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ABSTRACT

Our investigation aimed to evaluate the efficacy of applying Boric, Ascorbic and Oxalic acids as foliar treatments
on two strawberry cultivars, i.e., Fortuna and Sensation, during field growth, on controlling gray mold in post-
harvest stage. In vitro experiment revealed that all the tested acids were found to have direct fungicidal effect on
B. cinerea growth. Oxalic acid was the most effective causing total inhibition to the fungal growth. The disease
severity on strawberry fruits stored at 0+1°C for 21 days was significantly reduced in all treatments of acids on
both tested cultivars. However, Boric acid (40 mM) was, in general, the most effective treatment in reducing
disease severity followed by Ascorbic acid (40 mM), especially for artificially inoculated strawberry fruits, while
Oxalic acid and Ascorbic acid were the least efficient in reducing disease severity at the lower concentration. The
effect of different acid treatments on the activity of oxidative enzymes revealed a correlation between the reduction
in disease severity and increase in enzymes activity of polyphenoloxidase (PPO) and peroxidase (POX). However,
there was no consistency in the activity of catalase (CAT) in correlation with disease severity. The total phenols
concentrations in fruits were significantly increased with all treatments. The free radical scavenging activity
analysis in fruits showed a high correlation between the total phenols concentrations and antioxidants scavenging
activities in both tested cultivars. The overall conclusion is that the acids under investigation induced a resistance
against B. cinerea in fruits during storage and significantly suppressed gray mold severity.
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INTRODUCTION

Plants can sense the presence of invaders or
pathogens and they also have the ability to react

and defend themselves. After onsite stimulation,
a downstream defense pathway is triggered
involving a wide range of compounds and signals
transferred systemically through plant tissues
providing it with a level of resistance to a wide
range of subsequent attackers; a state known as
systemic acquired resistance (SAR) (Durrant and
Dong, 2004; Fu and Dong, 2013). Different kinds
of natural and synthetic compounds were found
to mimic the effect of pathogens and provoke the
plant for defense reactions. These compounds, so
called “inducers or elicitors”, can exogenously be
applied during different plant growth stages and
their effects in stimulating plant defense can
prolong for some time after application
conferring plants with resistance against a wide
spectrum of pathogens (Walters et al., 2013). The
great merit of inducing resistance in plants is the
wide range of pathogens that could be targeted as
the used inducers usually act by activating a
broad spectrum of genes related to different
defense mechanisms (Romanazzi et al., 2016;
Zhou and Wang, 2018). Thus far, the inducing of
resistance by chemical inducers has a preference
over fungicides usage.

One of the earliest known compounds to
activate systemic resistance in plants is salicylic
acid (Métraux et al., 1990). It is an organic
compound naturally produced inside the plants
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and plays a substantial role in SAR signaling
pathways (Durrant and Dong, 2004). In addition,
some synthetic compounds have been used for
several years and were found to be potent
inducers of plant systemic resistance. For
instance, benzothiadiazole (BTH), glycerol-3-
phosphate (G3P) and Acibenzolar-S-methyl
(ASM) proved to efficiently suppress diseases
caused by various plant pathogens, e.g.,
Collectorichum spp., Pseudomonas syringae pv
'tomato’ DC3000 (Gao et al., 2014; Lawton et al.,
1996; Silva et al., 2018). Moreover, previous
investigations suggested that Ascorbic acid, the
famous antioxidant produced by plants, can also
be utilized in inducing resistance in plants.
Applying Ascorbic acid on citrus tress was found
to give promising results in suppressing citrus
Huanglongbing (HLB) caused by Candidatus
liberibacter asiaticus (Li et al., 2016).

In addition to its essentiality in plant
fertilization and fortification, Boric acid was
found to play a role in suppressing potato
infection with black scurf disease when applied
to the seed tubers during planting. However, it
was suggested that this suppression in disease
severity could be due to a fungicidal effect on the
pathogen (Arora, 2013).

Although Oxalic acid is known to be a
pathogenesis element of some plant pathogens
such as Sclerotinia sclerotiorum and B. cinerea,
it was reported to induce resistance in rice plants
against sheath blight caused by Rhizoctonia
solani when it was applied in specific minute
doses (Jayaraj et al., 2010).

The induction of resistance responses in plants
is accompanied with substantial changes in the
metabolic processes inside plant cells. It has been
proved that the different biological or
environmental stresses induce reactive oxygen
species in plants to very high and deleterious
levels (Apel and Hirt, 2004). Investigations on
the molecular and biochemical levels of the SAR
in plants revealed that scavenging activities of
different compounds either enzymatic or non-
enzymatic significantly change during the
induced resistance process in order to reduce the
harmful effects of oxidative bursts. Therefore, the
role of antioxidant enzymes such as peroxidases
and catalases may drastically change in order to
reduce and neutralize the implications of the
harmful levels of oxidative bursts (Romanazzi et
al., 2016).

