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Abstract

Plant systemic resistance induced by natural
product is an alternative technique of disease man-
agement. Riboflavin (vitamin B2) usually used as
abiotic elicitor to improve the plant immunity against
different pathogens. This work aimed to explore the
efficiency of three riboflavin concentrations (0.5,
2.5, and 5 mM) to enhance resistance toward To-
bacco Mosaic Virus (TMV) in tomato plants. Our re-
sults showed that exogenous application of 2.5mM
riboflavin, 5 days before virus challenge was the
most effective concentration, which provided a re-
duction in disease incidence and disease severity
by 80% and 75%, respectively. Furthermore, ob-
tained results were confirmed by using DAS-ELISA
test, which showed that concentration 2.5 mM of
riboflavin decreased the virus concentrations by
46.4% in treated- inoculated plants. It was remarked
that exogenous application of 2.5 mM riboflavin
showed a positive effect on some plant growth pa-
rameters either in presence or absence of TMV
challenge. The plant height and number of leaves
per plant were significantly improved in treated- in-
oculated plants about 30% and in compared to the
infected control 78%. In time course investigation,
2.5mM riboflavin treatment reduced the virus symp-
toms particularly at 9" day, where after the symp-
toms become evident. In addition, expression of
phenylalanine ammonia-lyase (PAL) and pathogen-
esis-related protein (PR10), which are the markers
of systemic acquired resistance (SAR), were rapidly
increased in inoculated-treated tomato from 1-3
days after treatment. Moreover, the results of the bi-
ochemical changes analysis revealed that, the lev-
els of the defense markers including peroxidase

(PO), and polyphenol oxidase (PPO) were
increased four days after of treatment and reached
maximum levels at 8 days in the treated- inoculated
plants. In conclusion, it could be suggesting that
riboflavin exerted a great influence on TMV disease,
as indicated by reduction of disease symptoms as
well as enhancement of biochemical changes in
plant defense against infection with TMV.

Keywords: Tomato, Tobacco Mosaic Virus, Ribo-
flavin, Systemic acquired resistance, Biochemical
analysis

1 Introduction

Tobacco Mosaic Virus (TMV) is well-studied vi-
rus (Rybicki 2015, An et al 2019) which cause a de-
structive crop loss in many vegetable and ornamen-
tal crops throughout the world (Lv et al 2017). TMV
infects commercially grown tomato worldwide, and
seriously inflict the quality and yield (Waziri 2015,
Zhao et al 2017). For the avoidance of TMV dis-
ease, different strategies were applied which could-
n't have been effective. Over the years, an uncon-
ventional management strategy has been applied in
an effort to mitigate the extensive economic dam-
age caused by TMV (Srivastava et al 2015). One
solution might be focused on systemic acquired re-
sistance (SAR), which plays very important role in
the improving of resistance of plant against different
agents (Kong et al 2018, Guo et al 2020). SAR men-
tions to a distinct signal transduction pathway that is
usually triggered through exogenous application of
chemicals, leading to a long-term resistance to a
wide variety of pathogenses (Dempsey and Klessig
2012, Lucas et al 2013). SAR mechanism has been
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associated with improved, more efficient activation
of response and primed resistance to stimulating
biotic and abiotic stress (Conrath 2011). Numerous
researches reported vitamins and their essential
role towards the development of a safe and sustain-
able resistance in plant (Aranega-Bou et al 2014,
Boubakri et al 2016).

Riboflavin (vitamin Bz) is recognized as an es-
sential bio-sensitized product in plants and many
microorganisms. It contributes many ethnobotanical
uses and pharmacological activities (Deng et al
2014), and modulate several different physiological
processes such as growth of plant and defense re-
sponses (Taheri and Tarighi 2011). Several studies
have illustrated the effect of riboflavin in improving
disease resistance against a broad-spectrum path-
ogen (Conrath 2011). Riboflavin is participated in
the anti-oxidation (Perumal et al 2005), and peroxi-
dation processes (Nazarul et al 2006), which both
enhance the reactive oxygen reactions and other
plant defense mechanisms (Nie and Xu 2016).
Moreover, treatment with riboflavin induces defen-
sive responses in plants instead of directly inhibition
of pathogens growth (Aver'yanov et al 2000, Taheri
and Hofte 2006). Recently, riboflavin activates PR-
genes in Arabidopsis and induces SAR to patho-
gens (Boubakri et al 2013, Deng et al 2014).

