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FOR ANTHRACHNOSE IN DRAGON FRUIT (Hylocereus sp.) 

By

SUHAILA MAMAT

July 2014 

Chairman : Associate Professor Umi Kalsom Md Shah, PhD 
Faculty : Biotechnology and Biomolecular Sciences 

Dragon fruit plant (Hylocereus sp.) is a type of edible cactus which was widely 
cultivated in Malaysia. Colletotrichum gloeosporioides is a common fungal pathogen 
that usually affects the dragon fruit production. The occurrence of fungicide resistance 
pathogen had triggered the researchers to find biological control strategy using 
endophytic fungi to overcome this problem. Therefore, the objectives of this study are 
to isolate and characterize endophytic fungi from dragon fruit plant (Hylocereus sp.) 
and to and characterize the antifungal metabolite released by selected isolate. 

In this work, a number of 126 endophytic fungi were isolated from dragon fruit plant 
using surface sterilization technique. From both screening using dual culture test and 
antifungal assay respectively, isolate T3.3 exhibited potential antifungal activity 
against C. gloeosporioides. This isolate produced an inhibition zone with the size of 
12±1.0 mm in dual culture test. Antifungal assay using 10 mg/mL of crude extract of 
isolate T3.3 could inhibit the growth of C. gloeosporioides by 33.33±2.89%. The 
diffused non volatile metabolite produced by this fungus suppressed the growth of the 
pathogen by 97% after 7 days of incubation. On the basis of its morphological 
characteristic and the ITS region sequence, isolate T3.3 was identified as Penicillium 
oxalicum. The Biolog FF Microplate analysis also identified this fungus as P. oxalicum
Currie and Thom.  

The endophytic P. oxalicum T3.3 produced antifungal metabolite in Richard medium 
with the highest antifungal activity was on day 9 (44.0±8.54%). Fraction F9B8C5 (2.6 
mg/mL) which was partially purified through bioassay guided fractionation inhibited 
the growth of C. gloeosporioides by 32.5%. This fungus also produced cell wall 
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degrading enzymes; β-glucanase and chitinase with the highest activity was achieved 
on day 3 (3.38 U/mL) and day 6 (1.19 U/mL) respectively. Scanning electron 
microscopy (SEM) study revealed that antifungal metabolite released from endophytic 
P. oxalicum T3.3 had caused irregular hyphal growth, such as shriveling of the 
pathogen hyphae, necrosis of the hyphal cell wall and leakage in hyphae of C. 
gloeosporioides.

In vivo test using detached dragon fruit revealed that sunken necrotic lesions with a 
radius of 13.5±0.22 mm in the fruits that not treated with crude extract reduced to 
1.00±0.03 mm when treated with 100 mg/mL of crude extract.  

The results from this study demonstrated that there are endophytic community present 
in the dragon fruit plant. Endophytic P. oxalicum T3.3 which exhibited antifungal 
activity against C. gloeosporioides could be used as alternative method for controlling 
anthracnose disease in dragon fruit. 
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Pengerusi : Profesor Madya Umi Kalsom Md Shah, PhD 
Fakulti : Bioteknologi dan Sains Biomolekul 

Pokok buah naga (Hylocereus sp.) adalah sejenis kaktus yang boleh dimakan dan telah 
ditanam dengan meluas di Malaysia. Colletotrichum gloeosporioides adalah sejenis 
kulat perosak yang biasa mempengaruhi penghasilan buah naga. Kejadian perosak 
yang kebal kepada racun kulat telah menyebabkan para penyelidik mencari strategi 
pengawalan penyakit secara biologi dengan menggunakan kulat endofitik untuk 
mengatasi masalah ini. Oleh itu objektif kajian ini adalah untuk memencilkan dan 
mencirikan kulat endofitik daripada pokok buah naga (Hylocereus sp.), dan 
mencirikan sebatian antikulat yang dikeluarkan oleh pencilan terpilih. 

