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Abstract

Root rot is an epidemic fungal disease in cucumber caused by soil borne fungi of Fusarium spp., significantly reducing
numbers of plants, vegetative growth and fruit yield during growing in plastic houses. Several nanoemulsions of chitosan
alone and chitosan loaded with hydroquinone, sorbic acid, or propionic acid were prepared, characterized and tested in vitro
against mycelial linear growth, condial sporulation and pathogenic potential of the fungal isolates, i.e. Fusarium oxysporum
(MG018778) and Fusarium solani (MG018781) on cucumber. These nanoemulsions were also evaluated in greenhouse as
soil drench for their effect on root rot incidence in cucumber plants, vegetative growth and fruit yield. Results in vitro
indicated that nanaoemulsion of chitosan/hydroquinone was more effective than the other tested nanaocemulsions, with high
efficacy against morphological characters tested of fungal isolates. Moreover, application of the chitosan/hydroquinone
nanoemulsion, with 122.8 nm drop size, by the rate 0. 5 % as soil drench on transplanting's before cultivation and in
combination with soil drench 30 days after plants cultivation in plastic houses was significantly suppressive root rot
incidence on cucumber plants, increased survival plant, plant height, fresh weight and fruits yield of cucumber plants.
Therefore, the nanoemulsion of chitosan/hydroquinone is an effective eco-friendly agent alternative fungicide for controlling

root rot on cucumber cultivation.
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1. Introduction

In order to provide fresh food for human consumption,
industrial food, and medicine purposes, cucumber plants
(Cucumis sativus L.) are among the most important
economically fresh vegetables due to their rapid vegetative
growth and extended fruiting period. They are widely
distributed in open fields and under various soil and
geographic conditions in protected houses (Essa et al.,
2017). Cucumber is planted in open fields and protected
houses with worldwide cultivation in 2,231,402 hectares,
producing approximately 87.805 tons of fresh fruits
(FOASTAT 2021). In Egypt, cucumber agriculture is
expanding in newly reclaimed lands in open fields during
the summer and in greenhouses throughout the autumn,
winter, and summer seasons (Mossa et al., 2021; Ziedan
et al., 2022; Ziedan, 2024a), and the global cultivation area
reached, 19702 hectares which produced 433440.85 tons
(FAOSTAT 2023).

Cucumber is one of the most important economic fresh
vegetables due to its rapid growth and extended fruiting
period. It is widely distributed in open fields and in various
soil and geographic conditions in protected houses (Essa et
al., 2017).
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Cucumber fruits have great economic and health
benefits for humans due to their rich content of the high
nutritional values. They are very important as fresh
vegetables, medicinal plants, and weight loss remedy by
reducing fat and including a high percentage of fibre.
Cucumber fruit is rich in minerals, sugar, protein, thiamin,
riboflavin, vitamin C, niacin; and they have antimicrobial
properties and anticancer ones and many other bone
disease remedies due to their content of
secoisolariciresinol, lignans, lariciresinol, and pinoresinol
(Pal et al., 2020; Sambou et al., 2023).

