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Abstract

One of the most fatal diseases that harm Allium species is purple blotch, which is brought on by
Alternaria porri. As the disease's severity rises, crop production may decrease. In this study, 12 isolates of A.
porri exhibiting purple blotch symptoms have been isolated from diseased onion plants. Sequencing of the
internal transcribed spacer region (ITS) allowed for the identification of the isolate that was the most virulent
and caused a disease severity of 85.93%. Under greenhouse and field growing conditions, the efficiency of two
bio-agents, Trichoderma asperellum T34 and Saccharomyces cerevisiae AUMC 10203, as well as three doses (50,
25, and 12.5 ppm) of their green-synthesized silver nanoparticles (AgNPs) against purple blotch disease was
assessed. For avoiding or treating purple blotch disease in onion plants, it has been demonstrated that the 7.
asperellum T34 spore suspension was the most effective resulting in a 76% reduction in disease severity. The
spore suspension of S. cerevisiae and a 50-ppm dosage of AgNPs were the top contenders for T. asperellum.
When compared to the control plants, the plants treated with bio-agents and AgNPs showed a significant
decline in disease incidence and disease severity. Additionally, improvements were made to the broadness of
inflorescences, the number of flowers and seeds, the weight of seeds per inflorescence, and the seed productivity.
Therefore, it is recommended in this study to use 7. asperellum T34 spore suspension as a potent bio-agent to

manage the symptoms of purple blotch on onions.
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Introduction

The onion (Allium cepa L.), a plant belonging to the Liliaceae family, is one of the most noteworthy and
historically significant vegetable crops (Sagar ez al., 2021). It is also a highly valuable export commodity that
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generates a sizable income. It is a widely consumed and one of the principal vegetable crops grown in a variety
of locations (Schwartz and Mohan, 2007; Kim ez al., 2022).

A total of 5,192,651 hectares are used to produce 99,968,016 tons of onions worldwide (Oecd, 2022).
With an average yield of 13.74 tons per feddan and a total production of 1875.74 thousand tonnes between
2000 and 2018, this crop was grown on a total of around 154.17 thousand feddan in Egypt (Fangary and Adam,
2020). The explanation for the poor output of onions worldwide is complex. The major causes of base rot,
purple blotch, downy mildew, Stemphylium blight, and storage rots are a variety of diseases (Abdel-Hafez ez al.,
2014; Meena ez al., 2017). There were over 60 fungal infections in onions and garlic, 14 bacterial infections,
one yeast infection, six nematode infections, three viral infections, and one infection with a phytoplasma-like
organism (Schwartz and Mohan, 2007). In addition to the biggest yearly production and storage losses, the
majority of fungal infections, which are widespread throughout the world's onion and garlic-producing regions,
may result in considerable crop losses (Abdel-Hafez ez al., 2014).

The most damaging of all those diseases to Allium spp. (onions, garlic, shallots, lecks, scallions, and
chives) is purple blotch, which is brought on by A/ternaria porri. The production of host-specific or nonspecific
toxins by the fungus, which is primarily secondary metabolites, can induce disease and leaf necrosis in cultivars
that are vulnerable to it (Mamgain ez /., 2013). A plant's leaves and bulbs are usually affected by the disease,
which can decrease output by up to 97% (Kareem et al., 2012). Purple blotch disease is exacerbated by high
humidity levels of 80-90% and moderate temperatures of 25-30 °C. As a result, the output of onions has been
significantly reduced, which has affected exports and increased local prices (Mandal ez al., 2022).

Chemical fungicides are widely used to treat plant diseases. On the other hand, the efficiency of chemical
control is primarily determined by how often it is administered (Faraz ez 4/, 2022; Rhouma ez al., 2023).
Additionally, more frequent chemical use results in the emergence of disease-resistant strains and the buildup
of residues in products as well as the environment, posing risks to human health, the environment, and non-
target species (Gao ez al., 2022; Taylor and Cunniffe, 2023). These concerns led to a downturn in pesticide use,
which sparked interest in sustainable, eco-friendly alternatives.

Nanotechnology is an entirely novel and fascinating area of science that enables more in-depth research
in a variety of fields (Rawat ez a/., 2022). Nanotechnology advancements might also have dramatic effects on
biotechnology and agriculture (Saritha ez al., 2022; Shelar ez al., 2023). It has long been known that silver and
silver ions have strong antimicrobial and antibiofilm characteristics in addition to a variety of antibacterial
actions (Huang ez al., 2022; Owaid et al., 2022; Tripathi and Goshisht, 2022). Large specific surface area and
a large fraction of surface atoms in silver nanoparticles compared to bulk silver metal are expected to improve
antimicrobial activity.

