
International Journal of Scientific & Engineering Research, Volume  11, Issue 10, October-2020 
ISSN 2229-5518

IJSER © 2020 
http://www.ijser.org

A Review On Major Fungus Associated With
Black Pepper ( Piper nigrum L. )Diseases In

Malaysia
Siti Nur Syazana Binti Zakaria, Nuraini Binti Mohd Noor

Abstract— Black pepper or Piper nigrum L.is widely known as king of spice and among the most important spice in the world. The
commercial value is from the dried matured fruits call berries. Black pepper was a perennial woody climbing plant which belong to
family Piperacea. It was grown in tropical region and native from South Western region of India. . Like other perennial crops, pest and
disease attacks has become the main constrains for black pepper production that affects the quality and the yield.This review summarize
the major important diseases of black pepper in Malaysia. Four major diseases have been identified as the main diseases of black pepper
which are fusarium wilt (Fusarium solani), black berries (Colletotrichum capsici, C.piperis and C.gleosporiodes), Phytophythora foot rot
disease (Phythophythora capsisci) and velvet blight (Septobasidium spp.). Further and recent studies is needed in order to control the
diseases incidence and maximize the pepper production.

Index Terms— Black Pepper, Fungus, Plant Diseases, Fusarium wilt, Black berries, Phytophythora foot rot, Velvet blight.
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1 INTRODUCTION
BLACK pepper or Piper nigrum L.is widely known as king

of spice and among the most important spice in the world. It
was originated from tropical evergreen forest of Western
Ghats and Malabar coast of India before being carried to
Indonesia and Malaysia by traders and travelers [41]. This
plant has been cultivated over 26 countries and produce about
315-320 000 tons of pepper including both black and white
pepper [42]. The commercial value were from the dried
matured fruits called berries [42] and it was known for its
exquisite aroma and pungency.

In Malaysia, Malaysian Pepper Board (MPB) is an agency
that responsible for development of Malaysian Pepper
Industry including production, marketing and research, they
are statutory body under the Ministry Of Plantation Industries
& Commodities, established on 1st January 2007 under the
Malaysian Pepper Board Act 2006 [25]. The transformation of
the black pepper industry in Malaysia as profitable
commodity crop has seen many smallholders have ventured
into pepper planting. It was one of the crucial commodities in
Malaysia. Black pepper were planted on 17,134 where 98%
was in Sarawak and 2% in Sabah and Peninsular Malaysia
with 31,073 ton of production in 2018 [27]. Now Malaysia was
the sixth largest producing country and exporting 11,713
tonnes equal to RM201 millions to other European and Asian
countries [25]. Sarawak pepper was widely considered as one
of the best peppers in the world with geographical indication
(GI) status recognition since 2003 [28]. The International
Pepper Community recorded the production of Malaysian
pepper to increased 29,245 tonnes with the total export of
12,199 tonnes which worth RM490.1 million in 2016. In
addition, domestic consumption of pepper shot up by 11% to
13,500 tons in 2015, compared to 12,000 tons in 2014. The
demands of pepper-based products were expected to increase
in future [24].

Crop loss due to pest and disease incidence has been
identified as one of the major pepper production constraints.
Similar with other major crops in Malaysia, black pepper also
been attacked with fungal pathogens that could reduce the
qualities and quantities of these crop.These have resulted in a
yearly reduction of about 2% of the total pepper area [28].
However, scientific report and intense study on fungal
pathogen related with berries, leaf, stem and root diseases of
black pepper need an intensive studies over the times. The
major important diseases of black pepper in Malaysia have
been identified as Phytophythora foot rot disease
(Phythophythora capsisci), Fusarium wilt (Fusarium solani), Black
berries (Colletotrichum capsici, C.piperis and C.gleosporiodes), and
Velvet blight (Septobasidium spp.). These diseases have being a
problematic since the early stage of planting and infecting a
large scale of area. Yellow diseases of Fusarium wilt can be
considered as a new problematic disease in black pepper
plantation as it shows symptoms of yellowing and curling of
the leave later on vines become yellow and slender,
and declining of the yield accure [36]. Phythophythora blight
cause by Phytophthora capsici was considering as serious
diseases in black pepper. Even all black pepper variety were
prone to be infected by these pathogen. There still some
information lacking especially on the degree of disease
tolerance, modes of attacks and plant defence mechanism[33].