With this background the present study aims to
evaluate the riboflavin for its resistance eliciting effi-
ciency against TMV infection in tomato plants as a
classical SAR system as well as an investigation
some of the important biochemical and molecular
events involved in the process.

2 Materials and methods

2.1 Plant materials

Twenty-five-days old seedlings of Solanum lyco-
persicum var. Super Strain B were transplanted in-
dividually into 20cm pots, containing mixtures of
clay and sand (1: 3 v/v). The plants were kept in the
greenhouse at 23-25°C and photoperiod of 16h.
They were irrigated as needed and fertilized as
usual.

2.2 Source of the virus

The used strain of TMV was kindly provided by
Virus Lab., Department of Agriculture Microbiology,
Faculty of Agriculture, Ain shams University. Inocu-
lum consisted of symptomatic leaves of TMV-in-
fected tobacco were ground (1/3 w/v) in 25mM so-
dium phosphate buffer (pH 7.0) containing 0.002 M
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EDTA and celite (0.1 mg mlI™") as abrasive (Chen et
al 2017).

2.3Inducing chemical and experimental set up

Riboflavin (Biomatic Corporation) was diluted in
distilled water containing 0.02% v/v Tween-20 to a
series of concentrations (0.5, 2.5, 5mM) and
sprayed onto leaf surfaces of 3-4 leaf stage tomato
plants until run-off. Sterile distilled water containing
0.02% v/v Tween-20 was used as negative control.
Plants were kept at 22°c and 65% humidity. Five
days later, plants were divided into groups and
treated as follows: (1) plants treated with sterilized
distilled water only [Healthy control]; (2) plants inoc-
ulated with TMV; (3) plants treated with 0.5mM ri-
boflavin; (4) plants treated with 0.5mM riboflavin
and inoculated with TMV; (5) plants treated with
2.5mM riboflavin; (6) plants treated with 2.5mM ri-
boflavin and inoculated with TMV; (7) plants treated
with 5mM riboflavin and (8) plants treated with 5mM
riboflavin and inoculated with TMV. Each group
consisted of ten replicates. All experimental plants
were arranged in completely randomized block de-
sign and the experiments were carried out in two
successive growing seasons.

2.4 Plant growth characters

At the end of the experiment, plants were har-
vested and some morphological parameters such
as plant height and leaf number per plant were as-
sessed.

2.5 Assessment of disease resistance

The level of TMV resistance was evaluated
based on disease incidence and severity of symp-
toms. Disease incidence was assessed as the per-
centage of plants that showing typical virus symp-
tom 30 days post inoculation. The disease severity
was evaluated using a scale according to Wang et
al (2009) while the severity index was estimated us-
ing the following formula as described by Yang et al
(1996).

Disease Severity (%)
_ Y.(disease grade x number of plants in each grade)

= 1
(Total number of plants X highest disease grade) x100

Leaf samples were taken 3 weeks later for
measuring virus concentration using bioassay and
ELISA techniques.
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2.6 Quantification of TMV infectivity

Virus infectivity has been quantified in treated-
infected plants and infected control plants by ex-
tracting their crude sap and inoculation on Nicotiana
glutinosa leaves. Number of developed local le-
sions, seven days later on inoculated plants were
counted and calculated for the using the following
formula as described by Prasad et al (1995).

% Inhibition = (number of local lesions of treated
sample / number of local lesions of control) x 100

2.7 Determination of TMV concentration

TMV accumulation in the leaves was deter-
mined by DAS-ELISA (Clark and Adams 1977) us-
ing polyclonal antibodies (Bioreba AG, Switzerland)
according to the provided instructions. Samples
were considered positive if the ELISA absorbance
value was greater than twice for comparable nega-
tive control samples (Cordoba-Sellés et al 2007).

2.8 Time course of SAR by riboflavin

The concentration of 2.5mM riboflavin was the
most effective one, so this concentration was used
for this study. Tomato plants were inoculated with
TMV after 0 to 21 days of riboflavin treatment. Con-
trol plants were similarly treated with sodium ace-
tate buffer (20mM, pH 5.2). Symptoms and inhibi-
tion percentage of virus infection were daily rec-
orded till 21™ day later to express resistance in-
duced. Moreover, the virus concentration was deter-
mined during the time course using DAS-ELISA.