Numerous studies have demonstrated that the use of bio-agents, such as Trichoderma spp., can inhibit
several foliar fungal diseases that harm onions, including Stemphylium vesicarium (Ozer and Kéycii, 2004;
Zapata-Sarmiento ¢t al, 2020), Alternaria porri (Camacho-Luna et al, 2021), Alternaria palandui
(Karthikeyan ez al., 2008), as well as Alternaria alternata and Botrytis spp. They have been correlated with
several mechanisms for their biocontrol actions, which may be categorized as direct and indirect impacts on the
plant pathogen. The synthesis of lytic and antibiotic enzymes, inactivation of the pathogen's enzymes, and
parasitism are examples of direct impacts. Other indirect effects include competition for resources or space.
Indirect impacts are any factors that cause the host plant to undergo morphological or biochemical changes
that result in the development of resistance (Charoenporn ez 4/, 2010).

Currently, yeasts have been used as biocontrol agents for controlling many diseases, including powdery
mildews (Ziedan and Farrag, 2011), postharvest decay of tomato caused by Bozrytis cinerea (Abdel-Rahim ez
al., 2017), bacterial fruit blotch (de Melo ez 4/, 2015), brown rot in apple fruits (Madbouly ez /., 2020), and
Botrytis cinerea of Snap Beans (Feng ez al., 2021). However, it has not previously been documented that yeasts
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were used to treat onions with the purple blotch disease. Consequently, Saccharomyces cerevisiae was applied,
for the first time, with Trichoderma asperellum T34, in addition to their biologically synthesized silver
nanoparticles (AgNPs) for purple blotch disease management, to provide an environmentally acceptable
management approach for onion purple blotch disease compared to some commonly used fungicides.

Materials and Methods

Sampling and isolation of the purple blotch’s causal pathogen

In certain fields, near to Assiut University campus, Assiut Governorate, Egypt, symptoms of the purple
blotch disease on onion (Al/ium cepa) were observed. For the isolation of the causal pathogen from the infected
leaves, the direct plating method described by Golden ez al. (1988) was employed. The diseased samples were
cut into 1.0 cm? pieces, washed three times in sterile distilled water, and surface-sterilized with 5.0% aqueous
sodium hypochlorite for 5 min. and then with 70% ethanol for 30 seconds. Five segments were then plated on
a9 cm diameter Petri plate containing 20 mL potato dextrose agar (PDA; (Smith and Onions, 1994). Three
replicates were used for each sample. The plates were then incubated at 25 °C until the development of the
fungal growth. The developed colonies were purified on PDA and preserved, as pure culture, in the culture
collection of Assiut University Mycological Centre (AUMC).

Molecular identification of the pathogen

The DNA extraction of Alternaria sp. AUMC 16012 was performed according to the method described
by Moubasher ¢z /. (2019), in which a 0.2 g of 7-day-old fungal mycelia grown on PDA, was grounded and
transferred to a 1.5-mL microfuge tube. The isolation of the DNA was performed using the CTAB method
(800 pL CTAB buffer composed of 3% CTAB, 1.4 M NaCl, 0.2% Mercaptoethanol, 20 mM EDTA, 100 mM
TRIS-HCI pH 8.0 and 1% PVP-40). The PCR reaction was carried out at SolGent Co., Ltd (Yuseong-Gu,
Dagjeon, South Korea) using ITS1 and ITS4 primer pair (White ez 4/, 1990) and SolGent EF-Tag, as
described by Al-Bedak and Moubasher (2020) and Al-Bedak e# 4/. (2020). A contiguous sequence of Alternaria
sp. AUMC 16012 isolate was produced by using the DNASTAR (version 5.05). Sequence of Alternaria sp.
AUMC 16012 was uploaded to GenBank as OQ283744. Sequences of the closely similar species belonging to
the genus Alternaria were downloaded from GenBank. Sequence of Curvularia lunata CBS 730.96
(NR_138223) was used as an outgroup. All sequences were aligned together using MUSCLE with the default
options (Edgar, 2004). Alignment gaps and parsimony of uninformative characters were optimized manually.
Maximum-likelihood (ML) and Maximum parsimony (MP) phylogenetic analyses were performed using
MEGA X version 10.2.6 (Kumar ez 4/., 2018). The robustness of the most parsimonious trees was evaluated by
1000 bootstrap replications (Felsenstein, 1985). The best optimal model of nucleotide substitution for the ML
analyses was determined using the Akaike information criterion (AIC) as implemented in Modeltest 3.7
(Posada and Crandall, 1998). The phylogenetic tree was drawn and visualized using MEGA X (Kumar et 4/,
2018).

