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Isolation and identification of black pepper (Piper nigrum) plant pathogenic fungi. 

 

 

Shahira binti Mustapa (35209) 

Resource Biotechnology 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

 

ABSTRACT 

The current study reports the isolation and identification black pepper (Piper nigrum) plant pathogenic fungi. 

The infected sample of black pepper plant was collected from three different farm located at Kg. Git, 

Pandawan Kg. Strass, Serian and Kg. Paon, Serian. The growth environment and intensive care of all three 

farms are different in ways of fertilizer and fungicide use and also type of drainage system. The pepper plant 

with fungal infection symptoms such as crack berries, yellow leaf spot, whitish stem and also infected root 

were selected for further fungi isolation. The fungal isolate is identified through morphological 

characterization and molecular technique. Out of 14 isolates fungi obtain, 7 fungi were being identified 

through morphological characterization. The morphology of fungi is classified based on their microconidia, 

macroconidia, hyphae and spore under light compound microscope stained with Lactophenol blue dye. The 

rest of the 7 fungi are continued being identified by using molecular technique. The genomic DNA fungal is 

extracted by using CTAB extraction protocol. The genomic DNA is continues amplify with Universal ITS 

primer, ITS 1 and ITS 4. The product of PCR after sequencing was being analysed and identified by blast. 

The isolated fungi were successfully identified as Colleotrichum sp., Trichoderma sp., Meyerozyma 

guilliermondii, Hypochea lixii, Botryosphaeria sp.and Aspergillus sp.  

 

Key words: Piper nigrum, Plant pathogenic fungi, Morphological characteristic, Fungi DNA extraction, 

ITS-PCR. 

 

ABSTRAK 

 

Kajian semasa melaporkan isolasi dan pengenalanpastian lada hitam (Piper nigrum) kulat pathogen. 

Tumbuhan lada hitam telah dikutip di tiga ladang yang berbeza iaitu Kg. Git, Pandawan Kg. Strass, Serian 

dan Kg. Paon, Serian. Persekitaran tumbuhan dan penjagaan rapi kesemua ladang adalah berbeza dari segi 

sistem perparitan, jenis baja dan racun serangga yang digunakan. Bahagian tumbuhan yang menunjukkan 

gejala dijangkiti kulat seperti retak beri, daun kuning,  batang putih dan akar yang sakit telah dikutip untuk 

proses isolasi. Kulat telah dikenalpasti melalui pencirian morfologi dan teknik molekul. Seterusnya, 7 kulat 

berjaya dikenalpasti secara pencirian morfologi. Morfologi fungi dikenalpasti dibawah mikroskop 

berdasarkan jenis mikrokonidia, makrokonidia, hifa dan spore yang ada dengan bantuan Lactophenol blue 

DYE. Manakala 7 lagi kulat dikenalpasti melalui teknik molekul. Genomik DNA di ekstrak mengunakkan 

CTAB ekstrak teknik. Kulat genomik DNA digandakan menggunakan mesin PCR dengan bantuan Universal 

ITS primer, ITS 1 dan ITS 4. Hasil produk PCR akan dihantar untuk penjujukan DNA dan seterusnya 

dianalisis dan dikenalpasti menggunakan Blast. Kulat berjaya dikenalpasti sebagai Colleotrichum sp., 

Trichoderma sp., Meyerozyma guilliermondii, Hypochea lixiii, Botryosphaeria sp.and Aspergillus sp. 

 

Kata kunci: Piper nigrum, Kulat patogen, Pencirian morfologi, Kulat ekstrak DNA, ITS-PCR
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1.0 Introduction 

Black pepper (Piper nigrum), a highly valued spice in the world is a native spice at 

Western Ghats of India. Because of the high demands and huge profit, these spice 

cultivation is spread to other countries (Siveraman et al., 1999). Pepper has multiple uses 

to the mankind either in medicine, cooking or flavouring. Pepper is also known as ‘fruit of 

pain’ by our ancestors that have mystical and spiritual powers. They believe pepper plays 

role in preventing and protect a person against evil witchcraft (Bosland & Votava, 2012).  