Many genera of soil-borne pathogenic fungi, F. solani,
F. oxysporum, Macrophomina phaseolina, Rhizoctonia
solani, Sclerotium rolfsii, and Sclerotinia spp. attack
cucumber plants and cause wilt and root rot diseases
(Elwakil et al., 2015; Farrag et al., 2013; Ziedan and Saad
2016; Ziedan et al., 2022; Ziedan 2024 a). Synthetic
fungicides were regularly used to treat fungal diseases and
have a number of negative side effects, including
environmental contamination, residues in edible plant
portions, and resistant strains. For avoiding ricks of
fungicides, alternatives of organic acids of sorbic and
salicylic acids were used for controlling grapevine root rot
(Ziedan et al., 2020), polymer of chitosan and essential
oils as the natural agents were used for management
crown and anthracnose on banana fruits after harvest
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(Hossain and Igbal 2016; Zoeir et al., 2017; El-Zahaby et
al., 2018; Ziedan 2024 b). Chitosan and hydroquinone as a
promising natural organic extraction are non-toxic,
biodegradable, with direct harmful antifungal effect on
growth, morphology and populations of plant pathogens,
as well, enhancing systemic induce resistance in plant
against invasion of root rot and wilt pathogens , in addition
increasing productivity in cucumber (Elwakil 2003; Hanafi
2004), on fenugreekm (Ghule el al., 2021), on chickpea
(Hemeda 2006; Zian et al., 2023). Chitosan directly
significantly reduced mycelial growth, sporulation, spore
germination and induce malformation, swellings and lysis
of mycelial hyphal of F. solani the causal of root rot
disease on fenugreek. It also enhances plant seed
germination, increasing defense resistance enzymes, of
chitinase, B-1, 3-glucanase (Ghule el al., 2021). Chitosan
and hydroquinone were controlling wilt disease of
chickpea caused by fungi of F. oxysporum f. sp. ciceris
and Rhizoctonia solani by enhancing the activation of
enzymes related plant resistant, such as peroxidase,
polyphenol oxidase and increase content of phenol and
photosynthetic pigments ( Zian et al., 2023). As a result,
the use of nanoparticles in managing plant diseases has
become crucial to integrated pest management since
various chemical, physical, and biological processes may
be used to create eco-friendly agents (Mossa et al., 2021;
Ziedan et al., 2022). Nanoparticles are an efficient and
convenient way to defend plants from diseases, such as
bacteria, fungi, viruses, and nematodes, which are
significant limiting factors in the production of food
material (Khan et al., 2012). Recent studies have evaluated
the effectiveness of nanoparticles and nano formulations in
controlling fungi, and the results show that they are
substantially more effective than conventional fungicides
(Hossain and Igbal 2016; Ziedan and Saad 2016; Mossa et
al., 2021; Ziedan et al., 2022). In this manner, chitosan
nanoemulsion were found to be more effective than
chitosan, nanoemulsion of chitosan at 1.0% with droplet
size (200 nm and 600 nm) respectively, its highly
significances reduced mycelial growth of Colletotrichum
musae (Berk. & Curt) Arx., the causal of anthrachose on
banana fruits and Colletotrichum gloeosporioides
(Penz.) Penz and Sacc., the causal of anthracnose on
papaya and dragon fruits. In addition, in vivo was
significantly suppressive incidence of anthracnose on
fruits and maintaining their quality to 28 days under
cold storage (Zahid et al., 2012). Different application
treatments of chitosan nanoparticles formulation were
enhancing plant growth and yield components such as
composite nano-size silver/chitosan nanoformulations are
more efficient in combating a number of seed-borne fungi,
of Aspergillus flavus, Alternaria alterneta and R. solani of
chickpea (Kaur et al., 2012). Cu-chitosan nanoparticles
signifcantly enhanced growth of maize plants, chlorophyll
content dry weight and enhanced defense responses
against Curvularia leaf spot disease incidence by
increasing enzymes activities of superoxide dismutase,
peroxidase, polyphenol oxidase and phenylalanine
ammonia-lyase (Choudhary et al., 2017).

Clay/chitosan nanocomposite at 20 pug mL -1 directly
completely inhibited growth of Penicillium digitatum and
incidence of green mold disease of orange cv. Valencia
after harvest, inducted resistance of orange fruits and
caused morphological alternations in mycelial hyphae of

the fungal pathogen (Youssef and Hashim 2020). Chitosan
nanoparticles (CNPs) as antifungal of F. equiseti was
controlling tomato wilt and increased the efficacy of
biocontrol agents (EI-Morsy et al., 2023). In addition,
chitosan- potassium nanoparticles formulation increased
plant vegetative growth, fruit yield and high and total
soluble solids as well vitamin C, acidity, sugar
strawberries fruits (Abd-Elrahman et al., 2023).

This investigation, aimed at  preparation,
characterization of antifungal nanoemulsions from safety
organic material to suppress growth of fungi causing root
rot disease on cucumber in vitro and their application in
vivo for protecting cucumber plant during growth in plastic
houses.