2.9 Gene expression analysis of PAL and PR10

Tomato leaf samples (100mg) were collected at
0, 3, 6 and 12 hours after riboflavin treatments
(2.5Mm). Total RNA was extracted by total RNA pu-
rification kit (Jena Bioscience, Germany) according
to the manufacturers’ instructions. Presence or ab-
sence of pathogensis related protein (PR10) - and
PAL- genes was established by RT-PCR, using pair
of specific primers (PAL-Forward, 5-AA-
GCTGATGTTCGCGCAGTTCT-3', and PAL-re-
verse, 5- AAACCATAGTCCAAGCTCGGGT-3),
(PR10-Forward, 5-AAGGAGATGTTCTTGGAGA-
CAAACTTG-3', and PR10- reverse, 5- AGCG-
TAGACAGAAGGATTGGCG-3'). The expression of
the gene of interest was normalized, relative to that
of the housekeeping actin genes (Actin- Forward, 5'-

TCATACGGTCAGCAATAC-3; Actin- reverse, 5-
ATGTGGATATCAGGAAGGA-3. In order to obtain
cDNA, mRNA was reverse transcribed using a one-
step RTPCR kit (QIAGEN, Hilden, Germany). PCR
reactions were subjected in a thermal Eppendorf
master cycler (TLO0TM thermal cycler, BIO-RAD)
under the following conditions: reverse transcription
at 50 °C for 30 min, followed by denaturation at 94°C
for 15 min, 30 cycles of 94°C for 30 s, 60°C for 30 s
and 72°C for 30 s, and a final extension of 72°C for
1 min. The RT-PCR products were checked through
electrophoresis on 1.5% agarose gel and ethidium
bromide stained bands were visualized under UV
light.

2.10 Biochemical changes associated with ribo-
flavin treatment

Peroxidase (PO), and polyphenol Oxidase
(PPO) activities were estimated spectrophotometric
ally using the appropriate wavelength for each en-
zyme. Samples were taken of healthy control, in-
fected control, treated plant, and treated- infected
plants at different period 0, 4, 8, 9, 10, and 13 days
after inoculation. Crude enzyme was extracted ac-
cording to Mofunanya et al (2016).

Peroxidase activity was assayed according to
Wang's method (Wang 2006). PO activity was ana-
lyzed by measuring oxidation level of guaiacol at
470 nm per mg protein per minute, using a spectro-
photometer (Hitachi U-1800, Japan). Each sample
was tested 3 times.

Meantime, Polyphenol oxidase activity was de-
termined according Ngadze et al (2012) in which 1
ml of leaf extracts of each control plant were mixed
with 3 ml of freshly prepared reaction mixture con-
taining 0.05 M buffer sodium phosphate and 0.1 M
catechol solution (pH 6.5). The absorbance of the
mixture was measured after 3 min at a wavelength
of 420 nm. PPO activity is presented as the change
in Unit mg* proteint min-1.

2.11 Statistical analysis

All the experiments were performed twice.
There were presented as mean +SE of at least three
independent replicates for each determination.
Analyses of variance were carried out using
ANOVA. Least significant difference (LSD) was em-
ployed to test for significant difference between
treatments at P-value < 0.05 (Gomez and Gomez
1984).
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3 Results
3.1 Plant growth characters

Initial symptoms were observed on the infected
tomato plants as discoloration and mosaic symp-
toms 20 days after inoculation. However, these
symptoms appeared on riboflavin treated plants 30
dpi. Riboflavin treatments have generally enhanced
the growth of both non-inoculated and TMV-inocu-
lated plants, with maximal effect to 2.5mM ribofla-
vin. In absence of TMV, riboflavin applied at 2.5mM
significantly increase plant height by 38.59 and as
compared to healthy control Fig 1. Number of
leaves per plant 0.5 and 2.5mM riboflavin treated
plants were also increased by about 42 and 72%
compared with healthy control Fig 2. In absence of
TMV, riboflavin applied at 2.5mM significantly in-
crease Leaves number by 78.04 and as compared
with healthy control Fig 2.

The infected plants showed substantial reduc-
tions of 20.35% in their height compared to non-in-
oculated plants (healthy control) Fig 1. However,
0.5 and 2.5mM riboflavin treated showed the same
significant increase in the plant height of TMV-inoc-
ulated plants by 30.39 and compared to infected
control plants Fig 1. Moreover, Leaf number per
plant was significantly increased by 78.04 in TMV-
infected plants grown at 2.5mM riboflavin compared
with infected control Fig 2.

