in integrated pest and disease 

management (eds) Ciancio A and Mukerji KG, Springer, pp. 295-304. 

[10] Monte, E. and Llobell, A. Trichoderma in organic agriculture. Proceeding of V World 

Avocado Congress, Málaga, Spain, Oct. 19-24, 2003. 



                                        Morphlogical Identification of Trichoderma Species Isolated …                                  33 

 

[11] Naher, L., Syawani, N., Amieza, N.A., Kamarudin, B., and Karim, S.M.R. (2019). 

Trichoderma species diversity in rhizosphere soils and potential antagonism with Fusarium 

oxysporum. Bioscience Journal, 35: 13–26.   

[12] Nembot, C., Takam Soh, P., ten Hoopen G.M. and Dumont, Y. (2018). Modeling the 

temporal evolution of cocoa black pod rot disease caused by Phytophthora megakarya. 

Mathematical Methods in the Applied Sciences. 41: 8816-8843. 

[13] Pandya, J.R., Sabalpara, A.N. and Chawda, S.K. (2011). Trichoderma: A particular 

weapon for biological control of phytopathogens. Journal of Agricultural Technology. 7: 1187-

1191.  

[14] Samuels, G.J., Dodd, S.L., Gams, W., Castlebury, L.A. and Petrini, O. 

(2002). Trichoderma species associated with the green mold epidemic of commercially 

grown Agaricus bisporus. Mycologia. 94:146-170. 

[15] Sekhar, Y.C., Ahammed, S.K., Prasad, T. and Devi, R.S.J. (2017). Identification 

of Trichoderma species based on morphological characters isolated from rhizosphere of 

groundnut (Arachis hypogaea L). International Journal of Environmental Science and 

Technology. 6:2056–2063. 

[16] Singh, S.K., Sharma, V.P., Sharma, S.R., Kumar, S. and Tiwari, M. (2006). Molecular 

characterization of Trichoderma taxa causing green mould disease in edible mushrooms. 

Current Science, 90: 427-431. 

[17] Ru, Z. and Di, W. (2012). Trichoderma spp. from rhizosphere soil and their antagonism 

against Fusarium sambucinum. African Journal of Biotechnology. 11:4180–4186. 

 

 