 Government proposed many plans related to black pepper production in order to 

achieve objective of National Commodity Policy 2011-2020. This policy expect that black 

pepper production in years 2020 to be 42, 000 tonne from 20, 000 hectares acreage. But, it 

still needs to undergo a long journey and cooperation from many parties. This is because, 

in the year 2014 the Malaysia black pepper production is only 14, 000 tonnes in acreage 

16, 000 hectares (Andrew, 2015).  

 Article from The News (Wong, 2015) explain the price of pepper sudden rise in 

years 2015. The price of Grade 1 black pepper climbed from RM2, 000 to RM29, 000 per 

tonne. Meanwhile, the Grade 1 white pepper jumped from RM3, 000 to RM40, 000 per 

tonne. The sharply rise of black pepper price is to “really shortage of supply” situation as 

stated by Malaysia Pepper Board director, Datuk Grunsin Ayom. This situation in short of 

black pepper supply may be influence by many factors such as climate changes and fungal 

diseases.  

 The present of disease or pests in black pepper (Piper nigrum) plantation threated 

food security, economic prosperity and natural environments (Lane, Beales, & Hughe, 

2012). Different disease by different pathogen shows different symptoms of Piper nigrum 

(Bosland & Votava, 2012). Usually, pathogen like bacteria, fungi, nematodes can lead to 
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disease, but for the black pepper plant, fungi are the most pathogenic. Fungi that cause 

disease to the plant is known as plant pathogenic fungi which have the ability to cause 

plant disease as it invade plants, colonize tissues and control host defence reaction (Reddy 

& Gour, 2009).  

 According to Alrajhi (2001), there are several types of pathogenic fungi in Piper 

nigrum belonged to genera Phytophthora, Fusarium, Colleototrichum and Macrohomina. 

The accurate diagnosis of plant pathogenic fungi is important in order to choose the proper 

treatment (Bosland & Votava, 2012).  

 Usually, the synthetic fungicide was used to control plant pathogen but that may 

cause environment problem, toxicity to human and sometimes certain pathogens are 

resistant to these fungicides. Thus nowadays biological control acts as an alternative and 

effective method to suppress fungal plant pathogen. Biological control is a new 

economically and eco-friendly technology that will minimise the uses of chemical 

fungicide.  

 Piper nigrum plants part that shows symptoms of fungal infected is being cultured 

until pure culture fungi was obtained. Next, the isolated black pepper pathogenic fungi 

were being observed morphologically and identified through molecular technique.  The 

morphology of fungi pure culture can be identified by observing the fungi growth on plate 

or under light compound microscope. Under light compound microscope, the mycelium, 

spore and fruiting bodies of fungi were observed with the aids of Lactophenol blue dye 

(Sumi, 2013).  

 Molecular technique, Polymerase chain reaction (PCR) is being used to identify 

rapidly and correctly pathogenic fungi at the species level (Gherbawy & Votava, 2010). 

Genomic DNA of pathogenic fungi is extracted from mycelium in fungi pure culture broth. 
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The ITS region of pathogenic fungi is targeted to amplify by using PCR.  Primer pair such 

as ITS1 and ITS4 is used as universal primer in this PCR technique. The amplify yield of 

targeted ITS region will then being analysed by using 1% Agarose gel electrophoresis 

(AGE). Then, the resulting band obtained will be sequenced and compared to the data in 

Genbank.  (Gherbawy & Votava, 2010).  

The specific objectives of this research project are:   

i. To isolate, characterise and identify the plant pathogenic fungi from infected plant 

part of black pepper (Piper nigrum) by using morphological and molecular 

methods. 

ii. To keep and store the stock of black pepper pathogenic fungi for further use such as 

development of biocontrol and to know more about the plant pathogenic fungal 

infection. 
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2.0 Literature review 

 

2.1 Black pepper (Piper nigrum)  

Black pepper (Piper nigrum) belongs to family Piperaceae usually known as ‘king of 

spices’ as it widely use (Bosland & Votava, 2012). Generally, pepper plant is a tropical 

plant that rapidly growth in hot humid area and has high annual rainfall around 2000 mm 

(Department of Agriculture, 2001). Pepper favours a slightly acidic pH of soil around 

pH5.5-6.0 and numerous organic matters in the soil. In addition, pepper plant has 

thousands amount of spikes and flowers that can turn into fruits. The harvested fruit can be 

processed to become spices either white, black or green pepper (Reddy, 2010).   