One of the most important diseases that
hamper strawberry production is gray mold
caused by Botrytis cinerea Pers. Fr. which is a
ubiquitous necrotrophic pathogen that has a very

broad host range of plant species (Petrasch et al.,
2019). Gray mold on strawberry can cause
considerable losses especially during the post-
harvest period. In general, this pathogen favors
moderate to low temperature and high humidity.
The infection process is basically initiated during
field growth stage, however; before harvesting;
the disease sometimes remains latent and the
symptoms unclear. Predominantly, strawberry
fruits got stored in fridges immediately after
being harvested or may directly be transferred to
the marketplaces or shipped to other countries.
Since the pathogen favors low temperature, it can
survive during storage periods in temperatures
close to zero Celsius degree (Elad et al., 2007).
In optimum conditions of temperature and
humidity, gray mold symptoms can be readily
distinguished as brown lesions usually begin
from the petioles ends of the fruits that spread
very rapidly on whole fruit and petioles. Fruits
turn to gray due to the complete maceration of the
tissues and the growth of the pathogen
distinguished by its abundance spores covering
the fruit (Elad et al., 2007). Ultimately fruits
desiccate due to leakage from the macerated
tissues (Choquer et al., 2007). Controlling
diseases caused by B. cinerea is a challenge since
it is known with its high plasticity and genetic
variability; therefore, it has the ability to always
develop new strains resistant to fungicides
(Hahn, 2014). Additionally, the potential hazards
of using fungicides and their proved adverse
effects on human, environment and microflora
have led to growing need for sustainable, safe and
effective means for controlling the disease. A
number of chemical elicitors have been adopted
in controlling diseases caused by B. cinerea on
different plant hosts. Salicylic acid, gibberellic
acid, acibenzolar and methyl jasmonate have
been applied either as pre- or post-harvest
treatments on different hosts to reduce the losses
caused by gray mold (Terry and Joyce, 2004).

In Egypt, B. cinerea is considered to be
endemic and present in all areas growing
strawberries. Losses in strawberry production
due to gray mold disease in Egypt can be
enormous especially during post-harvest stage.
Since Egypt is globally one of the top exporters
of strawberry, either fresh or frozen (FAOSTAT,
2018), gray mold disease is a big threat and a
great challenge for strawberry growers and
exporters. However, strawberry growers are
conscious to the restrictions imposed by
governments on the use of chemical pesticides.
Also, strawberry growing areas are subjected to
surveillance programs in order to meet the global
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standards of safety and quality of fruits especially
those aimed to be exported.

The purposes of our study were: 1) evaluating
the effect of using Boric, Ascorbic and Oxalic
acids as field treatments on the suppression of
post-harvest infection of strawberry fruits with
gray mold, 2) assessment of some oxidative
enzymes and total phenolic compounds to
elucidate the correlation between their activity
and induced defense process, and 3) studying the
involvement of antioxidants scavenging activity
in response to using resistance inducers.

MATERIALS AND METHODS

1. Effect of Boric, Ascorbic and Oxalic acids
on the growth of B. cinerea in vitro:

A virulent isolate of Botrytis cinerea (MRDS
200), originally isolated from rotted strawberry
fruits was obtained from the collection of Mycol.
Res, and Dis. Sur. Dept., Plant Pathol. Res. Inst.,
ARC, Giza, Egypt.

In vitro experiment was conducted to
investigate the direct effect of Boric, Ascorbic
and Oxalic acids on the mycelial growth of B.
cinerea. The three acids were obtained from
Sigma Chemical Co. Egypt. Each acid was tested
in two concentrations, i.e., 20 and 40 mM. An
Erlenmeyer flask containing 250ml PDA
medium was prepared for each concentration of
each acid. The tested acids were mixed with the
melted PDA just before pouring into Petri plates.
The plates were inoculated with 5 mm in
diameter mycelia discs of 7 days old of B. cinerea
culture (MRDS 200). Plain PDA plates
inoculated with B. cinerea myecelia discs were
used as a control. For each treatment, four plates
were used as replicates. Plates were incubated at
20+1°C until control plates were fully grown.
The diameter of the mycelial growth in plates of
the different treatments was then measured and
the reduction in growth was calculated using the
following formula suggested by Siripornvisal et
al. (2009):

A-B

B x 100

% Reduction =

Where:
A=diameter of the fungal colony of the
control,
B=diameter of the fungal colony of the
treatment.

2. Effect of spraying strawberry plants under
field condition with the tested acids on post-
harvest infection with gray mold:

A field experiment was conducted in El
Qalubya governorate, Egypt, during 2018 and
2019 growing seasons. Two strawberry cultivars
were used in this experiment, i.e., Fortuna and
Sensation. The experimental plot consisted of
three rows each was 3 x 0.9 m. Strawberry plants
were grown 30 cm apart on each row. Four plots
were used as replicates for each treatment. These
plots were irrigated using a drip irrigation system.

Plants were treated with Boric, Ascorbic and
Oxalic acid in 20 and 40 mM concentrations for
each (Mohamed et al., 2015 and Khalil and
Ashmawy 2019). Treatments were sprayed four
times during the growing season. The first spray
was applied 30 days after planting, the second
spray was applied at the blooming stage and then
spraying was repeated twice with 15 days
interval. Strawberry fruits were harvested two
days after last spray. Plots of each strawberry
cultivar with the same aforementioned
dimensions, which did not receive any treatment
with the acids under investigation, were set as a
control. After harvesting, fruits of each treatment
were selected for absence of mechanical defects,
ostensibly free from fungal diseases and for
uniformity of color and shape. Fruits of each
treatment were divided into two groups. The first
group of fruits was surface sterilized using 70%
ethanol for one min and then was artificially
inoculated with B. cinerea. The artificial
inoculation was achieved by spraying fruits with
spore suspension of B. cinerea at about 3x10°
spores/ml. The second group was not surface
sterilized and left to natural infection. Fruits of
both groups were then packed in polypropylene
punnets. The fruits were stored at 0+1°C (Ikegaya
et al., 2020) and 90-95% RH for 21 days and then
disease severity was assessed. Afterwards, fruits
were transferred into 20 + 1°C (Feliziani et al.,
2015) and 95-98% RH to mimic the conditions of
market shelves and then disease severity was
assessed after four days. Disease severity
assessment was carried out according to
Romanazzi et al (2000) using the following
equation:

Disease Severity (%) = —%\% x 100

where d is the category of rot intensity scored
on the fruit and f is its frequency, N is the total
number of examined fruits (healthy and infected),
and D is the highest category of decay intensity
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occurring on the empirical scale, using the six-
degree scale, as 0 = healthy fruit, 1 = decayed
area of the fruit ranging from 1 to 20%, 2 =
decayed area of the fruit ranging from 21 to 40%,
3 = decayed area of the fruit ranging from 41 to
60%, 4 = decayed area of the fruit ranging from
61 to 80%, and 5 = at least 81%of the fruit surface
is infected and showing sporulation.

