Ziedan et al.
Bulletin of the National Research Centre (2022) 46:88
https://doi.org/10.1186/542269-022-00765-5

Bulletin of the National
Research Centre

RESEARCH Open Access

Evaluation of essential oils nanoemulsions

=

Check for
updates

formulations on Botrytis cinerea growth,
pathology and grey mould incidence

on cucumber fruits

El-Sayed H. E. Ziedan" ®, Moataza M. Saad?, Ahmed A. El-Kafrawy?, Ahmed F. Sahab' and

Abdel-Tawab H. Mossa*

Abstract

nanoemulsion of clove only.

toxicity on cucumber plants.

Background: Grey mould caused by Botrytis cinerea of cucumber immature fruits is the most epidemic fungal dis-
eases causing significantly losses of fruits during development on cucumber plant in winter season.

Material and methods: Crude and nanoemulsions of clove, black seed, lemon and orange essential oils at

(5000 ppm) and also different formulations of clove, black seed and lemon oils nanoemulsions as single or in combi-
nation were tested against mycelial linear growth of B. cinerea (MF996363) as well sclerotial formation and pathologi-
cal activity on the development of germinated seeds of cucumber.

Results: Essential oils nanoemulsion formulation of clove + black seed (2:1) at 5000 ppm was the best formulation
significantly reduced mycelia linear growth of B. cinerea by 61.0% followed by 28% formulation (1:1) and (1:2). In addi-
tion, nanoemulsions formulations of clove, black seed essential oils (2:1) were highly reduced the count of sclerotial
formation of B. cinerea and completely (100%) suppress seed rot and seedling mortality of cucumber followed by

Conclusions: Foliar application of nanoemulsion formulation of clove + black seeds is promising than fungicides
(Topsin M-70) in controlling grey mould on cucumber fruits caused by B. cinerea in plastic greenhouse with no phyto-
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Background

Cucumber fruit is an important vegetable source high
antioxidants, vitamins and mineral for human fresh food,
industrial food and medical products (Kumar et al. 2010).
Immature fruit of cucumber during growth is attacking
by several air-borne fungi genera which causes signifi-
cantly losses of fruit yield quantity and quality such as
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grey mould cucumber of fruit through growing under
greenhouses caused by B. cinerea (Soliman et al. 2015),
and mature cucumber fruit also is attacking by fungi
causing spoilage of Galactomyces candidium, Geotri-
chumsp., Alternaria tenusima, Plerospora alli, Fusarium
fujikuroi, E verticiolides, F. solani, F. geraminearium and
E incarnatum (Ziedan et al. 2018a, b). Due to hazard
effects caused by synthetic chemicals fungicides in edible
plant parts, resistant strains and environmental pollu-
tion, essential oils (EOs) are the safe eco-friendly second-
ary metabolites of higher plants containing 60, bioactive
components of terpenes, alcohol, phenols, aldehydes and
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esters (Bakkali et al. 2008) which are compatible with
biotic and abiotic agents in controlling different foliar,
wilt and root rot diseases, as well as postharvest fungal
decay (Abbasi et al. 2003; Kadoglidou et al. 2020; Ziedan
et al. 2020).

Clove, orange and lemongrass oils as soil amendment
were controlling Fusarium wilt of tomato caused by E
oxysporum f.sp. lycopersici (Ben-Jaber et al. 2015; Selim
et al. 2020; Kadoglidu et al. 2020) and Fusarium wilt of
chickpea caused by E oxysporum f.sp. cicer (Moutassem
et al. 2019), clove as soaking treatment was to control
postharvest decay fungi of grape (Sukatta et al. 2008),
fumigation to control spoilage of peach fruits after har-
vest (Ziedan and Farrag 2008), postharvest rot diseases of
banana fruit caused by Colletotrichum musae, Lasiodip-
lodia theobromae and Fusarium proliferatum (Hossain
and Igbal 2016; Zoeir et al. 2017; El-Zahaby et al. 2018).
Black seed oil is highly effective against mycelial growth
and conidia sporulation of Fusarium spp. and Botryiodip-
lodia theobromae and significantly reduced root rot inci-
dence of grapevine plants by the rate 4% as soil drench
before cultivation transplantings (Ziedan et al. 2020).