Pathogenicity test

The pathogenicity test was carried out, on a 110-day-old onion cultivar (‘Giza-6"), at the Department of
Plant Pathology's experimental farm in Arab-El-Awamer Research Station, Assiut Governorate, Egypt, during
the growing season 2019-2020. Four sets of plastic pots (25 cm in diameter) were used, of which one set was
used as negative control. Before planting two onion seedlings, each pot was separately filled with 3 kg of pre-
sterilized clay soil. A spore suspension that contained 1.2 x 10° spore/mL of the Alternaria sp. AUMC 16012’s

culture, which was 7-day-old, was utilized in spraying the ‘Giza-6’ onion cultivar’s leaves. The infected
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seedlings were covered with sterile polyethylene bags after the pathogen was applied, to maintain a high
humidity level. After 48 hours of pathogen’s application, the bags were then taken off and the onion plants
were kept in a greenhouse environment. The severity of the disease was noted fifteen days after the infection.

Estimation of Percent Disease Index (PDI)

For each single plot under each treatment, the percentage of the disease index (PDI) was estimated using
the following scale (Guo ez al., 2021):

0 = no discase symptoms.

1 = 1-25%: several dark purplish brown patches covering the leaf area.

2 =26-50%: streaks covering leaf arca.

3 =51-75%: streaks covering leaf area.

4 =76-100%: streaks covering leaf area.

The disease severity index (DSI) was calculated using the following formula. The disease severity index
was calculated according to the following equation:

Total sum of numerical ratings

DSI= x100

No.of observation x Maximum disease rating in the scale

Preparation of silver nanoparticles (AgNPs)

The Assiut University Mycological Centre (AUMC), Assiut Governorate, Egypt, provided the
Saccharomyces cerevisiae AUMC 10203 and Trichoderma asperellum T34 (= EPA 87301-1; Environmental
Protection Agency, Pennsylvania Avenue, NW Washington, D.C.). Fungi were grown in 500-mL Erlenmeyer
conical flasks with 100 mL of potato dextrose broth in each flask under shacked conditions (150 rpm) for 7
days at 25 °C. After the incubation period, the cell-free supernatants were collected by centrifugation of the
fungal growth (10,000 rpm for 10 min at 4 °C). The cell-free supernatants of S. cerevisiae AUMC 10203 and
T. asperellum T34 were separately combined with a 100 mM solution of AgNO; to produce AgNO;
concentrations of 10, 20, 30, 40, and 50 ppm. The flasks were then incubated at 25 °C under shaking at 150
rpm until the solution's color changed. Both a visual examination of the solution and TEM analysis were
regularly used to track the reduction of silver ions to silver nanoparticles.

Characterization of AgNPs by Transmission Electron Microscopy (TEM)

For transmission electron microscope (TEM) measurements (Kumar and Gopidas, 2010), al0-fold
diluted sample of the synthesized AgNPs was mounted on carbon-coated copper grids and held in a vacuum
for the night before being loaded into the specimen holder. The size of the AgNPs was determined using
JEM100CX11 operatingat 100KV (0.23 nm resolution), Electron Microscopy Unit, Assiut University, Assiut,

Egypt.

Impact of bioagents and AgNPs on disease development by A. porri under greenhouse conditions

The experiment was conducted on a 110-day-old ‘Giza—6’ onion cultivar in a greenhouse setting at the
Plant Pathology Department Experimental Farm, Arab—El-Awamer Research Station, Assiut Governorate,
Egypt during the 2020-2021 growing season. Each 25-cm-diameter container contained two onion seedlings
that were planted one by one in autoclaved clay soil (3 kg each). For each treatment, three replicas of four pots
were employed. As a control, 4 pots were not infected. To maintain a high humidity level, the infected plants
were covered with polyethylene bags for 48 hours after the pathogen application. Following that, the bags were
taken off and the onion plants were maintained in their regular environment. The severity of the disease was
measured fifteen days after the spraying. After being cultured on PDA at 25 °C for 72 hours with S. cerevisiae
AUMC 10203 and T. asperellum T34, respectively, spore suspension from each fungus was collected in sterile
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distilled water to obtain spore concentrations of 1 x 10° spore/mL of each fungus. AgNPs were produced using
the two fungi at concentrations of 50, 25, and 12.5 mM, and the three concentrations were applied foliarly to
onion seedlings. Uninfected seedlings served as the negative control, while the fungicide Ridomil-M 72%
(Syngenta Egypt) served as the positive control. In this experiment, 100 mL of each treatment was utilized. As
previously noted, disease severity was recorded after 14 days after spraying. Three replicates of the experiment

Wwere run.

