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ABSTRACT

The two-spotted spider mite, Tetranychus urticae Koch, 1836 (Acari: Tetranychidae) is a
common, yet major pest for rose cultivars. This study investigated the effect of jasmonic acid
(JA), a key phytohormone in the mechanism of plant defence on the reproductive performance
of T. urticae, and its damage to the leaves of roses (Rosa hybrida L.). The plants were initially
treated with 10puM, 100uM and 1000uM, respectively of JA, and the female adults T. urticae
were transferred to R. hybrida leaves after 1-hour and 12-hours of JA application. Results
revealed that JA treatment at concentration of 100 uM (ts=4.51, P<0.05) and 1000 uM (t4
=10.82, P<0.001) reduced the infestation of T. urticae on leaves. Also, significantly fewer T.
urticae eggs were observed after 1 hour (Fs15=32.869, P<0.001), and 12 hours (F415=44.149,
P<0.001) of JA treatment. As compared to the control, a concentration of 1000uM JA exhibited
the highest oviposition inhibition effect. Additionally, the 1-hour and 12-hours inhibition of
oviposition (I0Cso) values against T. urticae were 52.5 UM and 22.9 uM, respectively. These
findings suggested that exogenous application of JA on R. hybrida was found to negatively
affect the T. urticae feeding activity and its reproductive performance.
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ABSTRAK

Hama Labah-labah Merah, Tetranychus urticae Koch, 1836 (Acari: Tetranychidae) adalah
perosak utama bagi kultivar bunga ros. Tujuan kajian ini adalah untuk mengkaji kesan asid
jasmonik (JA) yang merupakan hormon tumbuhan utama dalam mekanisme pertahanan
tumbuhan terhadap prestasi pembiakan T. urticae dan kesan kerosakan pada daun bunga ros
(Rosa hybrida L.). Tumbuhan dirawat dengan mengaplikasi 10uM, 100uM dan 1000puM JA
masing-masing ke atas daun. Selepas 1 jam dan 12 jam aplikasi JA, T. urticae dewasa betina
dipindahkan ke atas daun R. hybrida. Hasil kajian menunjukkan aplikasi JA pada kepekatan
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100 uM (t4=4.51, P<0.05) dan 1000 pM (ts= 10.82, P<0.001) telah mengurangkan serangan T.
urticae pada daun. Bilangan telur T. urticae juga berkurangan secara signifikan selepas satu
jam (F4,15=32.869, P<0.001) dan 12 jam (Fs1s= 44.149, P<0.001) rawatan JA, berbanding
kawalan. Aplikasi JA pada kepekatan 1000pM mempamerkan kesan perencatan oviposit
tertinggi. Selain itu, perencatan oviposisi (I0Cso) selepas 1 jam dan 12 jam rawatan JA terhadap
T. urticae masing-masing ialah 52.5uM dan 22.9uM. Hasil kajian ini mencadangkan bahawa
aplikasi JA pada R. hybrida telah memberi kesan negatif kepada kelakuan makan dan prestasi
pembiakan T. urticae.

Katakunci: Tetranychidae, mawar, asid jasmonik, perencatan oviposisi
INTRODUCTION

To protect themselves against herbivores, plants develop strategies such as reducing their
performance or interfering with the digestive system of the herbivore. Additionally, plants able
to efficiently induce secondary metabolites and defence-associated proteins to change the
quality of food for herbivores, which in turn decreases the herbivores’ fitness and fecundity rate
(Kant et al. 2015). In plant resistance against herbivores, the mechanism at work is associated
with defence-associated proteins and secondary metabolites. For example, jasmonic acid (JA)
is the key molecule that mediates the interaction between plants and herbivores, which directly
affects pests in a deleterious manner or indirectly attracts natural enemies of the pest.
Additionally, the JA precursor activates the plant-defence gene, which is directly involved in
the production of methyl jasmonate (MeJA) in the terpenoid biosynthesis pathway. It is also of
note that JA can be induced in less than half an hour and this, in turn, affects early colonizing
herbivores or causes a delay-induced response that alters the establishment of herbivores (Kant
et al. 2004; Wu & Baldwin 2009). As such, exogenous treatment of plants with JA results as
induced direct effects on the pest’s biology or as in indirect defence against predator attraction
(Escobar-Bravo et al. 2017; Kersch-Becker Monica et al. 2017).

