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Abstract: The coconut industry ranks fourth in economic importance but the Red Palm
Weevil (RPW) creates a major danger, decreasing coconut production. The “MAWA”
cultivar, favoured by farmers faces this challenge. This study investigated the plant’s
defence mechanisms during RPW infestation, focusing on enzymatic and non-enzymatic
antioxidants. Infested leaves of “MAWA” showed lower CAT, APX, and gPOD activities in
front and middle fronds but higher in end fronds than controls. a-tocopherol and ascorbic
acid increased significantly in the front and middle fronds of infested plants, respectively
while carotenoids rose in the middle fronds. Infested leaves exhibited lower MDA, H,O,,
and ion leakage, suggesting enzymatic and non-enzymatic antioxidants’ defensive roles
during RPW infestation. MDA, H,O,, and ion leakage could be early RPW infestation
markers in coconuts. This study sheds light on how “MAWA” cultivars deploy enzymatic
and non-enzymatic antioxidant defences during RPW attacks, potentially aiding in the

early detection of infestations.

Keywords: Reactive oxygen species, defence mechanism, antioxidants, oxidative stress,
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Introduction

Coconut palm or Cocos nucifera is one of the
most significant commercial crops after oil
palm, rubber, and rice (Yahya & Mohd Zainal,
2014). Every year, there is a growing demand
for goods manufactured from coconuts. This
industrial crop in Malaysia generated RM72.8
million or 0.06% of the nation’s agricultural
export revenue in 2020 (DOA, 2021). In
2020, Malaysia exported products made from
coconuts, including charcoal, activated carbon,
dried coconut, processed coconut water, and
fresh coconuts. Activated carbon accounted
for 10.7%, coconut milk accounted for 11.5%,
and items made from coconut oil accounted
for 60% of the total RM1.36 billion in export
value of these goods (Comtrade, 2020). The
main coconut cultivars planted in Malaysia
are “Malayan tall” (92.2%), “MATAG”
(4.3%), “MAWA” (1.7%), “aromatic Pandan”
(1.7%), and the “Malayan Dwarf” (0.2%)

(Zainol et al., 2023). “MATAG” is a newly
released hybrid coconut from the “Yellow
Dwarf” X “Tagnanan” coconut (Philippines)
while “MAWA” is a hybrid of “Malayan
Dwarf” X “West African Tall” coconut. In
2018, the Malaysian Agricultural Research
and Development (MARDI) introduced six
new coconut hybrids known as “Marleca”,
“Myleca”, “Careni”, “Careca”, “Marena”, and
“Mylag” (Rozeita & Zulkafli, 2018).

Similar to other palms, there is no exception
for a coconut from being attacked by pathogens
and pests, which will affect the production rate.
Pests and diseases present a notable challenge to
palm cultivation significantly diminishing crop
yield by competing with the palm for essential
elements and causing plant injury (Maluin,
2020). One of the most well-known insect pests
is the Red Palm Weevil (RPW), Rhynchophorus
ferrugineus (Figure 1). El-Lakwah ef al. (2011)
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Figure 1: Red Palm Weevil (RPW), larva (a) and adult (b)
Source: Weche (2019)

stated that RPW is the greatest threatening and
deadly pest of palm species, which includes
coconut, oil palm, sago, and other palm species.
During the growth and development of RPW
within the tree trunks, the insects feed on the
cabbage of the trees, destroying the vascular
system and causing the death of the plant.
Therefore, the number of productive trees
would decrease and finally, the productivity of
healthy coconut trees would be affected, leading
to a reduction in coconut fruit production.
Moreover, heavy infestations frequently result
in the collapse of trees, which adds up to the
total loss of yield due to the declining number of
productive trees (Wahizatul et al., 2013).

In Malaysia, the initial appearance of RPW
was discovered in 2007 (DOA, 2016) and until
2016, the pest was found in five states: Perlis,
Kedah, Kelantan, Penang, and Terengganu. The
Department of Agriculture Malaysia (2016)
reported that the total coconut plantation in
Malaysia is 85,799 ha and 465 ha of coconut
trees were infested, mainly in Terengganu and
Kedah due to the RPW infestations (DOA,
2016). Therefore, earlier detection of infestation
and defence mechanisms in the coconut trees
are crucial. Many studies regarding RPW
infestations on palm plantations including date
and coconut palms have been reported. However,

there is a lack of information on the earlier
detection and defence mechanisms, especially
during the RPW infestation. Earlier detection
of infestation would enable pest management
at a very early stage and proper treatment may
be applied to reduce the severe impact and total
loss of the coconut plantations.

