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Abstract: Hevea brasiliensis (rubber) is an important species in rubber industries. The species is often
attacked by Rigidoporus microporus in the plantations and chemical fungicides have been widely used
to control this fungus. However, fungicides contribute to human health problems and environmental
pollutions. To address the issues, bio-fungicide from the plant sources is an innovative alternative to
replace the chemical fungicide. Thus, the objectives of the study were to investigate the effect
of Catharanthus roseus extract in different concentrations against R. microporus on rubber seedlings.
The efficacy of C. roseus extracts against R. microporus was assessed based on healthy effects
percentage of the rubber seedlings, by assessing the symptoms on leaves and roots. The assessment
was based on disease index (DI) and disease suppression (DS%). The DI results showed, at 2000
pug/mL was the most effective against R. microporus on rubber seedlings with level disease index of
level 0 (0%) compared to 1500 and 1000 pg/mL with level 2 (26 - 50%), and level 4 (76 - 100%),
respectively. The DS% results also showed that the extract was most effective at 2000 pg/mL in
controlling the growth of R. microporus on rubber seedlings with a value of 100% compared to 1500
and 1000 pg/mL with a value of 0.0%. Hence, C. roseus extract might be suitable use as a
biofungicide for controlling R. microporus on rubber crops.
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INTRODUCTION

Hevea brasiliensis is an important species that receive high demand throughout the world and
thus, contributes to our country’s economy (Van Beilen & Poirier, 2007; Tey et al., 2008). The latex
from rubber trees is important especially in rubber industries (Van Beilen & Poirier, 2007). The
rubber is also being widely used in pharmaceuticals, pesticides, and immune allergens resources
(Ravi, 2011). However, mortality in rubber plantations is nowadays owed to root rot disease.
According to Mohd Farid (2010), white root rot disease caused by R. microporus, is one of the major
root diseases in the rubber plantations. It causes considerable damage to rubber plantations in
Malaysia involving 18% of over 700 hectares (Holiday, 1980). The white root rot fungus (R.
microporus) is also the most aggressive in killing Acacia mangium, Azadiractha excelsa, and Tectona
grandis in Peninsular Malaysia (Mohd Farid et al., 2006). The disease is currently being kept under
control with fungicides such as bayfidan and bayleton (Chan et al., 1991). These chemical fungicides
are effective for controlling the root rot disease. However, these fungicides result in various problems
in environmental ecosystems (Brent & Hollomon, 1998).

Due to these problems, the search for an effective and environmentally safe compound to
control this fungus is highly warranted. Recent studies show that biofungicides of plant origin are
not only effective on the target pathogens, but they are also environmentally safe and have gained a
wide public acceptance (Lee et al., 2007). As reported by Alam (2009), most of the researchers
focused on medicinal plants which have been used as important sources of antifungal agents and
development of bio-fungicides production. One of the locally available plants with abundant active
compounds present in the extract is C. roseus. This plant has an antifungal activity (Balaabirami &
Patharajan, 2012). For example, the leaves of C. roseus extract was active against Aspergillus fumigatus,
Candida albicans, Penicillium chrysogenum, and Aspergillus niger (Balaabirami & Patharajan, 2012).

Flower extracts of the plant also effective against 4. niger, C. albicans, and Candida
lipolytica (Eufrocinio et al., 2002). According to Moreno et al. (1994a), the leaves of C. roseus contains
phenolic compound such as 2,3-dihydroxybenzoic acid which acts as antifungal against Phytium
aphaniderma. Leaves of C. roseus extracts also showed antifungal activity against Fusarium
moniliforme (Kratika & Sharmita, 2013). The stems of C. roseus extract had also a potential effect in
inhibiting the growth of R. microporus (Rozihawati et al., 2014). Therefore, the plant might be
suitable to be used as organic fungicides. Thus, the study aims to study the application of C.
roseus extract to control R. microporus on rubber seedlings. Besides, the effectiveness of plant extract
in controlling this fungus on the seedling stage is mainly important to ensure that the planting stock
production is adequate.