A number of mites (Arachnida: Acari) were reported as economical pest to horticultural
crops throughout the world including South East Asia (Sani et al. 2020; Nasrin et al. 2021;
Pramudi et al. 2022). Among the plant feeder mites, family Tetranychidae represents major
damaging pests recorded in greenhouse and field. The mites are known as polyphagous
herbivores that feed on a wide range of host plants. They puncture the epidermal cell on abaxial
of leaf surface and feed on the contents of mesophyll cell (Park & Lee 2002; Uygun et al. 2020).
The penetration leaves silver or yellow spots on the leaf surfaces that results in less chloroplast
in injured cells. As the mite infestation develop, the number of photosynthetically active leaf
decrease, and consequently reduce photosynthetic efficiency of host plant (Park & Lee 2002).
Thus, mite infestation may reduce vegetables and fruit yields due to unharvestable material or
poor fruit fill (Dhooria 2016).

The two-spotted spider mites, Tetranychus urticae Koch, 1836 (Acari: Tetranychidae)
is a common yet major pest of rose cultivars. Infestation of T. urticae causes discoloration of
flowers and silvery patches on leaves, rendering the plants unmarketable (Kaur et al. 2006;
Reddy 2016). The rapid development of this pest can occur in high temperatures, which in turn
can cause severe infestation and damage to the affected plant (Golizadeh et al. 2017). However,
using pesticides to control this pest is not a feasible option due to the mites’ ability to rapidly
develop resistance to the pesticides (Khajehali et al. 2011).
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Besides that, several studies have shown that T. urticae is able to induce JA signalling
pathway in Arabidopsis, tomato, and lima beans (Ament et al. 2004; Zhang et al. 2009).
According to Ataide et al. (2016), the effects of prior JA application activated the endogenous
JA signalling pathway in tomatoes which consequently reduced the fecundity of T. urticae.
Interestingly, the jasmonic acid application was reported to significantly reduce T. urticae
population and leaf damage in cotton plants (Miyazaki et al. 2014; Omer et al. 2001). Thus, in
this study, we investigated the effect of the exogenous application of JA on the feeding activity
and reproductive performance of T. urticae on Rosa hybrida (Rosaceae).

MATERIALS AND METHODS

Plant Materials

The Alexandrine cultivar of Rosa hybrida was selected to assess the effect of jasmonic acid
(JA) on T. urticae infestation and performance with a total of 60 plants of two months old R.
hybrida obtained from a local supplier. These plants were acclimatized by growing them in a
greenhouse at the maximum and minimum temperatures of 25°C and 20°C, respectively in
Terengganu, Malaysia. The three months old plants were then transferred to the lab (20°C/
16°Cday/night, 70% relative humidity) for at least 3 days prior to experiments being conducted.

Spider Mites Sampling

Adults T. urticae were collected from rose plants in housing estates in Kuala Terengganu,
Malaysia. The rearing methods of T. urticae were carried out as described by Golizadeh et al.
(2017). The Tetranychus urticae was cultured on detached rose leaves, which were placed on
wet soaked cotton inside a plastic container (20cm x 20cm x 7.5cm). The fresh leaves were
provided every three days or replaced when the leaves turn brownish. Only T. urticae that were
reared for a minimum of three generations were utilized for the experiment.