2. Materials and Methods

2.1. Chemicals and reagents

Chitosan (M.Wt. = 100.000-300.000), Polysorbate 80
(Tween 80), Sodium tripolyphosphate (TPP) and
hydroquinone were obtained from VWR International 201,
Rue Carnot F-94126 Fontenay/Bois, France, while
systemic fungicide named Topsin M- 70% was provided
from El-Deeb of Developmental Agriculture Company,

Egypt.
2.2. Preparation of chitosan nanoemulsion

For preparation chitosan nanoemulsion, native chitosan
and TPP were used for preparation an ionic gelation at
room temperature. (Calvo et al., 1997; Rampino et al.,
2013; Waly et al., 2015). Nanoparticles are created by
inter- and intra-molecular linkages between amino groups
of chitosan and charged phosphate groups of (TPP).
Chitosan solution was prepared by swirling a 3 mg/ml
chitosan into a 1% (v/v), pH 5, acetic acid solution.
Afterward, 120 ml of TPP solution (0.5 mg/ml, w/v) was
added under stirring to 100 ml of chitosan solution.
Chitosan nanoparticles (NPs) were collected, cleaned by
suspending in deionized water two to three times,
centrifuged for 30 minutes at 10,000 rpm, then re-
suspended in deionized water.

2.3. Preparation of hydroquinone-loaded chitosan
nanoemulsion

Hydroquinone-loaded chitosan nanoemulsion
according ionic cross-linking method (Rampino et al.,
2013; Ding et al.,, 2017). Chitosan (1000 mg) after
dissolved in 100 ml of 1.0 % acetic acid was mixed with 1
mg/ml of hydroquinone then TPP solution (1 mg/mL) was
dropped dropwise to chitosan suspension while being
stirred (4000 rpm) for two hours. The resulting
nanoparticles (NPs) were freeze-drying after being
collected by centrifugation for 30 min then being re-
suspended in deionized water.

2.4. Preparation organic acids and hydroquinone loaded
chitosan nanoemulsion

Sorbic or propionic acids were loaded with chitosan

nanoparticles according method described by (Ding et al.,
2017). 1000 mg of chitosan was dissolved in 1.0 % acetic
acid, pH 5) or 0.1%. of propionic acid, and sorbic acid.
TPP was prepared in deionized water. Then, TPP solution
was added drop wise into the chitosan solution at room
temperature  under magnetic stirring for 2 hrs; then
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nanoparticles were obtained by after centrifugation at 13
000 rpm for 30 min at 4 °C then re-suspended in deionized
water.

2.4.1. Nanoemulsion characterizations

Distribution of particle size of various nanoparticles
was determined by dynamic light scattering PSS
instrument (Santa Barbara, CA, USA) , at 23 °C with 632
nm helium-neon (HeNe) laser as the light source. The
scattering angle was set to 90°.

2.4.2. Transmission electron microscopy (TEM)

Various prepared chitosan nanoemulsions were
observed their dimentions size of nanoparticles by TEM
(model JEM-1230, Jeol, Tokyo, Japan). The drops of
chitosan nanoparticles only and its loaded either one of
sorbic acid and propionic acid, and hydroquinone in
deionized water, were diluted then transferred in grid of
carbon-coated copper then dried at 27°C then images were
taken at 80 KV voltages at Centeral laboratory of scientific
services in National Research Centre unit, Egypt.

2.5. Effect of nanoemulsion on fungi growth and
pathological activity Fungal isolates tested

Two highly pathogenic isolates of fungi caused root rot
on cucumber were identified according to morphological,
cultural and molecular biology with accession numbers,
i.e. Fusarium oxysporum (MGO018778) and Fusarium
solani  (MG018781), in previous work (Attallah et al.,
2019). These isolates were tested under stress of
nanoemulsions of chitosan.

2.5.1. Mycelial linear growth

Different chitosan,  nanoemulsion singly and in
combinations with hydroguinone and organic acids of
propionic and sorbic were tested on mycelial linear growth
of fungi tested on PDA agar medium. Three Petri dishes
plates (9 cm in diameter) were used as a replicates for
each formulation, and tree plates free treatment were
served as a control. Plates were incubated at 27+2 C for 7
days. The average diameters of mycelial linear growth of
each plate was determined and calculated as the reduction
% of fungal growth according to the following formulation
(Duarte et al., 2014).

Gl (%) =[ (Gc-Gt)/Gc]x100

Where: Gl = Percentage of mycelial growth inhibition;
Gc = linear mycelial in negative control; Gt = linear mycelial of
the treatment

2.5.2. Conidia sporulation count

Conidiospores  count was  determined  using
haemacytometer slide. The average number of spores was
calculated per cm? of fungal growth.