3. Biochemical studies:

The biochemical studies in this investigation
were carried out on the strawberry fruits that have
been incubated for 2 and 4 days at 0 + 1°C and
90-95% RH.

Oxidative enzymes were assessed in both
naturally and artificially infected strawberry
fruits. The assessment was carried out in fruit
tissues of each treatment, two and four days after
inoculation. Three grams of fruits were blended
in a mortar using liquid nitrogen. Powdered
tissues were extracted in 6 ml of 0.1 M phosphate
buffer (PH 7.0) at 4°C. The homogenate was
centrifuged at 4000 rpm, at 4°C for 20 min
(Anand et al., 2007). The crude extracts prepared
from the fruits were used to determine the
polyphenoloxidase, peroxidase and catalase
activities assessed by photometric absorbance
using spectrophotometer (Model 200UV-UNICO
Instruments CO. LTD, USA as follows:

3.1. Polyphenoloxidase activity (PPO):

Activity of PPO was determined according to
Mayer et al. (1966). The reaction mixture
consisted of 1.5 ml of 0.1 M phosphate buffer
(PH 6.5) and 200 pl of the enzyme extract. 200 pl
of 0.01 M catechol were added to initiate the
reaction. The activity of PPO was measured by
the changes in the absorbance of the reaction
mixture measured at 495 nm  using
spectrophotometer. The activity was expressed as
absorbance min* g of fruit fresh weight.

3.2. Peroxidase activity (POX).

Peroxidase assay (based on oxidation of
pyrogallol to purpyrogallin in the presence of
H.0) was determined according to the method
described by Allam and Hollis (1972). The
reaction mixture contained 0.3 ml of the crude
enzyme, 0.5 ml phosphate buffer solution (PH 7),
0.3 ml of 0.05 M pyrogallol and 0.5ml of 1%
H>0,. Distilled water was added to fill up the
mixture up to 3 ml. Changes in absorbance at 425
nm by Spectrophotometer were recorded every
30 sec for 3 min. POX activity was expressed as
the change in the absorbance of the reaction
mixture min?t gt of fruit fresh weight according
to Hammerschmidt et al. (1982).

3.3. Catalase activity.

Catalase enzyme was assayed according to the
method described by Kato and Shimizu (1987).
The reaction mixture consisted of 0.1 ml crude
extract, 0.5 ml 0.2 M. phosphate buffer (PH 7.6)
and 0.3 ml of 0.5% H,O, then the mixture
brought to a final volume of 3 ml with distilled
water. The breakdown of H,O, was followed up
by measuring the absorbance at 240 nm by
Spectrophotometer. Moreover, the enzyme
activity was calculated as the change in
absorbance min? g of fruit fresh weight.

3.4. Determination of Total Phenolic Contents

(TPC):

Fresh strawberry fruit samples were extracted
in 95% ethanol (1:5 w/v) at room temperature and
then centrifuged at 3500 rpm for 25 min.
Supernatants were kept for 48h and filtered
through Whatman No. 5 filter paper and stored in
dark sealed bottles at —20°C until further
analysis.  Folin-Ciocalteus's  phenol  was
purchased from Merck Chemical Supplies
(Darmstadt, Germany) and TPC were assessed
according to the Folin—Ciocalteu method
(Tulipani et al., 2008). The absorbance of the
mixture was measured at 750 nm using
spectrophotometer. Different concentrations of
gallic acid were used to prepare the standard
calibration curve. The TPC were expressed as
milligrams of gallic acid equivalents per 100g of
tissues (mg GAE/100g). The absorbance values
were resulted from the average of three
absorbance measurements per group of samples.

3.5. DPPH Radical Scavenging capacity:

2,2- Diphenyl-1-picrylhydrazyl (DPPH) was
obtained from Sigma-Aldrich (St. Louis, MO,
USA) and the free radical scavenging capacity
(RSC)was determined according to Barros et al.
(2007) by the following equation:

RSC% =

Absorbance control — Absorbance sampie
Absorbance control

x 100

4. Statistical analysis:

The experimental design of both in vitro and
in vivo experiments was randomized complete
block with four replicates for each treatment.
Analysis of the obtained results was carried out
using Co-Stat 3.4 software as the usual technique
of analysis of variance (Gomez and Gomez,
1984). Means were compared using least
significant differences (LSD) at p 0.05 as
outlined by Duncan (1955).
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3. RESULTS

3.1. Effect of Boric, Ascorbic and Oxalic acids
on the growth of B. cinerea in vitro.:

In vitro experiment was carried out to assess
the effect of the three acids under investigation
on B. cinerea mycelial growth. Results indicated
that all tested acids significantly reduced B.
cinerea mycelial growth. However, differences
among tested treatments effectiveness were
noticed. Efficacy of Oxalic acid in suppressing B.
cinerea growth was 100% at both tested
concentrations. In addition, the efficacy of the
higher concentration (40 mM) of both Boric and
Ascorbic  acids  exceeded the  lower
concentrations (20 mM) in suppressing the fungal
growth (Table 1).