Plant Treatment

As jasmonic acid (JA) has low solubility in water, the exogenous solution was prepared by
initially dissolving 100mg of JA (Sigma-Aldrich) in 1ml of acetone for a stock concentration
of 0.5M (Zhang et al. 2018). For plant treatment, the stock solution was then diluted with
distilled water containing 0.1% Tween 20 to produce three JA concentration solutions of 10uM,
100uM and 1000uM. Three leaves of each plant were sprayed with 1.0 ml/leaf of JA solution
(approximately at 10-12 leaf nodes from the bottom of tree) using an aerosol spray bottle.
Control plants were however sprayed with the same amount of distilled water containing
acetone and 0.1% Tween 20, which is also known as the mock solution.

For the wounded plant treatment to investigate self-induced JA of plants, three leaves
of each plant were wounded by bruising them once with blunt-ended forceps, before spraying
the JA solution. For the control treatment, the same amount of distilled water containing acetone
and 0.1% Tween 20 were used to substitute the JA solution and sprayed onto the leaves. Plants
were then grouped into 10 treatments with five plants in each group as described in Table 1.
During JA application, the control and wounded plants were kept in separate rooms to avoid
contamination of the control and wounded plants with JA.

Table 1. Plant treatments according to JA concentration and incubation time
Category Treatments
Group | 10puM JA was initially sprayed onto the leaf 1-hour before T. urticae

infestation (JA-treated plant)
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Group 11 10uM JA was initially sprayed onto the leaf 12-hours before T. urticae
infestation (JA-treated plant)
Group 11 100uM JA was initially sprayed onto the leaf 1-hour before T. urticae

infestation (JA-treated plant)

Group IV~ 100uM JA was initially sprayed onto the leaf 12-hours before T. urticae
infestation (JA-treated plant)

Group V 1000puM JA was initially sprayed onto the leaf 1-hour before T. urticae
infestation (JA-treated plant)

Group VI 1000puM JA was initially sprayed onto the leaf 12-hours before T. urticae
infestation (JA-treated plant)

Group VII  Mock solution was initially sprayed onto the leaf 1-hour before T. urticae
infestation (control)

Group VIII  Mock solution was initially sprayed onto the leaf 12-hours before T. urticae
infestation (control)

Group IX  Mock solution was initially sprayed onto the wounded leaf 1-hour before T.
urticae infestation (wounded plant)

Group X Mock solution was initially sprayed onto the wounded leaf 12-hours before T.
urticae infestation (wounded plant)

Tetranychus urticae’s Reproductive Performance

The reproductive performance assay was conducted on undetached leaves of three-months old
R. hybrida as described in Ataide et al. (2016) with slight modifications. A fine brush was used
to transfer five adult female T. urticae onto the adaxial side of leaves (10-12 leaf nodes) of JA-
treated plants (Group | to VI) with similar procedures also practiced for Group VII, VIII, IX
and X. A thin line of insect glue was then applied around each leaf petiole to prevent the escape
of T. urticae. For this study, a total of five replicates of each independent treatment were set up.
After three days, the leaves were detached from the plants, with T. urticae removed from the
leaves while the eggs were maintained. The number of eggs was counted under a
stereomicroscope while the leaves were subsequently placed in a plastic container covered with
a mesh nylon net and leaves from each treatment were kept in separate containers. A piece of
wet cotton wool was wrapped around the leaf petiole and the cotton wool was kept moist until
the end of the experiment. On day seven after infestation, the number of larvae hatched from
the eggs was assessed and a One-way analysis of variance (ANOVA) was used to determine
the effects of JA on the number of eggs and larvae between different JA concentrations.

As for inhibition of oviposition, it was determined as described by Mendoza-Garcia et
al. (2014) with oviposition inhibition expressed as a percentage relative to the number of eggs
of the control plant. Data were then corrected according to Abbott’s equation (1925) and
subjected to Probit analysis to determine the concentration that cause 50% inhibition of
oviposition (10Csp).

