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ABSTRACT 

Piper nigrum. or black pepper, is in the family Piperaceae and in the kingdom of Plantae. The cultivation used 

the fruit to produce spice. Among the major diseases of pepper are Phytophthora foot rot caused by 
Phytophthora capsid. The aim of this study is to screen for the antimicrobial producing bacteria that can inhibit 

the Phytophthora sp. These bacteria will be used to control plant disease caused by P. capsici. The samples were 
taken from "Kebun Lada Kampung Raeh" and "Kebun Lada Contoh Kampung Daha Kisau" under Malaysia 
Pepper Board (MPB). In this study, five parts of P. nignlm were taken which are root, shoot, stem, leaf and 

beny and the bacteria that inhibit the Phytophthora sp. were subjected to primary and secondary screening 

through Agar-Well Diffusion and Spot Inoculation Method. Then, bacteria that shown inhibition activity against 
Phytophthora sp. were isolated, identified and characterized by using PCR analysis. The bacteria that can inhibit 

P. capsid were identified as De(ftia tSllruhatensis and Bacillus pumillis . These bacteria may help in control of 
the disease in pepper by inhibiting the growth of P. capsici. 

Keywords: Piper nignlm. Plant diseases, Phytophlhora capsici, Biological control agent (BGA) 

ABSTRAK 

Piper n;grum. alau lada hilam. adalah dalam keillarga Piperaceae dan dalam kategori Plantae. Penanaman 

eligunakan IIntllk menghasilkan rempah. An/ara penyakit IItama adalah kereputan akar yang disebabkan oleh 
Phvtoohthora capsid Tlljllan kajian ini adalah IInlllk mengenalpasti bakteria yang dapat mencegah 
PhvlQphthora sp. Bakteria illi akan digunakan IIntuk mengawal penyakit IlImbllhan yang disebabkan oleh P. 

ft'IIIMki. Sampellelah diamhil dari "Kebun Lada Kampllng Raeh" dan "Keblln Lada Contoh Kampllng Daha 

KilDu" eli bawah Lembaga Lada Malaysia (MPB). Dalam kajian ini. lima bahagian P. nigmm telah diambil 
iaitu aw, pucllk. balang. daun dan buah dan bakteria yang dapat mencegah Phytoehlhora sp. akan melailli 

laringan pertama dan kedlla melalui Kaedah Agar Resapan dan Kaedah Inoklliasi Spot. Kemudian, bakteria 

•.""" menunjukkan aktiviti perencatan lerhadap Phvlophthora sp. telah diasingkan, dikenalpasti dan dicirikan 
dengan menggllnakan analisis PCR. Bakteria yang boleh menghalang P. capsici telah dikenalpasti iaitll Delilia 

lfllllhaten.ris dan Bacillus pumilllS. Hasilnya mllngkin membantu dalam mengawal penyakit dalam pokok lada 
melailli perencatan pertumbllhan kulat, P. capsici. 

Keywords: Piper nigrum, Penyakil TlImbuhan, Phytophlhora capsici. Agen Kawalan Biologi (BGA) 
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1.0 INTRODUCTION 


One of the most popular and important spices in the world is black pepper (Piper nigrum) and 

Malaysia is one of the country that have the largest producers and exporters of black pepper 

(P. nigrum) (Ravindran, 2000). In tenns of the quality and value, pepper has a significant 

portion of world trade of spices. In Malaysia, pepper is cultivated about an area of 14, 735 

hectare and produced 25, 672 ton yield of 4.6 ton per hectare (Malaysian Pepper Board 

Annual Report, 2010). Malaysian Pepper Board (MPB) director-general Grunsin Ayom said 

the country production on 2011 expected to increase by 10% to 24,000 tonnes. In 20 10, the 

production was nearly 22,000 tonnes (Grunsin Ayom, 2010). The production of pepper in 

Malaysia is not as high as Vietnam, Brazil or India. With the present of phytopathogenic 

fungi, the production of the pepper become lower in Malaysia due to increasing of diseases 

are the major limiting factors in pepper. Among the phytopathogenic fungi that infected 

pepper genotypes are Phytophthora capsid that caused foot rot disease, Colletotrichum 

gloeosporioides and Colletotrichum capsid that caused black berry disease, and other fungal 

such as Fusarium solani, Septobaddium spp and Rigidoporus /igosus. The phytopathogenic 

fungi attack both above and below parts or the pepper and it can lead to death, damping-off, 

leaf blight, root rot, leave and fruit spot, root damaged and stunted growth (Fatimah et at., 

