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ABSTRACT

Sclerotium cepivorum poses is danger disease to onion
production, leading to considerable yield and financial
losses. This study examined the effectiveness of bio-
synthesized silver nanoparticles synthesized using
Trichoderma reesei (T. reesei Ag-NPs) and Neem extract
(Neem Ag-NPs). It also evaluated the associated
biochemical changes, including enzyme activities, phenolic
compounds, flavonoids, and protein content. The results
showed that treatment with T. reesei Ag-NPs or Neem Ag-
NPs reduced disease incidence and increased both fresh
and dry weight, along with higher levels of phenolic
compounds compared to the control. Moreover, the
activities of peroxidase (PO), polyphenol oxidase (PPO),
phenylalanine ammonia-lyase (PAL), and chitinase were
elevated in treated plants relative to the untreated control.
The effect of (Ag-NPs) synthesized by Neem extract and T.
reesei on PAGE of protein-infected onion plants with the
white rot pathogen under greenhouse conditions revealed
that onion bulbs contain 12 protein bands with molecular
weights ranging from 122 to 11 kDa. The data indicates
that all bands have appeared only in plants treated with T.
reesei Ag-NPs. However, the band with 120 kDa was
absent from all treatments except T. reesei Ag-NPs and
control. In contrast, the 18 kDa band was absent from
plants treated with Flumid 24% and control. The
increased intensity of the induced protein was found in T.
reesei Ag-NPs and Flumid 24% treated plants. Amounts
of silver nanoparticles were identified with minimal
residue in onion bulbs below permissible levels.
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INTRODUCTION

Onions (Allium cepa L.) is essential for both local
consumption and exports, with great economic
significance on a global scale. However, in recent years
there has been a major reduction in onion yield, mostly
attributable to the destructive white rot disease produced
by S. cepivorum (Elshahawy et al., 2019). The disease
shows observable symptoms above ground, including
wilting, yellowing of older leaves, and die-back of leaf
tips. Finally, collapse and decay occur as the symptoms
are already along the leaf blades. Simultaneously,
watery decay, White mycelia development at the bulb
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base is indicative of a root infection below earth. These
mycelia mats produce a large number of sclerotia,
which are the primary source of inoculum for the
upcoming crops (Darwesh and Elshahawy, 2021). This
disease poses a serious risk to the production of onions,
resulting in large yield losses and financial setbacks. As
Ahmed and Ahmed (2015) point out; it has become
quite common in Egypt, causing serious harm and
occasionally a 100% crop loss. In particular, this disease
threat poses a significant obstacle to the production of
onions, especially in Upper Egypt (Mohamed, 2012).
While standard fungicides are a reliable but not
necessarily  environmentally  friendly  treatment,
researchers looking into approaches to manage white rot
disease take into account both environmental and
effective factors (Ahmed et al.,, 2017). A promising
approach, (Ag-NPs) has garnered a lot of interest due to
their documented antifungal qualities and their uses
against tomato early blight disease (Fares et al., 2023).

Nanoparticles are capable of preventing disease
development and transmission, such as Sclerotium
cepivorum (Darwesh and Elshahawy, 2021). NPs can
act as targeted carriers, delivering chemicals to
particular plant cellular organelles, such as fertilizers,
insecticides, herbicides, or genes (Nair et al., 2010).
Notwithstanding the possible advantages, little is known
about NP toxicity in plants, investigations have looked
into the mechanisms by which NPs affect plant growth.

However, several studies have explored how
nanoparticles  influence  plant growth through
physiological,  pharmacological, and  molecular

mechanisms (Siddiqui et al., 2015). Additionally, it is
crucial to comprehend their role and impact on
oxidative enzymes and chemical properties in order to
comprehend their efficacy. Accordingly, Sclerotium
cepivorum-induced onion white rot was controlled by
green produced silver nanoparticles (Mahdy and Abo-
Elmagd, 2024). Additionally, their impact on oxidative
enzyme activity is significant and useful in
comprehending their function in reducing the
occurrence of disease and promoting plant growth.
Therefore, optimizing the effect of nanoparticles on host
plants requires a thorough understanding of the
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underlying mechanisms (Siddiqui et al., 2015).
Azadirachta indica leaf extract-derived biosynthesized
AgNPs show great promise as a non-toxic and
environmentally benign substitute for antimicrobial
applications (Latif et al., 2025). This study aims to
investigate the biochemical changes in onion plants
treated with green-synthesized silver nanoparticles in
comparison to conventional fungicides.