2.0 MAJOR DISEASES OF BLACK PEPPER
Based on previous literature, there were eleven economically
important diseases of black pepper (Piper nigrum L have been
reported worldwide. Seven of the diseases attack on arial part
of pepper while the other four responsible on damaging root
systems and lower part of the pepper [20]. Among all seven
diseases the first to cause 50% crop losses was black berries
caused by Colletotrichum capsici, C.piperis and C.gleosporiodes.
The second destructive disease is wrinkle leave cause by virus
infection that lead to the stunted growth of pepper. Then,
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another destructive diseases are pink diseases caused by
Corticium salmonicolor, thread blight disease caused by
Marasmius scanden, horse hair blight disease caused by
Marasmius equirin and velvet bligh disease caused by
Septobasidium spp. . While the other four major disease are
more prone on underground parts of the pepper which are
Phytophthora foot rot (Phytophthora capsici), root-knot
(Meloidogyne incognita, M javanica and M. arenaria), white root
(Rigidoporus lignosus) and slow decline of the influence of
environmental features such as rainfall, temperature, soil
water holding capacity, soil pH and soil texture on the
incidence, development and spread of these disease[20].
However, this pepper will review the most prominent disease
that attacks black pepper in Malaysia.

2.1 Black berries

Black berries or also known as anthracnose disease is the most
prominent disease that attacks black pepper in Malaysia. This
disease have been identified to be cause by fungus known as
Colletotrichum gleosporoides, C.capsici, and C.piperis. The
infections cause great losses on immature and matured fruits
which tremendously reduce the black pepper production.
Genus Colletotrichum spp. and other plant pathogen causing
major production losses of plant crop worldwide [17]. The
pathogen are responsible for post harvest losses on final
product but also can create diseases on other part of plant
including leaves, stem, and seed [56]. Colletotrichum species
have different life cycle and most of them can sequentially
switches [35]. They can be catogorised as necrotrophic,
hemibiotrophic, latent or quiescent and endophytic. [1]. The
symptom of infection and colonization quite similar among
species. It is difficult to deal with Collectotrichum species as
they have an abilities to cross infect wide range of host and
switch their life cycle [37]. The current taxonomy status of
Colletotrichum species was still unclear [53].

Figure 1: The symptoms of black berries disease

Figure 2 : General life cycle of Colletotrichum spp.

Necrotrophic life style refer to pathogen that actively infect
and colonise the plant cell and leading the cell to death [57].
Mostly all Colletotrichum species develope this life style at
certain stage of their life cycle except for those few exist as
endophytes [39]. Biotrophic life style is where pathogen
remain in plant cell without killing but absorb the nutrient for
their survival [30]. Biotrophic happen during the early stage in
their life cycle then switch to necrotrophic as refered to
hemibiotrophic life style .Primary infection was formed on the
epidermal cell and does not kill the plant but necrotrophic
stage on secondary infection will invade and kill the plant [6].
Quiescent life style refers to pathogen that exist dormant at
the first phase before switch to active phase [39]. Colletotrichum
often remain dormant until the sympton appear during the
harvest, storage, transportation and sales of product [39].
endophytic life style where fungi live within plant cell as
symbionts without causing diseases [58]. Usually
Colletotrichum species exist as endophytes in most of their life
cycle in every types of crops [44].

Colletotrichum infect wide variety of plant crop causing
anthracnose disease and having both sexual and asexual phase
[52]. Colletotrichum symptom on black pepper can be figured
out once all of the whole berries at the spike turn black and
fall. The symptom of necrosis start at the end tips of berries
stalk soon dark lesions appeared on the other infected berries
and the center of each berries started to crack and fall [27]. The
infection of spores start with rain splash onto pepper plant
and dispersed to other berries and in some other cases spores
being dispersed through unsanitize equipment during
handling of the infected plant [40]. Colletotrichum can survive
in wet and warm condition with temperature of 27 °C and 80%
humidity [43].