Di dalam kajian ini, sejumlah 126 kulat endofitik telah dipencilkan daripada pokok 
buah naga menggunakan teknik pensterilan permukaan. Berdasarkan kedua-dua 
saringan menggunakan ujian dwikultur dan ujian antikulat, pencilan T3.3 telah 
menunjukkan aktiviti antikulat yang berpotensi terhadap C. gloeosporioides. Pencilan 
ini menghasilkan zon halangan sebanyak 12.00 12±1.0 mm semasa ujian dwikultur. 
Ujian antikulat dengan menggunakan 10 mg/mL ekstrak mentah daripada pencilan 
T3.3 boleh menghalang pertumbuhan C. gloeosporioides sebanyak 33.33±2.89%. 
Metabolik tak meruap yang meresap ke dalam agar dihasilkan oleh kulat ini telah 
menghalang pertumbuhan perosak sebanyak 97% selepas 7 hari inkubasi. Berdasarkan 
karakter morfologi dan jujukan ITS, pencilan T3.3 telah dikenali sebagai Penicillium 
oxalicum. Analisis Biolog FF Microplate juga telah mengenalpasti kulat ini adalah P. 
oxalicum Currie and Thom. 
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Kulat endofitik P. oxalicum T3.3 menghasilkan sebatian antikulat di dalam media 
Richard dengan aktiviti tertinggai adalah pada hari yang kesembilan (44.0±8.54%). 
Bahagian F9B8C5 (2.6 mg/mL) yang didapati melalui proses pengasingan 
berpandukan ujian bio telah menghalang pertumbuhan C. gloeosporioides sebanyak 
32.5%. Kulat ini juga menghasilkan enzim yang memecahkan dinding sel; β-
glukanase and kitinase dengan aktiviti tertinggi masing-masing telah dicapai pada hari 
ke-3 (3.38 U/mL) dan hari ke-6 (1.19 U/mL). Cerapan Elektron Mikroskop (SEM) 
menunjukkan sebatian antikulat yang dikeluarkan oleh endofitik P. oxalicum T3.3 
telah menyebabkan pertumbuhan hifa yang luar biasa, seperti kelayuan hifa perosak, 
kematian dinding sel hifa dan kebocoran di dalam hifa C. gloeosporioides.

Ujian in vivo dengan menggunakan buah naga tercerai telah menunjukkan luka 
nekrotik dengan jejari 13.5±0.22 mm pada buah yang tidak dirawat dengan ekstrak 
mentah telah berkurang kepada 1.00±0.03 mm apabila dirawat dengan 100 mg/mL 
ekstrak mentah. 

Keputusan-keputusan dari kajian ini telah menunjukkan bahawa terdapat komuniti 
endophytic yang hadir didalam pokok buah naga. Endofitik P. oxalicum T3.3 yang 
menunjukkan aktivit antikulat terhadap C. gloeosporioidesboleh digunakan sebagai 
cara alternative untuk mengawal penyakit antraknos dalam pokok buah naga. 
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CHAPTER 1 

1 INTRODUCTION 

In 1990, dragon fruit was largely cultivated in Malaysia by Golden Hope Company at 
Sungai Wang Estate and now it has been expanded throughout Malaysia. According 
to Agrofood Statistic, in 2007 there are approximately 1790 ha of dragon fruit 
cultivation area throughout Malaysia and it was increased to 2267 ha in 2008 (Table 
1.1). The high increase in the cultivation area indicated that there are growing interests 
by the farmers to cultivate this edible cactus as there are high demand by the 
consumers and industries to produce processed food from this fruit such as dragon 
fruit juice, enzyme and wine. Apart from that, this plant is a fast growing plant and the 
farmers could harvest the fruit within one year of cultivation (Gunasena et al., 2006). 

