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Hevea brasiliensis is the major source of natural rubber. Natural rubber being a unique
biopolymer of strategic importance needs to be continuously well managed and protected against
biotic damages. Many rubber producing countries include South East Asia, Africa and Latin America
among others. Corynespora leaf fall caused by Corynespora cassiicola is currently considered as the
most destructive leaf disease of Hevea rubber in Asian and African continents causing about 45% of
yield loss. It had caused great loss to the rubber industry in various countries, thus the need for
prompt action against the disease. The rubber breeding over the years have been on the development of
clones with high yield combined with the desirable secondary traits. The resistance of rubber clones
to C. cassiicolla depends on its ability to neutralize the toxin or its use of the hypersensitive response
of the clone. The major objective of this review was to awaken the consciousness to C. cassiicolla,

having in mind that rubber clones once tolerant to the disease had later become susceptible.
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INTRODUCTION

Rubber tree (Hevea brasiliensis) is a deciduous plant
that belongs to the Euphorbiaceae family. The common
names are Para rubber tree, in Spanish it is called
‘sharinga’ tree, ‘seringueira’, ‘jebe’. The Portuguese call
it ‘seringueira-rosada’, ‘seringueira-verdadeira’ while
ltalian and Malay call it ‘della gomma’ and ‘pokok getah’,
respectively (Heuzé and Tran, 2017). Amazon basin is
the centre of diversity for major commercial rubber in the
world. H. brasiliensis was introduced to tropical Asia in
1876 through Kew garden, from the seeds brought
from Rio Tapajo’z region of the upper Amazon region of
Brazil by Sir Henry Wickam (Dijkman, 1951). There, the
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planting materials were assembled from the native land,
propagated and then distributed to other botanical
gardens around the world (Baulkwill, 1989). The
successful transfer of H. brasiliensis to Asia and the
subsequent establishment of rubber plantations were
successful due to the demand for its raw material
(Venkatachalam et al., 2013). Natural rubber is produced
from the Para rubber tree, which is of the height of 30 to
40 m in the Amazonian forest (its natural habitat)
(Venkatachalam et al., 2013).

Cultivated trees are usually smaller because the
tapping activity reduces its growth and they are cut after
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30 years due to decline latex production (D6ring, 2018).
The bark has patches of white and gray. The leaves are
trifoliate and spirally arranged. The tree starts its
productive phase from 5 to 8 years, after planting it has a
productive life span of 25 to 30 years (HAL, 2014).

Flowers are monoecious and small with no petals. It
is a pungent bright or cream-yellow coloured flower
pollinated by insects, mostly midges and thrips
(Priyadarsha, 2017). The fruit is a capsule that contains
three large seeds (Blackley, 1997)

Natural rubber is synthesized from 2000 plant species
confined to 300 genera of seven families which consist of
Euphorbiaceae, Apocynaceae, Asclepiadaceae,
Asteraceae, Moraceae, Papaveraceae and Sapotaceae
(Cornish et al., 1993). Only three species of the genus
namely H. brasiliensis, Hevea guianensis and Hevea
benthamiana yield usable rubber (Sharpe, 2017). Other
species have excessively high resin to rubber ratio in
their latex (Mekonnen, 2015). The major content of latex
is cis1-4 polyisoprene (94%), while protein and fatty acids
make up 6% (Sakdapipanich, 2007). Cis-1, 4-
polyisoprene biopolymers are made up of C5 monomeric
isopentenyl diphosphate (IPP), units and are formed by
sequential condensation on the surface of rubber
particles. The rubber chain elongation is catalyzed by cis-
prenyltransferases (CPTs), known as rubber polymerases
(Asawatreratanakul et al., 2003). The molecular weight of
the resulting polymer is an important determinant of
rubber quality (Rahman et al.,, 2013). Latex contains
some stress and plant defense-related proteins called
hevein and hevein amine (Yeang et al., 2002). However,
latex preparations are often contaminated with allergens.
These allergens are carried through the manufacturing
process and are present in the finished products
(Flaherty, 2012). Latex has multiple commercial uses
and is commonly found in a number of products (Sando
et al., 2008).

H. brasiliensis is the primary source of natural rubber
(NR) (Rahman et al.,, 2013) and also the only species
planted commercially (Kew Science, 2017). According
to the International Rubber Study Group
(www.rubberstudy.com), global production of NR got to
almost 11 million tons in 2011 and its demand is steadily
on the increase over the years. NR is a latex polymer
with  high elasticity, flexibility, resilience, impact
resistance, and efficient heat dispersion (Mooibroek and
Cornish, 2000). These useful properties are due to the
large and complex molecular structure of rubber
(Milliken et al., 2009). The natural rubber obtained from
the Para rubber tree (H. brasiliensis) is a unique bio-
polymer of great importance. Thus, it cannot be replaced
by synthetic rubber alternatives because of its significant
applications (Venkatachalam et al., 2013). No other
synthetic substitute has comparable elasticity, resilience
and resistance to high temperature (Davis, 1997).
Also, natural rubber is a renewable (green) elastomer
and its production requires less oil than that of synthetic
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rubber (one-sixth) (Jules, 2007).