2003). 

owadays, chemical are widely used due to the function to control the fungal diseases, but 

the application of the chemical products has bring damage to the environment and caused 

~_e8SI~ 

human health problems. Due to the biological control that contained chemical causes effect 

on land and marine life, this research was conducted to produce biological control for plant 

of P. nigrum without damaging the environment. For example, when the fanners 

the pesticides, when the days rainy, the chemical content of pesticides will flow to the 

..w....wt kill the marine life, therefore, it is dangerous for human to consume any marine life 
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such as fish, it is one of human source of protein. Thus, producing biological control is one of 

the attractive and alternative to fungal diseases due to its ability to inhibit or kill the 

pathogens in different mode of action. In this past two decades, there are studies that show 

the mechanisms of biological control of plant pathogens by antagonistic bacteria and fungi 

(Janisiewicz et ai., 2000). There is an increasing interest in introduction of bacterial bio 

control agent for controlling fungal due to the public concern about effects on fungal 

diseases. However, the uses of biological control now having several challenges due to the 

low infonnation either on biological control or the crop process. The field results of fungal 

diseases are oot consistent and maintained thus lead to another factor that slower the 

development of biological control. 

Biological control is important to an environment harmless plant protection (Diercks, 1983). 

It helps to reduce risks, e.g. becoming aware of unfortunate side effects of plant protection 

agents. Intense uses of active substances can harm beneficial organisms and promote pests. 

The easiest way to control fungi is with fungicides. ~he active substances can be used against 

various fungi on various part of plant. In contrast, biological systems are specialized. Fungi, 

e.g. parasitize specific root region occupied a niche. To control fungus, a beneficial fungus 

that is used to attack harmful fungus must be competing to the niche, precisely adapted the 

systems are not difficult to produce but it is not good for commercial due to the limited 

opportunities (Reinecke et aI., 1991). 
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1.1 OBJECTIVES 

The objectives of this study are to: 

I) isolate antimicrobial producing bacteria from part of P. nigrum that can inhibit 


phytopathogenic fungi , P. capsici. 


2) identify antimicrobial producing microbes from plant of P. nigrum. 


3) detennine antimicrobial properties of biological control for diseases of the P. nigrum 


caused by P. capsici. 
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2.0 LITERATURE REVIEWS 

2.1 Piper "igrum 

Black pepper (scientific name: Piper nigrum) is flowering vine in the family Piperacaae, 

planted for its fruit which is usually dried and used as spice. The fruit known as peppercorn 

hen dried, approximately 5 millimeters (0.20 in) diameter, and become dark red when fully 

mature like all drupes containing single seed. Peppercorns and the powdered pepper derived 

Ciom grinding may be described simply as pepper or normally called black pepper (cooked 

and dried unripe fruit) and white pepper (dried ripe seeds). Black pepper is famous in South 

. and cultivated in tropical regions. Currently, Vietnam is the world's largest producer 

aod exporter ofpepper producing 34% of the world's P. nigrum crop in 2008. Black pepper is 

the world's most traded spice. Dried ground pepper has been used for both flavor and 

medicine. 

Black pepper is pure to Malabar, region in the Western Coast of South India. Today, the 

RSion belongs to union state Kerala. Pepper is cultivated since millennia. In South India, 

pepper plants are often grown together with tea plants. Pepper reached South East Asia about 

thousand years ago and grown in Malaysia and Indonesia. In the last decades of 20th 

\~illllI.. and Sri Lanka. In the New World, Brazil is only important producer, pepper 

'pllllltlbOllS reverse to 1930s. The important producers of black pepper are India and 

~blltISi;a. However, Vietnam efforts by introducing pepper plantations to the world have 

--....... successful. From that, Vietnam is main country in producing pepper in the world 

one-third of all pepper (90000 tons). Second country with about 50000 tons is 

_ ._ followed by Brazil and Indonesia. Even the production went into decline in 2000s, 
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pepper production, trade volume and price give strong fluctuations which making the 

·--business volatile and very unpredictable market. 

lack pepper contain about 3 % essential oil, where the aroma is dominated (max 80 %) by 

mono-terpene hydro-carbons: sabinene, ~-pinene, limonene, terpinene, a-pinene, myrcene, 