MATERIALS AND METHODS

Preparation of Plant Extract and Fungus: Stems of C. roseus with pink flower species were
collected from Terengganu, Malaysia. These plants were extracted with dichloromethane (DCM) as
described by Rozihawati et al. (2014). About 200 g of C. roseus crude extract was used in the study.
This extract was dissolved in 5% dimethyl sulfoxide (DMSOQO) as per Sharif et al. (2010). Then, the
extract was mixed with Tween 20 (200 pg/mL) to reduce contamination. The extract was dissolved
in distilled water at 1000, 1500, and 2000 pg/mL concentrations. The plant extracts were stirred at
35°C for one hour using a hotplate magnetic stirrer. R. microporus (FRIM646) was obtained from the
Pathology Laboratory at FRIM, Kepong. This fungus was cultured on potato dextrose agar (PDA)
and incubated in a culture room at 25+2°C for six days.
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Planting Stock of Rubber Seedlings: A total of 55 of healthy seedlings for each rubber seedling
were used in the experiment. Five months old rubber seedlings were obtained from a nursery at
Sungai Buloh, Selangor. Seedlings were planted in polybag containing sterilized mixed soil
(topsoil:sand: peat soil at a ratio of (3: 2: 1 v/v/v). The potting size was 20 x 30 cm. Potted seedlings
were kept in a greenhouse condition with relative humidity at 75%, the air temperature around 31°C
and 75% light intensity.

Inoculum Blocks Preparation of Fungus: Inoculums blocks using young rubber branches were
prepared according to the method as described by Mohd Farid (2010). For the pathogenicity test, the
rubber branches were debarked and cut into woodblocks of approximately 1.5 — 2.0 cm diameter by
8 cm length. A total of 6 pieces of the branch cuttings were placed in autoclave plastic bags filled
with 50 mL of 2% Malt Extract (ME). Then, the mouth of the bags was sealed with PVC rings and
cotton plugged. The bags were autoclaved at 121°C, 1 kgf/cm2 for 20 minutes. One week old of five
fungal discs actively growing cultures were inoculated into the bags using a sterilized needle. The
bags were then plugged with cotton and incubated in the dark at room temperature (28 + 2°C) for
one month.

Pathogenicity Test and Application of Catharanthus roseus Extract for Controlling Rigidoporus
microporus on Rubber Seedling: A total of 30 rubber seedlings were used for pathogenicity and disease
index (DI) tests. The stocks of R. microporus were prepared from seven days cultured in PDA at
28°C. Preparations of inoculums blocks using young rubber branches were done according to Mohd
Farid (2010). Three inoculums were placed on main root into planting a poly bag measuring 20 cm
radius X 30 cm height, as described by Mohd Farid (2010). Each seedling was placed the inoculum
blocks in contact with the main root approximately 10 cm below the soil surface (Mohd Farid,
2010). After inoculation, 500 mL of plant extract at 1000, 1500, and 2000 pg/mL were poured in the
poly bag for each seedling. The application of C. roseus extract was conducted for three days. Five
hundered mL of plant extract was also poured into each seedling every 2 weeks. The seedlings not
treated with plant extract were used as the control. The inoculated rubber seedlings were observed
for disease infection (Mohd Farid, 2010). The above-inoculated rubber seedlings were examined at
two weekly intervals for four months of rubber seedlings. Disease index (DI) based on leaf
symptoms as shown in Table 1. Disease index (DI1%) = [(Yellowing of leaves number/total leaves
number)] X 100 (Kaewchai & Soytong, 2010). The root fungal infection assessment symptoms were
done as described by Mohd Farid (2010). A total of 25 seedlings of each rubber were used for the
roots assess based on observation of the root surface. The root and leaf symptoms from rubber
seedling were assessed every two weeks for 4 months. The mortality of seedlings was also recorded.
The antifungal efficacy of the infected plant samples was also evaluated by the percentage of disease
suppression efficacy as described by Sharif et al. (2010).

Table 1. Scale of disease index rating based on leaf number and symptoms of white root rot disease
(Source: Kaewchai and Soytong, 2010).