South-East Asia produces 92% of natural rubber,
followed by Africa and Latin America with 6 and 2%,
respectively. Major rubber producing countries includes
Vietham, Thailand, Indonesia, India, Malaysia, China,
Coéte d’lvoire, Liberia, Sri-Lanka, Brazil, Philippines,
Cameroon, Nigeria, Cambodia, Guatemala, Myanmar,
Ghana, Democratic Republic of Congo, Gabon and
Papua New Guinea (Saha and Priyadarshan, 2012).

Other products obtained from H. brasiliensis include
seed oil and wood. Rubber wood has generated a
profitable industry not only in Malaysia and Thailand, but
also in India, Vietham, Indonesia, Cambodia
(Venkatachalam et al., 2013) and Nigeria. Its natural light
colour and excellent physical properties make it suitable
for flooring, household furniture, boards and packing
boxes (FAO, 2001). Owing to the value of this product,
several superior latex-timber clones have been
developed (Rahman et al., 2013).

Wood quality has been associated with several
lignocellulose biosynthesis genes (Dillon et al., 2010).
Lignin, a heteropolymer of monolignols, determines the
texture and hardness of the wood. Para rubber seeds are
sources of seed oil, recommended for manufacturing
soap, paints, leather (Ohikhena, 2006), biofuel or
compression engines (Ikwuagwu, 2000; Ramadhas et al.,
2005), wood polish (Bello and Otu, 2015) among others.

BACKGROUND AND DAMAGE CAUSED BY
CORYNESPORA LEAF FALL DISEASES (CLFD)

Diseases are the major constraints of Para rubber tree.
These include the abnormal leaf fall caused by
Phytophthora species, Colletotrichium leaf fall caused by
Colletotrichum acutatum, powdery mildew caused by
Oidium heveae and Corynespora leaf fall caused by
Corynespora cassiicola (Manju et al., 2002). The
scientific classification of C. cassiicola is shown in Table
1. In Nigeria, the most devastating diseases of rubber
seedlings and budded plants in the nursery are the leaf
diseases (Begho, 1995; Omorusi et al.,, 2011); while in
some countries like The United States of America, the
South American Leaf Blight (SALB) ranks the top of leaf
disease especially in mature plantation. The disease
was first reported in Malaysia in 1960 (Newsam, 1960),
India in 1961 (Ramakrishnan and Pillai, 1961), Nigeria in
1966 (Jayasinghe and Fernando, 2009) and afterwards in
Sri Lanka in 1985 (Liyanage et al., 1986). The disease is
generally severe in areas with high rainfall without any
prolong dry period (MCR, 2000).

Cassiicolin produced by C. cassiicola causes many
types of symptoms in over 80 host plants under diverse
environmental conditions (Jayasinghe, 2000a). The host
plants are tomato, cowpea, cucumber, tobacco, ground
nut among others. The toxin for the pathogenicity results
in the symptoms of the CLFD in rubber trees (Manju et
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Table 1. Scientific Classification of Corynespora cassiicola.

Kingdom Fungi
Phylum Ascomycota
Class Dothideomycetes
Sub class Pleosporomycetidae
Order Pleosporales
Family Corynesporascaceae
Genus Corynespora
Species cassiicola
Table 2. Optimum environment.
Host Temperature (°C) leaf wetness
Tomato 20-28 >16 h necessary
Cucumber 25-30 -
Tobacco 27.5-30 -
Rubber 25-30 Greatest at 90%

Source: Fulmer (2011).

al., 2002). The pathogen causes the fall of both young
and old leaves all year round. This may lead to dieback
(Figure 2), delay in maturation of young rubber trees, yield
reduction of about 45% of mature rubber trees
(Ogbebor, 2010) and even plant death on susceptible
clones (Jinji et al.,, 2007). According to Malaysian
observations, spore dispersal is at the peak during dry
season, but infections occur when the leaf surface is
wet (Table 2) (Jayasinghe, 2000a).

Corynespora disease (caused by the fungus C.
cassiicola) is more severe during refoliation, between
December and April (Reshma et al., 2016). Though it
affects leaves of all stages, young leaves in the light
green stage appear to be the most susceptible. One of
the unique features of this pathogen is the production of
different types of symptoms depending on the type of
the clone and maturity state of the plant. The symptoms
diversity is a serious limiting factor to its early diagnosis
and management.

However, circular lesions of varying sizes with papery
centre, brown margin and a yellow halo is the most
common symptom (Manju, 2011). The central region of
the lesions may disintegrate, leaving holes. Sometimes,
the shot hole effect is also noticed on leaves due to the
disintegration of the centre of the spots (Figure 1) (Jinji et
al., 2007). High temperature and humidity during
refoliation period favours the disease incidence (Manju et
al,, 2016).

