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Abstract Chilli (Capsicum annuum L.) is most commonly cultivated species. Pepper yellow
leaf curl virus (PepYLCV) causes serious leaf curl disease of chili. In order to understand plant
defence mechanism to PepYLCV disease, the study reported a response of total phenols and
peroxidase activity in two contrasting pepper genotypes (resistant and susceptible) against
PepYLCThV. The total phenolic content of uninoculated plants in susceptible genotype (KKU-
P31118) showed higher value than resistance genotype (9853-123) at both stages. However, the
amount of total phenolic content in resistant genotypes was increased in juvenile and mature
leaves in response to inoculation with PepYLCThV. In case of susceptible one, it was
decreased as compared to uninoculated control. On the other hand, the peroxidase activity in
chilli genotypes and at different stage of leaves was increased every week after inoculation and
increased as a comparison to uninoculated plants. Hence, our finding suggested that the total
phenols may act as defence mechanism in resistant genotype 9853-123.

Keywords: Disease response, PepYLCV, Peroxidase, Phenolic
Introduction

Peppers (Capsicum annuum L.) are the most commonly grown worldwide
as vegetable (seeet pepper) and spice (chili pepper) crops. Pods of chili pepeprs
with various shapes, sizes and pungency (mild— hot) are used in traditional Thai
food (Chiemsombat et al., 2018). Chili production is affected by abiotic and
biotic stresses. A Begomoviruses Pepper yellow leaf curl virus (PepYLCV) is
one of the most serious problems of the chili production in South and South
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East Asisan countries including in Thailand. The disease was first reported in
Indonesia and spread thought in subtropic and tropics. In Thailand, PepYLCV
has been observed in Kanchanaburi province, Thailand since 1995 (Hidayat et
al., 1999; Chiemsombat et al., 2018). The use of resistant cultivar is a cost
effective, environemental and health safer measure to manage losses caused by
the disease. The understanding the plant defense mechanisms and plant
response to the virus is crucial step to develop resistant cultivars.

Plant defense mechanisms to abiotic and abiotic stresseses were involved
two main mechanisms such as pre-existing and infection induces defense
mechanisms. The first defense mechanism is included cuticle, wax, stomata and
plant hair, which is the structure of plant which produced before them exposted
to the stress. However, periderm, reactive oxygen species, enzymes, lignin,
phenolics, and peroxidase are related with biotic stress, especially for disease
and insect resistances (Anand et al., 2009). In addition, the response of
inducible reactions was involed with resistant gene action (Van Loon et al.,
1998), which the phenolics, peroxidase, polyphenol oxidase and catalase were
reported associated with resistance to anthracnose and PepLCV disease
resistance in chili pepper (Anand et al., 2009 and Rai et al., 2010). Phenolic
compounds are plant secondary metabolites that constitute one of the most
common and widespread groups of substances in plants (Rai et al., 2010). The
term of phenolic can be precisely defined chemically as substance which
possesses an aromatic ring bearing one (phenol) or more (polyphenol) hydroxyl
substituents, including functional derivatives. Phenol itself is a natural product
but most phenolics have two or more hydroxyl groups (Lattanzio et al., 2006).
Plant phenolics may be divided in two classes 1) preformed phenolics that are
synthesized the normal development of plant tissues and 2) induced phenolics
that are synthesized by plants in response to physical injury, infection or when
stressed by suitable elicitors such as heavy metal-salts, UV-irradiation,
temperature and phytoalexins. Induced phenolics may also be constitutively
synthesized but, additionally, their synthesis is often enhanced under biotic or
abiotic stress (Nicholson and Hammerschmidt, 1992). In addition, the
peroxidase activity (POD) was associated with insect pests resistance (Privalle
et al., 1999) due to the biochemical has been shown in infected plant to biotic
stress, which the degree of expression depends on plant genotype and age of
plant leaves (Coley et al., 2006). In this precent study, we examined the
response of resistant and susceptible chemicals to infection with PepYLCThV.

Materials and methods

The experiment was designed by two factors factorial in randomized
completely block design (RCBD) and three replications. Each replication
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consisted of five plants. The first factor was two chili genotypes of Capsicum
annuum, as resistant (9853-123) and susceptible (KKU-P31118) to
PepYLCThV (9853-123). The second factor was different inoculation periods,
consisted of 45 and 60 DAS. The experiment was conducted at Department of
Plant Production of Technology, Faculty of Agricultural Technology, King
Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand. The chili
germplasms were collected from two resources, one of the chili genotypes that
colleted from The World Vegetable Center, Taiwan (Worldveg.) (9853-123)
and another one was collected from Khon Kaen University (KKU-P31118).