3.2 Assessment of disease resistance

Elicitors are a common feature of induced re-
sistance to disease, allow enhancement of active
defense mechanisms against different stresses
(Chakraborty and Acharya 2017). Previous studies
reported the efficiency of riboflavin to improve the
plant immunity against different pathogens (Bou-
bakri et al 2016). In the present study, the potential
activity of three riboflavin concentrations (0.5, 2.5,
5mM) was assessed to enhance the resistance of
tomato plants against TMV.

Data in Fig 3 showed the effect of treatment with
different concentrations of riboflavin on TMV dis-
ease incidence 30 days after inoculation with TMV.
Riboflavin treating plants with 0.5 and 2.5mM signif-
icantly (P<0.05) reduced TMV incidence by about
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60 and 80%, respectively, as compared to infected
control plants Fig 3. Whereas, disease severity was
decreased by 62.5, 75, and 25% in plants sprayed
with 0.5, 2.5, and 5mM riboflavin, respectively as
compared to the infected control Fig 4.

3.3 Quantification of TMV infectivity

As shown in Fig 5, all TMV crude sap extracted
of treated plants exhibited different degrees of re-
duction in local lesions number formed on N. gluti-
nosa, relative to TMV crude sap extracted from in-
fected control. Treated plants (0.5 and 5mM)
showed a remarkable reduction in infection with
TMV reached to 37.5 %, and 16.67%, respectively.
However, 2.5mM riboflavin treated plants exhibited
excellent reduction in TMV activity with decreased
number of local lesions (87.5%). It was very clear
that 2.5mM riboflavin played an important role for re-
ducing TMV activity rather than other concentra-
tions Fig 5.

3.4 Determination of TMV concentration

Virus concentration assessed by DAS-ELISA re-
vealed that, TMV accumulation was greatly reduced
in all treated- infected plants but it was not com-
pletely suppressed Fig 6. TMV quantitation data
from two experiments indicated that the 0.5 and
2.5mM riboflavin treatments typically caused a de-
crease in TMV concentrations by 44 and 61.18%,
respectively, as compared to the infected control
Fig 6.

3.5 Time course of SAR by riboflavin

As shown in Fig 7, application of 2.5mM ribofla-
vin before TMV challenge led to increase the plant
resistance gradually from the 1st day. It reached a
plateau between 6™ and 8" day, peaked after 9t
day and finally declined gradually till the 21™ day of
challenge Fig 7. Disease incidence and disease se-
verity were decreased in treated- inoculated plants
by 33.3 and 20% at 9™ day, respectively Fig 7. The
same trend of reduction in disease symptoms of ri-
boflavin treated plants was confirmed by DAS-
ELISA, which revealed a significant inhibition in the
virus concentrations at 9" day Fig 8.
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Fig 1. Plant height of tomato plants in response to riboflavin in deferent concentration and were inocu-
lated 5days later. Ten plants were used per treatment and data obtained 30 days after inoculated. The
same letter is not significant at p< 0.05and standard error of mean calculated
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Control 0.5mM riboflavin 2.5mM riboflavin 5.0mM riboflavin

Fig 2. Number of leaves of tomato plants in response to riboflavin in deferent concentration and were
inoculated 5days later. Ten plants were used per treatment and data obtained 30 days after inoculated.
The same letter is not significant at p< 0.05and standard error of mean calculated
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Fig 3. TMV incidence on tomato plants 35 day after challenge as affected by different concentration with
riboflavin. Ten plants were used per treatment. The same letter is not significant at p< 0.05and standard
error of mean calculated
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Fig 4. TMV severity on tomato plants 35 day after challenge as affected by different concentration with
riboflavin. Ten plants were used per treatment. The same letter is not significant at p< 0.05and standard
error of mean calculated
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Fig 5. Effect of riboflavin on TMV infectivity according to formation of local lesion on N. glutinosa plant.
Samples to prepare the infection sap were collected from treated tomato plants at 14 days after inocula-
tion with TMV. Each experiment was repeated twice. Five plants were used per treatment and average
number of local lesions was determined from 10 leaves each for treated. The same letter is not significant
at p<0.05and standard error of mean calculated
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Fig 6. Effectiveness of riboflavin on virus concentration at 14 days after inoculation in tomato plants using
DAS-ELISA. Each experiment was repeated twice. Ten plants were used per treatment and the same
letter is not significant at p< 0.05 and standard error of mean calculated
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Fig 7. Time course riboflavin (2.5mM) on TMV development infection and severity. Ten plants were used
per treatment and data obtained at 35 day after challenge. The same letter is not significant at p< 0.05
and standard error of mean calculated
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Fig 8. Time course riboflavin (2.5mM) on TMV concentration at 14 days after inoculation in tomato plants
using DAS-ELISA. Each experiment was repeated twice. Ten plants were used per treatment and the
same letter is not significant at p< 0.05and standard error of mean calculated
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3.6 Gene expression analysis of PAL and PR10

