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ABSTRACT
ARTICLE HISTORY
Onion (Allium cepa L.) is one of the major vegetable crops in Egypt that are damaged

Received 28 September 2023 and lost by Botrytis neck rot. The aim of this study was to determine the efficacy of
Received revised 24 November 2023 . . . . . . . . ..
Accepted 27 December 2023 silica gel, acetic acid, fulvic acid and charcoal as protective agents against Botrytis allii

under both in vitro and in greenhouse and field conditions. In vitro, the maximum
disease reduction was observed by 1%, 0.8% and 0.5% acetic acid (73.7%, 63.7%, and
61.2%, respectively), followed by 2% of charcoal (52%) and 3% of silica gel (47.5%).
In the greenhouse and field conditions, silica gel (3%) and acetic acid (1%) were the
best treatments and were shown to inhibit the disease up to 85.7% in green house and
up to 70.4% and 69% in field, respectively compared to untreated control, therefore,
we considered that the two treatments would be suitable applications as a safe and cheap
alternative to fungicides.
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1. Introduction

Egypt ranks among the top ten onion-producing
nations globally. In 2019, the country -cultivated
approximately 209,400 feddan, resulting in a total harvest of
3,081,047 tons and an average yield of 16.219 tons per
feddan [1, 2]. Botrytis neck rot is caused by B. acclada
(Fresenius), B. allii (Munn), and B. byssoidea (Walker), and
are considered specific to members in the Alliaceae (onion
and garlic). They can be found in all onion producing regions
around the world [3,4]. Onion neck rot is considered a
storage disease, although infection may occur in the field
when necks are injured or are mature and become infected
by spores blown from infested onion debris and improperly
disposed cull piles [5]. If onions are harvested immature,
Botrytis spp. sporulates on the surface of infected bulbs and
can result in more than 30% vyield loss [6]. Silicon (Si)
increases the plant defence mechanisms by increasing
nutrient availability in the rhizosphere and root uptake. It
also increases the activity of antioxidants enzymes and
enhances non-enzymatic mechanisms. Silicon also binds
with OH- of proteins and interferes with cationic co-factors
of the enzymes which influence pathogenesis related (PR)
events. [7] reported that Silicon (Si) exerted a protective
influence on plants by enhancing the production of
antimicrobial compounds. This effect was attributed to
silicons’s ability to modulate the intricate network of signal
pathways, leading to the activation of defense-related gene
expression.

Acetic acid is commonly used as an antifungal and
inhibits both conidial germination and appressorium
formation of fungal growth [8]. It is effective in controlling
common bunt in wheat (Tilletia tritici), leaf stripe in barley
(Pyrenophora graminea) [9, 10] and other pathogens in
seeds [11]. Acetic acid and fulvic acid are considered as
chemical fungicides for the control of some plant diseases
such as Fusarium wilt, root rot, powdery and downy mildew
[12, 13]. [14] found that fulvic acid increases some
antioxidants such as a-tocopherol, superoxide dismutase, a-
carotene and ascorbic acid which induce systemic resistance
in plants. [15] also reported that fulvic acid contains phenolic
compounds that played an important role in inducing
systemic resistance in plants. Additionally, elevated levels
of antioxidants like a-tocopherol, a-carotene, superoxide
dismutase, and ascorbic acid have been reported [14]. The
application of hardwood biochar has been shown to enhance
systemic resistance [16] and promote the proliferation of
beneficial organisms such as Pseudomonas and arbuscular
mycorrhizal fungi (AMFs) [17]. The application of acetic
acid has a positive influence on the germination parameters
of carrot seeds contaminated with impurities. Nevertheless,
adverse effects on seed germination ability were observed at
the highest concentration, as indicated by [18]. In contrast,
salicylic acid did not exhibit any detrimental impact on the
assessed vegetative growth characteristics. However,
elevated doses of salicylic acid were found to adversely
affect the healthy flowering capacity of plants in outdoor
conditions, as reported by [19]. The objective of this work
was to derive an effective treatment method using fulvic
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acid, silica gel, acetic acid and charcoal at different
concentrations on reducing the disease severity of neck rot
disease of onions.