2.5.3. Pathogenic potential of fungal isolates

Mycelial colonies 10 days old of two fungal isolates
tested as mentioned before being grown under stress of
nanoparticles formulations were used for testing effect of
nanoemulsion prepared on pathogenicity test of fungi
using germinated seeds (Golden) of cucumber on wetted
filter paper for two days then cultured on fungal mycelial
growth. Ten germinated seeds were used of each plate;
three plates were used as replicates for each treatment and
ten plates without nanoparticles were served as a control.
Plates were incubated at 27+2 C for 7 days. Root rot

syndromes of developing cucumber seedlings were
visually examined according to (Ziedan and Saad 2016).

2.5.4. Scanning electron microscopy (SEM) observations

For studying morphological changes of fungal isolates,
pieces 4x4mm of each fungal isolates 5 days old growth,
on potato dextrose agar medium (PDA) supplemented
nanoemulsion of chitosan/hydroquinone 4000 ppm and
fungi free stress (control). Each fungal isolate was fixed in
buffer it in osmium tetroxide, dehydration in a graded
ethanol series of ethanol solutions (25%, 50%, 75%, and
two 100%) for 10 minutes, then coat with gold and view in
scanning electron microscope quanta FEG250 field
emission (Scan EM) at National Research Centre unit,

Egypt.

2.6. Nanoemulsion for controlling root rot disease on
cucumber

Different nanoemulsion of chitosan/hydroquinone at
0.5 and 1.0 % concentration as soil drench during
transplanting's growth 2 days before cultivation in green
house and /or soil drench by the rate 200 ml/plant, 30 days
after cultivation of transplantings in open field
(greenhouse). Treatments were distributed in randomized
block design during growing season 2018/2019 in
protective plastic green houses, Dokki, Agriculture
Research Centre, Minsitry of Agriculture, Egypt as
follows:

0- Control (plants free treatment)

Soil drench of transplanting's by chitosan/
hydroquinone nanoemulsion (0.5 %)
Soil drench of transplanting's by chitosan/

hydroquinone nanoemulsion (1.0%)

3-Soil drench of transplanting's and in field with
chitosan/ hydroquinone nanoemulsion (0.5 %)

4-  Soil drench of transplanting's and in field with
chitosan/ hydroquinone nanoemulsion (1.0%)

5- Soil drench of transplanting's with (fungicide)
Topsin M-70 (0.5%).

6-Soil drench of transplanting's and in field with
(fungicide) Topsin M-70 (0.5%)
2.6.1. Root rot assessment

Root rot disease incidence on hundred cucumber plants,
disease severity was determined according to (Downes and
Ito 2001).

Disease severity = X (n x ry/x 100

Where: n = number of plants in each numerical disease grade;r =
number of the disease grade; N = total number of plants
multiplied by the maximum numerical disease grade.

Disease severity was determined on the cucumber
shoot by the linear scale (0-4) as grade of wilt syndromes
on leaves, 3 months after cultivation according to (Carver
et al., 1996) where:

0 = healthy plant

1 =intial sing of wilt on plant

2 = wilt more 25% of plant

3 = wilt more 50% of plant

4 = wilting more 75% to plant.
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2.6.2. Morphological characters and yield components of
cucumber plants

Plant height of cucumber plants, fresh weight of shoot,
number of buds, and total number and yield of cucumber
fruits (Kg) were calculated 5 months after cultivation.

2.7. Statistical analysis

Data were statistically analyzed using analysis of
variance (ANOVA) comparing among means using least
significant differences (L.S.D ) P= 0.05 according to
procedures outlined by (Snedecor and Cochran 1980).

3. Results

3.1. Preparation of nanoparticles of chitosan,
hydroginone and organic acids

Chitosan nanoemulsions and its loaded with each one
of hydroquinone, sorbic acid and propionic acid were
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prepared based on chitosan high molecular weight,
polysobate (tween- 80) and tripolyphosphate (TPP) by
ionic gelation at room temperature as simple ionic cross-
linking at 50% in distilled water. Stable nanoemulsions
were suspended for assay droplet size and their
distributions, as shown in (Fig. 1) nanoparticles of chitosan
(214.5 nm), nanoparticles of chitosan/hydroquinone (228.8
nm), nanoparticles of chitosan/sorbic acid (224.2) and
nanoparticles of chitosan/propionic acid (276.4).