Penetration and colonization of Colletotrichum spores on
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host tissues start with the germination of conidia through the

entry of narrow penetration peg on host cuticle and epidermal
cell wall [38]. First lesion appear as soft, sunken and light
brown in color then covered with concentric ring pink spots
known as fruiting bodies called acervuli which produces
Colletotrichum spores to spread the diseases [52]. Conidia
spores produce in acervuli dispersed by wind, rain splash and
others land infect plant host and spread as infection appear
once mycelium break the epidermal surface and produce
acervuli [52]. The sexual cycle start once two hyphae from
different individual fuse together producing spores called
ascospore which can survive longer on different conditions
and environment [52]. Sexual stage of Colletotrichum rarely
being observed as it is poorly understood while the asexual
stage more related with diseases symptom [19].

Many control measures are available to reduce the infection
of this disease. One of the measures is by growing black
pepper together with leguminous tree such as Erythrina indica
and Gliricidia sepium. These leguminous tree become a support
system for climbers tree such as black pepper and at the same
time improve the soil fertility[26]. In Malaysia, resistance
varieties likes Semenggok Aman and Semongok Emas have
been introduced as alternative to tolerate these diseases.
Several chemical pesticicdes have been used to treat black
berries disease such as Benomyl, Crypronazole, Carbendazim,
Manzeb + Zink salt, Prochloraz manganese chloride and
phosphorus acid [26].

2.2 Fusarium wilt

Fusarium wilt also known as yellowing diseases is one of the
most important diseases of black pepper [48]. The symptom of
Fusarium wilt are yellowing of foliage and root rot [10]. At the
early age of pathogen establishment, the black pepper produce
normal appearance but after 4 months of infection, yellowing
symptom will start to appear at the vines. The symptoms will
lead to leaf discoloration from the bottom of vines and spread
to the top [49]. As the the infection reach advance stage, plant
suffer from defoliation. Reddish discoloration on xylem vessel
could be observed when the stem were cut . This disease can
occur on both young and old vines. At certain stage main roots
lose their feeder roots causing dieback and death of vines [21].

Figure 2 : The symptoms of Fusariumwilt

Fusarium wilt cause crop loses in India, Malaysia,Indonesia,
Brazil and Thailand [48]. The infection could reduce the black
pepper economic life span from 20 years to 6-8 years [10].
Infected plant can survive for just several years and gradually
died over 3-4 years [2]. In Malaysia there is still little
information about Fusarium wilt on black pepper is
available .Extensive studies on the pathogen is crucial as the
impact of the disease is very high towards the sustainability of
black pepper crop[49].

Fusarium species can be soil-borne, airborne, carried in plant
residue and can be recover from any part of plant at the end of
deepest roots up until top of the flower [50]. Fusarium spp.
usually block xylem vessel resulting to plant wilt and die.
Many Fusarium spp. have been identified associated with
wilting symptoms such as F. eumartii, F. oxysporium, F.
avenaceum,, F. solani, F. sulphureum and F. tabacinum [36].
However, The dominant parasitic fungus causing yellowing
diseases of Malaysian black pepper is F. solani which have
been confirm throughout series of research conducted in
Sarawak and Johor [49].

Fusarium produce macroconidia and microconidia including
mycelia and chlamydospores which responsible in infecting
host plant [36].Life cycle of these pathogen can be classified as
dormant, parasitic and saprophytic stages [7]. The dormant
stage involve inhibition and germination of resting phase in
soil. While parasitic stage include penetration and
colonization at the vascular system of plant roots including
movement in xylem vessel resulting to death of host plant.
Saprophytic stage is a resting structure in the dead host [51].
Mycelia, chlamydospores, macroconidia and microconidia
available in the infected soil during dormant phase due to
mycisstasis [16]. Later the parasitic stage happen once any of
propagule penetrates the host through formation of crack or
wound at the roots part [18]. There are several reports that
certain nematode attacks will produce wound and provide an
entry point for the Fusarium to enter the plant [32]. Fusarium
are also considered as saprophytes as they can easily found in
all types of soil [31]. The abilities of these species in spore
dispersion give an advantage for them to attack a wide range
of host plant [34]. Undoubtedly there are many species of
Fusarium has been identified as plant pathhogen. One of Key
feature in differentiate the species were through the presence
of macroconidia and microconidia as well as the
chlamydospores [9].