2. Material and methods

2.1 Preparation and culturing of pathogen

Brown scales at the neck of diseased onion were
collected from random regions in Assiut governorate,
washed in running tap water then the leaves were cut using
sterilized scalpel into small pieces (1 — 2 cm?). The
fragments were subjected to sterilization in a 1%
hypochlorite solution for three minutes, followed by
multiple rinses with sterilized water to eliminate any residual
disinfectant solution. Afterward, the pieces were air-dried on
sterile filter paper before being transferred to Petri dishes
containing Potato Dextrose Agar medium (PDA)
supplemented with an antibacterial agent. These dishes were
then placed in an incubator at 25 °C for three days. The
identified fungi were cross-referenced with the
characteristics described in colony descriptions by [20, 21].
To purify the Botrytis allii isolates, a single spore technique
was employed to cultivate them into pure cultures, following
the methodology outlined by [22].

2.2 Pathogenicity test

Onion bulbs, seemingly free of any infection by the B.
allii Giza 6 cultivar, underwent a thorough cleansing with
tap water. Subsequently, they were surface sterilized by
immersing them in a 1% sodium hypochlorite solution for 2-
3 minutes. Afterward, the bulbs were rinsed again with
sterile distilled water and left to air-dry at room temperature.
Spores of 4-6 days of Botrytis allii colony grown on PDA
were placed on pathogen-free bulbs which have been cut at
the neck of the diseased onion with sterile scissor. Inoculated
bulbs coating with Parafilm and incubated at 24°C for two
weeks. Controls were prepared by cut bulbs having no
pathogen and kept under similar conditions [5].

2.3 In vitro studies

The aim was to investigate the antagonistic effect of
fulvic acid (3%, 5% and 7% conc.), silica gel (1 %, 2 % and
3 % conc.), acetic acid (0.5 %, 0.8 % and 1 % conc.) and
charcoal (0.5%, 1% and 2 % conc.) on mycelial growth of
Botrytis allii. These compounds were obtained from Sigma-
Aldrich Co., St. Louis, MI, USA and made in different
concentrations from each other according to previous reports
and different in mode of actions of these compounds on plant
and fungal pathogens. Also, the highest concentrations of the
tested compounds were those reported to negatively affect
seed germination ability and healthy flowering capacity ([18,
19]. Various concentrations of each treatment, in ten
millilitres of solution, were added to the PDA medium prior
to solidification. The plates were then inoculated at the
centre with 5-mm discs of B. allii derived from a 7-day-old
culture. Botrytis allii without any treatments served as the
control. Following incubation, the mycelial linear growth
diameter (cm) was measured to assess the inhibition of the
causal pathogen, as per the equation outlined by [23].
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R=(C-T/C) x 100. (1)

Where, R is the percentage of growth reduction, C is control
hyphal growth diameter, and T is treated hyphal growth
diameter.