 In Sarawak, there are several type of pepper plant that can be found such as 

Kuching, Semengok Emas, Semengok Perak and India types. These different types of 

pepper plant shows different in terms of berry sizes leaves shape and canopy size (Andrew, 

2015). In order to get the maximum production of black pepper, the farmer needs to give 

intensive care to pepper plant. The drainage system, removal fungal infected site, removal 

of unwanted leaves and fertilization is some of intensive care that needs to be control 

(Minos, 2015). 

 

2.2 Fungi 

Fungi have higher diversity in this world as it can easily found everywhere either in the 

soil, in water, on decaying and living plants, on animal and even in the air that we breathe 

(Koon, 1990). According to Nature (2013), Mycologist believes there are approximately 

1.5 million fungal species existing in this world either as single cell yeasts or in 

multicellular cell type. A fungus is classified as eukaryotic (present of nucleus) and non- 



5 
 

phototrophic organism with a rigid cell wall. Usually, fungi play a role as an important 

decomposers or disease causing organisms. Thus, fungal are being divided into seven 

monophyletic phyla: Ascomycota, Basidiomycota, Blastocladiomycota, Chytridiomycota, 

Glomeromycota, Microsporidia, Neocallismastigomycota. Out of these seven phyla, 

Ascomycota and Basidiomycota are classfied as macro fungi. Furthermore, all macro fungi 

produce sexual spore as results of the combination of genetic information from two parents 

(Lepp, 2013). 

 Under Ascomycota phyla, there are 75% known fungi such as bread yeast, morels, 

truffles, chestnut blight and Penicillium. All fungi under Ascomycota phyla act as 

antibiotics source, decomposer organisms or disease causing organism. On the other hand, 

Basidiomycota known as club fungi and consists of mushrooms, puffballs, and some plant 

pathogens including smuts and rusts. Ascomycete produces spore internally called asci 

while basidiomycetes spore develop on projection and called as basidia (Singh, 2012).    

 

2.3 Disease and characteristics of isolate fungi  

 Generally, diseases by pathogenic fungal results as present intimate interaction occur 

between pathogenic fungi and a plant (Hornby, 1990). Pathogenic fungi have the ability to 

cause plant disease as they invade plants, colonize tissues and control host defence reaction 

(Reddy & Gour, 2009).  

 

2.3.1 Colletotrichum sp. (Leaf anthracnose and Black berry disease) 

Colletotrichum sp. such as C. gleosporoide, C. capsici, and C. piperis are pathogenic fungi 

species that lead to anthracnose disease on pepper plants (Rahman et al., 2007). 
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Anthracnose disease symptoms are present of .yellow halos and small brown specks on 

different part of plants. Furthermore, the crack on berries, defoliation and spike shedding 

are also a symptoms caused by Colletotrichum sp. (Roberts, Pernezny, & Kucharek, 2013). 

As stated by Kader (2002), anthracnose disease spread to other plants by rain splash. In 

wet weather, Colletotrichum sp. causes black and sunken fruit berry and marginal necrosis 

of young leaves (Figure 1).  

            

Figure 1: Colletotrichum germinating spore (A), symptoms show on pepper leaves of leaf 

anthracnose (B) (Giblin, Coates, & Irwin, 2010). 

 

 

2.3.2 Fusarium longipes  

According to Azeem (n.d), Fusarium longipes belongs to Ascomycotaphyla which grow 

on PDA shows dense greyish red aerial mycelium with red pigmentation. In addition, F. 

longipes also has a thin macroconidia with 5-7 septate each (Figure 2). 