Level Percentage (%) based on Number of Symptoms
leaf number seedling (N)
0 0 5 Healthy — Plant grows vigorously with leaves green and

well-formed canopy

1 1-25 5 Yellowing of leaves
2 26 —50 5 Yellowing of leaves
3 51-175 5 Yellowing of leaves
4 76 — 99 5 Yellowing of leaves
5 100 5 No leaves or dead
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Statistical Analysis: The experiments used Complete Randomised Design (CRD) with
five replicates. Kruskal-Wallis and Tukey’s range tests were used to compare the means of
seedling and concentration treatments in the experiment.

RESULTS

Mortality of Rubber Seedling: Mortality percentages of rubber (H. brasiliensis) seedlings
were tested against R. microporus and observed every two weeks for four months (Figure 1).
The mortality of rubber seedling began to occur at week 6 and ended at week 16 with a
record of death 2 % and 100 %, respectively. The mortality of the seedlings increased in
every two weeks. However, treatment control (water + DMSO) did not show any mortality
effect until week 16.
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Fig 1: Mortality of rubber (Hevea brasiliensis) seedlings with treated by Rigidoporus microporus. Values
of mortality are average of five replicates =+ SEM.

Level Disease Index of Rubber Seedling: Level disease index (DI) of rubber seedlings based on
the effect of C. roseus extract against R. microporus for 4 months is shown in Figure 2. The results of
this treatment after 16 weeks was significant (p < 0.05) by Kruskal-Wallis test analysis (Table 2).
Two thousand pg/mL was the most effective concentration to control the fungus on rubber seedlings
with level disease index of level 0 (0%) compared to 1500 and 1000 pg/mL with level 2 (26 - 50%)
and level 4 (76 - 100%), respectively. The leaves of rubber seedlings inoculated with R.
microporus showed yellow symptoms at levels 2 and 4 on week 16. Meanwhile, those in 2000 ug/mL
and the controls (water + DMSO) remained healthy with no symptoms of disease infection.
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Fig. 2: Level disease index (DI) of rubber (Hevea brasiliensis) seedlings for comparison between
different concentrations of Catharanthus roseus extract against Rigidoporus microporus for 16 weeks.
Values of disease index (DI) are average of five replicates + SEM.

Table 2. Kruskal-Wallis test of level disease index (DI) of rubber (Hevea brasiliensis) seedlings for
comparison between different concentrations of Catharanthus roseus extract against Rigidoporus
microporus after 16 weeks.

Seedlings Category Mean K-Wallis value R value
Water + DMSO (control) 0+0.0 33.1 0.000*
Water + Pathogen (control) 5+0.1
Rubber Extract (1000pg/mL) 5+0.1
Extract (1500pg/mL) 4+04
Extract (2000ug/mL) 0+0.0

R values of the column are significantly different at p < 0.05.

Percentage of Disease Suppression on Rubber Seedling: Percentage for disease suppression (% DS)
of rubber seedlings were observed based on healthy effects percentage of the seedlings by assessing
the symptoms of leaves and roots after inoculating R. microporus of each two weeks interval for 16
weeks (Figure 3). The results of this treatment after 16 weeks was significant (p < 0.05) by Kruskal -
Wallis test analysis (Table 3). The % DS results shows that the extract at concentration of 2000
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Research Article

pg/mL with a value of 100 % was the most effective to control fungal pathogen on rubber seedlings
compared to 1500 and 1000 pg/mL with value 0.0 %. The fungal pathogen treated on the seedlings

also showed % DS with value 0.0 %. This value indicates that the fungus was damaging the main
root of the seedlings.
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Fig. 3: Percentage of disease suppression of rubber (Hevea brasiliensis) seedlings for comparison
between different concentrations of Catharanthus roseus extract against Rigidoporus microporus for 16
weeks. Values of disease suppression percentage are average of five replicates + SEM.

Table 3. Kruskal-wallis test of disease suppression percentage efficacy of rubber seedlings for
comparison between different concentrations of Catharanthus roseus extract against Rigidoporus
microporus after 16 weeks.