Table (1): The antifungal effect of Boric,
Ascorbic and Oxalic acids on the
growth of B. cinerea in vitro.

Conc Linear %
Treatment (mM). growth Efﬁcioenc
(mm) d
o 20 43.8° 513

Boric acid

40 23.0¢ 74.4
Ascorbic 20 58.8° el
acid 40 42.3¢ 53.0

20 0.0¢ 100.0
Oxalic acid

40 0.0¢ 100.0
Control 90.02 -

Within each column, same letter indicates no
significant difference among treatments at P0.05.

2. Effect of spraying strawberry plants under
field condition with the tested acids on the
severity of post-harvest infection of fruits
with gray mold during cold storage:
Treating strawberry plants during growth with

the acids under investigation, affected severity of

B. cinerea mold on fruits. For strawberry fruits

stored at 0£1°C, data revealed that the three used

acids significantly decreased disease severity

compared to the control (Table 2).

Boric acid gave the best protection against the
disease both in artificially or naturally infected
fruits followed by Ascorbic and Oxalic acid.
However, increasing levels of the tested acids
were more effective in suppressing the disease
severity and this was clear in both successive
seasons 2018 and 2019 with minor differences
where the impact of the treatments during the first

year was more obvious compared to the second
year.

It is noteworthy that Boric acid (40 mM) and
Ascorbic acid (40 mM) were the best treatments
in reducing disease severity of artificially
inoculated strawberry fruits of Fortuna cultivar.
Moreover, Boric acid and Ascorbic acid at the
highest concentration (40 mM) gave complete
suppression of gray mold incidence on fruits that
were naturally infected compared to the untreated
control in both tested strawberry cultivars.
However, for the naturally infected fruits, the
level of inhibition in disease severity was quite
the same in all treatments for Fortuna cultivar
while for Sensation there were slight differences
between treatments. In regard to the cultivars, it
was generally noticed that the three tested acids
gave the same efficacy trend of the results for
both Fortuna and Sensation. Nevertheless, slight
differences were noticed in level of efficacy.

On the other hand, at 20+1°C incubation
condition, the severity of B. cinerea infection was
much higher for both artificially and naturally
infected fruits than when kept at cold conditions;
however gray mold severity was 100% in the
control of artificially inoculated fruits in both
tested cultivars (Table 3). The best treatments in
reducing disease severity were Boric acid (40
mM) and Oxalic acid (40 mM) in artificially
inoculated Fortuna cultivar. Although 20 mM of
either Oxalic acid or Ascorbic acid gave the least
effect in decreasing disease severity (41.1-44%),
still their effects were significant compared to the
control.

Concerning the naturally infected fruits,
tested acids were quite close to each other in
reducing disease severity. Boric acid, Ascorbic
acid and Oxalic acid with 40 mM concentrations
were the best treatments in reducing disease
severity in Fortuna cultivar. Similarly, the highest
effect in suppressing disease severity in
artificially inoculated Sensation fruits was 40
mM Boric acid while Oxalic acid showed the
lowest efficacy to inhibit disease severity,
however its effect was significant compared to
the control. Interestingly, 40 mM Oxalic acid was
the most effective treatment in reducing disease
severity of naturally infected Sensation fruits in
2019; however, 40 mM Boric acid gave
significantly similar effect.

Comparing results of Table 2 and 3, it is
obvious that storage of strawberry fruits at 0+1°C
substantially lowered disease severity of gray
mold compared to strawberries stored at 20£1°C
either in artificially or naturally infected fruits.
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Table (2): Effect of spraying strawberry plants under field condition (Fortuna and Sensation
cultivars) with Boric, Ascorbic and Oxalic acids on severity of gray mold on stored fruits
at 0£1°C and 90-95% RH for 21 days.

2018 2019
Treatment Conc.  Artificial infection Natural infection Acrtificial infection Natural infection
(mM) [;/‘é Eff.°/.° % % yps %  yps _ 2%
S. iciency D.S.  Efficiency Efficiency Efficiency
Fortuna cv.

Boric acid 20 7.9 87.6 15°b 93.2 10.5« 84.5 3.0° 88.5
40 3.1¢ 95.1 0.0° 100.0 4.8¢ 92.9 1.3b 95.0

Ascorbic acid 20 22.9¢ 64.0 350 84.2 25.3P 62.6 5.2°b 80.0
40 34¢ 94.7 0.0° 100.0 424 93.8 0.0° 100.0

Oxalic acid 20 32.1° 495 350 84.2 30.5°P 54.9 455 82.7
40 14.1¢ 77.8 0.9° 95.9 17.1¢ 747 1.8° 93.1

Control 63.6 2 . 22.12 . 67.6 2 . 26.02 .

Sensation cv.

Boric acid 20 13.149 82.2 2.7 bed 91.8 16.3 79.2 425 88.1
40 6.0° 91.8 0.0¢ 100.0 8.0¢ 89.8 00¢ 100.0

Ascorbic acid 20 29.4°b 60.0 4.6° 86.0 30.4° 61.3 59°b 83.2
40 20.3°¢ 72.2 0.09 100.0 226°¢ 71.2 00° 100.0

Oxalic acid 20 20.7 ¢ 71.8 3.8k 88.4 21.4°¢ 72.7 450 87.2
40 11,2 84.8 1.4 ¢ 95.7 13.6 % 82.7 1.7¢ 95.2

Control 735° . 3282 . 78.52 . 3522

Within each column, same letters indicate no significant difference among treatments at (P<0.05). D.S.= disease
severity. Control was infected with B. cinerea (artificial infection) or without inoculation (natural infection).