         

Figure 2: Fusarium sp. microscopic view (Calvescens, 2014) 
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2.3.3 Leaf Rot 

When humidity is high, leaf rot disease on black pepper can be spot. According to Pacific 

(n.d), a few fungi such as Phytophthora palmivora, Pestalotia sp. and Collectotrichum sp. 

are associated with this disease. The general symptom is the appearance of water soaked 

lesions on the leaf. Sometimes, the lesions form concentric rings (Figure 3). In high 

humidity conditions, lesions may enlarge to cover more than half of the leaf, which will 

then fall off. This disease does not cause serious economic losses to pepper (Pacific, n.d). 

 

 

Figure 3: Pepper leaf affected with leaf Rot in Sri Lanka (Pacific, n.d) 

 

 

2.3.4 Trichoderma sp.  

Trichoderma sp. is a fungus under Ascomycota phyla, which ascospores are produced 

internally in asci (Figure 4). Cultures are fast growing at 25-30 
o
C. Next, Trichoderma 

conidia usually form within one week either in shades of green, yellow or less frequently 

white. The culture growth on PDA usually secreted yellow pigment into the agar (Samuels 

et al., 2015). Usually, fungi in the genus Trichoderma popular as biocontrol agents against 

plant pathogens. This is because, Trichoderma sp.  produces antifungal enzyme cellulases 

(degrading cellulose) and chitinases (degrading chitin) (Thomas, 2004). The present of 

these antifungal enzymes makes Trichoderma sp. parasite to other fungi. In addition, 
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Trichoderma sp. also plays role as antibiosis, mycoparasitism, and blue jean industry 

(Krishna, 2006).  

 

Figure 4: Microscope view of Trichoderma sp. (Thomas, 2004) 

 

 

2.3.5 Aspergillus sp. 

Aspergillus sp. is classified under Ascomycota phyla. Aspergillus sp. also grows rapidly in 

environment that abundant of oxygen and carbon sources. However, some species of 

Aspergillus can survive in environment that lack of nutrient and moisture (Samuels et al., 

2015). Aspergillus usually found in decaying vegetation however it still can be found on 

living plants and tree. Aspergillus known as pathogenic fungal as it secrete mycotoxins. 

For examples, A. flavus produce carcinogenic aflatoxins in crops (Blackmold, n.d). 

However, several type of Aspergillus is utilized for their rich enzyme in industrial 

production of citric acid, amylases, pectinases, phytases, and proteases (Blackmold, n.d). 

 

 

2.3.6 Meyerozyma guilliermondii 

As stated by Romi et al. (2014), Meyerozyma guilliermondii is an anamorph of Candida 

guilliermondii and also belongs to Saccharomycotina, a yeast type. Subsequently, C. 

guilliermondii known as an infectious yeast which caused a nosocomical blood stream 

infectious and candidaemia. However, M. guilliermondii was classified as biological 
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control of fungi as it actively produced bioactive compound, isoflavone aglycone and 

vitamin B2 (riboflavin) (Romi et al., 2014). M. guilliermondii is extraordinary yeast in 

fermentation area as it has salt tolerance characterization (Aryuman et al., 2015) 

.  

 

2.3.7 Hypocrea lixii 

Hypocrea lixii is known as telemorph of Trichoderma harzianum, family of Hypocreaceae 

(Elgorban, Wahab, & Al-sum, 2014). Subsequently, H. lixii play role in prevent fungi 

infection and toxic from nematode. At the same time, H. lixii enhanced the plant growth, 

provide highly nutrition elements and induce resistant level of plants (Elgorban, Wahab, & 

Al-sum, 2014).  

 

 

2.3.8 Botryosphaeria sp. 

Botryosphaeria sp. commonly recognised as causal agent of grape disease. Infected grape 

will show a decline symptoms, bud mortality, stem canker and necrosis. In addition, the 7 

days of Botryosphaeria colonies usually form an aerial mycelium on PDA and turn colour 

from white to dark-olivaceous (Haleem, Abdullah, & Jubrael, 2011). Next, the conidia of 

Botryosphaeria sp. are hyaline, olivaceous and develop septa with a darker in the middle 

(Niekerk et al., 2015).  