Among important control methods that have been suggested
by Malaysian Pepper Board to reduce the Fusarium wilt
infection is through proper field sanitation. Nemotodes colony
can be control by using by using carbofuron and other
organic fertilizer. Fusarium spores that still present in plant
residue can be controlled with Dazomet [26].
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2.3 Velvet blight

In 1970, a researcher from Sarawak, Malaysia named this
disease as Septobasidium blight whick later refers as Velvet
blight in 1972. Velvet blight were caused by fungus
Septobasidium spp. Starting point of fungal infection is due to
initiation from insect attack known as Pinnaspis spp [23].
Infection by fungus can be identified once the fungus turned
from grey to purple. This disease have been found in India,
Malaysia and Indonesia with various level of attack starting
from seedling until the old ones [11]. Velvet blight are
considered harmful and there were no special method to
inhibit the attack. Disease attacks caused wrinkle on leaves,
fruit spike and break twigs. The symptom can spread easily
during raining season and severe infection can break the twigs
or branch resulting in yield loss [11].

Figure 3: Symptoms of velvet blight on leave and stem

Septobsidium spp can be identify through the presence of
resupinate fruiting bodies, ashly to brown color with size
range from 1mm to 25cm. The species also can be distinguish
from the number of septa and the spore shape [14]. Visual
symptom of Septobasidium species infection also can be
characterize through the presence of symbiotic scale insect
underside of branches and leaves [8].

Uniqueness of Septobasidium is they exist as symbiotic with
scale insects ranging from obligate parasite to mutualistic [15].
They provide shelter and protection to the parasitoid wasps
rather than killing the insect as they can benefits from waste
product that the insect produce [54].

Field monitoring and inspection must be done frequently to
remove any parts of plant that shown the symptom of velvet
blight . Treatment with 0.15% of Tridermoph and 1% Bordeaux
is also suggested every time after harvest the yield to control
the infection [26]. The level of scale insects also must be
reduced with the application of insecticides.

2.4 Phytophythora foot rot disease

Black pepper plantation in India, Indonesia and Malaysia have
been reported with serious damaged caused by Phytophythora
foot rot diseas [29]. In Malaysia Phytophythora foot rot disease
was caused by Phythophythora capsici [26]. Diseases usually
spread during raining season and once it infect any part of
plant it cannot be treated. In these mean time, no specific
pesticides has been found to treat the disease. Infection occurs
through wind, water and through soil[3].

Symptom started with dark spot on the leaf margins and the
plant leaf will start defoliated once the infection spread to
entire laminar. The symptoms of infected shoots were obvious
and easily to identified as the fungus spore will produce thin
layer of white mycelium on the stem. The infected stem will
abruptly will and lead to death of the plant. Berries turn black
when the infection reached the spike.The plant root will also
start to deteriorate and cause yellowing of leaf . The name of
foot rot was obtain from the feeder root infection that reach
collar through main root system [4].

Figure 4: Symptoms of Phytophythora foot rot disease

Three asexual and one sexual spore involve in life cycle of
Phythophythora [47]. 4 main steps involve which are early
contact to the host, zoospore encystment, spore germination
and penetration and lastly the colonization [13]. Sporangia
spores produce on infected plant part and able to germinate
directly on healthy target or soil, it also can produce zoospores.
While zoospores are prone to wet surface. Sporangia spores
and zoospores can be dispersed by the same agent.
Chlamydospore are produce by mycelium and germinate
under favourable conditions to form sporangia. Oospores
produce from mating types of two organism which is potential
in producing genetic variation and resistances [45,47]. The
fungus can adapt to diverse environmental conditions that
able to produce some sort of survival structure later enhance
their availability to survive without host plant [12]. Major
causes lead to fungal infect the healthy tissues such as roots
stems and fruits was the favorable condition [55].