Bioassay for Leaf Damage Determination

For leaf damage assay determination, young expanding leaves (10-12 leaf nodes) were collected
from the control (Group X) and JA-treated (Group II, IV and VI) plants. After the third day of
T. urticae infestation, the chlorotic lesions for each leaflet were quantified using overhead
projector (OHP) transparency film with a grid size of 2.5 mm x 2.5 mm. The damaged area was
depicted relative to the total leaf area and was expressed in percentage. Independent Sample T-
Test (SPSS Statistics 24.0, IBM) was used to determine the significant differences in JA
treatment between control and treated plants.
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RESULTS

Results revealed that the damaged leaf area decreased with the increase in JA concentration.
Lower silver damage symptoms were observed when leaves were treated with 100 uM (Student
T-Test, t4=4.51, P<0.05) and 1000 uM JA (Student T-Test, t2=10.82, P<0.001) (Figure 1),
indicating that JA reduced T. urticae infestation on R. hybrida leaves.
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Figure 1. Effects of jasmonic acid on T. urticae leaf infestation, with jasmonic acid
applied 12 hours prior to T. urticae infestation. The significant difference was
determined by Student T-Test (*P<0.05; **P<0.001)

To test whether T. urticae reproductive performance was affected by the JA treatment,
the number of T. urticae eggs and larvae were calculated after 1-hour and 12-hours of JA
treatment. Indeed, it was found that T. urticae laid fewer eggs at 1-hour (ANOVA, F4,15=32.869,
P<0.001) and 12-hours (ANOVA, F4,15=44.149, P<0.001) on JA-treated plants than the control
plants with the 1000 uM treated leaves having the lowest number of egg production on both 1-
hour and 12-hours treated plants (Figure 2). Between the two incubation periods of JA pre-
treatment, the 12-hours treated plants were found to be more effective in inhibiting T. urticae
oviposition (10Cs0=22.9 uM) as compared to the 1-hour JA-treated plants (I0Cs0=52.5 uM)
(Table 2).
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Figure 2. The number of eggs after 1-hour (A) and 12-hours (B) application of jasmonic
acid. The values are means and standard errors, and different letters represent
significantly different between treatments (One way ANOVA, P<0.05 followed
by Tukey’s HSD)

Table 2. Mean of oviposition inhibition in female adult spider mites after 1- hour and 12-
hours of applying different JA concentrations

Oviposition Inhibition +SE (%)

Concentration (uM)

1h 12h
10 34.5+13.4 44.0£5.0
100 54.345.7 57.245.5
1000 75.0+6.6 69.4+4.1
10Cso (M) 525 22.9
(48.93-57.03) (18.37-27.59)
b+SE 0.55+0.02 0.29+0.003

10Cso: Inhibition of oviposition by 50%, b: linear regression slope, SE: standard error

The number of T. urticae larvae was also significantly different after 1- hour (ANOVA,
Fs,15=31.545, P<0.001) and 12-hours (ANOVA, F415=15.328, P<0.001) of JA treatments, as
compared to the control (Figure 3). However, there was no significant difference between the
number of eggs and larvae on JA-treated plants, indicating that T. urticae eggs viability was not
affected. As such, our results clearly indicated that induction of defence response by exogenous
JA on R. hybrida has adversely impacted T. urticae oviposition.
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Figure 3. The number of larvae after 1- hour (A) and 12-hours (B) application of jasmonic

acid. The values are means and standard errors, and different letters represent
significantly different between treatments (One way ANOVA, P<0.05 followed
by Tukey’s HSD)