Experiment treatments

According to the experiment's design, a total of 10 treatments from the following tested treatments were
administered to the plots that were assigned to them:

T1 = Control (untreated)

T2 =50 mM - T34 - AgNPs

T3 =25mM - T34 - AgNPs

T4 =12.5mM - T34 - AgNPs

TS =50 mM - S. cerevisiae — AgNPs

T6=25mM - S. cerevisiae — AgNPs

T7 =12.5 mM - §. cerevisiae — AgNPs

T8 =T. asperellum T34

T9 = 8. cerevisiae

T10 = Ridomil - M 72%

Field experiment

Using Randomized Complete Block Design (RCBD) with three replications, the field experiment (plot
size 2 m* x 2 m*) was conducted during the growing seasons 2019/2020 and 2020/2021. Before planting the
onion seedlings, the soil was prepared by upholding appropriate agronomic practices and adding the essential
fertilizers. There were two methods used for the treatment; the first was carried out after the crop was
transplanted, and the second was carried out after the disease’s initial symptoms started to appear in the field.
Every treatment was applied three times, 15 days apart, and each application was contrasted with the untreated
control group without the use of any bioagents. Observations on the prevalence and severity of the condition
were made before each spray treatment and then again 15 days afterward. The proportion of disease incidence
was calculated as previously declared after counting the number of plants affected by the purple blotch disease
according to treatment. Data on the prevalence and severity of the disease has been collected from the field
using 25 randomly selected plants.

Effect of various treatments on seed production
The inflorescence diameter (cm), flower and seed counts per inflorescence, weight of seeds per
inflorescence (g), and number of seeds per plot (g), were all estimated for each experimental unit.

Statistical analysis
The Msatatc software was used to analyze variance (ANOVA). To find changes between treatments, the
least significant difference (LSD) at P <0.05 was used (Gomez and Gomez, 1984).



Ahmed HAM et al. (2024). Not Sci Biol 16(2):11854
Results

Isolation of the pathogen

The symptoms started as water-soaked lesions that were 2-3 mm in diameter. They were fast growing
and became concentric dark and bright zones on leaves and/or inflorescence. Later, these lesions clumped
together and their color changed from purple to brown, and they expanded upwards and downwards (Figure
1). Onion-affected leaves were checked for signs of purple blotch disease. Deep, oval-shaped lesions could be
seen on the infected leaves. The light brown tissue around the lesions surrounds the lesions' cores, which range

in hue from brown to purple. Onion-infected leaves were used to isolate the pathogen, which was then cultured
on PDA at 25 °C.

Figure 1. A—B; Infected onion plants in the field (‘Giza-6’ cultivar). C, Symptoms of purple blotch as

sunken purple lesions on onion’s leaves.

I H

Pathogenicity test

During this experiment, twelve pure Alternaria isolates were discovered on onion leaves with purple
blotch symptoms. Since all of the isolates had morphological characteristics and effectively manifested purple
blotch symptoms, A. porri was identified in each one. Table 1 showed the disease incidence ranged from 35.15
to 85.93%. The pathogenicity test was conducted on all isolates (Figure 2), and the most virulent isolate, that
had an 85.93% discase incidence, was then selected for further investigation. This isolate was deposited in the
culture collection of the Assiut University Mycological Centre as AUMC 16012.

Table 1. Pathogenicity test of 4. porri isolates on onion (Giza—6 cultivar)

Isolate No. Disease incidence (%)
35.15
62.49
44.53
85.93
53.46
64.58
50.77
62.23
49.43
59.56
77.21
12 48.56
L.S.D. at 5% 10.03
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Figure 2. Pathogenicity test showing: A. infected onion seedlings. B-C. The development of the purple

blotch disease

Molecular identification of the pathogen

The most severe isolate, with a disease severity of 85.93%, was re-isolated from the diseased samples and
identified using sequencing of the internal transcribed spacer region (ITS). Phylogenetic analysis of the ITS
dataset was employed to determine the taxonomic status of our strain relative to other members of Alzernaria.
The ITS final data set was made up of 18 I'TS sequences that generated 570 characters, 447 of which could be
successfully matched. Alternaria porri isolate VS (MW794319) and A. porri isolate G (MT550031) were both
99.79% and 100% comparable to the isolate used in this investigation. Kimura 2-parameter (K2) was the best
model to express the phylogenetic relationship of our fungus with the most similar A/ternaria species. The
dataset for maximum parsimony (MP) yielded 10 trees, the most parsimonious of which with a final ML
optimization value of -1246.08, a tree length of 95 steps, is shown (Figure 3). ITS sequence of A. porri in this
study was uploaded to GenBank as OQ283744. The A. porri in this study consistently located with 4. porri V5

and 4. porri G in the same clade.
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0Q283744 Alternaria porri AUMC 16012

MW?794319 Alternaria porri V5

MT550031 Alternaria porri G

MTO013033 Alternaria telliensis NB319

MN589599 Alternaria terricola C1-28

MNS547498 Alternaria chartarum ACSIKS_2101174
MKO087100 Alternaria cf. helianthiinficiens UFMGCB9291
JM K719915 Alternaria sorghi b2