In Malaysia, current practise used to control these disease
using chemical pesticides such as matalaxy and dazomet.
Grower were advised to cut down the infected plant to avoid
more serious loses as the fungus able to survive in the
contaminated soil up to 19 month with the presence of host
plant [22,26]. A good drainage system also can help to lower
the risk of disease incidence [46].
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3 CONCLUSION
Malaysia have wide varieties of crop for commodities and
some of growers prefer to practice mix cropping in one piece
of land in maximizing the potential use of land and their profit.
These situation have lead to high impact of diseases.
Meanwhile, the choice of planting pepper on ex planting of
rubber is a bad decision because mostly pepper will expose
moore to the plant pathogen due to improper sanitation before
planting.The use of the same equipment while operating the
infected and healthy plant also encourage pathogen attacks
and disease infection. As a result, the uses of high doses and
unrecognized chemicals to control black pepper diseases have
creates resistance toward fungicides. An accurate
identification of causal pathogen along with knowledge of
handling the impacted diseases are essential in developing
specific management strategies to control each diseases. This
review pepper hopefully could provide valuable information
for further investigation of plant pathogen especially fungus
associated with black pepper disease.

ACKNOWLEDGMENT

The authors thank the Ministry Of Higher Education for
financial supporting this research project through the
Fundamental Research Grant Scheme (FRGS) [600-IRMI/
FRGS 5/3 (238/2019)] and UiTM for providing research
facilities.

REFERENCES
[1] Auyong, Ford, R., Taylor, P.W.J., 2012. Genetic transformation of

Colletotrichum truncatum associated with anthracnose disease of
chili by random insertional mutagenesis. J. Basic Microbiol. 52,
372e382.

[2] Anandaraj M (2000) Diseases of black pepper. In: Ravindran PN (ed)
Medicinal and aromatic plants—industrial profiles, vol 13. Black
pepper, Piper nigrum. Harwood, Amsterdam, pp 239–267

[3] Anandaraj, M., & Sarma, Y. R. (1995). Diseases of black pepper (Piper
nigrum L.) and their management. Journal of Spices and Aromatic
Crops, 4(1), 17-23.

[4] Anandaraj, M., & Sarma, Y. R. (1994). Biological control of black
pepper diseases. Indian Cocoa, Arecanut and Spices Journal, 18(1), 22-23.

[5] Bailey, J.A., Jeger, M.J. (Eds.), 1992. Colletotrichum: Biology,
Pathology and Control. Commonwealth Mycological Institute,
Wallingford, p.388.

[6] Barimani, M., Pethybridge, S.J., Vaghefifi, N., Hay, F.S., Taylor,
P.W.J., 2013. A new anthracnose disease of pyrethrum caused by
Colletotrichum tanaceti sp. nov. Plant Pathol. 62, 1248e1257

[7] Beckman, C. H. (1987). The Nature of Wilt Diseases of Plant. St. Paul,
Minnesota: American Phytopathological Society Press. 175 p.

[8] Couch, J. N. (1949). The taxonomy of Septobasidium polypodii and S.
album.Mycologia, 41(4), 427-441.

[9] De Hoog, G. S., Guarro, J., Gene J. and Figueras, M.J. (2000). Atlas of
Clinical Fungi, 2nd ed. Vol. 1. Centraalbureau voor Schimmelcultures,
Utrecht, The Netherlands.

[10] Duarte MLR, Albuquerque FC (1991) Fusarium disease of black
pepperin Brazil. In: Sarma YR, Premkumar T (eds) Black pepper

diseases.National Research Centre for Spices, Calicut, pp 39–54
[11] F. Riantoa, MS Sinagab, Widodoc, S. Wiyono (2015). Septobasidium

pseudopedicellatum Burt. Caused Velvet Blight Disease on Black
Pepper in Indonesia. International Journal of Sciences: Basic and
Applied Research (IJSBAR) (2015) Volume 20, No 2, pp 76-86.