Source of Pepper yellow leaf curl Thailand virus (PepYLCThV)
inoculums was collected from Plant Virology Laboratory of Chai Tai Seed
Company. The inoculum was collected and mulitpied on susceptible chili
genotype. The chili seeds were sown in polystyrene transplant flats filled peat
moss (104 holds). The seedlings at 45 and 60 DAS were inoculated with
PepYLCThV by grafting method. The disease score was evaluated at 7, 14, 21,
28 and 35 days after inoculation (DAI) which 6 disease score levels as follows:
0,1, 2, 3,4 and 5 (modified from Kumar et al., 2006) where as 0 indicates no
symptoms (symptomless, SL); (1) up to 5% curling and clearing ofupper leaves
(highly resistant, HR); (2) 6-25% curling, clearing ofleaves and swelling of
veins (resistant, R); (3) 26-50% curling, puckering and yellowing of leaves,
and swelling of veins (moderatelysusceptible, MS); (4) 51-75% leaf curling,
stunted plant growth andblistering of internodes (susceptible, S); (5) more than
75% curling and deformed small leaves, stunted plant growth with smallflowers
and no or small fruit set (highly susceptible, HS). The disease index (DI %) was
calculated using formula as below.

DI (%) =[Z (ni x vi) / (N x V) x 100%

With i: 0-5, ni = number of symptomatic plants to the value of a

particular score, vi = value symptom score, N = the total number of plants
were observed, and V= the highest score value.

The total phenolics content was determined from leave samples two
stages at juvinile and muture stage of both resistant and suscepatble genotypes.
The part of root stock of inoculated plants and uninoculated plants were
compared. The total phenolics were analysed by Folin-Ciocalteu method as
described by Cliffe et al. (1994). The leaf samples were harvested and extracted
with adding 4.5 ml of distilled water, 0.5 ml of folin-ciocalteu stock reagent and
4 ml of Na,CO; reagent (75 g/l). The reaction was incubated at room
temperature for 1 h and the total phenolics contents were measured the
absorbance by spectrophotomer at wavelength 765 nm.

The peroxidase activity (POD) was determined by Malik et al. (1980). A
0.2 g of leaf samples were collected from each treatment and homogenized in
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chilled 1.5 ml 50 mM sodium phosphate buffer (pH 7.0). The homogenate was
centrifuged at 15000 rpm for 20 min at 4 °C. The sample were mixed in a total
volume of 3.0 ml contained 50 mM of sodium phosphate buffer (pH 7.0), 4 mM
of H,O,, 20 mM of guaiacol and 200 i of enzyme extract. The decomposition
of H,O, was at 436 nm by decreasing in absorbance per minute for calculation
the POD activity.

Results

The total phenolic content of uninoculated plants in susceptible genotype
(KKU-P31118) showed higher value than resistance genotype (9853-123) at
both stages i.e. at juvinile leaves (19.81 and 16.42 mg/100g) and mature leaves
(19.65 and 17.68mg/100g), respectively. However, the amount of total phenolic
content in resistant genotypes was increased in juvenile and mature leaves in
response to inoculation with PepYLCThV. The increased in total phenolic
content was observed in the following week after inoculation with the viral
disease in resistant genotyes at both of plant age after inoculation (Figure 1A
and 1B), In case of susceptible one, it was decreased as compared to
uninoculated (Figure 1C and 1D). The relation of resistance to total phenolics
response, the resistant genotype (9853-123) at 60 DAI (D2) of inoculated plant
did not show any symptom of pepper yellow leaf curl disease (DI = 0%), while
45 DAL, it showed the disease incidence of 12.5%. The total phenolic content
was increased in the infected plant at 45 DAI, but did not increase in the
inoculated plant at 60 DAI in the 1% to 4™ weeks after inoculation, but it was
increased at the 5™ weeks after inoculation.

The POD activity in chilli genotypes and at different stage of leaves was
increased every week after inoculation and increased as a comparison to
uninoculated plants. The resistant genotype (9853-123) showed the increasing
POD from 1.62 to 7.59 activity/minute/g in juvinile leaves and from 2.43 to
5.01 activity/minute/g in mature leaves. In case of KKU-P31118 (susceptible
genotype), the activity of POD after inoculated for 5 weeks in chilli juvinile
leaves and mature leaves that was increased by 2.09 and 1.79 activity/minute/g,
respectively (Table 1.). The increased in POD activity of resistance genotype
was observed in a week after inoculation with PepYLCThV (Figure 2A, 2B and
Figure 3 and 4). It was increased by 41.71% in juvinile leaves and 56.02% in
mature leaves as compared to uninoculated condition. While in susceptible
genotype, the POD activity was increased lower percentage than resistant
genotypes as 27.27% at young leaf and 28.49% at mature leaves stages.
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Table 1. Total phenolic content and POD activity in Juvinile and mature leaves
stages of two chili genotypes as compared to the inoculated and uninoculated
plants after treated with Pepper yellow leaf curl Thailand virus