The antifungal activity of essential oils was attributed
to morphological changes in the cell wall and interfer-
ence in enzymatic reactions of cell wall synthesis, which
affect fungal growth (Sharma and Tripathi 2008). In this
manner, eugenol is a phenolic compound which mainly
constitutes (83%) highly antifungal activity in clove
essential oil (Tabassum and Vidyasagar 2013; Xing et al.
2012; Moghaddam and Mehdizadeh 2016); meanwhile,
the most antifungal components of the black cumin
seeds essential oil were thymoquinone (42.4%), p-cymene
(14.1%), carvacrol (10.3%), longifolene (6.1%), 4-terpineol
(5.1%) (Mahmoudvand et al. 2014). In this respect, the
application of nanoparticles becomes important for con-
trolling plant diseases by application in soil, on seeds or
plant shoot to protect plants against pathogens of bacte-
ria, fungi, and viruses (Khan et al. 2012). Nanoparticles of
silver are one of the best nanoparticles which were used
against fungal plant diseases of cereals, viz. spot blotch of
wheat caused by Bipolaris sorokiniana, rice blast disease
caused by Magnaporthe grisea (Jo et al. 2009), and white
rot of green onion caused by Sclerotium cepivorum (Jung
et al. 2010). Moreover, nanoparticles of (ZnO NPs) were
more effective for controlling postharvest diseases caused
by pathogenic fungi of B. cinerea and Penicillium expan-
sum and A. flavus (Krishnaraj et al. 2012; Jayaseelan et al.
2012), silica—silver nanoparticles were completely (100%)
suppressive powdery mildew diseases of cucurbits, under
field conditions (Park et al. 2006), and nanoformulations
of nanosize silver/chitosan are more effective than silver
or chitosan nanoparticles against various seed-borne
fungal plant pathogens, Rhizoctonia solani, Aspergillus
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flavus and Alternaria alternata of chickpea (Kaur et al.
2012). Recently, essential oils emulsion of clove and lem-
ongrass were suppressed the growth the causal wilt of
tomato caused by E oxysporum f.sp. lycopersici (Sharma
et al. 2018) and nanoemulsions formulations of clove and
black seed essential oils were application as soaking treat-
ment of cucumber fruit for management of postharvest
spoilage caused by Galactomyces candidium, A. tenusima
and E solani (Mossa et al. 2021). This investigation aimed
to evaluate the nanoemulsions formulations of some
essential oils against fungi attacking fruit during growing
season of cucumber in producing greenhouse.

Methods

Essential oils

Essential oils of clove, black seed, lemon and orange were
kindly obtained from El- Captain Company, Al-Aobour
City, Cairo, Egypt, in comparison with extractions of
another two types of black seed essential oil from seeds
exported from Turkey and Ethiopia (Mossa et al. 2021).

Essential oil nanoemulsions formulations

Clove, black seed, lemon and orange oils nanoemul-
sions which provided from El- Captain Company, Al-
Aobour City, Cairo, Egypt, were determined, and their
droplet size was 82.6, 95.9, 131.9 and 117.4 nm, respec-
tively, which were formulated at 10% concentration using
Tween 80 under ultrasonic emulsification. Nanoemul-
sions stability, characterization and physicochemical
studies were described in my previous work (Mossa et al.
2021).

Pathogenic fungal isolate of B. cinerea

Highly pathogenic fungal isolate of B. cinerea
(MF996363) causing grey mould (blight) was isolated in
pure culture from diseased young and immature fruits,
showing grey mould (blight) symptoms of yellowish to
brownish and dark brown discoloration of cucumber
during growing season in greenhouses and identified
according to morphological, cultural and molecular biol-
ogy in previous work (Ziedan et al. 2018a, b).

Effect of oil nanoemulsion on growth of B. cinerea

and pathological activity

Different nanoemulsion formulations and their crude of
essential oils, i.e. clove, black seed, lemon and orange,
were tested on mycelia linear growth (cm) of B. cinerea
(MF996363) on plates of potato dextrose agar medium
(PDA). Plates were incubated for 4 days at 27+2 °C.
Three plates were used as replicates for each treatment,
and ten plates free treatment was served as a control.
Linear growth (cm) of each plate was measured and the
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average diameters were calculated and percentage of
fungal reduction was calculated according to formula as
follows:

Reduction of mycelial % = (A — B/A) x 100.

A =diameter of the control hyphal growth; B=diameter
of the treated hyphal growth.

Sclerotia count

Sclerotia of B. cinerea were counted of petri dish 9 cm in
diameter, and their size was calculated 10 days after incu-
bated at 27 £2 °C.