Naturally, plants produce a signal of
cellular metabolites during stress or infestation
as inevitable by-products (Thakur et al.,
2019). For example, salinity, drought, extreme
temperatures, metal toxicity, excessive pesticide
use, and pathogen infections all cause the
release of Reactive Oxygen Species (ROS),
resulting in oxidative stress in plants (Foley
et al., 2016; Xie et al., 2019; Meo & Venditti,
2020). ROS known for their high reactivity,
interfere with various cellular, biochemical, and
physiological processes in plants. They cause
oxidation of carbohydrates, peroxidation of
lipids, denaturation of proteins, and degradation
of DNA, RNA, enzymes, and pigments, all
contributing to plasma membrane damage.
Consequently, these activities result in lower
agricultural yield and quality (Bhuyan et al.,
2020; Sachdev et al., 2021). Previous research
revealed that ROS production was likely to
be overproduced during RPW infestations on
coconut plants, which led to oxidative stress.
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Therefore, infested coconut trees developed
a defence mechanism to overcome the
overproduction of ROS (Norhayati et al., 2016).
Moreover, stresses also trigger oxidative stress
markers such as hydrogen peroxide (H,0,), lipid
peroxidation, and ion leakage as the first strategy
to activate the defensive metabolites in plants.
It was reported that the enzymatic and non-
enzymatic antioxidants work synergistically
to minimise the damaging impact of ROS
(Hasanuzzaman et al., 2020). Consequently, the
research sought to identify the early oxidative
stress markers (H,O,, lipid peroxidation, and ion
leakage), enzymatic (CAT, APX, and gPOD),
and non-enzymatic antioxidants (a-tocopherol,
ascorbic acid, and carotenoids) in the coconut,
“MAWA” cultivar in response to RPW infestation.

Materials and Methods
Plant Materials

Samples of infested and healthy leaves from
20-years-old “MAWA?” coconut cultivars were
collected from coconut palms at Agriculture
Department of Rhu Tapai in Setiu, Terengganu.
Sampling was conducted three times between
June and July 2018. This location was chosen
because the coconut trees within this plantation
area exhibited significant infestation by the
Red Palm Weevil (RPW) (DOA, 2016). Three
replicates of healthy and infested trees were
used. Three pieces of coconut leaflets at the
front, middle, and end parts of the same fronds
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were taken, respectively (Figure 2). Samples
were separately placed in a labelled sealed
plastic bag and kept in an icebox filled with
crushed ice before the extraction process in the
laboratory.

Early Oxidative Stress Markers Assay

The H,O, concentration was evaluated
following the method outlined by Velikova et
al. (2000). Leaf sample was extracted using
0.1% Trichloroacetic Acid (TCA). The mixture
was centrifuged at 10,000 rpm (Eppendorf
5840R) for 10 minutes at 4°C. The reaction
mixture (consisting of the supernatant,
potassium phosphate buffer, and freshly
prepared potassium iodide, KI) was left for 10
minutes and absorbance was recorded at 390 nm
(Shimadzu UV 1601).

MDA levels were determined to assess lipid
peroxidation (Heath & Packer, 1968). Samples
were ground with 0.1% TCA and centrifuged at
10,000 rpm for five minutes. The supernatant
was mixed with 0.5% TBA in 20% TCA, heated
at 95°C for 30 minutes, and rapidly cooled. After
a 10,000 rpm centrifugation for 10 minutes,
the absorbance was measured at 532 nm, and
corrected for non-specific absorption at 600
nm. MDA concentration was expressed as nmol
MDA per gram fresh weight.

To determine ion leakage, leaf samples
were cleaned and placed in double-distilled
water at 40°C for 30 minutes to measure initial

Mid rib

Front

Middle End

Figure 2: The coconut leaflets with three different parts (front, middle, and end parts) taken from the same
side of a frond. Illustration modified from Arbeit (1985)
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conductance (C1). After boiling at 100°C for 10
minutes and cooling, the final conductance (C2)
was evaluated. The ion leakage percentage was
calculated as outlined by Correia ef al. (2013).