MATERIAL AND METHODS

Source of Trichoderma reesei:

The tested Trichoderma reesei (AUMC5829) isolate
used in this study was kindly obtained from Plant
Pathology Dept., Fac. of Agric., Mansoura Univ. Egypt.

Source of the pathogen:

Virulent Sclerotium cepivorum isolate was obtained
kindly from Plant Pathology Inst., Agric. Res. center,
Giza, Egypt.

Nanoparticle Preparation and Characterization

Green-synthesized of silver nanoparticles were
prepared using Neem leaf extract and the fungus
Trichoderma reesei (AUMC 5829), and their
characteristics were analyzed. The characterization
techniques  included UV-Visible  spectroscopy,
Dynamic Light Scattering (DLS), Zeta Potential
analysis, and Transmission Electron Microscopy
(TEM), as reported by Mahdy and Abo-Elmagd (2024).

Greenhouse Experiments:

After thoroughly mixing loamy sand soil (3
parts clay: 1-part sand, w/w) with a 5% commercial
formalin solution, the soil was sterilized by covering it
with polyethylene sheets for two weeks. Following
sterilization, the polyethylene cover was removed, and
the soil was aerated for ten days to allow complete
evaporation of the formalin. Plastic pots (approximately
30 cm in diameter) were sterilized using the same
method by immersing them in a 5% formalin solution.
The pots were then filled with the pre-sterilized soil. An
aggressive isolate of Sclerotium cepivorum was cultured
on PDA plates at 20 £ 2°C for 10 days, and then
transferred to sterile barley sand medium and incubated
for two weeks. To ensure even distribution of the
inoculum, the potted soil was thoroughly mixed with S.
cepivorum at a concentration of 2.0% (w/w).

Greenhouse Evaluation of Neem and T. reesei-Based
Silver Nanoparticles as Dipping Treatments against
Onion White Rot:

To assess the effectiveness of silver nanoparticles
synthesized using Trichoderma reesei (AUMC 5829)
and Neem (Azadirachta indica) leaf extract in
controlling onion white rot, a greenhouse experiment
was conducted. Both extracts were used in nanoparticle
form (Ag-NPs) and in their original form (without silver

nitrate) and compared with standard chemical
fungicides.
Dipping treatments were prepared at three

concentrations: 125, 250, and 500 pL/L for each of the
following: Neem extract with and without Ag-NPs, and
T. reesei with and without Ag-NPs.

Two commercial fungicides were included as
chemical controls:

e Flumid 24% (2',6'-Dibromo-2-methyl-4'-
trifluoromethoxy-4-trifluoromethyl-1,3-thiazole-5-
carboxanilide), applied at 80 mL per 100 kg of
bulbs.

o Celest FS 10% (4-(2,2-Difluorobenzo [1,3] dioxol-4-
yl)-1H-pyrrole-3-carbonitrile), applied at 1.5 cm3 per
kg.

Healthy onion seedlings (Giza 20 cultivar), 45 days
old, were dipped in the respective treatment solutions
for 2 hours prior to transplanting. Treated seedlings
were then transplanted into 30 cm diameter plastic pots
containing loamy sand soil previously infested with
Sclerotium cepivorum inoculum at a concentration of
2% (w/w). Control plants were dipped in distilled water
only. Each treatment was applied to three replicate pots,
with three seedlings planted per pot. Disease assessment
and plant response were monitored throughout the
experiment under greenhouse conditions.