Table (3): Effect of field spraying of strawberry plants (Fortuna and Sensation cultivars) with
Boric, Ascorbic and Oxalic acids on the severity of post-harvest infection with gray mold
on fruits stored at 20£1°C and 95-98% RH for four days

2018 2019
Treatment Conc. Artificial infection Natural infection Atrtificial infection Natural infection
(mM) % % % % %D.S % %D.S %
D.S. Efficiency D.S. Efficiency e Efficiency ou Efficiency
Fortuna cv.
L. 20 41.6°¢ 58.4 9.7 cd 78.0 43.2 ¢ 56.8 12.2 o 74.5
Boric acid
40 315¢ 68.5 4814 89.1 3444 65.6 5.7¢ 88.1

56.0° 44.0 15.8°¢ 64.2 5890 411 17.5b¢ 63.4
33.8¢d 66.2 7.3¢ 83.4 3494 65.1 9.8 d 79.5
58.9°b 411 25.4°b 42.4 56.2 b 43.8 23.1b 51.7
39.6 « 60.4 6.4¢ 85.5 37.3d 62.7 7.7 % 83.9
Control 100.02 - 4412 . 100.02 . 4782
Sensation cv.
20 40.6° 59.4 11.6¢ 77.3 43.2°¢ 56.8 13.2¢ 76.4

Ascorbic acid

Oxalic acid

Boricacid 0 o060 774 5.7¢ 888  242¢ 758 7.4¢ 86.8
necorbicacg 20 602 398 132 742 28 375 151° 730
40  454° 546  75% 853  482° 518 9.4% 83.2
oxlicacq 20 601 399 233 544 631 369 223 602
40  447° 553  75% 853  465° 535 5.4¢ 90.4

Control 100.0° - 51.1° - 100.0° - 56.0° -

Within each column, same letter/s indicates no significant difference among treatments at (P<0.05)., D.S.= disease
severity. Control was infected with B. cinerea (artificial infection) or without inoculation (natural infection).
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3. Biochemical studies:
3.1. Poly phenoloxidase,
catalase activities:

In order to investigate the effect of different
treatments on the metabolic changes in the
infected Fortuna and Sensation strawberry fruits,
the activity of poly phenol oxidase, peroxidase
and catalase enzymes were assessed after
incubation at 0+1°C for 2 and 4 days. Data
illustrated in Figures (1, 2 and 3) generally
revealed that the three acids under investigation
clearly affected the activity of
polyphenoloxidase, peroxidase, and catalase
enzymes in tissues of infected fruits.

The increase in levels of PPO was remarkable
in infected fruits of both strawberry cultivars with
all acid treatments compared to the control with
few exceptions (Figure 1). In addition, the
increase in PPO activity was more obvious in
artificially infected fruits compared to the
naturally infected ones after four days of

peroxidase, and

polyphenoclo

0.5 - a
o3

0.3

bb

0.2 -
™ Boric acid
Boric acid abb a aab a
0.1 1
B Ascorbicacid - I
o T - T

Oxalic acid
2days aday 2day
m Control

incubation. Boric acid treatment showed the
highest remarkable increase in PPO activity four
days post incubation in artificially infected fruits
of both tested strawberry cultivars. Two days post
incubation, the activity of PPO was slightly
increased except in case of Ascorbic acid and
Oxalic acid treatments in artificially inoculated
Fortuna strawberry fruits as the activity was
slightly decreased compared to control. PPO
activity in the naturally infected Fortuna
strawberries not treated with acids was almost
similar to that of artificially inoculated ones after
2 days, while it was much higher after 4 days.
Generally, PPO activity was increased in all
treatments of both tested strawberry cultivars
with few exceptions. Moreover, a remarkable
significant increase in PPO activity was observed
with Boric acid treatments 4 days post incubation
in artificially inoculated fruits of both tested
strawberry cultivars.

xidase activity {(absorbance minlg-1 fresh weight)

Li L

2days ddays

l ]
ays dday

4days

Artificial infection | Natural infection | Artificial infection | Natural infection

cv.” Fortuna’

cv. "Sensation’

Strawberry cultivars

Figure (1): Effect of spraying strawberry plants with 40 mM of Boric, Ascorbic and Oxalic acids
on activity of poly phenoloxidase (PPO) in fruits naturally and artificially infected with
B. cinerea during post-harvest stage after 2 and 4 days storage at 0+1°C. Enzyme activity
is expressed as absorbance minZigram-1 fresh weight. Same letters within each
incubation period (2 or 4 days) indicate no significant difference among treatments at

(P<0.05).

Data also showed that the three acids used in
this  investigation  significantly increased
peroxidase activity in the fruits of both tested
cultivars with different levels (Figure. 2). The
increase in peroxidase activity was higher after 4
days of incubation than after 2 days of incubation
except in Boric acid treatment of artificially
inoculated Fortuna strawberries. The highest
level of peroxidase activity was observed in case
of Ascorbic acid treatment comparing with other
treatments. This increase was remarkable in fruits
of both tested strawberry cultivars after 4 days of
incubation.

Concerning catalase, the activity in most
treatments was decreased specifically in
artificially inoculated fruits (Figure 3). In case of
cultivar Fortuna, catalase activity was decreased
significantly in Boric and Oxalic acid treatments
in artificially inoculated fruits and this reduction
was more obvious 4 days post incubation.
However, in case of artificially inoculated fruits
of Fortuna cultivar, catalase activity was
obviously decreased two days post incubation in
all treatments while at four days post inoculation
activity was decreased in both Boric and Oxalic
acid treatments compared to the control.



