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ABSTRACT

Nano-emulsions of essential oils (NEOs) are a promising
application in controlling plant pathogens, it also increases
the antimicrobial properties. In this research, nano-emulsion
essential oils of Clove, Rose and Bergamot were prepared
and tested as potential antifungal agent at various
concentrations of active ingredient against the growth of
Botrytis cinerea isolate (BC4) and to control strawberry grey
mold as post-harvest disease. Results indicated that Clove
nano-emulsion was the most effective to completely inhibited
the growth and sporulation of B. cinerea isolate, (BC4) at
even the low concentration of 80 pll'! for the growth and at
concentration of at 50 pll'! for sporulation tested fungus.
Clove and Rose NEOs at both concentrations (100 pll'and
80 pll'1) completely inhibited grey mold disease incidence at
7 days after fridge storage, However, Bergamot NEO
consistently showed lower effect. In general, treatments with
the tested nano-essential oils (NEOs) significantly
maintained physical and chemical characteristics, i.e.,
moisture content, weight loss, titrable acidity and ascorbic
acid content of the treated strawberry fruits which
inoculated with B. cinerea isolate (BC4), at the three periods
of the fridge storage compared to the only inoculated fruits
with fungus isolate as the control. Regarding the moisture
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content, Clove, Rose and Bergamot NEOs treatments
maintained fruit moisture content and also, for the ascorbic
acid (AS) content, the three tested NEOs significantly
maintained AS content in the inoculated treated strawberry.
Meanwhile, Clove NEO showed the highest overall mean AS
value being 0.64 mg/ml. based on the obtained results the use
of nano-emulsion essential oils of Clove, Rose and Bergamot
could be a good and environmentally safe alternative of
fungicides in controlling post-harvest grey mold disease of
strawberry.

Keywords: Strawberry, Grey mold, B. cinerea, Nano emulsion
essential oils, Post harvest diseases
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INTRODUCTION

Strawberries belong to the family Rosaceae and constitute a
large part of the fresh fruits worldwide. Egypt is the fourth largest
producer in the world, and cultivation area of strawberry is around 20
thousand feddan in 2019 (Shehata er al., 2020). Strawberry fruits
have a limited shelf lifespan due to the highwater content, high
respiration rate, and physical -characteristics as well as the
susceptibility to fungal rots, particularly the grey mold caused by
Botrytis cinerea.

Grey mold or the Botrytis fruit rot, is a significant post-harvest
disease of the strawberry that affect fruits at storage, long-range
transport and marketing period and the most serious fruit rot of
strawberry in Egypt and worldwide (El-Korany and Mohamed,
2008; Petrasch et al., 2019; Lemos Junior et al., 2020). For this
reason, the use of chemical fungicides to reduce the damage caused by
fungal infection after harvest is crucial to preserve the quality of
strawberry fruits during storage (Ziedan and Farrag, 2008; Bautista-
Banos et al., 2003).
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However, the use of chemical fungicides to control strawberry
post-harvest diseases have a harmful impact on both human health and
environment (Salvia-Trujillo er al, 2015). Recently, due to the
special attention to human health and the environment, efforts to find
substitutes to chemical fungicides have become much more
progressed. Using essential oils obtained from plants as natural
antimicrobial compounds as an alternative to synthetic fungicides has
been extensively reviewed in recent years (Bhargava et al., 2018).
However, the application of essential oils is usually limited regarding
their minimum water solubility, volatility, physical, chemical
instability and their strong taste and smell that affect the sensory
properties of treated fruits (Shang et al, 2018; Hasan et al., 2020;
Hasheminejad and Khodaiyan, 2020). An alternative application
technique to avoid these adverse effects of using essential oils is using
the nanoemulsion formulation that enhance the stability of these
volatile compounds and increases antimicrobial properties by
improving cellular absorption (Hasheminejad and Khodaiyan,
2020). Therefore, the present work was conducted to test the efficacy
of Clove, Rose, and Bergamot nanoemulsions essential oils
formulation against B. cinerea hyphal growth, sporulation in vitro and
their inhibitory potential on grey mold disease incidence during
storage period.