Enzymatic Antioxidant Assays

The Clairborne (1985) approach was applied
to analyse the CAT-specific activities. Samples
were ground with extraction buffer (pH 7.4) and
centrifuged at 4°C, 10,000 rpm for 10 minutes.
Enzyme extract was added to a reaction mixture
(19 mM H,O, in 50 mM phosphate buffer, pH
7.0). Absorbance changes were observed at 240
nm for three minutes using a spectrophotometer.
The CAT-specific activity was expressed as
pumol of H,O, consumed per minute per mg
protein.

The APX-specific activities were performed
using the method of Nakano and Asada (1981).
Samples were ground with 1 mM ascorbic
acid in 100 mM phosphate buffer (pH 7.0) at
0°C to 4°C. After centrifugation (10,000 rpm,
10 minutes, and 4°C), the reaction mixture
(including 100 mM phosphate buffer, 3 mM
ascorbic acid, 3 mM EDTA, distilled water,
and 1.5 mM H,0,), with enzyme extract was
monitored for absorbance changes at 290 nm for
three minutes.

The gPOD-specific activities were assayed
based on the method of Agrawal and Patwardan
(1993). The samples were ground with extraction
buffer (pH 7.0) in a prechilled mortar and pestle
at 0°C to 4°C. The mixture was centrifuged at
10,000 rpm at 4°C for 10 minutes. The enzyme
extract was added to the reaction mixture (50
mM phosphate buffer (pH 7.5), 20 mM guaiacol,
and 30 mM H,0,). Changes in absorbance were
monitored at 470 nm for three minutes.

Protein Content

Coomassie Brilliant Blue (G-250) was dissolved
in 95% ethanol to make the Bradford reagent.
The combination was then added to 100 mL of
concentrated phosphoric acid and diluted to 1 L
of distilled water. The mixture was filtered and
kept in light-proof bottles at room temperature.
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Roughly 3 mL of Bradford’s reagent was
mixed with 100 pL of enzyme extract. After
10 minutes, the absorbance was measured at
595 nm (Bradford, 1976). Protein content was
determined using a standard curve constructed
from BSA (Bovine Serum Albumin).

Non-enzymatic Antioxidant Assays

The extraction of a-tocopherol was carried out
using the Hodges et al. (1996) method. Fresh
samples were crushed with acetone and clean
sand at 0°C to 4°C under low light. The second
extraction was repeated twice with hexane.
Hexane extracts were combined with 0.1%
PDT and 0.1% ferric chloride. The mixture
was swirled and allowed to develop colour for
four minutes. Then, 0.2 mM orthophosphoric
acid was added and the mixture stood at room
temperature for 30 minutes. Absorbance was
measured at 554 nm (Kanno & Yamauchi, 1997).

The extraction process for ascorbic acid
followed Jagota and Dani’s (1982) guidelines.
The sample was crushed in 10% trichloroacetic
acid (TCA) in an ice-cold solution using a
prechilled mortar and pestle under low light.
After centrifugation at 5,320 rpm for 10 minutes
at 4°C, the supernatant was mixed with 10%
Folin reagent and distilled water. Absorbance
was measured at 760 nm.

Carotenoid content was assayed based on
the method proposed by Lichtenthaler (1987).
Under dim light and over ice, 0.02 g leaf tissue
was ground with 3.0 mL of 80% acetone. After
centrifugation at 10,000 rpm for 10 minutes,
absorbances at 470, 646.8, and 663.2 nm were
measured with 80% acetone as the blank.

Statistical Analysis

Statistical analysis was conducted using
Statistical Package for Social Sciences (SPSS)
software version 20. Three replicates of each
treatment were employed in the triplicate
experiment. All data were expressed as means
+ standard error. Data were analysed using
two-way ANOVA to evaluate the differences in
ecarly oxidative stress responses and activity of
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enzymatic and non-enzymatic antioxidants in
three-leaf parts (front, middle, and end of fronds)
of infested and healthy “MAWA”. Values were
considered significant at p < 0.05.