Seedlings Category Mean K-Wallis R value
value
Water + DMSO (control) 100 £ 0.0 31.09 0.000*
Water + Pathogen (control) 0£0.0
Rubber Extract (1000 pg/mL) 0£0.0
Extract (1500 pg/mL) 0x0.0
Extract (2000 pg/mL) 100 £ 0.0

R values of the column are significantly different at p < 0.05.
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DISCUSSION

In this study, at week 16, it was found that 100% mortality of rubber seedling aged five
months old was caused by R. microporus attack. The fungus also has caused 80% mortality of one
year old rubber seedling within four months in nursery (Mohd Farid, 2010). The fungus also
damaged rubber plantations in Malaysia by 18% over 700 hectares (Holiday, 1980). According to
Lee (1996), several types of root or woody root rot diseases have been recognized in Acacia mangium
plantations and they are characterized as white R. microporus based on colour of the fungal tissue
infection. These symptoms are caused by the fungal hyphae damage to the root cells; the rapid
progress of the infection causes mortality (Ismail & Azaldin, 1985).

The study also showed that the leaves of rubber seedlings became yellowish on week 16.
According to Mohd Farid (2010), rubber inoculated with R. microporus was the fastest to develop the
yellow symptom on the leaves. Moreover, the fungus only took 12 weeks in turning the leaves into
yellowish colour to the majority of the inoculated seedlings (93.33%). The symptom indicated that
the invasion of fungus into root systems was relatively rapid. As reported by Nicole et al. (1986),
rubber seedlings inoculated with R. microporus developed a fast above ground symptoms toward the
infection. When the fungus seriously attacks the root cells, it can also cause the leaves to wilt and
fall. At this stage, fungicide treatment on the crops for controlling the fungal pathogens will be not
effective (Ismail & Azaldin, 1985).

Therefore, early treatment was proposed in the study to ascertain the plant extract will
effectively control R. microporus on rubber seedlings. Effectiveness of C. roseus extract on the fungus
was determined by disease suppression (%DS). %DS results showed that the extract concentration of
2000 pg/mL with a value of 100 % was effective to control R. microporus. However, it was found
from the DS % results that the concentration of extract at 1500 and 1000 pg/mL was not effective
against the fungus (0.0%). It indicated that the fungus was damaging the main root of the rubber
seedlings. As reported by Mohd Farid (2010), the fungus affects the lateral roots first before attacking
the main root. When the rhizomorphs get in contact with healthy roots of the rubber tree,
penetration and death of the cambium occur.

Thus, it was found that the C. roseus extract at 2000 ug/mL concentration was the most
effective to control the growth of R. microporus as compared to 1500 and 1000 pg/mL concentration.
C. roseus extract contained ursolic acid and the compound was terpenoids (Lili et al., 2012).
According to Gurjar et al. (2012), terpenoids show antimicrobial effect which can destroy the
membrane cells of fungi. The C. roseus extract also contained various phenolics and alkaloids. The
compounds are actively acting as antifungal (Moreno et al., 1994a; Natali and Robert, 2007; Singh
et al., 2010). In addition, C. roseus extract contained flavonoids, alkaloids and carbohydrates (Phani
Deepthi Yadav et al., 2013). The phenolics and alkaloids can destroy the cell wall and nucleus of
microbial (Gurjar et al., 2012). These compounds from this plant are environmental friendly and
thus will provide benefits to the organic fungicide manufacturers. This caused, the organic fungicide
demand will increase due to the awareness of people on the impact of fungicide to human health and
environment ecosystem (Moss, 2002).

CONCLUSION

Based on Disease index (DI) and disease suppression (%DS), C. roseus extract at
concentration of 2000 pg/ml, showed the most effective effect to control R. microporus on rubber
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seedlings compared to 1000 and 1500 pg/mL. Therefore, it can be concluded that the C. roseus
extract is effective against R. microporus on rubber seedlings. C. roseus extract, might be suitable to be
used as a biofungicide for controlling rubber diseases caused by R. microporus.
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