MATERIALS AND METHODS

Pathogenic fungus

A good growing, highly virulent isolate of the strawberry grey
mold B. cinerea (BC4) was obtained from fungal collections of Plant
Pathology Department, Faculty of Agriculture, Damanhur University.
This isolate was isolated from Strawberry plants which showed grey
mold symptoms in El-Behiera governorate and the identification was
done at the Department of Mycology and Plant Diseases Survey, Plant
Pathology Research Institute, ARC, Giza.

Preparation of essential oils nano-emulsion
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Three essential oils, namely Rose, Clove and Bergamot, were
tested as formulations for their efficacy against B. cinerea in vitro and
to control grey mold of strawberry under fridge storage conditions. All
tested crude essential oils (100%) purity were of NOW Foods
company, Canada.

Nano-emulsions of essential oils (Rose, Clove and Bergamot)
were prepared according to Shafiq and Shakeel (2010). The coarse-
emulsion was then subjected to ultrasonic emulsification using a 20
kHz Sonicator (Ultrasonics, USA), with a power output of 750 W,
dipped into essential oil coarse- emulsion. Sonicator probe generates
disruptive forces that reduce the droplet diameter converting coarse
emulsion to nano-emulsion. The morphological features and size
particles of the nano-emulsion were investigated by using the
Transmission Electron Microscope (TEM, EM Sciences, Hatfield, PA,
USA) at Faculty of Science, Alexandria University (Figure 1). The
formulated Nano emulsion stability was also investigated according to
Ghosh et al, (2018) and the particle size of nano-emulsion was
determined to be 12+ 1 nm 14.8 £0.8 nm and 22 + 0.95 nm for Clove,
Rose and Bergamot essential oils, respectively.

love NEO Rose NEO Bergamot NEO

Fig.1: The morphological features and particle size of the tested Clove,
Rose, and Bergamot nano-emulsion essential oils (NEOs) under the
Transmission Electron Microscope.
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In vitro effects of nanoemulsion essential oils on mycelial radial
growth and sporulation of B. cinerea isolate (BC4)

Rose, Clove and Bergamot nanoemulsion essential oils (NEOs)
tested were applied at concentrations of 20, 50, 80 and100 pl/1 (oil-in-
water nano-emulsions). The nano-emulsion essential oils were tested
for their inhibition efficacy against isolate of B. cinerea. The tested
concentrations of the nanoemulsion essential oils mentioned were
added directly to a molten Potato dextrose agar (PDA) medium before
pouring the plates. These plates were inoculated with B. cinerea
isolate using Smm-diameter fungal discs taken from active margins of
7-day-old cultures. Four replicates were used for each tested
concentration. Inoculated plates were incubated at 20+2 °C. Sterilized
distilled water was applied in control treatment. When mycelial
growth covered the entire surface in control plates, B. cinerea growth
(mycelial radial growth) was measured and inhibition percentage was
calculated using the formula described by Pandey et al., (1982) as
follows:

Where: 1= % w100

I= Inhibition of fungal growth.
C= Colony diameter of control.
T= Colony diameter of treatment.

After determining mycelial radial growth and inhibition
percentage of the pathogen, conidia spores were collected by washing
the plates with 20 ml/ treatment. Spores were then counted by a
hemocytometer and spore concentration per milliliter was determined
according to the following formula of Kamaruzzaman et al., (2016):

Spore conc. = Total spores count in four squares x 2500x dilution
factor.
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In order to reveal the effect of the tested nano-emulsions on
hyphal morphology, plates with the 100 pul/l were investigated using
the Scanning Electron Microscope (SEM) technique at Faculty of
Science, Alexandria University. The obtained images for both the
treated and the untreated mycelia were investigated.

Effect of nano-emulsion essential oils on grey mold disease
incidence under fridge storage

Inoculum of the B. cinerea isolate was prepared by harvesting
spores from plates of two-week-old culture on PDA medium. Conidia
spore suspension was collected by washing culture plate with 20 ml
sterile distilled water, mixed with 1%, v/v tween-80 and filtered
through three layers of cheese cloth. Spores were then counted by a
hemocytometer and spore concentration per milliliter was adjusted to
10* spore/ml.