Results and Discussion
Changes in the Early Oxidative Stress Markers

Lipid peroxidation, electrolyte leakage, and
malondialdehyde (MDA) concentration are key
indicators of oxidative stress in plants, including
coconut palms, under various environmental
stresses such as insect infestations like the
Red Palm Weevil (RPW). Monitoring these
markers can provide valuable perspectives on
the physiological responses of coconut palms
to insect infestations and assist in developing
management strategies to mitigate their impact
on palm health and productivity. Results in
this study showed that H O, concentration in
infested and control leaves was significantly
(p < 0.05) lower at the end relative to the other
part of the fronds. The H O, concentrations in
the infested front fronds significantly decreased
relative to their controls. However, no notable
difference was observed in H O, concentrations
between the infested and control groups in the
middle part of the fronds [Figure 3 (A)]. The
elevated levels of H,O, in the frontal region
may be attributed to the infestation site, situated
within the plants’ cabbage part (soft tissue).

Chandrashekar et al. (2020) observed that
RPW adults commonly deposit their eggs in
wounds or crevices near the crowns of coconut
palms. Upon hatching, the larvae bore into
the palm tissues, including the trunk, crown,
and leaf bases where they feed on the soft
inner tissue. The observed decrease in H,0,
production in the infested front part compared
to its control might be because of the action of
higher levels of scavenging metabolites such
as a-tocopherol and ascorbic acid in the leaves
closer to the infestation site [Figures 5 (A) and
(B)], respectively, suggest an intricate signal
transduction network involved in response to
herbivory (Hossain et al., 2015), particularly
in this case, the infestation by the RPW. When
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faced with an abrupt pathogen invasion, plants
activate various defence mechanisms, including
physical and chemical deterrents.

Physical defences such as spines, trichomes,
and cuticle layers work in tandem with chemical
defences, including Secondary Metabolites
(SMs) and Volatile Organic Compounds
(VOCs) to thwart the attack (Mostafa et al.,
2022). These responses entail local and systemic
signalling pathways, which detect, recognise,
and counteract invading pathogens (Chen et
al., 2018). When faced with herbivore-feeding
activities, plants initially respond with cell
wall modification (Kloth ef al., 2019). Signals
emitted by the insect are sensed by receptors,
triggering the activation of the plant’s defence
system, particularly involving compounds like
a-tocopherol and ascorbic acid, as observed in
this current study. Recognition of Herbivore-
Associated Molecular Patterns (HAMPs) by
Pattern Recognition Receptors (PRRs) on the
plant cell surface sets off PAMP-Triggered
Immunity (PTT), prompting defensive reactions
designed to hinder pathogen colonisation (Zhang
etal.,2022). Subsequently, plant cell membranes
undergo ion fluxes, inducing disparities in
plasma membrane potential (Vm). This cascade
leads to the production of secondary messengers
such as calcium ions ([Ca*] cyt) and ROS
(Gandhi et al., 2020).

Additionally, there is a rapid surge in
phytohormones like jasmonic acid, salicylic
acid, and ethylene initiating signal transduction
and prompting the release of VOCs and SMs,
including terpenoids (Reymond, 2021). The
observed clevation in scavenging metabolites
such as a-tocopherol and ascorbic acid in the
infested leaves indicates an adaptive response
aimed at mitigating the potentially deleterious
outcomes of ROS accumulation (Dvortak et al.,
2021). The infestation process frequently triggers
signalling pathways that induce the production
of ROS, notably H,O,. This sudden increase
in ROS levels (oxidative burst) constitutes an
carly response to pathogen infestation, initiating
events that activate defence genes, and facilitate
the synthesis of defence compounds (Wojtaszek,
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1997). In this study, the leaves nearer to the
infestation site likely detect the presence of the
RPW through mechanical damage or chemical
cues released by the insects during feeding.
This detection triggers signal transduction that
induces the accumulation of H,O, at the site of
RPW feeding and acts as signalling molecules
to activate defence-related genes and pathways.