Pathogenic potential of B. cinerea

At the end of experiment as mentioned before, colonies
of fungal growth produced under nanoemulsion formu-
lations were used at 5000 ppm. Cucumber germinated
seeds (cv. Golden) on wetted filter paper were put in Petri
dishes for two days and set on fungal mycelium growth
for 10 days at 27 =2 °C for 7 days. Three plates were used
as replicates for each concentration, and ten plates free
treatment was served as a control. Rotten syndromes
of cucumber germinated seed and mortality of devel-
opmental seedlings were visually examined 7 days after
incubation according to Mossa et al. 2021.

Phytotoxicity of nanoemulsion formulations on cucumber
plants

Different rates of the promising nanoemulsion formula-
tions of clove + black (2:1) oils at different concentrations
at 0, 1, 2 and 4% were tested on cucumber plants 30 days
old (cv. Golden) by foliar spray 2 times with 1-week inter-
vals. The observation of cucumber plants was recorded
such as chlorosis, yellowish, malformation and spotted
colour less on leaves of cucumber plants (Abd-Elsalam
and Khohlov 2015).

Application of nanoemulsion formulations

for management grey mould of cucumber fruits
Nanoemulsion formulation of clove +black (2:1) oils by
the rate 1 0.0% as foliar application in comparison with
systemic fungicide of Topsin M- 70% W.P. (thiophan-
ate) diethyl 4-4 (O-phenylene) bis 3-thiollophanate
was manufactured by Nippa Soda, Japan. Treatments
were distributed in randomized block design on cucum-
ber plants 3—4 months old, under natural infestation by
causal pathogen during growing season 2018-2019 in
protective plastic greenhouses in Kafr El Abida village,
El Mehalla El Koberea, Gharbeia Governorate, Egypt, the
size of plastic greenhouses is (9 x 25 M), with drip irriga-
tion at 50 cm intervals between each two plants, five rows
with distance 60 (cm). Each treatment with five rows as
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replicates (60 cm x 5 M) and five rows were served as a
control as follows:

1- Control

2- Nanoemulsion formulation of clove + black (2:1) oils
by the rate 1 0.0%

3- Fungicide treatment of TopsinM-75% by the rate
0.5% as recommended dose.

Assessment of grey mould disease of cucumber fruits
Incidence of grey mould of cucumber young fruits during
growing season was determined 7 and 15 days after foliar
application as percentage of diseased plants, percentage
of diseased fruit and diseases severity on cucumber fruits
on the linear scale (0-5) adopted before in previous work
(Ziedan et al. 2018a, b) as follows.

0=no symptoms,1 =yellowish 50% of fruit, 2 =yellow-
ish 100% of fruit, 3=grey mould 50% of fruit, 4=grey
mould 100% of fruit and 5 =soften 100% of fruit.

Statistical analysis

Data obtained were statistical analysis using Duncan’s
multiple range test according to Snedecor and Cocharn
1980.

Results

Grey mould symptoms on immature fruits of cucumber
fruits are shown in Fig. 1 as yellowish of fruits devel-
oped to brownish, then rotten grey mould and then dried
caused by B. cinerea fungal.

Effect of some essential oils and nanoemulsions

on mycelial growth of B. cinerea

Highly aggressive isolate of B. cinerea (MF996363) caus-
ing fruit blight on cucumber fruits was tested their
growth on agar medium amended with nanoemulsions
of some essential oil and their crude at (5000 ppm) of
clove, black seed (three types), lemon and orange. Data
in Table 1 indicated that all perpetrated nanoemulsion
and crude of essential oils tested reduced mycelial linear
growth of fungal isolate tested than the control with no
significances differences between all nanoemulsions and
their crude of essential oil tested against mycelial linear
growth B. cinerea.

Effect of nanoemulsion formulations of some oil

on mycelial growth and sclerotia of B. cinerea
Nanoemulsions formulations of clove, black seed and
lemon essential oils provided from El- Captain Company,
Al-Aobour City, Cairo, Egypt, were tested in combination
at 5000 ppm on mycelial linear growth of B.cinerea. Data
in Table 2 indicated that nanoemulsions of clove, black
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Fig. 1 Cucumber healthy fruits (0), Botrytis grey mould disease symptoms cucumber fruits showing yellowish, brownish and death on fruit still
attached on cucumber plants fruits (1) and (2) culture of causal fungal pathogen (B. cinerea)

Table 1 Effect of some essential oils and their nanoemulsion on
growth of B. cinerea