Morphology and dimensions of chitosan nanoparticles
were viewed by transmission electron microscopy (TEM)
as shown in (Fig. 2). The droplets of nanoemulsion were
spherical shape in a good dispersion. This visualization
confirmed the distribution of droplet diameter sizes in the
chitosan nanoemulsions.

Figure 1. Particle size distribution of chitosan nanoparticles alone and those loaded with hydroquinone, sorbic acid, and propionic acid.
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Figure 2 . TEM of exhibiting chitosan nanoparticles size

3.2. Effect of chitosan nanoemulsions on growth and
pathogenic activity of fungi

Data in Table (1) indicated that testing 1000 and 2000
ppm of nanoemulsions of chitosan only or chitosan /
propionic acid, chitosan / sorbic acid and chitosan /
hydroquinone were reduced mycelial linear growth of the
tested fungus of Fusarium solani and F. oxysporum than in
untreated (fungi free nanoemulions test) which increased
with  higher concentrations. In this manner, the
chitosan/hydroquinone nanoemulsion at 2000 ppm was the
most effective against the mycelial linear of fungal growth
which reduced F. oxysporum by 60% followed by
chitosan / sorbic acid nanoemulsion (33%) then the
chitosan alone nanoemulsion (34%), meanwhile the least
effective was nanoemulsion of chitosan / propionic acid
(24%).  Meanwhile,  nanoemulsion  of  chitosan
significantly reduced mycelial growth of Fusarium solani
by (41%)), meanwhile nanoemulsions of
chitosan/hydroquinone, chitosan / sorbic acid chitosan /
propionic acid, which reduced mycelial linear growth by
(33%).

In addition, data in Table (2) shows that all
nanoemulsions  significantly reduced conidia count
production on both tested fungal isolates compared to the
fungi free treatments (control). Nanoemulsion of
chitosan/hydroquinone and chitosan nanoemulsion alone,
respectively, were the best treatments that reduced conidia
count  production of Fusarium solani (81.3) and F.
oxysporum (47.4%). In this respect, nanoemulsions of
chitosan/sorbic acid and chitosan/propionic acid were the
least effective in reducing the conidia count of F.
oxysporum  (28.4%) and Fusarium solani (62.5%) |,
respectively. Furthermore, as shown in Fig (3) , all
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Chitosan /sorbic acid nanoparticles

chitosan nanoemulsions in this study reduced the rotting of
the germinated seed of cucumber and mortality of
developing cucumber seedlings than in the untreated
(control). Nanoemulsion of chitosan/hydroquinone was the
best treatment that reduced seed rotten and seedling death
of cucumber caused by Fusarium solani followed by
nanoemulsion of chitosan/ propionic acid, nanoemulsion
of chitosan, respectively. Meanwhile, nanoemulsion of
chitosan/sorbic acid showed the least effect.

Table 1. Effect of chitosan nanoemulsions on growth of fungi
pathogens

Treatment % Reduction of mycelial linear
growth
Nanoemulsion ~ Con. ppm  F. oxysporum F. solani
Control 000.0 00.0g 00.0e
Chitosan / 1000 02.0f 00.0e
propionic acid 5500 240¢ 333b
Chitosan / sorbic 1000 50.0b 33.0b
acid 2000 50.0 b 33.0b
Chitosan 1000 50.0b 16.7 d
/hydroquinone 54, 60.0a 33.0b
Chitosan 1000 240¢e 251c
2000 34.0d 413a

The same letter in each colum are not significantly differences at
P<0.05.
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Table 2. Effect of chitosan nanoemulsions on conidia count of
fungal pathogens

Nanoemulsion Conidia (x 10%)/ cm?

(2000 ppm) F. oxysporum F. solani
count % reduction count %
reduction

Control 95a 00.0 40a 00.0
Chitosan / propionic  6.0c  36.8 15b 625

acid

Chitosan / sorbicacid 6.8b 28.4 13c 675
Chitosan 6.0bc 36.8 05e 875
/hydroquinone

Chitosan 50d 474 08d 813

The same letter in each colum are not significantly differences at
P<0.05.