 

 
2.4 Biological Control 

Biological control is a suppression of pathogenic activity by one or many microorganisms, 

accomplished naturally. This developing technique is popular because of its 

“environmentally friendly” characteristics. The four mechanism of biocontrol activity are 
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by competition, induced resistance, hyperparasitism and hypovirulence (Arya & Perello, 

2010). Trichoderma, Gliocladium, Penicillium, Chaetomium, Dactyelella and Glomus are 

the common biocontrol agents. These biological agents known as antagonists used to avoid 

environment problem and toxicity to human instead uses of chemical fungicide (Arya & 

Perello, 2010) 

 

2.5 Conventional technique 

Without high skill requirement, conventional technique can be done easily by observing 

fungi morphological characteristics such as microconidia, macroconidia, hyphae and spore 

(Lane, Beales, & Hughe, 2012). By using Lactophenol blue dye cotton methods, the 

morphological and physiological fungi can be seen under light compound microscope 

(Sumi, 2013). According to Sumi (2013), Lactophenol blue act as dye and is not harmful to 

the fungal activity.  In addition, identification of fungi use conventional technique also can 

be observed through culture on plates.  The rate of growth, pigmentation of fungi produce 

and type of hyphae produce is being observed to determine genus of fungi (Koon, 1990).   

 

2.6 Molecular technique 

According to (Gherbawy & Votava, 2010), disease management at species level of 

pathogenic fungi can be accurately and timely identify by using molecular technique. 

Polymerase Chain Reaction (PCR), the original nucleic acid amplification technique play 

role by targeting internally transcribed spacer (ITS) region and amplify it to identify fungal 

diversity. The ITS region is located at rDNA of fungi which have high variation 
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taxonomically that can distinct the fungal species or within the species (Michaelson et al., 

2006).  

 There are several types of ITS primers which are ITS1, ITS5, ITS2, ITS3 and ITS4. 

Internal transcribed spacer is high variable sequence which crucial to classified fungal 

species by PCR analysis (Martin, Rygjewicz, & Kendall, 2005). Primers ITS1 and ITS4 

used to amplify ITS region of rDNA (Martin, Rygjewicz, & Kendall, 2005). The 

nucleotide sequences of ITS1 are 5’-TCCGTAGGTGAACCTGCGG-3’ which have 

suitable annealing temperature at 65 °C whereas the nucleotide sequence of ITS 4 is 5’-

TCCTCCGCTTATTGATATGC-3’ suitable at 58 °C during PCR process (Shahnazi et al., 

2012). As stated by (Gherbawy & Votava, 2010), the correct temperature of primers during 

annealing process will give high yield of product amplification thus increase the efficiency 

of PCR. 
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3.0 Methodology 

3.1 Study Site and Sample Collection 

The black pepper samples were collected from the selected site of Sarawak. Sampling 

activities was conducted at Kg. Git, Pandawan, Kg. Strass, Serian and lastly kg. Paon, 

Serian. For all sampling site, there are different species of Piper nigrum such as Semongok 

emas, Sarawak, India and Pakistan. The sampling technique need to aseptically, fast and 

avoid overheating of plant sample. 

 

3.2 Fungal Isolation 

The pathogenic fungi were isolated from the stem, berry, roots, and leaves of the infected 

Piper nigrum. These isolation techniques are constantly prone to contamination. Thus, 

aseptic technique was applied to the bench surface, apparatus, plant materials and others. 

According to Hornby (1990), the sampling plant materials needs to be surface cleaned 

from soil, contaminant or dust by washing the sample thoroughly under running tap water.  

 Next, sterilization of plant material was continued by cutting the leading edge parts 

of stem, berry, root and leaves of Piper nigrum by using sterile scissor. Then, the cutting 

tissue was dipped into 70% ethanol for 30 seconds, washed again with distilled water and 

lastly dipped for another  90 seconds it into 3% hydrogen peroxide before the drying 

process. Once dried, plant tissues were cut again onto small pieces before placed onto 

Potato dextrose agar that contained antibiotics, chloramphenicol.  

 All of the culturing process was performed under the laminar flow. The culturing of 

the plant materials on PDA was done by incubating for 3-5 days at 25
o
C. During the 

incubation period, each colony fungal growth on the plate was subcultured process. The 