The tested strawberry fruits of cv. Florida were obtained from
EI- Tahreer city. Fruits were fresh, mature, and of healthy appearance.
Fruits were washed with distilled water and surface sterilized by 70%
ethyl alcohol for 2 minutes. Sterilized fruits were left to dry for one
hour, and then singly treated by dipping for one minute in the most
effective concentrations, (80 pl/l and100 pl/1) of the tested
nanoemulsion essential oils. Spore suspensions at the rate of 10*
spore/ml in sterilized distilled water were applied by spraying
strawberry fruits surface previously dipped in the tested nano-
emulsion essential oils. Inoculated fruits were then placed in sterilized
plastic box and kept incubated at fridge temperature of 5°C. Grey
mold disease incidence (Percentages of infection) was calculated at 7,
14, and 21 days after treatment. Four replicates were used for each
treatment of each of four fruits. Control treatment was sprayed with
sterilized distilled water only. The percentage of infection was
calculated as follows:

Number of rotted fruits

. 0/ —
Infection (%) Total number of inoculated fruits
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Effect of nano-emulsion essential oils on physical characteristics of
strawberry fruits.

Measurement of moisture content

Moisture content was determined according to Mrad et al., (2012) by
drying fruit samples in the oven for 5 hours at temperature of 105°C.
Mass weight was determined before and after drying. The moisture
content percentage was determined from the difference in weight
before and after drying.

Measurement of weight loss:
Weight loss was determined according to Ali ef al. (2011) as follows:

Weight of individual fruits was recorded at the beginning before
treatments as reference weight as well as after treatments and storage
and weight loss (%) was calculated by using following formula (Ali e#
al.,, 2011):

Weight loss (%) = initial weight — final weight / initial weight x 100.

Effect of nano-emulsion essential oils on chemical characteristics
of strawberry fruits.

Determination of titrable acidity (TA)

Titrable acidity was determined using titration method of
Geransayeh et al., (2015). Fruits of each replicate were blended and
strained to get clear fresh fruit juice. A 5 ml fruit juice was added to
25 ml distilled water plus two drops of phenolphthalein and titrated
with 0.1N NaOH up to pH 8.1. The results were converted to percent
citric acid and expressed as g/100 ml fresh juice.
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Determination of Ascorbic acid (Vitamin C)

Ascorbic acid concentration was determined according to
Todeschini et al. (2018). Fruits of each replicate were homogenized
using tissue homogenizer. Then a 5 g fruit homogenate was diluted
with 50ml of deionized water. The solution was shaken at 200 rpm for
10 min, filtered with filter paper and decolorized twice with polyvinyl
pyrrolidone (PVP-0.1 g per 10 ml) and pH was adjusted between 3.5
and 4.0.The Ascorbic acid content was measured at 578 nm using
resolution range spectrophotometer and expressed as mg/g fresh
weight.

Statistical analysis

Data were analyzed using one-way analysis of variance
(ANOVA) and the least significant difference test to estimate
statistical differences between means at p = 0.05 using the SAS
program version 9.2 (SAS, 2009).

EXPERIMENTAL RESULTS

In vitro effects of nano-emulsion essential oils on mycelial radial
growth and sporulation of B. cinerea isolate (BC4)

It was obvious from Fig. (2) That all the three tested nano-
emulsion of essential oils (NEOs) significantly decreased both growth
(colony diameter) and sporulation of B. cinerea isolate (BC4)
compared with the control treatment. However, Clove nano-emulsion
was the most effective and completely (100%) inhibited the growth
and sporulation of B. cinerea isolate at even the low concentration of
80 pl/l for colony diameter inhibition and at concentration of 50 pl/l
for sporulation inhibition. Also, Rose NEO showed complete colony
growth inhibition at the highest concentration of 100 pl/l with (100%)
sporulation inhibition at 80 ul/l while Bergamot showed 30% the
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growth inhibition at the highest tested concentration (100ul/' and
72.5% sporulation inhibition at the same concentration Table (1).