Disease assessment:

At 100 days after transplanting (DAT), disease
incidence (DI %) was evaluated using the formula by
Brix and Zinkernagel (1992):

DI (%) = (Number of infected plants / Total number
of plants) x 100

Plant Growth and Yield Measurement

Plant height (cm) and fresh weight (g) were
measured at 100 DAT. Onion bulbs were harvested
from each pot and weighed to assess yield.

Biochemical Analysis
Enzyme Activity Assays

Bulb samples were collected for enzyme extraction
following Tuzun et al. (1989). The following defense-
related enzyme activities were determined:

Peroxidase (PO) absorbance was measured at
425nm over 15 minutes (Allam and Hollis, 1972).
Polyphenol Oxidase (PPO) assayed using the method of
Matta and Dimond (1963). Phenylalanine Ammonia-
Lyase (PAL) determined as per Dickerson et al. (1984).
Chitinase activity measured following Ried and Ogryd-
Ziak (1981).
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Determination of phenolic compounds:

Total phenolics were quantified
spectrophotometrically at 520 nm following the method
of Bary and Thorpe (1954).

Determination of flavonoid content:

Flavonoids were determined spectrophotometrically

at 420 nm following the method of Peixoto Sobrinho et
al. (2008).

Protein Analysis and Residual Silver Determination

Sodium  Dodecyl Sulfate-Polyacrylamide  Gel
Electrophoresis (SDS-PAGE):

Protein profiles of onion bulb samples were
analyzed by SDS-PAGE following the protocol of
Laemmli (1970). Briefly, total protein extracts were
prepared and subjected to electrophoresis on 12%
polyacrylamide resolving gels. Electrophoresis was
performed under denaturing conditions to separate
proteins based on their molecular weight. After
electrophoresis, gels were stained with Coomassie
Brilliant Blue, then imaged, scanned, and analyzed
using the Gel Doc system (VILBER LOURMAT) to
determine the presence and intensity of protein bands
(Novello et al., 2021).

Determination of residual silver ions in onion bulbs
by inductively coupled plasma atomic emission
spectrometry (ICP OES) analysis.

Onion bulbs treated with silver nanoparticles
synthesized by two methods (biological and plant
extract) in addition to untreated control were chosen to
determine the residual metal ions. Samples were
collected after 100 days of transplanting. The samples
were meticulously wrapped in polyethylene bags and
collected by hand while wearing vinyl gloves for
protection (Allam et al., 2003). For 24 hours, the
samples are oven-dried at 80 degrees Celsius. Drying
the gathered plant materials is recognized to be crucial
because it prevents microbial degradation and
guarantees a consistent reference value by calculating
dry weight as opposed to fresh weight, which is
challenging to measure (Markert, 1993 and Aksoy et al.,
2005). All of the materials were ground in a micro-
hammer cutter and sieved through a 1.5-mm sieve to
guarantee the even distribution of metals in the sample.
Powdered materials that had been dried and ground
were stored in sterile plastic vials (Demirezen and
Aksoy 2006).

Analytical Techniques:
Microwave digestion

All samples were digested to provide an acceptable
matrix for measuring metal ions, as well as an adequate
and consistent recovery that was compatible with the
analytical method (APHA, 2017). The Anton-Paar

microwave digestion system (Multiwave PRO) was
used to digest the samples in an acid solution using 5
mL of 65% HNOs as an acid reagent. The Agilent 5100
Synchronous Vertical Dual View (SVDV) ICP-OES
with Agilent Vapor Generation Accessory VGA 77 was
used to determine the metal ions. For each series of
measurements, an intensity calibration curve was
constructed using a blank and three or more Merck
Company (Germany) standards. The National Institute
of Standards and Technology (NIST) provides standard
reference materials and a quality control sample were
utilized to verify the instrument reading, and external
reference standards from Merck were used to verify the
accuracy and precision of the metal ion readings.

Statistical Analysis:

Statistical analysis of all the previously designed
experiments were carried out according to the
procedures (ANOVA) reported by Snedecor and
Cochran (1989) using Costat program (v. 6.3 Co Hort
software, California, USA). Treatment means were
compared by the least significant difference test (LSD)
at a 5% probability level.