A3-carene and mono-terpene,derivatives (borneol, carvone, carvacrol, 1,8-cineol, linalool). 

o.terpenes make up about 20 % of essential oil: ~-caryophyllene, humulene, ~

lone and caryophyllene oxide and ketone. Phenylether (eugenol, myristicin, safrole) 

in traces. Losses of monoterpenes due to bad storage conditions should be avoided. 

most important odorants organoleptically in black pepper are linalool, a-phellandrene, 

ylbutanal, methylpropanal). The flavor of pepper is attribute to the production of hetero

cyclic compounds (2-isopropyl-3-methoxypyrazine, 2,3-diethy-5-methyl-pyrazine) m 

coocentration about I ppb (European Food Technology, 1999). 

Jant disease is a limiting factor in crop production. Diseases of crop cause losses of yield 

e the population is increasing. The definition of plant diseases are disturbances that 

IIItfe1re with a plant's normal structure, function or economic values (Persley, 1993). Plant 

_.Im are significant to human because it damage plant and plant are the products where 

depend on food, clothing, furniture and housing. Plant diseases can be divided into 

.die microorganisms (pathogens) and non-parasitic microorganisms. The familiar and 

plant pathogens are fungi, bacteria, viruses and nematodes. Fungi are the common 

plant diseases (Persley, 1993), and it is most damage or destructive parasite on plant 

tit alo, 2003). It is state that more than 100,000 species of fungi are detected to cause 

in plants, 50 species cause diseases in humans and many cause diseases in animals 
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highly 

(Agrios, 2(05). The effect of fungi on plant can be very terrible. It can destroy the cellular 

e&ructure. make the physiological function unstable and cause the rate of metabolism and 

metabolic pathways can be changed. The biological processes have the consequences for the 

infected plant due to the impaired of function or any organ of the plant that has effects on 

(Moore. 1996). There will be many factor influence the sequences from germ tube 

emergence to attachment, adhesion, aspersorium development and growth on plant surface 

the fungal penetration to the plant. Other factor such as the environment, competition 

m other microbes and factor relating to the host plant (e.g. leaf age, cultivar type, 

hysiological condition) also can lead to fungal entering to the plant (Isaac, 1992). Fungi can 

destructive for several reasons (Strange, 1993). First, they can sporulate 

prolifically. Second, the infection cycle may be only for a few days (e.g. the time between 

infection and the production of further infectious spores). Third, the fungi can rapidly mutate 

develop resistance to fungicides. Forth, the spores may be carried long distance by the 

wind. Fifth, the fungus may form compounds that highly phytotoxic to enzyme that further 

:deltnlIY the plant'S structure. Sixth, small lesions caused by some specialized parasites such 

rusts which act as good sinks that spread nutrient from economically valuable part of the 

Fungal diseases affects to the economic production of plant including pepper. For 

.....'le, an epidemic of foot rot diseases caused by Phytopthora palmivora Leonian on 

in 1956 destroyed around 50% of pepper gardens in Kuching, Malaysia. It was 

.mated to cause losses in Sarawak amount to 7000 tonnes of pepper that contributed to part 

Id's production also in economic at that time (Purseglove et al.. 1981). Researchers 

described several fungi pathogens of pepper, cinnamon and tunneric that become 

__lit diseases causing agents (Kumari et al .. 2000). 
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l'IIJIophthora caps;c; 

Uld phytopathogens are one of major disturbance in food production as it causes 

JIIII!y ofplUlt diseases in the world. These phytopathogens can be divided into those that can 

host and feed on the cell contents (necrotrophs), those that need a living host to finish 

·_ ......-lete lifecycle (biotrophs), that act as both necrotrophs and biotrophs at different 

~_o infection (hemibiotrophs). Nowadays, there are more than 40 fungal genomes have 

1heir host plants. These strategies become better understood due to increasing of many 

molecular genetic analysis. One of the techniques including tagged mutagenesis 

~_ncld identification of fungal genes which is crucial to the plant diseases. Before the 

were used, the pathogenicity genes factors were recognized by comparing 

'~_GILlY occurring isolation or UV/chemical mutants that non-pathogenic to pathogenic 

There is a debate on definition of "pathogenicity" genes (Schafer et aI., 1994). 