Data illustrated in Fig 9 showed that 2.5mM ri-
boflavin treatment markedly induced the accumula-
tion of PAL-mRNA in the beginning 3 hours and
raised at 6 h, followed by a slightly decrease at 12
h. Similarly, PR10 accumulation was notable in-
creased at 3 and 6 h and waked at 12h after treat-
ment Fig 9. Interestingly, the accumulation of PR-
10, one of the members of PR10 proteins, has dis-
played significantly phosphorylation, which en-
hanced resistance against TMV in Capsicum an-
nuum as previously recorded (Ali et al 2018).
Whereas, there was no remarkable different in the
mRNA level of actin at any time points.

3.7 Biochemical changes associated with ribo-
flavin treatment

Results in Fig 8 revealed that, PO activity was
improved and significantly peaked at maximum
level at 8" day in both non-infected and TMV-in-
fected plants after the riboflavin treatment Fig 10.
This increased activity remained stable till 91" day,
and then was followed by sharp declining trend dur-
ing the time course. Peroxidase activity in treated —
inoculated plants was 1.6 and 1.4 times higher than
those of healthy and infected controls at the 8™ day,
respectively Fig 10.

Likewise, accumulation of polyphenol oxidase
(PPO) activities was gradually increased in the first
4 days, and then raised sharply till 8 day in riboflavin
treated plants in response to TMV infection. After
nine days of elicitation, enzyme activities were grad-
ually diminished. Results in Fig 9 denote further
that, PPO was slightly activated in treated- non in-
oculated plants over healthy and infected control
plants during the time course Fig 11.

12h

104 bp
27 by

100 bp

Fig 9. RNA expression level of PAL and PR10 genes in tomato plants at different time points (0, 3, 6, 12
h) after exogenous application with 2.5 mM riboflavin. A, Transcription level of PAL at expected molecular
weight (104 bp). B, Transcription level of expression of PR-10 at expected molecular weight (217 bp). C,

Expression of actin gene as housekeeping gene.
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Fig 10. Effect of treatment with 2.5mM of riboflavin on peroxidase activity in tomato plants. HC: Healthy
control, IC: Infected control (non- treated inoculated plants), TC: treated (2.5Mm) non-inoculated, TN:
treated inoculated plants with 2.5mM of riboflavin, Optical density at 470 nm. Data obtained at least from
10 plants / treatment. The same letter is not significant at p< 0.05 and standard error of mean calculated
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Fig 11. Effect of treatment with 2.5mM of riboflavin on Polyphenol Oxidase activity in tomato plants. HC:
Healthy control, IC: Infected control (non- treated inoculated plants), TC: treated (2.5Mm) non-inoculated,
TN: treated inoculated plants with 2.5mM of riboflavin, Optical density at 420 nm. Data obtained at least
from 10 plants/ treatment. The same letter is not significant at p< 0.05 and standard error of mean
calculated
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4 Discussion