[12] Hardy F. 1960. Cacao manual. Agricutul Sciences Turrialba, Costa
Rica, 12

[13] Hardham, A. R. (2001). The cell biology behind Phytophthora
pathogenicity. Australasian Plant Pathology, 30, 90-98.

[14] Henk, D. A. (2005). New species of Septobasidium from southern
Costa Rica and the southeastern United States. Mycologia, 97(4), 908-
913.

[15] Henk, Daniel A.; Vilgalys, Rytas (September 2007). "Molecular
phylogeny suggests a single origin of insect symbiosis in the
Pucciniomycetes with support for some relationships within the
genus Septobasidium". American Journal of Botany. 94 (9): 1515–
1526. doi:10.3732/ajb.94.9.1515. PMID 21636518.

[16] Huisman, . O. C. (1982). Interactions of root growt h dynamics to
epidemiology of rootinvading fungi. Annual Review of
Phytopathology, 20: 303-327

[17] Hyde, K.D., Nilsson, R.H., Alias, S.A., Ariyawansa, H.A., Blair, J.E.,
Cai, L., et al., 2014. One stop shop: backbone trees for important
phytopathogenic genera: I (2014). Fungal Divers. 67, 21e125.

[18] Inoue, I., Namiki, F. and Tsuge T. (2002). Plant Colonization by the
Vascular Wilt Fungus Fusarium oxysporum Requires FOW1, a gene
encoding a mitochondrial protein. The Plant Cell 14:1869-1883.

[19] Ishikawa, F.H., Barcelos, Q. l. L., Alves, E., Camargo Jr., O.A.,
deSouza, E.A., 2010. Symptoms and prepenetration events associated
with the infection of common bean by the anamorph and teleomorph
of Glomerella cingulata f.sp. phaseoli. J.Phytopathol. 158, 270e277.

[20] Kueh, T. K. (1990). Diseases of black pepper and their management.
In 3. International Conference on Plant Protection in the Tropics, Genting
Highlands, Pahang (Malaysia), 20-23 Mar 1990. Malaysian Plant
Protection Society.

[21] Kueh TK, Gumbek M, Wong TH, Chin SP (1993) A field guide to
diseases, pests and nutritional disorders of black pepper in Sarawak.
Agricultural Research Centre Semongok, Department of Agriculture
Kuching. Lee Ming Press, Sarawak

[22] Kueh, T. K., & Khew, K. L. (1982). Survival of Phytophthora
palmivora in soil and after passing through alimentary canals of
snails [Foot rot of pepper, Piper nigrum, Sarawak]. Plant Diseases
(USA).

[23] Lai KF, Sim SL.Malaysia Black Pepper Production Technology
Manual, in: Paulus AD, Sim SL,Lily E, Megir G and Rosmah J (eds.)
Malaysian Pepper Board and Department of Argriculture Serawak,
Malaysia,2011.

[24] Marilyn Ten., (2017).‘Malaysia fifth largest producer of pepper
globally’ in 2016 – Deputy minister. The Borneo post online.
https://www.theborneopost.com/2017/06/07/malaysia-fifth-largest-
producer-of-pepper-globally-in-2016-deputy-minister/

[25] Malaysian Pepper Board (2020). Official Portal of Malaysian Pepper
Board. Ministry of Plantation Industries and Commodities.
https://www.mpb.gov.my/mpb/index.php/en/aboutus/profile/mpb-
background#

[26] Malaysian Pepper Board (2014). Black Pepper Productiob Technology
Practice. Malaysian Pepper Board.