Effect of nano-emulsion essential oils on hyphal morphology of B.
cinerea

In order to reveal the effect of the tested NEOs on hyphal
morphology of B. cinerea, mycelia in the above treated in vitro plates
(at the 100 pl/1) were investigated using the Scanning Electron
Microscope (SEM). The NEOs caused severe hyphal distortion, lyses
and unusual bulges on the surface of fungal hyphae, while, the control

Rose

Control

showed typical net structure and smooth surface (Fig.3).
Fig. 2: Inhibition the growth of Botrytis cinerea fungus on potato

dextrose agar medium with application of Cloe, Rose and
Bergamot nano-emulsion essential oils, in vitro.
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Table 1: Inhibition (%) of the growth and sporulation of B. cinerea
(BC4) with application of Clove, Rose, and Bergamot nano-emulsion
essential oils, at different concentrations, in vitro.

c Colony diameter inhibition (%) Sporulation inhibition (%)
onc.
11
# Clove Rose Bergamot | Mean Clove | Rose Bergamot | Mean
20 69.57 0 0 23.19P | 64.67 | 45.33 12.33 40.78P
50 97.33 62.43 11.2 56.99°¢ 100 57 34 63.67¢
80 100 95.0 23.07 72.698 100 100 44.83 81.618
100 100 100 30.80 76.93A 100 100 72.50 90.83%
Mean | 73.38* | 51.498 13.01€ 91/;17 75.58"8 40.92€

Means followed by different letter(s) for each single parameter are significantly
different at p= 0.05.
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Fig. 3: The deformation effect, under the Scanning Electron
Microscope (SEM), of (A): Clove, (B): Rose, and (C): Bergamot
nano-emulsion essential oils on hyphal morphology of B. cinerea
(BC4) where (D): B. cinerea (BC4) as control.

Effect of nano-emulsion essential oils on grey mold disease
incidence under fridge storage

Data in Table (2) showed that all tested nano-emulsion
essential oils (NEOs) significantly decreased severity of grey mold
disease on the treated fruits compared to the untreated inoculated
control over the three intervals of the fridge storage. Also, at 7 days
after fridge storage, Clove NEO at both concentrations (100 pl/land 80
ul/l) completely inhibited grey mold disease and showed zero as
percentage of infection. This effect was not significantly different with
Rose NEO suppression at both NEO concentrations or Bergamot NEO
at the higher concentration of 100 pl/l. However, at 14 and 21 days of
the fridge storage, both Clove and Rose NEOs at the high
concentration of 100 pl/l were the most effective to suppress grey
mold disease incidence. Besides, Bergamot NEO consistently showed
lower effect but exhibited overall mean infection of 5.91% over the
three periods of storage which was not significantly different from
Rose NEO.

Table 2: Grey mold disease incidence (percentage of infection, %) on
strawberry fruits (cv. Florida) inoculated with B. cinerea isolate
(BC4), treated with Clove, Rose, and Bergamot nano-emulsion
essential oils, stored at 5°C for 7, 14 and 21 days under fridge
conditions.

Inoculated | Clove (/) Rose (/) Bergamot ( nl/l)

[Days Post [ Untreated | g | 140 | g9 | 199 | g0 100

inoculation Control
7 15.7° 0.5° 0.0° 0.6° 0.5° 2.5 1.5
14 18.0° 6.3b 1.7¢ 7.35¢ 3.6% 9.0° 5.0¢
21 26.9° 7.6° 4.2° 8.5b¢ 5.4 10.4% 7.1°¢
Mean 207 4.8¢ 1.9 5.5¢ 3.1PE 7.3B 4.5CP
Overall Mean 207 3.39¢ 4.288BC 5.918
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Values followed by different letter(s) for each single parameter are significantly
different at p=0.05.

Effect of nano-emulsion essential oils on physical characteristics of
strawberry fruits inoculated with B. cenerea.

Data in Table (3) showed that strawberry fruits treatments with
the tested nano-essential oils (NEOs) significantly maintained
physical characteristics, i.e. moisture content, and weight loss of the
treated fruits with B.cinerea, at the three periods of the fridge storage
compared to the untreated inoculated fruits and this effect increased
with increasing concentration.