The accumulation of H,O, in the leaf of
infested end fronds compared to its respective
controls might also serve as a stimulus to
initiate both the enzymatic and non-enzymatic
antioxidative responses (Kapoor et al., 2015).
Moreover, the feeding activity of RPW larvae
within the palm tissues can weaken the tree’s
structural integrity and disrupt the passage of
water and essential elements. The combination
of mechanical damage, nutrient deprivation,
and RPW infestation-associated oxidative
imbalance can accelerate the onset of premature
senescence in affected palms. Symptoms
such as wilting and yellowing of leaves are
characteristic of senescence and reflect the
decline in physiological function associated
with the Programmed Cell Death (PCD)
pathways (Nousis et al., 2023). The typical
reaction of vulnerable plants to various stressors,
including biotic stress, involves a disturbance
in the balance between the production of ROS
and their removal by antioxidative defence
mechanisms, leading to the scavenging of
free radicals (Caverzan et al, 2016). H,O,
is one of the ROS that can be lethal in higher
concentrations in plants and insects and it that
can trigger antioxidative enzymes that eliminate
H,0,. H,0, can also induce membrane lipid
peroxidation, resulting in damage to the reaction
centres of chloroplasts. This process involves the
breakdown and disintegration of lipids, leading
to the simultaneous production of aldehydes and
alcohols (Golan et al., 2013).

Deprivation of membrane lipids in plant
cells generates free fatty acid that starts oxidative
deterioration by generating a substrate for the
enzyme lipoxygenase and triggering membrane
lipid peroxidation (Galaris et al., 2019;
Valgimigli, 2023). The consequences of lipid
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peroxidation can be detrimental to plant cells
and tissues. Oxidative damage to membrane
lipids compromises membrane integrity and
fluidity, affecting the selective permeability of
membranes and disrupting cellular processes
such as ion transport, signal transduction,
and protein trafficking. Additionally, lipid
peroxidation by-products such as MDA and
4-hydroxynonenal (HNE) are cytotoxic and can
further exacerbate cellular damage by reacting
with proteins, DNA, and other biomolecules
(Catala & Diaz, 2016). Based on the results
in Figure 3 (B), MDA concentration was
significantly lower in the infested front and
end parts compared to their respective controls.
RPW infestation in the front and end parts may
elicit the antioxidant mechanism to eliminate the
ROS. Infection triggered by insect suckling can
stimulate antioxidative defence mechanisms in
plants (Allison & Schultz, 2004).

San et al. (2022) also stated that infestation
by herbivorous insects results in the build-up
of protective substances through physiological,
morphological, and biochemical adjustments
in plant systems aimed at defending against
invaders. ROS generated during herbivore
infestation can initiate lipid peroxidation,
leading to oxidative degradation. This leads
to the development of lipid peroxides and
ultimately MDA, a prominent marker of lipid
peroxidation. The disruption of membrane
integrity due to lipid peroxidation compromises
cellular structure and function, exacerbating
the damage caused by herbivore feeding (Su
et al., 2019). Insect herbivory induces plant
cell metabolic changes, affecting respiration
and photosynthesis. These alterations include
reduced photosynthetic efficiency, chloroplast
structure  disruption, and electron flow
imbalance. Consequently, electrons leak onto
molecular oxygen (O,), leading to increased
release of ROS, and heightened oxidative
stress within chloroplasts (Zhou et al., 2015).
Similarly, during pathogen attacks, the escalated
respiration rate and ROS production disturb the
cellular redox balance, further amplifying ROS
production via feedback mechanisms (Sachdev
et al., 2021). These responses are part of
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plants’ defence mechanisms against invaders.
However, excessive ROS production can harm
plant cells, underscoring the delicate balance
between defence mechanisms and oxidative
stress tolerance in plants during pathogen
attacks (Gill ez al., 2010).

Generally, the RPW feeding did not
significantly alter the percentage of ion leakage
in all parts of the front. In contrast, percentages
of ion leakage in the control front and end parts
of fronds were significantly higher than in
infested fronds [Figure 3 (C)]. Again, it may be
postulated that ROS scavenging activities work
efficiently in lessening the effect of oxidative
damage by ROS in the infected plant. Thus,
lower ion leakage was observed in both plant
parts. Ranf ef al. (2011) postulated that higher
ion leakage in control plants may happen
due to normal activities of the plant cells.
Regular metabolic activities such as cellular
respiration and photosynthesis generate ROS
as a by-product. ROS also serve as signalling
molecules in numerous cellular pathways,
regulating processes such as cell proliferation,
differentiation, and apoptosis (Guo et al., 2023),
leading to higher ROS production as observed in
control leaves in this current study.