Total phenolic Peroxidase activity
Varietie (mg per 100 g FW) (activity/min/g sample)
. Mature L
Juvinile leaves | Juvinile leaves  Mature leaves
eaves
9853-123 control 16.42 17.68 1.9 1.24
9853-123 treated 20.61 20.38 3.26 2.82
average 18.51 19.03 2.58 2.03
F-test ns ns ns ns
CV (%) 2.38 2.60 12.43 4.69
KKU-P31118 control 19.81 19.65 1.52 1.28
KKU-P31118 treated 18.07 17.7 2.09 1.79
average 18.94 18.67 1.81 1.54
F-test ns ns ns ns
CV (%) 1.61 6.32 26.34 2.61

ns = non — signification, means not followed by the same letter are significantly different at the
5% level of probability as determined by DMRT.
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Figure 1. Changes in the total phenolic content in resistant and susceptible
varieties inoculated for 5 weeks with PepYLCThV. A — juvinile leaves of
resistant genotype (9853-123), B — 9853-123 (mature leaves), C — KKU-
P31118 (juvinile leaves), D — KKU-P31118 (mature leaves); C1 — control of 45
days, T1 — treated for 45 days, C2 — control 60 days, T2 — treated for 60 days;
Bars in each treatment is SD
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Figure 2. Changes in POD activity in resistant and susceptible varieties
inoculated 5 weeks after inoculated with PepYLCThV (for detail see Figure 1.)
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Figure 3. Changes in the total phenolic in resistant and susceptible varieties
inoculated with PepYLCV. A — juvinile leaves of 9853-123, B — mature leaves
of 9853-123, C — juvinile leaves of KKU-P31118, D — mature leaves of KKU-
P31118; D1 — percentage of disease index of 45 days, T1 — total phenolic at 45
days, D2 — percentage of disease index of 60 days, T2 — total phenolic at 60
days
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Figure 4. Changes in peroxidase activity in resistant and susceptible varieties
inoculated with PepYLCThV (for detail see Figure 3)

Discussion

The total phenolic contents play an important role for defense mechanism
of resistance to plant disease, this study the resistant genotype (9853-123)
showed resistance to PepYLCThV. The total phenolic contents were increased
after infected plant of resistance genotype (9853-123) compared to
uninoculated plant, but was decreased in susceptible genotype (KKU-P31118)
in response to inoculation with PepYLCThV. The changes in the enzyme
activities indicated that total phenolic contens was strongly correlated with
resistance to PepYLCThV disease in Capsicum annuum (9853-123). The
increasing of total phenolic content also found responses to other diseases like
anthracnose disease (Anand et al., 2009), Peper leaf curl virus disease (Rai et
al., 2010), Fusarium wilt (Jabeen et al., 2009) and Pepper yellow mosaic virus
disease (Goncalves et al., 2013). The total phenolic contents in plant are used
as substrated to produce lignin in cell wall, thereafter the plant cells against
diseases (Nicholson and Hammerschmidt, 1992). In addition, the POD activity
in infected plants produced higher content than uninoculated ones in both chili
genotypes due to usual defense mechanism. However, in resistant genoypes are
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rapidly increased in POD activity more than susceptible genotype thereafter the
resistant plant could overcome disease infection. In addition, the present study
also revealed that young leaves had higher content of POD than the mature
leaves due to stressed that mature leaves may be contained the substances that
decreased in digestibility, whereas young leaves were low in defensive
chemicals (Coley et al., 1980). Peroxidase is a key enzyme in the biosynthesis
of lignin (Bruce and West, 1989), which it is reported to direct associated with
resistance to disease and involved in various reactions such as polysaccharide
bond, wound healing, phenol oxidation, defense against pathogens and
regulation of cell elongation (Passardi et al., 2004, Bhavani et al., 2011).
Addition, peroxidase activity was reported that assocaited with resistanct to
anthracnose (Bharathi et al., 2004). In conclusion, this study found that the
increased of total phenols and POD was considered association with resistant
mechanism to PepYLCThV disease in Capsicum annuum (9853-123).

Acknowledgements

This research was supported by the Center of Exellence on Agricultural Biotechnology,
Science and Technology Postgraduate Education and Research Development Office, Office of
Higher Education Commission, Ministry of Higher Education, Science, Research and
Innovation. (AG-BIO/PERDO-CHE). The World Vegetable Center, Taiwan for supporting chili
germplasm.

References

Anand, T., Bhaskaran, R., Raguchader, T., Samiyappan, R., Prakasam, V. and Gopalakrishnan,
C. (2009). Defence responses of chlli fruits to Colletotrichum capsici and Alternaria
alternate. Biologia Plantarum, 53:553-559.

Bhavani, S. A. V. and Jindal, P. C. (2001). Biochemical resistance of grape genotypes against
anthracnose. Indian Journal of Agricultural Sciences, 35:44-47.