NR_160246 Alternaria sorghi CBS 127502

MK179293 Alternaria botrytis 12A
-I-_MH084273 Alternaria consortialis ITCC-6758
MH863292 Alternaria heterospora CBS 123376
LC440624 Alternaria atra AC90

|IMG250469 Alternaria dauci AY853

0OP295219 Alternaria cantlous G78

MW883401 Alternaria heterospora CPC 38969

MF462302 Alternaria japonica A.raph8

NR_138223 Curvularia lunata CBS 730.96

—

0.05

Figure 3. Maximum likelihood phylogenetic tree obtained from a heuristic search (1000 replications) of
Alternaria porri in this study (in blue color) compared to other closely similar ITS sequences belonging to
Alternaria in GenBank. The tree is rooted to Curvularia lunata CBS 730.96 as an outgroup (in red color)

Synthesis of AgNPs

The most recent findings demonstrated that the color of the fungal supernatant/AgNO3 solution
changed when AgNOj; was reduced to AgNPs by mixing it with fungal supernatants at a concentration of 50
mM. The ability of each of the fungi to reduce AgNO; and induce a color change in the medium from light
yellow to dark purple, signifying the creation of AgNPs, was demonstrated in Figure 4.
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Figure 4. Development of AgNPs showing (A&C), Cultural filtrate of S. cerevisiae AUMC 10203, and 7.
asperellum AUMC 15967 (T34) (B&D), Color change as AgNPs were formed

Characterization of AgNPs by TEM

According to TEM photographs, the AgNPs generated by S. cerevisiae AUMC 10203 and T. asperellum
AUMC 15967 (T34) ranged in size from 25.3 to 46.1 nm and from 12.7 to 43.6 nm, respectively. The AgNPs
were spherical to subspherical (Figure 5).

.]7.5“.
* *12.7 nm
®21.20n
. .~
E N !
> ’.‘n.l, nm
B P21.20m

I 3 .
Figure 5. TEM images of AgNPs formed by (A), S. cerevisize AUMC 10203 and (B), T. asperellum T34
Greenhouse experiments

Under greenhouse conditions, the effect of two bioagents - S. cerevisiae AUMC 10203 and T asperellum
T34-and three concentrations of their AgNPs on the appearance of purple blotch on onions was assessed as a
preventative and/or therapeutic strategy. According to the current study, as compared to controls, all therapies

9



Ahmed HAM et 4l. (2024). Not Sci Biol 16(2):11854

significantly reduced purple blotch, but at different rates. Following S. cerevisiae, which exhibited a greater
decrease in disease severity at 13.88 and 15.13%, both before and after infection, was the application of 7.
asperellum T34 spore suspension. When T34-AgNPs were administered before and after infection, the severity
of the disease decreased by 16.93 and 18.42%, respectively, whereas S. cerevisiae-AgNPs were provided before
and after infection, and the severity of the disease decreased by 20.00 and 23.38%, respectively (Table 2).

Table 2. Effect of different treatments against disease severity of onion’s purple blotch under greenhouse

conditions
DSI) disease severi
Treacments Before infecti(on : | Jtiyfter infection
S. cerevisiae
Spore suspension 16.93+ 20.76°%
50 mM AgNPs 20.0¢ 23.38
25 mM AgNPs 2417 30.62%
12.5 mM AgNPs 29.62° 36.35°
T. asperellum T34
Spore suspension 13.88¢ 15.138
50 mM AgNPs 16.93 18.42%
25 mM AgNPs 18.51 26.59
12.5 mM AgNPs 22.68" 31.72%
Ridomil-M 72% 28.33" 25.34%
Control 85.5° 85.5°
L.S.D. at 5% 7.92 5.95

Field experiment
The field experiment showed that the treatment using all bioagents and contemporancous AgNPs

differed from the control group statistically in a similar way. The use of 7. asperellum T34 significantly reduced
the frequency and severity of purple blotch disease from 88.31 and 89.16% to 12.25 and 12.83% over the course
of the 2019-2020 growing season and to 11.66 and 14.0 over the course of the 2020-2021 growing season,
respectively. With 50 mM of T34-AgNPs therapy, disease incidence, and severity decreased dramatically to
19.34 and 20.95% during the 2019-2020 growth season and 16.83 and 20.5% during the 2020-2021 growing
season (Table 3).