Regarding the moisture content, the different treatments with
the tested three NEOs maintained fruit moisture content over the three
periods of storage and exhibited mean moisture contents of 82.8%,
76.9%, and 71.8% with Clove, Rose, and Bergamot NEOs treatments,
respectively, compared with 63.6% for the untreated inoculated
control. Meanwhile, at the 7" days of storage, there was no significant
difference between Clove and Rose NEOs at both tested
concentrations (80ul/l & 100ul/1) and also were not significantly
different from the healthy untreated control. However, after 14 and 21
of storage, Clove treatments showed significantly higher effect than
Rose while Bergamot treatments exhibited the lowest effect over the
three periods of storage (Table 3).

Concerning the weight loss (%), data shown in Table (3),
exhibited that fruit treatments with the three tested NEOs, and
previously inoculated with B. cinerea, and significantly controlled
fruit weight loss (%) in the inoculated fruits. However, Clove NEO
consistently controlled weight loss with overall mean as low as 12.5%
over the three intervals of the fridge storage which was not
significantly different from 8.7% for the healthy untreated control.
This was followed by Rose and Bergamot NEOs with overall means
being 21.7% and 24.9%, respectively, which still significantly lower
than weight loss (%) in the untreated inoculated control which
exhibited 60.6 % mean weight loss (Table 3).
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Table 3: Effect of Clove, Rose, and Bergamot nano-emulsion essential
oils at two concentrations on physical characteristics of strawberry
fruits (cv. Florida) inoculated with B. cinerea (isolate, B.c.4), treated
and stored at 5° C for7, 14 and 21 days under fridge conditions.

Healthy | Inoculated Bergamot
iE:cy;l:t(;(s)tn untreated | untreated Clove (ul/l) Rose (ul/l) (nin
control | control 80 [ 100 80 | 100 80 | 100
Moisture Content (%)
7 92.6 72.0° 89.6° | 90.1* | 89.1* | 89.5* | 79.6" | 81.5
14 89.2 68.0° 86.2* | 87.6* | 753" | 76.5° | 73.00 | 74.1°
21 83.6° 51.0f 714 | 72.1° | 64.3% | 66.54 | 60.1° | 62.20
Mean 88.54 63.6" 82.44B | 83.34B | 76.2€ | 77.58¢ | 70.9P | 72.6P
Overall 88.54 63.6" 82.8AB 76.95¢ 71.8¢
mean
Weight Loss (%)
7 5.0e 24.1° 6.3 | 0.0° |103% | 84 | 12.0° [ 11.3°
14 6.2¢ 61.8° 1149 | 104 | 21.8° [ 21.5° | 26.0° | 24.2%
21 15.0¢ 95.8° 24.5° | 22.7° [ 35.84 ] 32.20 [ 39.4° | 36.5"
Mean 8.7 60.6* 14.0° | 11.0¢ | 22.6® | 20.7% | 25.8% | 24.0B
Overall 8.7¢ 60.6 12.5¢ 21.7° 24.9°
mean

Values in each single period of storage, or in each single parameter,
followed by different letter(s) are significantly different at p=0.05.

Effect of nano-emulsion essential oils on chemical characteristics
of strawberry fruits inoculated with B. cinerea

It is evident from data in Table (4) that treatments with the three
tested nano-emulsions (NEOs) significantly improved chemical
characteristics of the strawberry fruits, inoculated with B. cinerea, at
the different three periods of the fridge storage compared to the
untreated inoculated fruits.

Concerning titrable acidity (TA), Treatments with Clove NEO

were the most effective and showed overall mean of 0.63g/100ml
fresh juice which was even higher than TA in the healthy un-
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inoculated control which exhibited overall mean being 0.58g/100ml
fresh juice and followed by Rose NEO which exhibited 0.56g/100ml
that was not significantly different from the healthy un-inoculated
fruits. Bergamot EO treatments, however, showed the lowest effect
with overall TA being 0.50 g/100 ml which was lower than TA overall
mean value of the healthy control but still significantly higher than TA
value of the inoculated untreated control fruits which exhibited 0.42
g/100 ml. Meanwhile, no significant differences were revealed for
Clove NEO between the two tested concentrations (800 and 1000 pl/T)
over the three periods of storage (Table 4).