Table 2 Effect of nanoemulsion formulations of oil on mycelial
growth of B. cinerea

Essential oil nanoemulsions Mycelial growth of B. cinerea

Nanoemulsion (5000 ppm) of Mycelial growth of B. cinerea

(5000 ppm) (4daysat27+2°C) essential oil (4 days at 27 +2 °C)
Growth (cm) reduction% Growth (cm) % Reduction

Control Non 89a 00.0 Control 89a 00.0
Clove (Egypt) Crud b73 17.9 Clove 73b 179

Nano 73b 179 Black 73b 17.9
Black seed (Turky) Crud 73Db 17.9 Lemon 7.3b 179

Nano b73 17.9 Clove + Black seed (1:1) 64c 28.0
Black seed (Egypt) Crud 73b 179 Clove +Lemon (1:1) 64cC 280

Nano 73b 179 Black+ Lemon (1:1) 73b 179
Black seed (Ethiopia) Crud 73b 179 Clove + Black seed 4+ Lemon 72b 19.1

Nano 89a 000 Values in each column followed by the same letter are not significantly different
Lemon (Egypt) Crud 73b 179 at P <0.05 according to Duncan’s multiple range test

Nano 73b 17.9
Orange (Egypt) Crud 89a 00.0

Nano 73b 179 In addition, data in Table 3 indicated that nanoemul-

Values in each column followed by the same letter are not significantly different
at P <0.05 according to Duncan’s multiple range test

seed and lemon were significantly reduced mycelial lin-
ear growth of B. cinerea, and formulations by the equal
rates of clove+black seed or clove +lemon followed by
black seed+lemon were significantly reduced mycelial
linear growth of B. cinerea than individual nanoemul-
sions formulations. Clove nanoemulsion in combined
with nanoemulsions of black seed 4 lemon was moderate
effective against mycelial linear growth of B. cinerea.

sions formulations of clove+black seed oils were sig-
nificantly reduced mycelial linear growth and the count
of sclerotia formation of B. cinerea than in the control
of fungal free treatment. Formulation of clove+ black
seed nanoemulsion (2:1) was highly reduced mycelial
linear growth and the count of sclerotia of fungal isolate
tested as well reduction in the size of sclerotia as shown
in Fig. 2) than same formulation of clove 4 black seed oils
with different per cents of 1:1 and 1: 2.
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Table 3 Effect of nanoemulsions formulations of clove and black
seed oils on mycelial growth and scleroial count of B. cinerea

Effect of nanoemulsions of clove and
black seed essential oils on B. cinerea
(27+2°C)

Nanoemulsion (5000 ppm)

% reduction of Sclerotia

mycelial growth (10 days)/plate

(4 days) _—

Count Size

Control 00.d 63.0a +++
Clove 179 ¢ 390d 4+
Black seed 179d 540b  ++
Clove + Black seed (1:1) 280Db 500c ++
Clove + Black seed (1:2) 280b 66.0 d ++
Clove +Black seed (2:1) 61.1a 350e +

Values in each column followed by the same letter are not significantly different
at P<0.05 according to Duncan’s multiple range test

~+++ Large size of sclerotia
+-+ moderate size of sclerotia

+ Little size of sclerotia

Effect of nanoemulsions formulations of clove and black
seed oils on seed rot and seedling mortality of cucumber
caused by B. cinerea

Data in Table 4 and Fig. 3 indicated that all individual and
in combinations between nanoemulsions of clove and
black seed essential oils were significantly reduced seed
rotten and seedling mortality of cucumber of fungi tested
after treatment by different nanoemulsions formulation
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than its free treatments (control). In general, combined
treatment of clove+black seed nanoemulsions sig-
nificantly than individual against pathological action
of B. cinerea, followed by clove nanoemulsion alone.
Treatment of clove+black seed nanoemulsions at 2:1,
respectively, was the best and significantly reduced seed
rotten and seedling mortality under stress by fungal iso-
late tested.

Phytotoxicity of nanoemulsion formulations of oils

on cucumber plants

Foliar application of nanoemulsion formulation of
clove+black seed essential oils as shown in Fig. 4 was
recorded slight syndromes toxicity of cucumber leaves
and was observed at 4% as chlorosis, yellowish, malfor-
mation wilt and death which decreased by decreasing
concentration at 2%, with no toxicity at lower concentra-
tion (1%.).