Table 3. Effect of different treatments against disease incidence and disease severity of purple blotch of
onion under field conditions

Treatments Disease incidence Disease severity
2019/2020 | 2020/2021 | 2019/2020 | 2020/2021
S. cerevisiae
Spore suspension 20.54 20.00 20.00 21.11
50 mM AgNPs 17.22 18.00 26.71 28.75
25 mM AgNPs 30.66 30.33 36.48 35.32
12.5 mM AgNPs 31.87 32.11 37.33 38.32
T. asperellum T34
Spore suspension 12.25 11.66 12.83 14.00
50 mM AgNPs 19.34 16.83 20.95 20.50
25 mM AgNPs 21.25 20.76 30.38 26.93
12.5 mM AgNPs 25.92 27.74 34.45 36.24
Ridomil-M 72% 32.05 31.33 33.33 31.50
Control 88.31 89.16 88.31 89.16
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Treatments

Disease incidence

Disease severity

2019/2020

2020/2021

2019/2020

2020/2021

L.S.D. at 5%

5.62

4.90

4.77

4.78

Effect of T. asperellum T34 and AgNPs on onion production
During the growth seasons 2019/2020 and 2020/2021, the application of T34 spore suspension and

various concentrations of its AgNPs demonstrated the greatest improvement in all investigated parameters

(inflorescence diameter, number of flowers and seeds, seed weight per inflorescence, and seed yield) over the
control and . cerevisiae treatment or its AgNPs (Tables 4 and 5).

Table 4. Effect of different treatments on flowering and seed production of onion plant (Giza 6 cultivar)
during the 2019/2020 growing season

Before infection After infection
Infloresc No. of No. of Seed Infloresc No. of No. of Seed
. Seed . Seed
Treatments ence flowers seeds/ weight/ ield/ ence flowers Seed/ weight/ ield/
diameter | /Inflores | Infloresc | Infloresc yie diameter | /Inflores | Infloresc | Infloresc yie
plo (g) plot (g)
(cm) cence ence ence (cm) cence ence ence
S. cerevisiae
Spore suspension 6.1 393.30 465.26 1.97 36.20 6.00 389.63 445.23 1.93 36.15
50 mM AgNPs 5.3 384.73 470.80 2.16 31.77 5.4 302.60 452.41 2.00 30.30
25 mM AgNPs 5.2 344.84 420.86 1.86 23.41 5.00 294.63 398.30 1.85 21.79
12.5 mM AgNPs 5.1 308.50 405.96 1.81 20.49 5.00 27526 383.50 1.78 19.43
T. asperellum T34
Spore suspension 6.4 415.53 528.23 221 42.05 6.1 41243 500.30 2.00 42.00
50 mM AgNPs 5.7 402.66 481.76 2.27 35.15 5.5 390.13 461.36 2.01 32.53
25 mM AgNPs 5.4 378.66 433.26 2.12 28.48 5.3 301.03 411.23 191 25.30
12.5 mM AgNPs 5.2 320.33 41233 1.92 21.53 5.2 284.80 389.26 1.86 20.00
Ridomil-M 72% 5.5 355.26 459.26 1.96 31.11 5.4 330.80 444.26 1.90 30.50
Control 4.1 202.83 212.26 0.81 17.73 4.1 202.83 212.26 0.81 17.73
L.S.D.at 5% 0.95 8.39 6.94 0.86 2.13 1.36 431 2.71 0.35 1.76
Table 5. Effect of different treatments on flowering and seed production of onion plant (Giza 6 cultivar)
during the 2020/2021 growing season
Before infection After infection
Inflorescence . Seed Inflorescence . Seed
di No. of flowers No. of Seed/ Seed weight/ eld/pl di No. of flowers No. of Seed/ Seed weight/ eld/pl
iameter yield/plot iameter yield/plot
/Inflorescence Inflorescence Inflorescence /Inflorescence Inflorescence Inflorescence
(cm) (g) (cm) (g)
S. cerevisiae
Spore suspension 6.3 390.33 461.23 1.99 36.66 6.1 385.26 446.26 1.94 35.84
50 mM AgNPs 5.4 380.20 465.23 2.12 32.15 54 305.60 455.26 2.00 29.15
25 mM AgNPs 5.2 350.21 415.30 1.87 22.96 5.0 294.26 390.16 1.85 20.20
12.5 mM AgNPs 5.1 311.36 400.16 1.81 20.66 5.1 270.53 381.96 178 19.50
T. asperellum T34
Spore suspension 6.5 41041 520.60 2.10 43.35 63 400.33 505.16 2.03 43.11
50 mM AgNPs 5.8 403.20 476.46 2.40 35.35 5.6 391.16 458.20 2.00 33.00
25 mM AgNPs 5.4 370.60 425.13 2.15 28.50 5.3 300.33 402.26 1.92 24.94
12.5 mM AgNPs 5.1 31546 405.30 1.96 2193 5.1 280.26 380.26 1.89 20.00
Ridomil-M 72 % 5.6 350.33 451.53 1.96 31.51 5.4 320.36 440.63 1.90 30.00
Control 4.2 205.33 220.16 0.77 15.46 4.2 205.33 220.16 0.77 15.46
L.S.D. at 5% 1.50 219 3.20 0.62 1.31 1.34 1.41 2.94 0.39 1.14
Discussion

Purple blotch disease is capable of having an impact on how crops are grown, harvested, and distributed,

which lowers yield and quality and therefore raises production costs and export potential. During this

investigation, twelve isolates from Alternaria porri were found to be the source of the purple Blotch symptoms

on the onion cultivar ‘Giza-6’. Onion cultivar ‘Giza-6’ was subjected to a pathogenicity test in a greenhouse.