2.4 In green house studies

The following experiment was carried out in the open
greenhouse of Agricultural Assiut University, during the
2022/2023 growing seasons. The onion seedlings were
treated with 5% fulvic acid, 3% Silica gel, 1% acetic acid
and charcoal (2%). These concentrations were chosen based
on previous studies as the optimal concentrations with
antifungal activity. In this investigation, 40-day-old Onion
seedlings of the Giza-6 -cultivar underwent surface
sterilization through immersion in a 0.1% sodium
hypochlorite solution for 3 minutes. Following sterilization,
the seedlings were rinsed three times with sterile distilled
water, left to air dry at room temperature, and subsequently
planted in formalin-sterilized plastic pots with a diameter of
30 cm. Each pot was filled with 5.0 kg of formalin-sterilized
loam soil, accommodating 4 seedlings per pot. Four weeks
after transplantation, the neck of the onion bulbs was
inoculated by spraying 10 ml of a spore suspension using a
hand atomizer, following the method outlined by [24]. For
the control, only 10 ml of sterilized distilled water (the
untreated control) was also sprayed onto the seedling
surfaces. Three replicate pots were used for each isolate
tested. One month post-inoculation, we documented visual
manifestations of neck rot symptoms. The individual bulbs
underwent assessment for disease severity (DS) on a scale of
0-4: 0 denoting no rot, 1 indicating rot confined to the neck,
2 representing upper third with rot, 3 signifying upper two-
thirds with rot, and 4 indicating more than two-thirds with
rot [25]. Subsequently, the percentages of disease incidence
(DI) and disease severity (DS) were computed using the
following formulas:

DI1% = No. of infected plants / Total plants x 100

DS% = (X Si x Ni) / (4 x Nt) x 100

Where Si corresponds to the severity of rot on a scale of 0-
4, Ni represents the number of plants in each rotting
category, and Nt stands for the total number of rotted plants.

2.5 In field studies

The experiment design in each treatment was done in
open Agricultural Assiut University; during the 2022/2023
growing seasons. Three plots 3.5x3.5 m each were used as
replicates. Each experimental plot consisted of three rows
spaced 70 cm apart, with 50 seedlings planted in each row.
Control plots were left untreated. In this study, onion
seedlings underwent treatment with a solution containing

5% fulvic acid, 3% silica gel, 1% acetic acid, and 2%
charcoal. The treatment involved spraying 10 ml of each
concentration on seedlings at ten days of age. Thirty days
after transplanting, the neck of onion bulbs was inoculated
with B. allii by applying 10 ml of inoculum per plant using
a hand atomizer. After one month of inoculation, the
percentages of DI and DS were recorded, following the
methodology outlined by [2].

3. Results and discussion

3.1 Pathogenicity test

The information provided in Table 1 reveals that all
tested Botrytis allii isolates are capable of inducing neck rot
disease in onions. Additionally, the data illustrates that
isolate No. 3 exhibited a particularly high severity, reaching
62%. Botrytis allii the main causal agent of neck rot disease
on onion [25, 26].

3.2 In vitro studies

Treating onion seedling with 7% fulvic acid, 3% silica
gel, 1% acetic acid and 2% charcoal reduced the mycelial
linear growth of B. allii at all tested concentrations. The
highest reduction of the pathogen growth was detected by
1%, 0.8 % and 0.5 % acetic acid (73.7%, 63.7 %, and 61.2%,
respectively), followed by 2% of charcoal (52%) and 3% of
Silica gel (47.5%) . In contrast, fulvic acid at 3%
concentration caused the lowest inhibitory effect and
reduced the mycelial linear growth by 20% compared to the
control (Table 2, Figure 2). Acetic acid is a carboxylic acid
known for its antimicrobial properties which inhibited both
conidial germination and appressorium formation of fungal
growth [8]. Acetic acid is considered a chemical fungicide
and is effective in controlling the growth of bacteria causing
soft root rot disease in sugar beet [27]; on grey mould in
fruits (Botrytis cinerea) [28]; seeds of onion (Alternaria
alternata, Botrytis cinerea, Cladosporium spp., Penicillium
spp. and Stemphylium botryosum) [11], wheat (Tilletia
tritici), leaf stripe in barley (Pyrenophora graminea) [9, 10].
The use of hardwood biochar increased systemic resistance
[16]. Salicylic acid induced systemic resistance after an
initial pathogen attack [29]. Salicylic acid contains mono
hydroxyl benzoic acid with an ortho and para position of
OH- group and can be very toxic to fungi [30]. [2] reported
that salicylic acid at 20 mM caused the highest reduction
against Botrytis allii causing neck rot disease of onion in
vitro.