Application of nanoemulsion formulations on grey mould
of cucumber fruits

Different nanoemulsion formulations of some essen-
tial oil clove, black seed compare the fungicides (Topsin
M-70) as shown in Table 5 application of nanoemulsion
formulations, and fungicides were reduced fruit blight
on young cucumber fruits caused by B. cinerea under
natural artificial infestation in plastic greenhouses 7 and
15 days after treatments by nanoemulsion formulation of
clove + black seed oil (2:1) Meanwhile, another different
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Fig. 2 Effect of nanoemulsions formulations (5000 ppm) on sclerotia formation of B. cinerea 10 days at 27 2 °C. The control fungal free treatment
(0), treatment with nanoemulsions of clove (1), black seed (2), nanoemulsions formulations of clove 4+ black seed (1:1), (1:2) and (2:1) were (3), (4) and
(5), respectively
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Table 4 Effect of nanoemulsions formulations of clove and black
seed oils on seed rot and seedling mortality of cucumber caused
by B. cinerea

Nanoemulsion (5000 ppm) % Seed rot and seedling mortality

of cucumber by Botrytis cinerea

Control 80.0a
Clove 300d
Black seed 500¢
Clove 4+ Black seed (1:1) 40.0 b
Clove + Black seed (1:2) 400 b
Clove 4 Black seed (2:1) 200e

Values in each column followed by the same letter are not significantly different
at P <0.05 according to Duncan’s multiple range test

treatments tested moderately reduced fruit blight of
cucumber at 15 days.

Discussion

The epidemic distribution of grey mould of cucumber
fruit during growing in winter season in plastic green-
house is caused by the fungal B.cinerea causing high
losses of developmental cucumber fruits (Yunis et al.
1990; An and Ma 2005-2006; Al-Sadi et al. 2011; Soli-
man et al. 2015; Elad et al. 2016; Ziedan et al. 2018a, b).
In vitro, crude oils of clove, black seed, lemon, orange
and single nanoemulsions formulations were tested at
(5000 ppm) against mycelia linear growth of fungal iso-
late of B. cinerea (MF996363), with no significant of
crude and nanoemulsions of essential oils, while there
was slight significant difference in nanoemulsions formu-
lations of clove, black seed and lemon by the equal rate.
Meanwhile, nanoemulsions formulations of essential
oils of clove + black seed (2:1), respectively, at 5000 ppm
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were the best formulations significantly reduced mycelia
linear growth of B. cinerea followed by the formulation
(1:1) and (1:2). In addition, nanoemulsions formulations
of (2:1) were highly reduced the count of sclerotial for-
mation and suppress seed rot and seedling mortality of
cucumber followed by nanaoemulsion of clove only, and
these results are agreement with the evaluation of the
same formulation against several fungi causing posthar-
vest spoilage of cucumber fruits (Mossa et al. 2021).

The biological activity of EOs against fungi, bacte-
ria and weeds make by different chemical, physical and
biological properties due to the multiple chemical com-
ponents. The most mode actions of EOs are due to bioac-
tive volatile components towards cells of microorganisms
and weeds by suppressing cell wall synthesis enzymes of
B-glucans and chitin, increasing permeability in plasma
membrane (Viuda-Martos et al. 2007), EOs highly pen-
etrating cell wall, causing dissolvation of chemical com-
ponents, damaging of cytoplasm and mitochondrial
membranes, and death cell bacteria and fungi (Hua et al.
2017; Lagrouh et al. 2017; Bouyaha et al. 2019); in this
manner, oregano and fennel EOs cause malformation of
fungal mycelia morphology, coagulations of cytoplasm,
lysis, and change the shape of sclerotia formation by Scle-
rotinia sclerotiorum (Soylu et al. 2007). Eugenol strongly
reduced mycelial linear growth of the fungus Botrytis
cinerea by negative effect on plasma membrane struc-
ture, malformation of hyphae morphology, accumulation
of cytoplasm and increasing the cell vacuoles (Wang et al.
2010), at the same direction, thymoquinone is a com-
mon bioactive constitute in black cumin essential oil had
harmful effect on spore germination, germ tube elonga-
tion, mycelial growth, cell membrane of Candida spp.,
(TEM) examination recorded ultrastructure irregular

clove + black seed oils (3)

Fig. 3 Effect of nanoemulsion formulations (5000 ppm) of essential on pathogenic activity of B. cinerea on seed rot and seedling of cucumber
10 days at 27 +2 °C. Fungal free treatment (0), fungal treatment with nanoemulsion of clove (1) and fungal treatment with nanoemulsions (2:1) of