The observations reported here demonstrated that each isolate tested was capable of infecting onion plants and
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causing disease, albeit to variable degrees. Numerous studies have identified A. porri and Stemphylium
vesicarium as the causative agents of purple blotch disease (Datar, 1993; Suheri and Price, 2000; Schwartz,
2004; Razdan e al, 2011; Mishra and Gupta, 2012; Abdel-Hafez et al., 2014; Mohsin ez al., 2016; Abdel-
Rahim et al., 2017; Ahmed et 4l., 2017; Yadav et al., 2017; Kim ez al., 2022).

Due to the high reported levels of morphological similarity, observing the morphological diversity of
fungi at the genus and species level is challenging. Therefore, the most current advances in molecular biology
are required to use molecular markers to generate vast amounts of genetic data. Within the same group of fungj,
distinct physiological and morphological diversities might be strongly associated with molecular genetic data
(Chattopadhyay ez al., 2017). Internal transcribed spacer (ITS) region of IDNA sequencing and blasting using
all-purpose ITS primers were the first steps in the molecular characterization of fungal isolates (White ez 4L,
1990; Chethana ez al., 2018). In this study, the most severe 4. porri isolate, causing the highest disease severity,
was genetically identified by sequencing the ITS region, and the isolate was clustered with 4. por7i isolates at
the same branch in the phylogenetic tree.

There have been several secondary metabolites found in A. porri that may contribute to its pathogenicity,
including altersolanol A, alterporriol, macrosporin, erythroglaucin, and tentoxin (Andersen ez 4/, 2008). The
genes responsible for Alternaria's pathogenicity code for a variety of physiological factors, including toxins and
enzymes involved in signal transduction and cell wall disintegration.

Some Alternaria species share similar toxin precursors during biosynthesis, although distinct Alternaria
species generate various kinds of toxins (Mamgain ez al., 2013; Dar et al., 2020). Due to the significant crop
damage and output reduction caused by A. porri, purple blotch disease of Alfium spp. crops has continued to
be a key issue in agriculture for both farmers and the scientific community. Therefore, effective management is
necessary to sustain high crop output by avoiding such significant yield losses. Many researchers have
experimented with chemical methods to control onion purple blotch (Deshmukh et 4/, 2007; Ali, 2008; Gupta
et al., 2014; Priya ez al., 2015; Ali ez al., 2016; Dar et al., 2020; Sofy et al., 2020; Gore et al., 2021; Younas et
al., 2021). The drawbacks of fungicides include the persistence of carcinogens, toxicity issues, environmental
contamination, and the emergence of chemically resistant disease strains. Additionally, it has been
demonstrated that the use of synthetic fungicides contributes to the emergence of fungicide-resistant strains
and diseases, the severity of which is increased by the use of certain chemical compounds (Rial-Otero ez 4L,
2005; Madhavi ez al.,, 2012; Dar et al., 2020).

The current findings revealed a 76% reduction in the disease severity when T. asperellum T34 spores
were applied for the treatment. In the past decades, several investigations have been carried out in many
different parts of the world to eradicate purple blotch disease. For example, by combining isolates of
Aureobasidium pullulans, Cryptococcus luteolus, Sporobolomyces roseus, and Penicillium spp., Tyagi et al. (2008)
found an intriguing observation of a 79% reduction in A. porri infection. It additionally reported that
Trichoderma harzianum by itself considerably decreased purple blotch disease in onion crop yields to between
60 and 80% (Prakasam and Sharma, 2012; Abo-Elyousr e /., 2014; Hasna, 2021). Gothandapani ez 4/. (2015)
investigated the effectiveness of Metarhizium anisopliae, Beanveria bassiana, and Verticillinm lecanii as
entomopathogenic fungi against 4. porri, and they concluded that all three fungal strains had notable inhibitory
effect on mycelial development and conidial germination, which significantly reduced pathogen invasion.

Many plant diseases have been treated with various yeast species. For example, on a damaged ‘Golden
Delicious’ apple, spore suspension of Pichia anomala or Candida sake was used to combat Penicillium sp. and
Botrytis cinerea (Jijakli et al., 1993). Rhodotorula rubra and Candida pelliculosa were found to be strongly
antagonistic reducing the postharvest decay of tomato caused by Bosrytis cinerea (Dal Bello ez al., 2008).
Bacterial fruit blotch (BFB), caused by Acidovorax citrulli was controlled by Rhodotorula aurantiaca LMA 1,
Pichia anomala CC-2, and Rhodotorula glutinis LMS (de Melo ez al.,2015). The pathogen Monilinia fructicola,
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which causes brown rot in apple fruits, was controlled biologically using the yeasts Debaryomyces hansenii and
Wickerhamomyces anomalus (Czarnecka et al., 2019). Cryptococcus albidus (Ca63), Cryptococcus albidus
(Cab64), and Candida parapsilosis (Yett1006) and their combinations were applied to control Botrytis cinerea
of Snap Beans (Fenger al., 2021).