RESULTS AND DISCUSSION

Effect of T. reesei Ag-NPs on controlling white rot
disease on onion under greenhouses conditions.

According to the data in Table 1, dipping onion
transplants in all concentration of T.reesei Ag-NPs
reduced infection with onion white rot disease. In this
regard, T. reesei Ag-NPs at 250 pL/L and Flumid 24%
gave the greatest reduction in onion white rot incidence
(22.2%) and enhanced onion bulb production (252.3 and
254.5g/pot, respectively). In this regard, treatment with
T. reesei without silver nitrate at 500 pL/L and Flumid
24% fungicide resulted in the greatest effect on plant
height (62.7cm). However, no significant change in
plant height was seen between all treatments. These
results are in harmony with the results of Jung et al.
(2010) which found that under greenhouse experiments
Nano-silver liquids increased biomass and dry weights
of green onion compared with control treatment.
Elshahawy et al. (2018) found that by using Ag-NPs,
tomato plants were shielded from the oomycete Pythium
aphanidermatum, which causes sudden death disease.
The reduced fresh and dried plant weights further
indicate the pathogen's detrimental impact for the Giza
20 onion cultivar. Elshahawy et al. (2018) revealed
similar findings, demonstrating a relationship between
disease severity and declining plant growth in S.
cepivorum infected onion crops.

Additionally, the findings demonstrated that both the
Neem Ag-NPs and the T. reesei Ag-NPs at different
concentrations improved plant growth and disease
reduction. Furthermore, data show that the S. cepivorum
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isolate is pathogenic and has a significant impact on the
Giza 20 onion cultivar in greenhouse. On the other
hand, using Flumid 24% fungicide gave the lowest
percentage of incidence with onion white rot (22.2%) as
the effect with Ag-NPs, (22.2%) and increased onion
bulb yield.

Effect of Neem Ag-NPs on controlling white rot
disease on onion under greenhouse conditions.

Data in Table 2 reveal that, dipping onion
transplants in all concentrations of Neem Ag-NPs
reduced infection with onion white rot disease
compared to the control. In this regard, Neem Ag-NPs
at 250 pL/L and Flumid 24% yielded the greatest
reduction in onion white rot incidence (22.2%) and
enhanced onion bulb production (254.1 and 254.5¢g/pot,
respectively). Nanomaterial’s enhanced surface contact
with cells causes reactions that produce (ROS), break
down cell membranes, and damage proteins, giving
them potent antibacterial properties. Antimicrobials
based on nanomaterial’s are resistant to pathogens
because of -these interactions (Kalia et al, 2020). In this
regard, the treatment with Flumid 24% had the greatest
effect on plant height. However, no significant change
in plant height was seen between all treatments. As a

result, the current study demonstrated Ag-NPs' potential
to reduce the proportion of infection with onion white
rot disease while also improving vegetative
development and bulb yield under greenhouse settings.
Application of NPs to pre-infected onion plant roots
successfully decreased white rot by raising host plant
resistance and improving onion plant development
characteristics. This might be as a result of silver
nanoparticles' ability to stop white rot damage (Sharon
et al., 2010). In comparison to the untreated control,
Salama (2012) discovered that the treatment of Ag-NPs
at 60 mg/L increased the common bean's fresh and dry
weights and corn seedlings. Nanotechnology offers
special uses in biotechnology and agriculture, and the
concentration of NPs is essential to their efficacy (Zhao
et al., 2020). According to Nair et al. (2010), NPs can
act as useful transporters, delivering chemicals such as
fertilizers, insecticides, herbicides, or genes to particular
plant cellular organelles. Fungicides, such as those
tested in this study, have been shown to interfere with
crucial cellular processes in fungi, including cell wall
synthesis and energy production (Shabana et al., 2015
and Eliwa et al., 2018).