[27] Malaysian Pepper Board (2018). Statistics of Pepper Commodity.
Malaysian Pepper Board

[28] Malaysian Pepper Board (2013). Statistics of Pepper Commodity.
Malaysian Pepper Board

[29] Manohara, D., Mulya, K., Purwantara, A., & Wahyuno, D. (2004). 6.4
Phytophthora capsici on Black Pepper in Indonesia. Diversity and

323

IJSER

https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.3732/ajb.94.9.1515
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/21636518
https://www.theborneopost.com/2017/06/07/malaysia-fifth-largest-producer-of-pepper-globally-in-2016-deputy-minister/
https://www.theborneopost.com/2017/06/07/malaysia-fifth-largest-producer-of-pepper-globally-in-2016-deputy-minister/
https://www.mpb.gov.my/mpb/index.php/en/aboutus/profile/mpb-background#
https://www.mpb.gov.my/mpb/index.php/en/aboutus/profile/mpb-background#
http://www.ijser.org


International Journal of Scientific & Engineering Research, Volume  11, Issue 10, October-2020 
ISSN 2229-5518

IJSER © 2020
http://www.ijser.org

management of Phytophthora in Southeast Asia, 132.
[30] Mendgen, K., Hahn, M., 2002. Review: plant infection and the

establishment of fungal biotrophy. Trends Plant Sci. 7, 352e356.
[31] Murad, N. B. A., Kusai, N. A., & Zainudin, N. A. I. M. (2016).

Identification and diversity of Fusarium species isolated from tomato
fruits. Journal of Plant Protection Research, 56(3).

[32] Morrell, J.J. and Bloom, J.R. (1981). Influence of Meloidogyne
incognita on Fusarium wilt of tomato at or below the minimum
temperature for wilt development. Journal of Nematology 1(1): 57-60

[33] Nazeem, P. A., Achuthan, C. R., Babu, T. D., Parab, G. V., Girija, D.,
Keshavachandran, R., & Samiyappan, R. (2008). Expression of
pathogenesis related proteins in black pepper (Piper nigrum L.) in
relation to Phytophthora foot rot disease. Journal of Tropical
Agriculture, 46, 45-51.

[34] Nelson, P.E., Dignani M.C. and Anaisse E.J. (1994).Taxonomy, biology,
and clinical aspects of Fusarium species. Clinical Microbiology
Reviews 7(4): 479-504.

[35] O’Connell, R.J., Thon, M.R., Hacquard, S., Amyotte, S.G., Kleemann,
J., Torres, M.F., et al., 2012. Life style transitions in plant pathogenic
Colletotrichum fungi deciphered by genome and transcriptome
analyses. Nat. Genet. 44, 1060e1065.

[36] Okungbowa, F. I., & Shittu, H. O. (2012). Fusarium wilts: An
overview. Environ. Res. J, 6(2), 83-102.

[37] Phoulivong, S., McKenzie, E., Hyde, K., 2012. Cross infection of
Colletotrichum species; a case study with tropical fruits. Curr. Res.
Environ. Appl. Mycol. 2, 99e111.

[38] Perfect, S.E., Hughes, H.B., O′Connell, R.J., Green, J.R., 1999.
Colletotrichum: a model genus for studies on pathology and fungal-
plant interactions. Fungal Genetics and Biology, 27(2-3):186-198.
[doi:10.1006/fgbi.1999.1143]

[39] Prusky, D., Alkan, N., Mengiste, T., Fluhr, R., 2013. Quiescent and
necrotrophic life style choice during postharvest disease
development. Annu. Rev. Phytopathol 51, 155e176

[40] P. D. Roberts, K. L. Pernezny, and T. A. Kucharek.,(2018).
Anthracnose on Pepper in Florida.journal of University of Florida of
Plant Pathology Department, UF/IFAS Extension PP-178.
https://edis.ifas.ufl.edu/pdffiles/PP/PP10400.pdf

[41] Ravindran, P. N. (Ed.). (2000). Black pepper: Piper nigrum. CRC Press.
[42] Ravindran, P. N., & Kallupurackal, J. A. (2012). Black pepper.

In Handbook of herbs and spices (pp. 86-115). Woodhead Publishing.
[43] Roberts, P.D., Pernezny, K., Kucharek, T.A., 2001. Anthracnose

caused by Colletotrichum sp. on pepper [Online]. Journal of
University of Florida/Institute of Food and Agricultural Sciences.
Available from http://edis.ifas. ufl.edu/PP104 (Accessed 25/12/2007).