Fig ure 3. Effect of chitosan nanoemulsions on pathogenic
activity of F. solani free treatment, H= chitosan/hydroquinone, P
= chitosan/propionic acid, S = chitosan/sorbic acid and C = nano
chitosan alone)

3.3. Application chitosan nanoemulsions on root rot
disease incidence

Promising nanoemulsion of chitosan / hydroquinone as
the a promising antifungal against pathogenic fungi of
cucumber plants by the rate ( 0.5 and 1%) compared the
systemic fungicide (Topsin-M-70) at (10g/L)  were
application were by suspended as the oil drench 2 days
before cultivation the cucumber transplanting's or / and
soil drenching 30 days after cultivation in greenhouse.
Various  applications  of chitosan / hydroquinone
nanoemulsion as in combination soil drench by 0.5%
followed by 1.0% respectively significantly reduced root
rot incidence, disease severity of cucumber plants and
increased number of survival plants as well morphological
characters and yield fruits of cucumber plants compared in
untreated plants and the same treatments by fungicide

(Tables 3 and 4 ), as shown in Table (3) and Fig (4).
Applications of nanoemulsions of chitosan / hydroquinone
by the rate (0. 5%) as soil drench of transplanting's alone
or in combination with soil drench  were the best
treatments that reduced root rot incidence on cucumber
plants 5 months after cultivation in greenhouse and
recorded the highest survival % of cucumber plants,
significantly enhancing morphological characters of
cucumber plants than in the treatments by fungicide and in
the control (no treatment), i.e shoot length, fresh weight of
shoot, number of buds , number of cucumber fruits / plant
and total yield of cucumber fruits, in Table ( 4 ) and Fig
(4). In this respect, the significant of plant height of
cucumber (230 ¢cm) in combined treatment of transplanting
and soil drench by (0.5%) of chitosan / hydroquinone
nanoemulsion compared (110 cm) of plant height in
untreated and fungicide application (120 cm). Moreover,
the combined treatment of transplanting and soil drench
after cultivation by nanoemulsion of chitosan /
hydroquinone recorded, the highest values of the fresh
weight of cucumber plant shoot (453.0 g /plant), yield
components was (10) buds and yield was (9.2 kg of
cucumber fruit / plant followed by the same the
application by at (1.0 %) of nanoemulsion of chitosan /
hydroquinone the fresh weight of shoot (226 g /plant), (6)
buds and (5) kg of cucumber fruit / plant. Meanwhile, the
lowest value was recorded with fungicide and plant free
treatments (control) which recorded fresh weight/plant (
748 and 40 g/plant), 1.6 and 1.0 kg/ fruit/plant
respectively.

Table 3 . Effect of nanoemulsion of chitosan / hydroguinone on

root rot disease incidence on cucumber plants under natural
infestation in plastic houses

Soil drench Root rot
Survival incidence
Materials Con method plant % % D
% Disease severity
Nanoemulsion 05 T 90 a* 400c 1.0d
(chitosan/hydroquinone) T+S 90a 100f 10d
10 T 85hb 35.0e 18¢c
T+S 825c 400c 20b
Topsin M-70% 05 T 75e 46.0b 2.0b
T+S 80d 30.0d 1.0d
Control 0 65 f 70.0a 37a

T= transplanting's soil drench 2 days before cultivation
S = soil amendement 30 days after cultivation in greenhouse

The same letter in each colum are not significantly differences at
P<0.05.*
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Table 4. Effect of nanoemulsion of chitosan / hydrogquinone on morphological characters of cucumber plant grown under natural
infestation by root rot causal pathogen in plastic houses
Soil drench Morphological characters of cucumber plant
Materials Con Method length bud/ fresh weight fruit/plant
% shoot (cm) plant shoot (g) No. Kg
Nanoemulsion 0.5 T 200.0 c* 7 2493 ¢ 47¢ 39c
(chitosan/hydroguinone) T+5S 23002 10 4530a 110a 92a
1.0 T 190.0d 2 177.8d 43d 36¢
T+S 220.0b 6 266.4 b 60 b 5.0b
Topsin M-70% 0.5 T 120.0e 0 516 f 15f 13e
T+S 120.0 e 0 74.8¢e 20e 16d
Control e 1100 f 0 40.09 14 f 11f

T= transplanting's soil drench 2 days before cultivation

S =soil drench 30 days after cultivation in greenhouse

“ The same letter in each colum are not significantly differences at P<0.05.