Elicitors are a common feature of induced re-
sistance to disease, allow enhancement of active
defense mechanisms against different stresses
(Chakraborty and Acharya 2017). Previous studies
reported the efficiency of riboflavin to improve the
plant immunity against different pathogens (Bou-
bakri et al 2016). In the present study, the potential
activity of three riboflavin concentrations (0.5, 2.5,
5mM) was assessed to enhance the resistance of
tomato plants against TMV. Obtained results re-
vealed that spraying tomato plants with (2.5mM) ri-
boflavin five days before inoculation were reduced
mosaic symptoms on treated plants to 25 % Fig 4.
This result was in agreement with those of Zhang et
al (2009), who reported the enhancement re-
sistance of tobacco plant against Alternaria alter-
nata and TMV after riboflavin treatment. Our results
are also in accordance with those of Torkey (2016),
who found a significant effect of 2mM riboflavin in
reducing TMV symptoms on sweet pepper when ap-
plied just before viral infection. In addition, 2.5mM
riboflavin treatment showed a significant suppres-
sive influence on virus infectivity and virus concen-
tration compare with other treatments Figs 5 and 6.
This indicates that exogenous application of 2.5mM
riboflavin before virus inoculation could enhance re-
sistance against TMV in both L.L. host and host
plants. These results are consistent with the find-
ings of Torkey (2016) who observed the efficiency
of low concentration of riboflavin and thiamin in re-
ducing TMV infectivity and its concentration in Cap-
sicum annuum. On the other hand, obtained results
in time course experiment indicated that, disease
severity and virus concentration were reduced and
reached its minimum levels 6 to 8 days after treating
with 2.5mM riboflavin Figs 7 and 8. Similar obser-
vations were also reported by Abdel- Monaim
(2011) who observed the inhibition of disease se-
verity of charcoal rot disease 5 to 7 days after ribo-
flavin treating soybean plants.

Several studies have been explained how ribo-
flavin can prime systemic plant defenses (Wang et
al 2013; Polacios et al 2014). According to Darwish
et al (2017), Riboflavin is necessary cofactor in di-
versing metabolic pathways that lead directly to pro-
mote plant growth and enabling higher resistance to
pathogen attack. Obtained data denoted that, plant
high and number of leaves were improved in each
of non-inoculated and inoculated plant after treat-
ment with 2.5mM riboflavin Figs 1 and 2. This as-
sertion is also supported by the findings of Bondok

and Thabet (2016) who reported that 1mM riboflavin
foliar application enhanced tomato plant vigor and
triggered plant defense TMV infection. Furthermore,
numerous researchers demonstrated the role of ri-
boflavin in priming disease defense reactions that
include the expression of pathogenesis related (PR)
proteins (Nie and Xu 2016). In present work, the
transcription level of PR10 gene, as a molecular
marker for SAR, was gradually increased in treated
plants and peaked at 6 hours after foliar application
of 2.5mM riboflavin Fig 9. Interestingly, the accumu-
lation of CaPR-10, one of the members of PR10 pro-
tein, has displayed significantly phosphorylation,
which enhanced resistance against TMV in Capsi-
cum annuum as previously recorded (Ali et al 2018).
Likewise, expression level of the PAL gene, a key
enzyme of the phenylpropanoid pathway, was in-
creased after riboflavin treatment at all-time points
Fig 9. These results are in agreement with Taheri
and Tarighi (2010) who explained the role of ribofla-
vin to enhance plant defense responses through up
regulation of PAL in rice- R. solani pathosystem.
The literature obviously mentioned that riboflavin
mediates many bioprocesses related with the in-
creasing of peroxidation (Ji et al 2014). Our investi-
gation cleared notable elevation of PO and PPO ac-
tivities in both non-infected and TMV-infected plants
at the 8™ day after treatment with 2.5mM riboflavin
Figs 10 and 11. Same trend of results obtained by
Abdel- Monaim (2011) who mentioned that treat-
ment with either thiamine or riboflavin can induce
elicitation of the PO and PPO activity in soya bean
plants and reached maximum levels at 8 and 6 re-
spectively. Bondok and Thabet (2016) also ob-
served higher PO activity in riboflavin treated to-
mato plant at 7" day after TMV inoculation. These
results also are in line with Torky (2016) who ob-
served enhancement in the activities of PO and
PPO in C. annuum plants sprayed with thiamin and
riboflavin providing resistance against TMV. Alto-
gether, these results suggest that riboflavin might
be involved in enhancing of plant defense re-
sponses.

5 Conclusion

In conclusion, this study provides an efficient ap-
proach that priming tomato defense responses
against TMV infection. Foliar application with
2.5mM riboflavin before TMV challenge decreased
disease severity and virus concentration, which as-
sociated with activation a series of defense re-
sponses including increasing in the expression of
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defense-related genes (PR10 — and PAL genes)
and the activities of antioxidant enzyme (PO and
PPO).
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