Soliman et al.,

56

0.6

™ Boric acid 0.9

m Ascorbicacd 0.2

w Oxalic acid o

= Control

2days ddays 2days

Artificial infection

cv.” Fortuna "

xidase activity (absorbance min’

d4days

Natural infection

1 g-1 fresh weight)

2days 4days

2days ‘ dAdays

Artificialinfection | Natural infection

cv."Sensation’

Strawherry cultivars

Figure (2): Effect of spraying strawberry plants with 40 mM of Boric, Ascorbic and Oxalic acids
on the activity of peroxidase (POX) in fruits naturally and artificially infected with B.
cinerea during post-harvest stage after 2 and 4 days storage at 0£1°C. Enzyme activity is
expressed as absorbance minZigram fresh weight. Same letters within each incubation
period (2 or 4 days) indicate no significant difference among treatments at (P<0.05).
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Figure (3): Effect of spraying strawberry plants with 40 mM of Boric, Ascorbic and Oxalic acids
on the activity of catalase (CAT) in fruits naturally and artificially infected with B.
cinerea during post-harvest stage after 2 and 4 days storage at 0£1°C. Enzyme activity is
expressed as absorbance minZigram fresh weight. Same letters within each incubation
period (2 or 4 days) indicate no significant difference among treatments at (P<0.05).

On the other hand, in naturally infected
strawberry fruits of Fortuna cultivar, a significant
increase in catalase activity was observed in
Oxalic acid treatment at the beginning (2 days
incubation) then it was significantly decreased
later on (4 days post incubation) compared to the
control. In addition, catalase activity remarkably
increased in Boric acid treatment for naturally
infected fruits of Sensation cultivar after 2 days
of incubation compared to the control while the
activity of the enzyme in Ascorbic acid treatment
was significantly increased in fruits after 4 days
of incubation.

3.2. Determination of total phenols content
and free radical scavenging activity:
Results presented in Table (4) clearly show

that treating plants with the three acids used in

this investigation significantly enhanced total
phenolic content (TPC) compared to the control
treatment. It is also noticeable that artificially
inoculated fruits gave higher levels of TPC in
most treatments compared to naturally infected

ones in both tested strawberry cultivars (Table 4).

In control treatments, it is clear that the levels of

total phenolic compounds in Fortuna cv. were
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higher compared to Sensation cv. either naturally
or artificially infected fruits. For instance, TPC in
Fortuna cv. was 866.86 mg while it was 518.28
mg in Sensation cv. 4 days post incubation. In
addition, the increase in TPC content was
remarkable in artificially inoculated strawberry
fruits of cultivar Sensation (2055.43 mg) treated
with high concentration of Oxalic acid (40 mM)
as well as in fruits treated with Ascorbic and
Boric acid treatments (2026.86 and 1706.86 mg,
respectively).

Data presented in Table (5) show the free
radicals scavenging activity in strawberry fruit
tissues interpreted according to the DPPH
radicals’ elimination assay. Data clearly indicate

that the different treatments by Boric, Ascorbic
and Oxalic acids enhanced the antioxidant
activities in fruits tissues compared to the control
treatment. Data show that the scavenging activity
was higher in fruits 4 days post incubation
compared to 2 days post incubation. In addition,
the effect of Oxalic acid in antioxidant
scavenging activity in Sensation cv. was higher
compared to the other used elicitors especially in
case of using 40mM concentration, whereas in
Fortuna cv. the effect of using 40 mM of Boric
acid in scavenging levels was better compared to
using Oxalic or Boric acids. Furthermore, there
was a high correlation between the TPC
concentration and the scavenging activity.

Table (4): Effect of spraying strawberry plants under field condition (Fortuna and Sensation
cultivars) with Boric, Ascorbic and Oxalic acids on the total phenolic contents (TPC) in

strawberry fruits (mg/100g fresh tissues).

Fortuna cv. Sensation cv.
Treatment Con, Atrtificial infection Natural infection Atrtificial infection Natural infection
(mM)

2 days 4 days 2 days 4 days 2 days 4 days 2 days 4 days
Boric acid 20 912.5d 969.7¢ 882.2d 992.6¢ 546.3° 535.4f 917.7°  1489.72
40 1175.28  1377.2% 1034.2° 1209.7¢ 1120.88 1706.9¢ 1077.18 1272.6"

Ascorbic acid 20 821.4° 844.06  1117.7¢0 1232.6° 824.99 1089.7¢  765.2¢ 924.08
40 1043.2° 1146.9° 998.3° 1741.1® 1020.5° 2026.9® 922.1¢  1158.3¢
Oxalic acid 20 811.2°%  826.99 776.58 924.08 976.1° 1192.6¢ 876.19 1055.4¢
40 988.7° 1032.6° 883.8¢ 935.4¢  1112.1* 2055.4% 1065.4° 1278.3°

Control 721.0f 866.9° 623.2f 772.6f 466.6° 518.39 402.2f 422 47

Within each column, same letter/s indicates no significant difference among treatments at (P<0.05). Control was
infected with B. cinerea (artificial infection) or without inoculation (natural infection).

Table (5): Effect of spraying strawberry plants under field condition (Fortuna and Sensation
cultivars) with Boric, Ascorbic and Oxalic acids on DPPH radical scavenging capacity
(RSC %) in strawberry fruits.

Fortuna cv. Sensation cv.