DISCUSSION

In the present study, the JA application reduced the infestation and reproductive performance
of T. urticae, in agreement with the deterrence effects of JA towards T. urticae which was
previously reported in crops. Similar observations were reported in Lima beans (Gols et al.
2003), cotton (Miyazaki et al. 2014), tomato (Ataide et al. 2016) and apple (Warabieda et al.
2020). The effects of JA on the feeding activity of T. urticae have been significantly reduced
in 100 uM and 1000 uM treatments, but for the 10 puM treatment, the effects on the species’
reproductive performance were low. For instance, feeding choice experiments have shown that
more than 50% of T. urticae preferred non-treated plants to 0.1mM and 1mM JA-treated plants
(Gols et al. 2003). According to Miyazaki et al. (2014), application of 1 mM of JA on cotton
plant (Gossypium arboretum) reduced leaf infestation area and reproductive performance of T.
urticae while in apple plants, a lower number of hatching eggs in JA-treated plants was recorded
as compared to the control (Warabieda et al. 2020). Additionally, the effects of JA application
were not restricted to T. urticae, but to other arthropods as well. For example, the feeding choice
of cotton mealybug, Phenacoccus solenopsis gradually decreased in 0.01 mM, 0.1 mM and 1
mM JA versus non-treated plants (Zhang et al. 2011), while 0.5 mM JA application reduced the
oviposition rate of the cabbage butterfly, Pieris rapae in cabbage (Bruinsma et al. 2009).

Application of exogenous JA has been previously reported to induce the JA-associated
defense response in plants. Although most experiments used 1 mM of JA to treat plants, a single
application of JA can upregulate the expression of protease inhibitor (PI) and oxidative enzymes
such as polyphenol oxidase (PPO) and peroxidase (POD) associated genes and the protein
levels in plants (Alba et al. 2015; Ataide et al. 2016; Chen et al. 2018; Redman et al. 2001;
Thipyapong & Steffens 1997). In addition, plants treated with JA were reported to induce
herbivores-induced plant volatiles (HIPV) in cassava, tobacco and tomato (Chen et al. 2018;
Delphia et al. 2007; Escobar-Bravo et al. 2017).
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Although there are no previous studies on the relationship between the area of T.
urticae’s feeding damage and induction of JA defence response, we predicted that JA
application will increase the defensive enzymatic activities and/or HIPVs levels. In turn, the
PPO and POD involved in oxidation of phenolics to quinones in plant tissues will interrupt the
digestion process in the pest’s gut (Constabel & Barbehenn 2008; Xu et al. 2021) with both
enzymes able to be induced by jasmonic acid or pest infestation (Chen at al. 2018; Howe &
Jander 2008). For example, in the choice feeding experiments, the Western flower thrips,
Frankliniella occidentalis avoided feeding on JA-treated plants as compared to non-treated
plants (Escobar-Bravo et al. 2017), with the thrip’s infestation areas positively correlated with
the PPO activity and total volatile content in tomato plants upon JA application (Chen et al.
2018; Escobar-Bravo et al. 2017).

According to Gols et al. (2003), T. urticae preferred non-treated plants to JA-treated
plants due to the emission of HIPVs in JA-treated plants. However, not much is known about
how the enzymes or HIPVs affect the feeding behaviour of T. urticae, hence additional research
will be needed to determine the correlation of these JA defence responses against the feeding
behaviour of T. urticae. As such, we suggest that the unfavourable experiences may influence
T. urticae to avoid feeding on JA-treated plants.

On the other hand, the application of JA activates the production of Pl and PPO which
negatively affected the reproductive performance of herbivores (War et al. 2012). Ataide et al.
(2016) reported that T. urticae’s reproductive performance is negatively correlated with Pl
transcript levels and protein activity. By applying 1mM of JA on the plant, the PPO activity is
increased as compared to untreated plants, and subsequently hindered the growth rate of
Manduca sexta (Redman et al. 2001) and the reproductive rate of Frankliniella occidentalis
(Chen et al. 2018; Thipyapong & Steffens 1997). When an arthropod ingests Pls and PPOs in
its diet, the inhibition of proteolytic activities and production of high quinone, respectively take
place in its guts and prevent the degradation of plant proteins, hence reducing the ability of the
pest to reproduce (Ataide et al. 2016; Martinez et al. 2016; Ortego 2012; War et al. 2012; Zhang
et al. 2018). The JA pathway also mediates the changes in the alkaloid pathway in a few plant
species. For instance, the application of JA and its volatile derivative, methyl jasmonate
accumulated pyridine alkaloid and terpenoid indole alkaloids (Huang & Kutchan 2000; Frick
et al. 2019; Pan et al. 2018; Ryan et al. 2015), with pyridine alkaloid has been demonstrated to
reduce the female fecundity and delay the eggs’ development of T. urticae (Pietrosiuk et al.
2003).