Ziedan et al. Bulletin of the National Research Centre (2022) 46:88 Page 7 of 9

J

Fig. 4 Phytotoxicity test of nanoemulsion formulation of clove 4 black seed essential oil (2:1), respectively, 0, 1, 2 and 4% foliar application of
cucumber plants

Table 5 Effect of nanoemulsion formulation on grey mould of cucumber fruit under greenhouse conditions

Treatment Grey mould incidence of cucumber (days) after treatment
7 15
% Diseased plant Diseased fruit % Diseased plant Diseased fruit
% D.S % D.S
Clove + black seed (2:1) at 1% 200b 27b 05c¢ 286 Db 133b 20c
Topsin (fungicide) at 0.5% 83c¢c 12c¢ 10b 16.7 58¢ 28b
Control 315a 50a 26a 733a 185a 35a

D. S=disease severity: 0=No, 1=yellowish 1/2 fruit, 2=yellowish hole fruit, 3 =grey mould 50% of fruit, 4 = grey mould of fruit 100% and 5 = fruit completely rotten
Values in each column followed by the same letter are not significantly different at P < 0.05 according to Duncan’s multiple range test

of cytoplasmic membrane, separation of cell membrane EOs are low residues, toxicity and high compatibil-
than cell wall, disruption of cytoplasm and irregular ity with a wide range of beneficial microorganisms and
nucleus shape were observed (Iscan et al. 2016). are useful in managing plant pests and diseases caused
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by biotic and abiotic agents (Irshad et al. 2018; Ziedan
et al. 2020). The slight toxicity was observed on cucum-
ber plant after application of the rate 2 and 4% of nanoe-
mulsion formulation of clove+black seed essential oils
(2:1) at (5000 ppm), while no phytotoxicity was observed
of foliage cucumber plant at 1%. These results that are
agreement with result reported to the phytotoxic effect
of neem oil were chlorosis and stunted by the rate more
than 0.5% (Abbasi et al. 2003) and up to 3% of lemon
essential oil on leaves and roots on corn plant (Hollings-
worth 2005). Eugenol nanoemulsion had no phytotoxicity
at low concentrations on cotton seedlings (Abd-Elsalam
and Khokhlov 2015) and on maize plants by nanoemul-
sion formulations of carvacrol and linalool up to 2.5 mg/
ml (Campos et al. 2018). In addition, essential oils of
thyme and cotton lavender were lower phytotoxicity to
major cereal and vegetable crops (Benchaa et al. 2019).

In greenhouses, application of nanoemulsion formula-
tion of clove+black seed oils (2:1) compared to fungi-
cides of Topsin M-70 was reduced fruit blight on young
cucumber fruits caused by B.cinerea under natural artifi-
cial infestation in plastic greenhouse 7 and 15 days after
treatments.These results are agreement with nanosilver
which is one of the best nanoparticles used against white
rot of green onion caused by Sclerotium cepivorum (Jung
et al. 2010) and wilt disease of oak caused by Raffaelea
quercivorus (Kim et al. 2011).Moreover, nanoparticles of
(ZnO NPs) were more effective for controlling posthar-
vest caused by pathogenic fungi, B.cinerea, Pexpansum
and A. flavus (Krishnaraj et al. 2012; Jayaseelan et al.
2012). Recently, the same nanoemulsions formulations
of clove and black seed essential oils were controlling
the incidence of postharvest spoilage fungal diseases of
cucumber fruits (Mossa et al. 2021). So, nanotechnol-
ogy tools have been promising eco-friendly agents, cheap
cost, more effective to control plant diseases and enhance
quality and quantity.

Conclusions

In plastic greenhouse, foliar application of cucumber
plants with 7- and 15-day intervals, during growing sea-
son by 1% of nanoemulsion formulation of clove + black
seeds oils (2:1), was reduced grey mould of young
cucumber fruits caused by B. cinerea under natural arti-
ficial infestation than compared with the application
of fungicide Topsin M-70. So, nanoemulsion formula-
tion considered as eco-friendly agents of environmental
resources will be considered in programme as alternative
fungicides for controlling plant diseases.

Abbreviations
EOs: Essential oils; D.S: Disease severity; PDA: Potato dextrose agar; f. solani:
Fusarium solani; B. cinerea: Botrytis cinerea; A. tenusima: Alternaria tenusima.
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