Its survival and spread is also a contributory factor.
Pernezny and Simone (1993) reported several means of
survival and spread of C. cassiicola in the field. They
noted its survival in crop debris for about 2 years. Boosalis

Figure 1. Fish-bone like, shoot pole effect on rubber leaf.

and Hamilton (1957) and Seaman et al. (1965) also
reported that it can survive during the wet period in the
root debris and stem in the field. Manju et al. (2016) reported
that it could survive for 11days in infected leaf litter and
also on infected intact leaves.

MANAGEMENT OF C. CASSIICOLLA

A number of management approaches (use of



Figure 2. Die back caused by C. cassicolla.

fungicides, cultural practices and integrated
management of disease) have been evaluated and
recommended as the control of CLFD in nursery and
field (Manju, 2011). Chemical control of CLF is practiced
in polybag and budwood nursery. Many fungicide
combinations have been recommended by different
researchers as an effective control. Jayasinghe (2000b)
have recommended frequent spraying of fungicides on
polybag nurseries during the rainy season, due to the fact
that all rubber clones including highly resistant ones in
the field are extremely susceptible to CLF during
juvenile stage. Joseph and Manju (2002) also
recommended different water based fungicides for the
control of CLFD of rubber, stating that a mixture of
mancozeb (0.2%), carbendazim (0.5%) and a
combination of metalaxyl + mancozeb (0.2%) were
consistently found more effective in nurseries. They
also noted that spraying of mancozeb at weekly
intervals was recommended, as it was the cheapest and
most effective fungicide available. Fernando et al. (2010)
concluded from their investigations that, to manage
CLFD in the nursery, a combination of overhead
shading and the application of fungicide mancozeb was
the most effective method.

The timing of the spraying, however, is very important.
When the leaves are light green during refoliation, it
should be sprayed. The leaves may be affected if the
spraying is delayed till the leaves are fully mature (Manju
etal., 2016).

Critically speaking, many manual hours of labour
and enormous quantities of fungicides are required
every year for the management of CLF in many rubber
plantations all over the world. The cost of fungicides and
their long-term effect on the environment justify the
need for breeding disease resistant trees. A
multidisciplinary breeding program for development of
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disease resistant clones would have to continuously
utilize Wickham resource as well as wild germplasm in
addition to other Hevea species, in order to have
sustainable rubber production (Narayanan and Mydin,
2012).

However, the hygiene of the plantation is of great
importance as un-kept plantations give room for the
causal organism to thrive. This is supported by the
findings of Ogbebor (2010) which revealed that low
management practice in both nursery and plantation
supported the increasing rate of diseases.

FUTURE OF THE PARA RUBBER TREE WITH C.
CASSIICOLA INFECTION

CLFD has become a threat to the natural rubber
plantation industry by limiting its productivity level. There
have been 72 documented report of C. cassicolla
infection, from 1957 to 2013 (Fulmer, 2011). The
increase and severity of the disease may be connected to
its wide host range, variability of the pathogen (Dede et
al., 2012) and ability to cause different kinds of disease
in the host plant (Dixon et al., 2009). Ogbebor (2010)
reported that Corynespora had the highest incidence of
leaf diseases with an index range of 26.19 to 40.19;
while the least, 7.61 to 17.91, was recorded for
Colletotrichum leaf fall.

The major objective of H. brasilensis breeding is to
develop high yielding clones with secondary characters,
like resistance or tolerance to leaf disease. This will be
effective with the understanding of the function of Para
rubber tree (Venkatachalam et al., 2013). The resistance
of some rubber clones to C. cassiicolla infections may
be as a result of their ability to neutralize toxin or due to
the fact that the toxin is poorly or not recognised by its
specific receptors (Breton and D'Auzac, 1999). The
identification of disease resistance genes is one of the
major focuses of the Para tree research. Hypersensitive
response (HR) is the early defense response that causes
necrosis and cell death to restrict the growth of the
pathogen (Yu et al.,, 1998). Plant signalling molecules,
salicylic, and jasmonic acids play a critical role in
activating systemic acquired resistance (SAR) and
induce certain pathogenesis-related (PR) proteins
(Durrant and Dong, 2004). The nucleotide-binding site
(NBS)-coding R gene family is the largest group of
disease resistance genes in plants (Mun et al., 2009).

It had been identified in H. brasiliensis similar to that of
Oryz asativa (Ahmad et al., 2013). Some Hevea clones
have been tested for their capacity to produce
phytoalexins and a strong correlation between
phytoalexin accumulation and clone resistance. More
lignin accumulation was often associated with clone
resistance (Narayanan et al., 2012).

However, genetic improvement through conventional
breeding has been hampered by long experimental
period, insufficient fruit production, and a high level of
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heterozygosity (Masson et al., 2013).

In conclusion, the fungus (C. cassiicolla) could be
used as a bio-herbicide and biological pest control;
since it infect many plants considered as weeds (Dixon
et al., 2009).
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