Table 1.1 : Dragon fruit production areas in Malaysia from 2007 - 2012 

Year 2007 2008 2009 2010 2011 2012

Planted areas (Ha) 1790 2267 1762 1526 1244 1541

Production areas (Ha) 1265 1569 1257 973 963 983

Production (Tonne) 5296 9016 15701 10192 7943 10294

(Source: www.moa.gov.my) 

However in 2009, there was a decline by 22% and 19.8% in dragon fruit planted areas 
and production areas respectively (www.moa.gov.my). These statistical figures 
indicated that this crop production was affected by disease that forced the farmers to 
destroy their plants. A number of fungal and bacterial species have been recognized 
and recorded in 2009 that caused several diseases in dragon fruit (Masyahit et al., 
2009a). However, the most prominent disease that usually affects dragon fruit 
production is anthracnose disease which caused by Colletotrichum gloeosporioides.

The first report of anthracnose disease in dragon fruit plant was in 2006 in South 
Florida (Palmateer and Ploetz, 2006). In Malaysia, the emergence of anthracnose 
disease was reported in 2009 (Masyahit et al., 2009b). Dragon fruit plant infected with 
this disease showed reddish brown lesions and chlorotic haloes symptoms on stem and 
fruit. These lesions have brown centers and then coalesced to rot (Palmateer and 
Ploetz, 2006). This disease was controlled by the combination of cultural management 
practice and fungicides (Hoa, 2008). However in recent years, the mounting concerns 
voiced by the authorities regarding the effect of fungicides have increased. The usage 
of fungicides contaminates the farmers and consumers and could cause diseases 
(Crissman et al., 1994). Apart from that, the development of fungicide resistance 
pathogen due to frequent use of fungicides had complicated the disease management 
(Pimenta et al., 2010). Under such circumstances, there is a need to search for another 
alternative control method that is considered safe for human health and environment. 
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Thus the exploitation of microorganisms as biological control agent (BCA) to control 
this disease seems to be the most appropriate alternative.  

Biological control refers to the application of beneficial microorganism that could 
suppress the disease-causing pathogen without exert negative effect to the host plants 
(Lo, 1998). In recent years, there are growing interests of using endophytic fungi as 
BCA. The endophytic fungi which reside asymptomatically inside the host plants are 
ubiquitous in nature (Aly et al., 2011). Faeth and Fagan (2002) reported that every 
plant examined to date harbors at least one endophytic fungal species. Endophytic 
fungi offer many benefits on their host plants (O’Hanlon et al., 2012). One of the 
important benefits conferred by endophytes towards their host is pathogen suppression 
(Ganley et al., 2008). There are many studies have been performed using endophytic 
fungi as BCA (Brum et al., 2012, Martini et al., 2009, Küçük and Kývanç, 2008). 
According to Brum et al., (2012) the use endophytic fungi as BCA are beneficial as 
they occupy the same ecological niche with the pathogens and may induce defense 
responses of the hosts against pathogens. Thus, the hypothesis of this study is 
endophytic fungi that live inside the dragon fruit plants could protect their hosts 
against pathogenic microorganisms. 

As a BCA of plant pathogens, varied secondary metabolites have been produced by 
the endophytic fungi which responsible for the antifungal activity against the fungal 
plant pathogens. Chitinases, β-glucanases and antifungal compounds have been 
widely demonstrated to be involved in controlling fungal plant pathogens (Klemsdal 
et al., 2006; Cao et al., 2009, Zhang et al., 2013a). Considering the potential of 
endophytic fungi, the focus of this research is to find endophytic fungi that have the 
ability as biocontrol agent against C. gloeosporioides in dragon fruit plant. Thus 
objectives of this study are: 

1. To isolate and characterize endophytic fungi from dragon fruit plant 
(Hylocereus sp.). 

2. To partial purify and characterize the antifungal metabolites released by 
selected isolate. 

3. To determine the potential of the antifungal metabolite released by the 
potential isolate as biocontrol agent for antrachnose in dragon fruit  
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