Bharathi, R., Vivekenanthan, R., Harish, S., Ramanathan, A. and Samiyappan, R. (2004).
Rhizobacteria-based bio-formulations for the management of fruit rot infection in
chillies. Crop Protection, 23:835-843.

Bruce, R. J. and West, C. A. (1989). Elicitation of lignin biosynthesis and isoperoxidase
activity by pectic fragment in suspension cultures of castor bean. Journal of Plant
Physiology, 91:889-897.

Coley, P. (1980). Effect of leaf age and plant life history patterns on herbivory. Nature,
284:545-546.

Cliff, S., Fawer, M.S., Maier, G., Takata, K. and Ritter, G. (1994). Enzyme assays for the
phenolic content of natural juices. Journal of Agricultural and Food Chemistry, 42:1824
1828.

852



International Journal of Agricultural Technology 2020 Vol. 16(4):845-854

Chiemsombat, P., Srikamphung, B., Yule, S. and Srinivasan, R. (2018). Begomoviruses
associated to Pepper yellow leaf curl disease in Thailnd. Journal of Agricultural
Research, 3:000183.

Dwi, W. G., Sri, H. H. and Muhamad, S. (2017). Susceptible Phase of chili pepper due to
Yellow Leaf Curl Begomovirus infection. International Journal on Advanced
Science, Engineering and Information Technology, 7:594-601.

Graham, M. Y. and Graham, T. L. (1991). Rapid accumulation of anionic peroxidases and
phenolic polymers in soybean cotyledon tissues following treatment with Phytophthora
megaspermaf. sp. glycinea wall glucan. Journal of Plant Physiology, 97:1445-1455.

Goncalves, L. S. A., Rodrigues, R., Diz, M. S. S. and Robaina, R. R. (2013). Peroxidase is
involved in Pepper yellow mosaic virus resistance in Capsicum baccatum var.
pendulum. Genetics and Molecular Research, 12:1411-1420.

Hidayat, S. H., Rusli, E. S. and Aidawati, N. (1999). The use of universal primer and PCR to
detect Gemini virus on chilli pepper. In proceeding national congress and scientific
seminar Indonesian phytopayology association. Purwokerto, pp. 355-359.

Jennings, P. H., Braunaman, B. L. and Zscheille, F. P. (1969). Peroxidase and polyphenol
oxidase acyivity associated with Helminthosporium lef spot of maize.
Phytophatology, 59:963-967.

Jabeen, N., Ahmed, N., Ghani, M. Y. and Sofi, P. A. (2009). Role of phenolic compounds in
resistance to chilli wilt. Communications in Biometry and Crop Science, 4:52-61.
Kumar, S., Kumar, S., Singh, M., Singh, A. K. and Rai, M. (2006). Identification of host plant
resistant to pepper leaf curl virus in chilli (Capsicum species). Scientia Horticulturae,

110:359-361.

Lattanzio, V., Lattanzio, M. T. and Cardinali, A. (2006). Role of phenolics in the resistance
mechanisms of plants against fungal pathogens and insects. In Imperato, F. (Ed.),
Phytochemistry: Advances in Research, Research Signpost, Trivandrum, Kerala,
India, pp. 23-67.

Malik, C. P. and Singh, M. B. (1980). In plant enzymology and Histoenzymology. Kalyani
publishers, New Delhi, pp. 53.

Nicholson, R. L. and Hammerschmidt, R. (1992). Phenolic compound and their role in disease
resistance. Annual Review of Phytopathology, 30:369-382.

Privalle, L., Estruch, J., Wright, M., Hill, M. B., Dowd, P.F. and Bellows, T. S. (1999).
Methods for Conferring Insect Resistance to a Monocot Using a eroxidase Coding
Sequence.  Patent 6002068. Assignee, Novartiss Finance Corporation, Ohio State
University.

Passardi, F., Penel, C. and Dunand, C. (2004). Performing the paradoxical: how plant
peroxidases modify the cell wall. Trends in Plant Science, 9:534-540.

Rai, V. P., Jaiswal, N., Kumar, S., Singh S. P., Kumar, R. and Rai, A. B. (2010). Response of
total phenols and peroxidase activity in chilli exposed to pepper leaf curl virus disease.
International Journal of Vegetable Science, 37:78-80.

Thompson, R. H. (1964). Structure and reactivity of phenolic compounds. In: Harborne EB ed.
Biochemistry of Phenolic Compounds, Academic press, NewYork. pp. 1-32.

853



Van Loon, L. C., Bakker, P. A. H. M. and Pieterse, C. M. J. (1998). Systemic resistance
induced by rhizosphere bacteria.Annual Review of Phytopathology, 36:453-483.

(Received: 15 August 2019, accepted: 20 June 2020)

854