A biocontrol product's active ingredient must be effective against the disease it is intended to treat, but
secondary characteristics like biosafety and registration concerns, production needs and conditions,
formulation options, and the equipment needed for application are equally or even more crucial. Although the
lack of invasive, filamentous development in the majority of yeasts may appear to be a drawback, the yeast-like
shape is what allows for flexible cultivation in fermenters, beneficial formulation properties, and a wide range
of application possibilities. Similar to bacteria, yeasts' single-celled morphology encourages adhesion and
biofilm development, which directly affects environmental persistence, competitiveness, and ultimately
improved biocontrol activity (Verstrepen and Klis, 2006; Pandin e# 2/, 2017; Rossouw ¢t al., 2018; Freimoser
et al.,2019).

The high-copy 2 um plasmid is present in many S. cerevisiae strains. As a result, bacteria and yeasts share
growth characteristics and biocontrol mechanisms without incurring the risk of picking up or passing on genes
for pathogenicity, toxin production, or antibiotic resistance based on plasmids. Horizontal gene transfer is also
significantly less frequent in yeasts than in their prokaryotic counterparts, even though it occurs in fungi more
frequently than was previously thought due to their more complicated genome structure (Richards ez 4/, 2011;
Fitzpatrick, 2012; Moriguchi ez al., 2013; Freimoser ez al., 2019).

T. asperellum T34 and Saccharomyces cerevisiae produced green synthesized AgNPs, which were used in
this investigation at three different doses (50, 25, and 12.5 mM). Following the effects of 7. asperellum and S.
cerevisiae, the three doses were effective with the 50 mM concentration having the most significant effects on
the severity and incidence of A. porri disease. "Green synthesis” refers to the use of plant extracts as reducing
and stabilizing agents during the nanoparticle creation process. This process can create nanoparticles with
special features while being economical and environmentally benign (Ashraf ez /. 2022). Silver nanoparticles
(AgNPs), which have a wide range of antifungal effects, have been the subject of several investigations (Gautam
et al. 2020).

Silver nanoparticles are among the most promising nanomaterials (Huy ez al., 2017; Ghareeb ez al.,
2022) due to their mechanical, optical, antibacterial, and antiviral (Ansari ez /. 2018), as well as their electrical
conductivity and thermal conductivity characteristics. Applications of nanomaterials depend on how they were
created. Many methods, including physical, chemical, and biological ones, have been devised to create stable
nanomaterials with regulated size and form (Singh ez 4/., 2020). Superoxide dismutase (SOD), catalase (CAT),
and ascorbate peroxidase (APX) enzyme activity is increased in plants by the use of silver nanoparticles,
increasing the plant’s ability to withstand oxidative stress and maintain cellular homeostasis under adverse
conditions (Azeez ez al., 2022). AgNPs application boosts the quantity of chlorophyll in leaves, which improves
photosynthetic efficiency (Gao ez al., 2021; Zhang et al., 2021), as well as photosynthetic activity by reducing
oxidative stress and enhancing the absorption of essential nutrients including nitrogen, phosphorus, and
potassium (Rastogi ez 4l., 2019). Additionally, they support the safeguarding of the firmness of the chloroplasts
and other photosynthesis-related cellular elements (Lalau ez 4/, 2020). When resources are more easily
accessible, the production of various secondary metabolites, such as sugar, protein, alkaloids, flavonoids, and

phenolic compounds, is enhanced (Abbas ez 4l., 2019).
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Conclusions

The current study offers convincing evidence for the potential of two bio-agents, T. asperellum, and §.
cerevisiae, along with their green-synthesized AgNDPs, as an economical and environmentally friendly method
for controlling the purple blotch disease on onions, as well as enhancing the growth and yield of onion plants
and safeguarding them against the disease. The T. asperellum T34 spore suspension was shown to be the most
effective for treating or preventing purple blotch disease affecting onion plants. The S. cerevisiae spore solution
was 1. asperellum's front-runner, followed by a 50 mM dose of AgNPs. The plants treated with both bio-agents
and AgNDPs showed a substantial decrease in disease incidence and severity when compared to the control
plants. Additionally, the width of inflorescences, the quantity of flowers and seeds, the weight of seeds per
inflorescence, and the yield of seeds were all improved. These results emphasize the possibility of employing
these two bio-agents, along with the environmentally friendly-synthesized AgNPs, as a secure, efficient, and
sustainable substitute for traditional fungicides for crop protection and yield improvement.
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