In this study, a decrease in H,O, might
lead to decreases in lipid peroxidation and ion
leakage. With the increasing concentration
of H,O,, the plants exhibited an upregulated
oxidation state in the tissues; thus, increasing
lipid peroxidation and enhancing the ion leakage
in the infested plant cell (Khan et al., 2016). The
antioxidative defence mechanism is accountable
for scavenging them in plant cells to regulate
lipid peroxidation and ion leakage. So, it lowers
the MDA content and ion leakage in plant cells
to prevent any harmful effects on the cellular
membrane (Spiteller, 2003). In contrast, a study
by Farouk and Osman (2009) reported that in
the common beans infested with two-spotted
spider mites, H,O, and the lipid membrane
peroxidation increased and consequently
disturbed its permeability in plant tissues by
increasing electrolyte leakage.
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Changes in the Enzymatic Antioxidant Activities

RPW infestation stimulates and reinforces
antioxidant defence mechanisms, aiding in the
detoxification of ROS to uphold manageable,
stable levels of ROS, and consequently restrict
cell damage. Plants initiate the signalling
cascade under oxidative stress by inducing the
activity of defensive enzymes SOD, POX, CAT,
APX, and metabolites such as phenols, vitamins,
and low molecular weight antioxidants as a
survival strategy (Hussain et al., 2022). In this
study, CAT and APX-specific activities followed
a similar trend as the activities were higher in
the control front and middle fronds than in the
infested parts. In contrast, the infested end part
of the frond showed higher activities of CAT,
APX, and gPOD enzymes (Figure 4). Higher
specific activities were found in infested leaves
rather than in control, as reported by Arutselvi
et al. (2012) in their study on turmeric leaves
infested by serious pests, Panchaetothrips
indicus and Udaspes folus. Thus, specific
activities are proven to increase significantly
due to the disproportionation of excess H,0,
under stress (Gajweska et al., 2006).

Contrast results were obtained in this
study whereby CAT, APX, and gPOD-specific
activities in healthy front and middle fronds
were significantly higher compared to infested
fronds (Figure 4). Heng-Moss et al. (2004) also
found that the decline of CAT-specific activities
was due to insect feeding. Compared to healthy
plants, they reported a reduction of CAT-
specific activities in buffalo grass by chinch
bugs. Similarly, in this study, gPOD-specific
activities in healthy front fronds were higher.
This was aligned with the findings from Golan
et al. (2013), which showed a nearly 17-fold
decrease in peroxidase activity compared to the
control group. Moreover, they also found that
strongly colonised fern, Nephrolepis biserrata
by scale insects showed similar drops of POD
and CAT-specific activities below the controlled
levels. Enhanced or depleted enzyme activities
depend on the duration, intensity, and type of
environmental stresses. This study shows that
the CAT, APX, and gPOD-specific activities
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Figure 3: (A) H,0,, (B) MDA, and (C) ion leakage in front, middle, and end parts of healthy and infested
MAWA fronds. The results shown are means + standard errors (n = 9)
Note: * = significantly differs between the control and infested group at p < 0.05
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Journal of Sustainability Science and Management Volume 19 Number 11, November 2024: 77-93



Norhayati Yusuf et al.

dropped as the infested leaves were depleted
despite being enhanced (Moussa & Abdel-Aziz,
2008; Han et al., 2009).

As for specific activities in different parts
of fronds, the front parts were higher in the total
of CAT, APX, and gPOD-specific activities
followed by the middle parts. The highest
specific activities of infested front “MAWA”
leaves are due to the feeding behaviour of RPW
which is known to first attack coconut shoots
and straight to the cabbages attached to the front
part of leaves (Wahizatul et al., 2013). Thus,
enzymes will be expressed more in the front part
than the middle and end parts in combating ROS
production. However, interestingly, the end parts
of the frond showed higher specific activities of
CAT, APX, and gPOD than the middle parts but
lower than the front parts making them astray
from the trend. This might happen as the end
parts are the outermost part being exposed.
Hence, the end parts might be easily influenced
by other stresses rather than being only infested
by RPW, resulting in more specific activities
than the middle parts. The exposure of end parts
of fronds, for example, to the high temperature
of sunlight might have induced ROS production,
reduction of growth, water loss, and change in
photosynthetic efficiency (Hasanuzzaman et
al., 2013). Thus, ROS productions of infested
end leaves have resulted from infestations and
other stresses, including exposure to sunlight,
enabling higher specific activities in infested
rather than healthy leaves.