Table 1. Pathogenicity test of Botrytis allii isolates causal pathogen of neck rot of onion.

Isolates No. of isolate Disease severity %
Botrytis allii 1 45
Botrytis allii 2 51
Botrytis allii 3 62
Botrytis allii 4 44
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Table 2. Effect of different concentrations of fulvic acid, salicylic acid, acetic acid and charcoal on the mycelial linear growth

of B. allii in vitro.

Compounds tested Concentrations Mycelial linear % Growth inhibition of the pathogen
(%) growth (cm)
Acetic acid 1 2.1 73.7x1.2
0.8 2.9 63.7+2
0.5 3.1 61.2+3
Charcoal 2 4 52+2.8
1 4 50+2.1
0.5 3.9 51.242
Fulvic acid 7 4.0 50+3.8
5 4.2 47.543.8
3 6.4 2048
Silica gel 3 4.2 47.5+1.2
2 5 37.5+4
1 6.2 22.5+3.8
Control 8 0

control

3% silica

/)
%%fulwc acid

Figure 1. Effect of fulvic acid, silica gel, acetic acid and charcoal on the mycelial linear growth of B. allii in vitro.

3.3 In green house and field conditions

The results showed that in green house and field
conditions, silica gel and acetic acid with concentration of
3%, and 1%, respectively were the best treatments and were
shown to inhibit the disease up to 85.7 % in green house and
up to 70.4% and 69 % in field, respectively, compared to
control, while fulvic acid with concentration 5% had the
lowest disease reduction up to 33.3% in green house and
charcoal with concentration in field by 40.1% reduction
compared to control (Table 3, Figure 3). Silicon improves
the activities of chitinases, peroxidases, polyphenol oxidases
and flavonoid phytoalexins, these enzymes play an
important role of increased the natural defence system of the
plant therefore the resistance of the plant to fungal pathogens
[31]. [2, 32] showed that salicylic acid was the best treatment
in reducing the mycelial growth of B. allii the causal agent
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of neck rot diseases of onion in both greenhouse and field
trials. [27] reported that 5% acetic acid controlling the
growth of bacteria responsible. [11] found that treatment
onion seeds with 1 and 2% acetic acid reduced the growth of
Alternaria alternata, Botrytis cinerea, Cladosporium spp.,
Penicillium spp. and Stemphylium botryosum after storage.
In the study conducted by [33], it was revealed that the
prevalence of Botrytis aclada, a prominent fungal pathogen
during low-temperature storage, exhibited a significant
reduction of up to 96% when treated with a thymol solution
compared to the untreated control. Furthermore, [5]
demonstrated that incorporating a novel Iranian isolate of
Streptomyces into onion plants enhanced the resistance of
the bulbs against Botrytis allii, the causative agent of neck
rot. This innovative approach not only provides a sustainable
alternative but also contributes to a reduction in the reliance
on environmentally harmful fungicides in agricultural fields.
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Figure 3. Showing (A) Untreated onion bulbs, (B) Treated onion bulbs.

Table 3. Effect of fulvic acid, salicylic acid, acetic acid and charcoal on the percentage of disease severity and inhibition in

greenhouse and field conditions.

Compounds tested Concentration (%) Greenhouse conditions Field conditions
% inhibition % inhibition
Acetic acid 1 85.7+1.2 69+2
charcoal 2 57.1+3 40.1+4
Fulvic acid 7 57.1+3.6 46.7+2.2
Salicylic acid 3 85.7£1.2 70.4+2.1
control 0 0

4. Conclusion

The results showed that silica gel and acetic acid with
concentration of 3%, and 1%, respectively were the best
treatment and were shown to inhibit the disease up to 85.7
% in green house and up to 70.4% and 69 % in field,
respectively compared to control so that we considered that
the two treatments would be suitable applications in the
limited and available against Botrytis that causes onion
neck rot.
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