Figure 4 Application of nanoemulsion of chitosan /hydroquinone
(left) and control ( right) on root rot disease incidence and
growth of cucumber plants

3.4. SEM observation chitosan/ hydroquinone
nanoemulsion on morphology of mycelial growth of
pathogenic fungi

The effect chitosan/ hydroquinone nanoemulsion
(4000 ppm) on the morphological characteristics of the
tested fungi i.e., Fusarium oxysporum and Fusarium
solani were observed using Scanning electron microscopy
(SEM). The mycelial growth of the fungal isolates was
examined 5 days after treatment as shown in Fig (5);
Malformation, reduced density of mycelial growth,
branches of mycelial and conidia sporulation as well the
absence of the conidiophores and swelling of mycelial
cells were observed compared to the control ( fungus free
treatment). Also in Fig (5) absence the conidia and
chlamydospores which clearly observation with Fusarium
solani free treatment.

Fusarium solani ( control)

chitosan+ hydroqinone nanoparticles

Figure 5. SEM observation of nanoemulsion of chitosan/hydroquinone on fungal morphology
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4. Discussion

Cucumber plants (Cucumis sativus L). plants are
attaked by several soil and seed borne pathogenic fungi of
Fusarium genera causing high losses of total plants,
growth and productivity. (Farrag et al., 2013 and Elwakil
et al., 2015; Ziedan and Saad 2026; Ziedan 2024 a).

To avoid human health problems when eating
cucumber fruits, highly dangerous chemical pesticides are
used in addition to the contamination of environmental
elements with residues of these pesticides, which persist
for long periods without decomposition (Ziedan 2024 b).
The trend to use the safety organic natural materials and
chemicals is quick to decompose and is efficient in
resisting the form of nanoparticles in small quantities and
has become important in order to produce healthy food
free of pollutants (Mossa et al., 2021; Ziedan et al., 2022).

Chitosan nanoemulsion particles prepared by
simple ionic cross-linking at room temperature and loaded
with each one of hydroquinone, sorbic and propionic acids
were spherical shape with droplets size distribution of
stable nanoparticles were, 214.5, 228.8, 224.2 and 276.4
nm respectively; the same findings were reported by other
studies which reported that droplets of nanoemulsion
ranging between 20-200 nm (Diaz et al., 2005; Wang et
al., 2009; Rampino et al. , 2013; Gokce et al. , 2014).
Moreover, also the droplet sizes obtained were 82.6, 95.9,
131.9, and 117.4 nm, respectively of nanoemulsions of
clove, black seed, lemon and orange essential oils (Mossa
etal., 2021)

In vitro, several nanoemulsions of chitosan as
individual or it loaded with each one of hydroquinone,
sorbic acid and propionic acid were evaluated on the
common criteria of pathogenic fungal isolates, i.e.
mycelial linear growth, condia sporulation production, and
their pathological ability on germinated seeds and growing
seedlings of cucumber. All nanoemulsions prepared in this
study were significantly antifungal effect against Fusarium
isolates causing root rot disease on cucumber in
greenhouse, chitosan / hydroquinone at 2000 ppm was the
most effective against mycelial linear growth of F.
oxysporum by (60% followed by nanoemulsion of chitosan
significantly reduced mycelial linear growth of Fusarium
solani by (41%). In addition, nanoemulsions of chitosan
was the best treatment reduced conidia count production
of Fusarium solani by (81.3%), while nanoemulsions of
chitosan/hydroquinone was the mot treatments reduced
conidia count of F. oxysporum (47.4%). In addition,
nanoemulsion of chitosan/hydroquinone highly reduced
seed rot and seedling death of cucumber caused by
Fusarium solani followed by nanoemulsion of chitosan/
propionic acid, nanoemulsion of chitosan respectively.
Meanwhile, nanoemulsion of chitosan/sorbic acid had the
lowest effect. These results are agreements with data
reported that, chitosan nanoemulsion at the rate 1.0%
with droplet size (200 nm), was suppress mycelial
growth of Colletotrichum musae the causal of
anthracnose disease on banana fruits and Colletotrichum
gloeosporioides with droplet size (600 nm), the causal
of anthracnose on papaya and dragon fruits (Zahid et al.,
2012).