Table 4: Effect of Clove, Rose, and Bergamot nano-emulsion essential
oils at two concentrations on chemical characteristics of strawberry
fruits (cv. Florida) inoculated with B. cinerea (isolate, BC4), treated,
and stored at 5°C for7, 14 and 21 days under fridge conditions.

Healthy | Inoculated | Clove E.O Rose E.O Bergamot E.O
Days Post | Untreated | Untreated (ni (pi (ni
inoculation | Control | Control | 80 | 100 | 80 | 100 80 100
Titrable acidity (g/100ml Fresh juice)
7 0.69° 0.53¢ 0.73* | 0.73* 0.68° 0.68° | 0.60¢ | 0.64°
14 0.56° 0.40¢ 0.69* | 0.71* 0.56° 0.62° | 0.52° | 0.56°
21 0.49* 0.33¢ 0.46 | 0.47%® 0.42b¢ 0.45%® | 0.33¢ ] 0.39°
Mean 9.4A 0.42P 0.624 | 0.64% 0.558 0.58"% | 0.48° | 0.53¢
Overall ) 505 0.42P 0.63 0.568 0.50¢
mean
Ascorbic acid (mg/ml Fresh juice)
7 0.52¢ 0.08" | 0.70° | 0.732 0.57° ] 0.60° | 0.43¢ 0.48°
14 0.43c 0.05¢ | 0.65* | 0.69° 0.52° ] 0.55° | 0.35¢ | 0.40¢
21 0.36¢ 0.02¢ | 0.52* | 0.56° 0.42° | 0.45° | 0.25¢ 0.33¢
Mean 0.43¢ 0.05% | 0.634 ] 0.66* 0.51B | 0.53B | 0.350 | 0.40P
Overall 043¢ | 0.05° 0.64% 0.52B 0.37P
mean

Values in each single period of storage, or in each single parameter,
followed by different letter(s) are significantly different at p=0.05.

Concerning the ascorbic acid (AS) content, data shown in
Table (4), exhibited that fruit treatments with the three tested NEOs
significantly maintained AS content in the inoculated treated
strawberry over the three intervals of the fridge storage compared to
the untreated inoculated control fruits. Meanwhile, Clove NEO
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showed the highest overall mean AS value being 0.64 mg/ml which
followed by Rose NEO with 0.52 mg/ml. Bergamot NEO, however,
showed the lowest AS content being 0.37 mg/ml which was
significantly lower than SA overall mean value (0.43 mg/ml) in the
healthy untreated control but still significantly higher SA mean value
in the inoculated untreated control which exhibited 0.05 mg/ml (Table
4).

DISCUSSIONS

El-Beheira Governorate is a leading governorate for
strawberry production and exportation (Abd-Elgawad, 2019).
However, strawberry fruits are characterized by their thin and tinder
skin, which is easily broken and makes fruits vulnerable to spoilage
and fungal infection. Various environmental and human health
concerns over the use of fungicides led to the search for safer
alternative methods to control B. cinerea, incitant of the grey mold of
strawberry, especially during storage. Use of resistant cultivars is
considered a reliable way in this concern (Petrasch et al., 2019). In
the present study supported cv. Festival was the most tolerant
strawberry tested cultivar to the infection with B. cinerea particularly
7 days and 14 after storage at 5° C as exhibited the lowest percentage
of infection being 15.15%, 31.46%, respectively. This is compared to
21.04%, 43.34% for cv. Fortuna and 29.25%, 53.01% for cv. Florida,
for the previous two storage periods, respectively. These results
supported results obtained by other investigators (Mertely and Peres,
2006; Feliziani and Romanazz, 2016; Petrasch et al., 2019). The
integration of the use of such tolerant strawberry cultivars with other
ecofriendly control measures could be an effective safer way for post
harvest control of the grey mold of strawberry.