Exogenous JA has been reported to exhibit the deterrence effects to T. urticae mostly
after 24 hours of application on plants, but our study further demonstrated that the effects of JA
on T. urticae reproductive performance can be detected after 1 hour of JA application. This
suggests that JA biosynthesis is activated rapidly in response to exogenous JA and led to the
production of JA-defense products, which may adversely affect the reproductive system of T.
urticae. Redmann et al. (2001) reported that PPO activity has been detected as early as 40
minutes after ImM JA application, and the activity increased after 2 weeks of the application
(Chen et al. 2018; Redman et al. 2001). Thus, we cannot exclude the effects of JA in R. hybrida
were gradually increasing until day 3 of infestation, which in turn could be the major factor
influencing the low number of T. urticae eggs and larvae.

Plants respond to mechanical wounding by synthesizing the JA (Glauser et al. 2008;

Koo & Howe 2009), hence we expected the number of T. urticae eggs on wounded leaves to
be lower than those on the control plants. Instead, our study revealed that the number of eggs
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was not affected on wounded leaves and surprisingly, after 1-hour the leaves were wounded,
the number of eggs and larvae significantly increased. This implies that this particular rose
cultivar is likely to be susceptible to T. urticae attacks. This agrees with Steinite et al. (2001)
who reported that strawberry cultivars that are more resistant to the T. urticae have higher PPO
and peroxidase activity than susceptible cultivars, thus susceptible cultivars may not activate
the JA signalling pathway rapidly upon being wounded. Although rapid accumulation of JA
can occur within 5 minutes after wound infliction (Glauser et al. 2008), different plant species
may have different responses spatially and temporally. A delayed response of plant defence
may be advantageous to T. urticae, via secretion of its saliva into the plant tissue as the saliva
can suppress the expression of JA-dependent defence genes which in turn, interfere in host
immune response and promote the species’ reproductive performance (Sarmento et al. 2011;
Villarroel et al. 2016). For instance, T. evansi able to manipulate tomato plant defence by
reducing the PI activity below the level of non-attacked plants (Sarmento et al. 2011). The
effector proteins in T. urticae’s saliva able to suppress the defence response of salicylic acid
phytohormone and promote their reproductive performance (Villaroel et al. 2016). In addition,
we collected the T. urticae original population from R. hybrida plants. Van Leeuwen et al.
(2015) suggested that T. urticae may have developed metabolic resistance traits due to its
adaptive ability to colonize an enormous host range. As this mechanism is ecologically safe and
promote equal fitness to non-infested plants (Blaazer et al. 2018), therefore, we assumed the JA
activation was delayed on wounded leaves by the time sampled, thus allowing T. urticae to
benefit by developing its resistance or suppression to overcome the plant’s defence.

CONCLUSION

In conclusion, our study showed a significant reduction in the oviposition rate of T. urticae and
leaf infestation by spraying 100 uM and 1000 puM JA on leaves, indicating that JA application
may rapidly induce plant defence response against T. urticae. Rosa hybrida that treated with
1000 uM JA was the most effective concentration in inhibiting T. urticae oviposition. Thus,
activation of the JA signalling pathway on R. hybrida plants can reduce the infestation and
population of T. urticae. The wounded plants were less efficient in inducing defence response,
and yet provide the advantage to T. urticae to infest the plants. As such, induced plant resistance
using JA constitutes a potentially viable and economical method to control spider mite
populations in agriculture. Future studies should be conducted to investigate the duration of
resistance and whether plant resistance can be induced in the field upon JA application, which
is an essential aspect of the utilization of this chemical elicitor in pest management.
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