Application of nanoemulsion of chitosan/hydroquinone
by the rate (0.5%) as soil drench in plastic houses on the

soil cucumber plant 2 days before cultivation followed by
soil drench at 30 days after cultivation in greenhouses was
highly reduced root rot incidence at 10% on cucumber
plants and disease severity in addition, it highly
significances increased plant shoot length, fresh weight of
shoot and cucumber yield fruits compare the application
with higher dose at (1.0%) and the systemic fungicide
used Topsin - M70. These results are in agreements with
results reported that, application of chitosan
nanoemulsions in vivo, which significantly reduced
incidence of anthracnose on fresh fruits of banana,
papaya and maintaining their quality for 28 days in cold
conditions. chitosan nanoemulsions could be used as a
biofungicide for controlling anthracnose of fresh fruits
in storage (Zahid et al., 2012). Furthermore, composite of
silver/chitosan nanoparticles was effective than single
nanoparticles of silver or chitosan on various against fungi
of seed borne plant pathogens on chickpea plants, i.e.
Aspergillus flavus, Alternaria alterneta, Rhizoctonia
solani, (Kaur et al., 2012). Application of nanocomposite
of  clay/chitosan  was  completely  application
nanocomposite of clay/chitosan at 20 pg mL -1 was
completely of was complete (100%) suppress green mold
on orange cv. caused by fungal of P. Penicillium
digitatum, illumination mycelial growth and sporulation of
Penicillium digitatum, the pathogen, induce systemic
resistant in orange fruits tissue and caused several
malformations on the shape of mycelial hyphae (Youssef
and Hashim 2020). In this respect, chitosan /hydroquinone
as the main components of nanoemulsion formulation
directly reduced fungal growth, sporulation and their
germination, changed morphology of mycelial hyphae,
reduced conidia spores and the propagules count of plant
pathogens, and enhanced induce systemic resistance in
plant against invasion of pathogens , by increasing defense
resistance enzymes, of chitinase, pB-1, 3-glucanase,
peroxidase and polyphenol oxidase (Elwakil, 2003; Hanafi
2004; Choudhary et al., 2017; Ghule et al., 2021; Zian et
al., 2023).

Application nanoemulsion of chitosan / hydroquinone
at (0.5%) as soil drench of transplanting's in combination
with soil drench of plants in greenhouse significantly
increased plant height, fresh weight of cucumber plant
shoot, and fruit yield. In this manner, silver nanoparticles
treatment during seed germination of spinach had positive
effect on morphological and physiological parameters,
water content, stomatal conductance, chlorophyll content,
dry weight and leaf area of spinach plant grown free salt
stress after seed germination and negatively effects under
saline conditions (Bsoul et al., 2023). In addition, chitosan
nanoparticles was controlling wilt disease on tomato and
enhanced antifungal of biocontrol agents (EI-Morsy et al.,
2023). Furthermore, application of nano-sized chitosan
loaded 1000 mg L—1 with nano K as spray and soil
treatment of strawberries plants in sandy soil enhanced
plant growth, increased fruit yield and maintained high of
the marketable characters of strawberry fruits as well as
increased the total soluble solids, vitamin C, acidity, sugar
and anthocyanin (Abd-Elrahman et al., 2023), chitosan
nanoparticles was controlled wilt disease on tomato and
enhanced antifungal of biocontrol agents (EI-Morsy et al.,
2023).
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5. Conclusions

In vitro, nanoemulsion of chitosan/hydroquinone was
significantly reduced mycelial linear growth, condial
spores production, pathogenic activity of the fungi of
Fusarium spp. the causal of root rot disease of cucumber,
Its application in vivo at (0.5%) was highly suppressive
root rot incidence, disease severity and significantly
enhancing the morphological characters of plant growth
and fruit yield on cucumber plants in high quality. So,
nanoemulsion of chitosan/hydroquinone as a promising
alternative fungicides could be used as a biofungicide as
eco-friendly agent, with cheap cost to control plant
diseases and enhance quality and quantity.
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