Changes in the Non-enzymatic Antioxidant
Activities

The amount of a-tocopherol in infested
“MAWA” leaves was significantly higher in the
front part compared to its control [Figure 5 (A)].
Increases in a-tocopherol were due to stress
response and it will inhibit lipid peroxidation
to reduce the ROS levels; thus, preventing
oxidative damage (Munne-Bosch, 2005).
Shao et al. (2007) observed elevated levels of
a-tocopherol and ascorbic acid in tomatoes
after triazole treatment. This increase may aid
in safeguarding membranes against oxidative
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harm, thereby, enhancing chilling tolerance
in tomato plants. This proved that increased
o-tocopherol levels react to environmental
stressors such as pathogen assaults, injuries, and
water stress.

Ascorbic acid can regenerate a-tocopherol;
thus, increasing the amount of tocopherol
as the level of ascorbic acid is higher in the
infested plant. Under typical physiological
circumstances, ascorbic acid predominantly
exists in its reduced form within chloroplasts
and leaves (Smirnoff, 2000). Figure 5 (B) shows
that ascorbic acid in infested fronds was higher
than control for the front and middle parts.
This is because when the ROS is higher, the
ascorbic acid is also higher to protect the plant.
Ascorbic acid can regenerate o-tocopherol
from tocopheroxyl radical, thereby, offering
membrane protection for the plant (Thomas
et al., 1992). Dias et al. (2011) confirmed that
ascorbic acid serves as the primary precursor
of oxalic acid in susceptible and resistant
cacao (Theobroma cacao L.) infected by
the hemibiotrophic fungus, Moniliophthora
perniciosa. In plant-pathogen interaction, oxalic
acid can help in the synthesis of H,0, and
function in impeding the growth of biotrophic
pathogens. Thus, it helps to prevent plants from
being infected by necrotrophic pathogens. This
showed that the antioxidant activity of ascorbic
acid is embedded with resistance to oxidative
stress and longevity in plants (Taqi et al., 2011).

The middle part of the infested frond
contains higher carotenoid content compared
to the control [Figure 5 (C)]. Carotenoids
shield the plant from photo-oxidative harm by
extinguishing the triplet state of chlorophyll
(Young, 1991), scavenging singlet oxygen
and acting as a plant response mechanism.
Accumulation of carotenoids in parsley leaves
surrounding the Septoria blight lesion implies
that these pigments may play a role in the plant’s
response to pathogen outbreaks. A similar
observation was also noted in parsley against
Septoria petroselini infestation (Rafal et al.,
2005). The middle part also might face other
environmental stresses such as high temperature
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and receiving higher amounts of sunlight as
we collect the sample during the dry season.
Carotenoids in the infested front part were lower
than in control, as this part was sheltered from
sunlight. Carotenoids accumulate higher in the
leaves that are more exposed to sunlight than the
shaded leaves (Matsubara et al., 2009). Thus,
the control fronds contain more carotenoids
than infested leaves at the front part as some of
the carotenoids in infested front fronds might be
damaged due to infestation.

Conclusions

This study revealed that RPW infestation can
lead to oxidative stress and cause vital damage
to the “MAWA” cultivar. The H,0,, MDA, and
ion leakage were induced in certain parts of the
fronds. Healthy fronds exhibited higher CAT,
APX, and gPOD-specific activities than infested
leaves except for the end part. APX showed
significantly higher specific activities in all parts
of infested fronds compared to CAT and gPOD.
Hence, it can be concluded that “MAWA”
had expressed APX the most in combating
infestation. Therefore, specific activities of
APX can be used as an indicator to differentiate
between healthy and infested trees. Results also
indicated that the infested “MAWA” cultivar
contained a higher amount of o-tocopherol,
ascorbic acid, and carotenoids especially in the
front and middle parts. The strong antioxidant
capacity to neutralise ROS toxicity has been
associated with enhanced plant tolerance to this
pathogen attacks. The “MAWA” cultivar appears
to favour utilising ascorbic acid to combat the
infestation, evidenced by the higher levels of
ascorbic acid in infested fronds compared to
other antioxidants. This study offers valuable
insights that could enhance our understanding of
the antioxidant defence mechanisms in coconut
trees, thereby assisting farmers in mitigating
ongoing economic losses by opting for more
tolerant cultivars.
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