[44] Rojas, E.I., Rehner, S.A., Samuels, G.J., Van Bael, S.A., Herre, E.A.,
Cannon, P., Chen, R., Pang, J., Wang, R., Zhang, Y., Peng, Y.Q., Sha,
T., 2010. Colletotrichum gloeosporioides s.l. associated with
Theobroma cacao and other plants in Panama: multilocus
phylogenies distinguish host-associated pathogens from
asymptomatic endophytes. Mycologia 102, 1318e1338.

[45] Resources, N. (2005). Phytophthora palmivora, (12).
[46] Ramachandran, N., Sarma, Y. R., & Anandaraj, M. (1990). Vertical

progression and spread of Phytophthora leaf infection in black
pepper in areca-black pepper mixed cropping system. Indian
Phytopathology, 43(3), 414-419.

[47] Sendall, B. (n.d.). Practical guide to detection and identification of
Phytophthora Practical guide to detection.

[48] Sitepu D, Mustika I (2000) Diseases of black pepper and their
management in Indonesia. In: Ravindran PN (ed) Black pepper, Piper
nigrum. Medicinal and aromatic plants—industrial pro- files, vol 13.
Black pepper, Piper nigrum. Harwood, Amsterdam, pp 297–305

[49] Shahnazi S, Meon S, Vadamalai G, Ahmad K, Nejat N. Morphological

and molecular characterization of Fusarium spp. associated with
yellowing disease of black pepper (Piper nigrum L.) in Malaysia. J
Gen Plant Pathol 2012; 78: 160. https://doi.org/10. 1007/s10327-012-
0379-5.

[50] Summerell, B. A., Salleh, B., & Leslie, J. F. (2003). A utilitarian
approach to Fusarium identification. Plant disease, 87(2), 117-128.

[51] Schnathorst, W. C. (1981). Life cycle and epidemiology of Verticillium.
In: Fungal Wilt Diseases of Plants. M. E. Mace, A. A. B. a. C. H. B.
(Eds.), Academic Press, Inc., New York. pp. 81-111.

[52] Sachiko Schott.,(2020). Life Cycle of Colletotrichum.
https://www.ehow.com/about_676224 _life-cycle-colletotrichum.html

[53] Sreenivasaprasad, S., Talhinhas, P., 2005. Genotypic and phenotypic
diversity in Colletotrichum acutatum, a cosmopolitan pathogen
causing anthracnose on a wide range of hosts. Mol. Plant Pathol. 6,
361e378.

[54] "The genome portal of the Department of Energy Joint Genome
Institute". Fungal Genomics Resource. Department of Energy.
Retrieved 15 July 2019.

[55] Thampi, A., & Bhai, R. S. (2017). Rhizosphere actinobacteria for
combating Phytophthora capsici and Sclerotium rolfsii, the major soil
borne pathogens of black pepper (Piper nigrum L.). Biological
Control, 109, 1-13.

[56] Udayanga, D., Manamgoda, D.S., Liu, X., Chukeatirote, E., Hyde,
K.D., 2013. What are the common anthracnose pathogens of tropical
fruits? Fungal Divers. 61, 165e179.

[57] Van Kan, J.A., 2006. Licensed to kill: the life style of a necrotrophic
plant pathogen. Trends Plant Sci. 11, 247e253.

[58] Wilson, D., 1995. Endophyte: The evolution of a term, and
clarifification of its use and defifinition. Oikos 73, 274e276.

324

IJSER

https://edis.ifas.ufl.edu/pdffiles/PP/PP10400.pdf
https://genome.jgi.doe.gov/Sepsp1/Sepsp1.home.html
https://genome.jgi.doe.gov/Sepsp1/Sepsp1.home.html
http://www.ijser.org

	1INTRODUCTION                                    
	2.0 MAJOR DISEASES OF BLACK PEPPER
	2.1 Black berries 
	2.2 Fusarium wilt
	2.3  Velvet blight
	2.4  Phytophythora foot rot disease

	3CONCLUSION
	ACKNOWLEDGMENT
	REFERENCES