The present study, showed that nano-emulsions of tested
essential oils (nano-essential oils, NEOs) were effective, All tested
NEOs significantly decreased the growth of B. cinerea (isolate, BC4)
grown on amended PDA and decreased the in vitro sporulation. Clove
NEO was most effective and completely (100%) inhibited the growth
of the B. cinerea isolate at even the low concentration of 80 pl/l and
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totally (100%) inhibited sporulation at even the low concentration of
50 wl/l, in vitro. Meanwhile, under fridge storage, all tested NEOs
significantly decreased grey mold disease incidence. Clove NEO
completely (100%) inhibited grey mold disease incidence with
concentration as low as 100 pl/l, seven days after storage. Also, at 14
and 21 days after fridge storage at 5° C, grey mold disease incidence
with Clove NEO at100 pl/l was as low as 1.7%, 4.2%. It was also
notable that Clove NEO suppression effects, at 100 pl/l, were not
significantly different from Rose NEO, at 100 pl/l, over the three
periods of the fridge storage. Bergamot NEO, however, consistently
showed lower effects. These findings are in harmony with Aoudou et
al., (2010), Pedro et al, (2013), Anwar et al., (2014), Aguilar-
Gonzalez et al., (2015), and Robledo et al., (2018).

The obtained effect of the tested essential oils (EOs) against B.
cinerea and grey mold of strawberry can be explained in view that
several EOs have antifungal activities (Bouchra et al., 2003;
Daferera et al., 2003; Plotto et al., 2003; Simic et al., 2004;
Tzortzakis and Economakis, 2007; El-Tahan, 2017; El-Naqa,
2020). Also, the nano-formulations of the different materials even
were more effective at much lower concentrations to control plant
diseases due to their capability of improving the solubility, stability
and penetration (Pedro et al., 2013; Worrall ef al., 2018; Amjadi et
al., 2019; Shang et al., 2018). Nanomaterials are of quick dissolution,
improved penetration through membranes lower doses and lower
dose-dependent toxicity (Bhushan, 2004; Rai et al., 2015).

Meanwhile, efficacy of the tested NEOs could be explained in
view that the present study revealed that treatments with the tested
NEOs significantly maintained and controlled physical characteristics
of the treated strawberry fruits, i.e. moisture content, weight loss, and
also the chemical characteristics, i.e. titrable acidity and ascorbic acid
content, of strawberry fruits inoculated with B.cinerea (isolate, BC4)
at the different three periods of the fridge storage compared to the
inoculated untreated fruit control. This could make strawberry fruits
more tolerant to fungal infection. Also, the present study showed that
the Scanning Electron Microscopy (SEM) investigation revealed that
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the tested NEOs caused severe hyphal distortion, lyese and unusual
bulges on surface of B. cinerea fungal hyphae, in vitro, while the
untreated control showed typical net structure and smooth surface of
mycelia. These findings are in agreement with ElI-Tahan (2017) and
El-Naka (2020).

Regarding to the results of this research, the use of nano-
emulsion essential oils of Clove, Rose and Bergamot could be a good
and environmentally safe alternative of fungicides in controlling post-
harvest grey mold disease of strawberry, enhanced control activity and
management of strawberry quality by nano-emulsions proposed that
such a formulation is too promising to use it commercially as an
alternative for chemical fungicides in order to reduce the postharvest
grey mold for strawberry.

CONCLUSION

Application of nano-emulsion essential oils (NEOs) is a
promising application in controlling plant pathogens. Findings of this
research indicated that nano-emulsion essential oils of Clove, Rose
and Bergamot had good potential as antifungal agents at various
concentrations of active ingredient against the growth of Botrytis
cinerea isolate (BC4) and to control strawberry grey mold as post-
harvest disease. Also, treatments with the above-mentioned nano-
essential oils (NEOs) significantly maintained physical and chemical
characteristics, 1.e., moisture content, weight loss, titrable acidity and
ascorbic acid content of the treated strawberry fruits which inoculated
with B. cinerea isolate (BC4), under fridge storage. In conclusion the
use of nano-emulsion essential oils of Clove, Rose and Bergamot
could be a good and environmentally safe alternative of fungicides in
controlling post-harvest grey mold disease of strawberry.
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