lII.,.rmc:ity genes are of interest not only to increase knowledge of disease processes but 

lIecause the gene could be targeted for controlling the diseases. As the fungal 

IllUqD(:ity processes and pathogenicity genes have been reviewed last few decades 

IICIilIfa' et al., 1999). Besides that, there are many more pathogenicity genes have been 

BlJIlIIIU in last few years, most of fungi are easy to manipulate such as rice blast fungus, 

..apc'rt~tegrisea, e.g. pathogenicity genes described by (Sweigard et al., 1998). The types 

needed for pathogenesis depend on the infection process of fungus. Some fungi 

"lied the cell wall to enter the plant, other than that, fonning specialized structures, e.g. 

InSfOna. to penetrate and entering the epidennis while some of fungi enter the host 

et al., 1996). If the fungus has colonized a plant, it may grow as biotroph (obtain 

the host without killing the host), where some fungi produce specialized 
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'ildB:lion structure (e.g. haustoria) during biotrophic infection. Some of fungi act like 

~hs (kill host cells with the uses of toxic) or another act as both biotroph and 

troph at different stages of infection (hemibiotroph) . 

are two important Phytophthora sp. that lead to several diseases on pepper. 

I'IIlptow.lOra diseases take the forms of seed decays, seedling damping-off, transplant stem 

and crown rots. foliar blight and fruit rots. Symptoms of Phytophthora root rot are 

--soaked root that turn, dark grey to chocolate brown. The discoloration will affect both 

·,.CUIlIl' and stele tissues of the root and can move up the major tap root into plant crown and 

main stem. For advanced stages, the roots will be decayed. It also shows both surface 

iatemal discoloration. Besides that ground infections, it also affect to the stem and 

bl'llIICbl!:l become irregularly shaped, black lesions develop on it. Leaves will tum from gray 

brown, circular to oval, water-soaked can enlarge the size of the leaf. This disease can 

iDfections to fruit tissues that support the white sporulation of the pathogen (Steven et 

~kl_aI control of plant diseases is an alternative method to chemical control that 

"*_11 fungal pathogens. In plant pathology, it applies to the uses of microbial antagonists 

the diseases. The organisms that control the pathogens are referred to biological 

agent (BGA). Plants and pathogens interact with many organisms. Therefore, the 

IIIIlCtiIDDS can affect plant health in many ways. Application of biological control requires 

wledge. There are various strategies for application of bio control agents include 

IiClltiOll directly to the infection at high population level to swamp the pathogen, 

at one place where the bio control microorganisms are applied at one place (each 

at lower population which then multiply thus spread to other plant parts and give 
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_.1IoI1S against pathogens at one time or another application is maintain the pathogen 

_ ...._ below threshold levels. 

!Ien_"'S, the application and commercial uses of biological control plant diseases become 

to the different environmental conditions. To solve this problem, to enhance 

___ftiiali:~tiion of bio oontrol, it is important to create and develop formulations of bio 

be applied against pathogens that contain high stability and survival. Many bio 

products are applied against seed borne fungal pathogens such as causal agents of 

damping-off and root rot diseases. The products are used for seed treatment and 

.can", in protecting crops, e.g. white, rice and com. Improvement has been made in 

II1.II_ aspects of bio control of fungal plant diseases, but until now more development 

be done to solve the existing problems. It is hard to handle more research for effective 

••11 control in the future due to less developed of bio control including development of 

P!lIdadol~ understanding the impact of environmental factors on bio control agents, mass 

_.ion of bio control microorganisms and uses of biotechnology in improvement of bio 

mechanisms. As for the future view, bio control of plant disease is bright with the 

flliidlll demand for bio control products. It is possible to use biological control to control 

.diI_;e either to inhibit or kill the pathogens, increase the yield, save the environment 

__I:t sustainable agricultural systems. Plant diseases need to be controlled to maintain 

~qlIlIW~ offood, feed and fiber produced by the plant. Biological control is the suppression 

;.IBII~e activities of one organism by more other organisms referred to natural enemies. 

to plant diseases, suppression can comes in many ways. If the pathogens considered 

the plant diseases resistant cultivars (either naturally selected or genetically 

It is because the plant host has various biological factors, both pathogenic and 

".IIKIIgClIUC, it induced the host resistance and can be form biological control. Through 

.1CVI:ie. plants and pathogens have an interaction with various organisms. It affects the 
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