Treatment Conc Acrtificial infection Natural infection Acrtificial infection Natural infection

2days  4days 2 days 4 days 2 days 4 days 2 days 4 days

Boric acid 20 54.6%cd 542 55,2 54,30 61.92 62.92 54,5 43.7¢

40 50.6¢ 49.3¢ 53,1bcd 52.1¢ 50.4¢ 39.3¢ 51.2¢ 48,2

Ascorbic acid 20 56.43¢ 56.72 50.44 40.3¢ 56.3° 51.8P 57.5° 55.1°

40 51.9% 50.6% 52.8% 35.3¢ 52.40¢ 32.8¢ 54.4b¢ 50.4¢

L 20 56.5% 57.12 57.3% 60.2° 53.3% 49.7° 55.3% 51.3%
Oxalic acid

40 53.0Pcd 52.9% 55.1k¢ 51.2¢ 50.5¢ 32.3¢ 51.5¢ 47.9

Control 58.42 56.2% 60.42 57.3%® 63.6° 63.3? 64.5° 62.22

Within each column, same letter/s indicate no significant difference among treatments at (P<0.05). Control was
infected with B. cinerea (artificial infection) or without inoculation (natural infection).

DISCUSSION

The growing need of safe and effective
alternatives for chemical fungicides have led to a
great interest in the field of systemic acquired
resistance in which organic and synthetic

chemicals can be exploited in inducing resistance
against plant pathogens and hence control or
mitigate the effect of plant diseases (Durrant and
Dong, 2004). In this investigation we aimed the
assessment of the potential of using different
acids, i.e., Boric, Ascorbic and Oxalic, in
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inducing defense in strawberry plants against
gray mold caused by B. cinerea. The applications
were carried out during field growth period while
the impact was studied in the fruits during post-
harvest storage period.

A preliminary assessment was carried out in
order to investigate the fungicidal effect of the
tested acids against B. cinerea. An in vitro
experiment revealed that all used compounds can
inhibit the growth of the fungus. However,
Oxalic acid was extremely toxic to B. cinerea for
it caused complete suppression to the fungus
growth. Although most of the commonly used
chemical inducers act by activating resistance in
plants do not directly affect the pathogens, but
some inducers were also reported to have direct
suppressive effect on the pathogens. Methyl
jasmonate is an inducer that proved to suppress
B. cinerea growth (Meir et al., 1998). In addition
to its widely usage in inducing plant resistance,
chitosan was also reported to have a direct
antifungal property against different plant
pathogens including B. cinerea (Mohammadi et
al., 2015; Terry and Joyce, 2004).

In an investigation carried out by Qin et al.
(2010) they found that using boron, in the form
of potassium tetraborate, in control B. cinerea
during postharvest was partially correlated to the
inhibition of the mycelial growth of the fungus in
addition to the suppression of spore germination.
Furthermore, borate (the common form of boron
in nature) was proved to have antifungal activity
against Colletrorichum gloeosporioides, the
casual pathogen of anthracnose in different host
plants, by causing complete damage to the
mitochondria of the fungus (Shi et al., 2012).
Moreover, in vitro studies on Ascorbic acid
revealed their antifungal effect against Alternaria
solani and A. brassicicola (Awadalla, 2008;
Botanga et al., 2012). In addition, Ascorbic acid
has antimicrobial activity against a large number
of bacterial species infecting plants and also a
broad range of bacteria associated with human
diseases (Li et al., 2016).

In this investigation, the application of the
three tested acids was carried out four times
during field growth period and the effect on the
severity of infection with gray mold was assessed
during storage period. Data clearly revealed that
all tested inducers significantly reduced disease
severity compared to the control treatments in
both tested strawberry cultivars, however, Boric
acid was generally the most effective in
suppressing disease severity compared to the
other used inducers. The element boron is a
crucial micronutrient for plants for it is involved

in fundamental process related to plant growth.
The deficiency of boron leads to the deformation
of plant growth since it majorly affects the cell
wall formation and elongation of plant cells as
well as its interfering with the function of
different proteins and enzymes (Shireen et al.,
2018). To avoid or compensate boron deficiency
plants are being fertilized with boron, usually in
the form of Boric acid (Rolshausen and Gubler,
2005; Shireen et al., 2018). From the plant
disease perspective, several investigations
proved that Boric acid can be used in plant
disease control since it can directly affect the
growth of several pathogens and suppresses their
growth as mentioned above (Rolshausen and
Gubler, 2005 and Smilanick and Sorenson,
2001). In a study carried out by Frenkela et al.
(2010) they found that foliar treatment of tomato
with boron significantly suppressed the infection
with Phytophthora infestans the casual pathogen
of late blight. They revealed that boron may have
a weak direct fungicidal effect on the pathogen,
but it has stimulated a systemic resistance effect
in tomato and resulted in decreasing the disease
severity compared to control. Some reports stated
that the mechanism by which boron induces the
systemic resistance in plants is by affecting
phenolic compounds and by increasing the
activity of polyphenoloxidase (PPO) enzyme
(Camacho-Cristobal et al., 2008 and Frenkela et
al., 2010). Data from our investigation suggest
that the mechanism by which Boric acid
suppressed gray mold severity is related to the
inducing of resistance activity as strawberry
plants were treated during field growth period but
the impact on suppressing the infection of fruits
during post-harvest stage was obviously
significant. However, the direct antifungal effect
of Boric acid on B. cinerea can’t be ruled out
unless we consider the used concentration of
Boric acid.

The potential of Ascorbic acid as an
antioxidant in plant disease resistance is well
known, it plays a significant role in the
scavenging activity against reactive oxygen
species. Hence, its role in rescuing plants from
detrimental effects of continuous stresses they are
liable to is proved. Therefore, in terms of induced
resistance in plants, Ascorbic acid is widely
involved in regulating the defense pathways
induced by the application of chemical inducers
or due to any type of stress (Boubakri, 2017).
Moreover, it was also used as an inducer for
resistance when exogenously applied on different
plants (Boubakri, 2017). Applying Ascorbic acid
in the management of rice blast disease was
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found to induce resistance against the pathogen
and suppress the disease severity in addition to
directly affect the growth of Magnaporthe oryzae
the causal pathogen (Egan et al., 2007).

Our results also demonstrated that Oxalic acid
is very effective in suppressing gray mold
severity on strawberry fruits especially in the
higher concentration that have been used. Many
reports suggest that Oxalic acid is involved in the
production of hydrogen peroxide H,O, and
therefore can directly inhibit the growth of the
pathogens and suppress the infection of plants by
these pathogens (Katay et al., 2011; Khan et al.,
2011; Zheng et al., 2007). Investigations
supporting the role of Oxalic acid in inducing
resistance in plants were also reported and this
effect was predominantly related to the activity of
different oxidative enzymes like PPO and POX
(Shafique et al., 2011).

In this investigation, we attempted to
elucidate the association between the induction of
resistance in strawberry plants and the possible
mechanisms involving different metabolic
activities. The activity of some oxidative
enzymes involved in the plant defense response
was studied.

We found a positive correlation between the
reductions in disease severity and the increase in
peroxidase (POX) and polyphenoloxidase (PPO)
activities as a significant increase in the activities
were reported with different treatments.
However, for catalase (CAT), in most treatments
the activity was inhibited compared to the control
either in artificially inoculate or naturally
infected fruits, but Boric acid and Ascorbic acid
treatments enhanced the activity of the enzyme in
case of cultivar Sensation affected by natural
infection. In general, some discrepancies in the
results were noticed and therefore a consistent
conclusion could not be drawn. The effect of
Boric acid treatments on the activity of PPO and
POX were obvious in this study. The premise of
the effect of Boric acid in increasing the phenolic
compounds concentrations and peroxidases
activity was explained earlier (Frenkelaet al.,
2010).

Ample research demonstrated the link
between the activity of various kinds of oxidative
enzymes and induced defense responses in plants
treated by elicitors or affected by biotic or abiotic
stresses (Baysal et al., 2003; Lin et al., 2011 and
Sarhan, 2018) found that treating tomato
seedlings with ASM (Acibenzolar-S-methyl)
induced defense against bacterial canker caused
by Clavibater michiganensis ssp. michiganensis

this was correlated with significant increase in
POX activity.

Anand et al. (2007) reported that the activity
of POX, PPO and catalase were enhanced in
tomato plants treated with the chemical inducer
azoxystrobin and those plants showed resistance
to A. solani and Septoria lycopersici. Also, they
found that the activity of catalase enzyme was
increased immediately after challenging the
plants with both pathogens, but a remarkable
decrease was then detected.

Oxidative enzymes are involved in
fundamental processes in plant cells and play
different roles during plant growth. PPO and
POX are involved in the lignification process in
plant cell wall formation, therefore, they play a
significant role in the enforcing of the plant cell
and hindering the pathogens from further
invasion (Kombrink and Somssich, 1995; Lin et
al., 2011 and Sarhan et al., 2018).

In this study the effect of treating plants with
different elicitors in inducing the production of
phenolic compounds in addition to the reactive
oxygen species (ROS) scavenging activity in
strawberry fruits were studied. The DPPH
method was used to assess the potent activity of
the antioxidants as a result of using chemical
elicitors. The correlation between the total
phenolic compounds content in fruits and the
antioxidant scavenging activity was remarkable.

Reactive oxygen species (ROS) are constantly
produced as byproducts during cell division and
normal metabolic processes in plants, although
they are known with their harmful oxidative
effects such as deteriorating proteins and
enzymes in plant cells. Therefore, plants are
normally capable of regulating ROS production
and neutralizing the negative effects of reactive
oxygen species (ROS) produced during normal
conditions of plant growth process by producing
various types of antioxidants either enzymatic or
non-enzymatic. However, when plants are
invaded by pathogens or being subjected to any
kind of stress, ROS are over produced and the
scavenging activity has to be more effective to
mitigate the detrimental effects of ROS (Apel and
Hirt, 2004; Molyneux, 2004 and Choudhury et
al., 2013).

It is well known that phenolic compounds are
one of the major secondary metabolites produced
in plant cells, and most of the antioxidants
produced in plant cells are phenols (Romanazzi
et al., 2016). However, the assessment of
scavenging activity in fruits doesn’t solely rely
on the phenolic compounds since various types of
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enzymes, such as peroxidases and catalases, are
being involved as mentioned earlier.

CONCLUSIONS

The three acids used in this investigation
proved to have a remarkable effect as inducers of
defense in strawberry plants and indeed provided
the fruits with some resistance against gray mold
during post-harvest stage. However, Boric acid
was the most potent in inducing the SAR effect.
It was also noted that there was a correlation
between the concentration and the efficacy of the
used inducer. Generally, the higher concentration
of tested acids (40 mM) was more effective in
reducing the severity of gray mold compared to
the lower concentration (20 mM). Our results
also suggest that strawberry cultivars may
respond differently to the used inducer or
eliciting element. Although the cultivar could be
more susceptible, it may be more responsive to
the inducer in SAR response. The cultivar
Fortuna seemed to be more resistant; however,
the Sensation cultivar was more reactive to the
inducing efficacy of the elicitors. Which was
obvious from the total phenolic content.
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