Table 1. Effect of T. reesei Ag-NPs on controlling white rot disease on onion under greenhouses conditions

Conc. White rot incidence . Onion bulb yield

Treatment uL/L (%) Plant height (cm) g/pot y
125 44.4 55.1 210.6
T. reesei Ag-NPs 250 22.2 59.0 252.3
500 33.3 60.2 2335
T. reesei without 125 55.6 56.4 187.9
silver nitrate 250 44.4 57.8 194.6
500 44.4 62.7 220.8
Celest FS 10% 44.4 60.4 232.2
Flumid24 % 22.2 62.7 254.5
Control (infected) 88.9 42.3 89.7
Control (healthy) 0.0 56.1 190.9
LSD at 0.05 20.2 4.8 11.0

Table 2. Effect of Neem Ag-NPs on controlling white rot disease on onion under greenhouse conditions

Treatment Conc. White rot Plant height Onion bulb yield
pL/L incidence (%) (cm) g/pot
125 33.3 55.1 203.5
Neem Ag-NPs 250 22.2 61.2 254.1
500 33.3 57.1 249.8
. 125 55.6 54.8 181.1
Neer extract without 250 44.4 56.5 198.7
500 333 56.1 205.3
Celest FS 10% 44.4 62.7 232.2
Flumid 24 % 22.2 60.4 254.5
Control (infected) 88.9 42.3 89.7
Control (healthy) 0.0 56.1 190.9
LSD at 0.05 12.0 3.5 12.2
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Effect of T. reesei Ag-NPs on defense-related enzyme
activities in infected onion plants with white rot
pathogen under greenhouse conditions:

Data in Table 3 reveal that, in comparison to the
control treatment, all tested treatments considerably
raised the activity of the enzymes PO, PPO, PAL and
chitinase. Flumid 24% was the most effective treatment,
increasing the enzymes activity of PO, PPO, PAL, and
chitinase enzymes by 419.6, 356.8, 435.9, and 438.0 %
respectively, followed by T. reesei Ag-NPs 250 uL/L
where it increased the activities of PO, PPO, PAL and
chitinase enzymes by 404.1, 348.6, 425.6 and 330.4 %
respectively, however, T. reesei Without silver nitrate
the least effective dose was 125 pL/L. Many researchers
have found the instability of both POD and PPO
activities by using different dose of silver nanoparticles
(Xihong et al., 2011 and Raigond et al., 2017). The
pathogenic of Alternaria solani can be reduced by
created Ag-NPs, according to Kumari et al. (2017).
They also observed that pretreatment of particles on
leaves boosted host resistance by boosting the
antioxidant.

Effect of Neem Ag-NPs on defense-related enzyme
activities in onion plants infected with white rot
pathogen under greenhouse conditions:

Data in Table 4 reveal that, in comparison to the
control treatment, all tested treatments considerably
raised the activities of the enzymes PO, PPO, PAL and
chitinase. The most effective treatment was Flumid
24%, which increased the activities of PO, PPO, PAL,
and chitinase enzymes by 419.6, 356.8, 435.9, and
438.0 %, respectively. However, Neem without silver
nitrate 125 pL/L was the least effective treatment. These
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findings are consistent with those of Karim et al.
(2012), who discovered that peroxidase enzyme activity
was enhanced by low concentrations of novel NPs (gold
and silver). Cell wall strengthening and the synthesis of
specific bioactive substances, such as lignin, quinones,
and melanin, which serve as a barrier against incoming
pathogens by eliminating their pectolytic enzymes, may
be linked to the elevated activity of PO, PPO, and PAL
(Fugate et al., 2016). Seed quality has been shown to
improve with the use of copper (Cu) and zinc oxide
(ZnO) nanoparticles (Khafaga et al., 2019). Growth
parameters, relative water content, and biochemical
parameters such as glutathione S-transferase, (CAT),
(POD), and total phenolic contents all increased with
this treatment (Chung et al., 2019). In a similar vein,
applying 1.5 mg/L of ZnO NPs below 30 nm to
chickpea plants considerably raised their overall
biomass in comparison to 10 mg/L. Reduced relative
water levels in plant leaves were associated with higher
concentrations (mg/L) (Burman et al., 2013).

Effect of T. reesei Ag-NPs on phenol content (mg/g
fresh weight) in onion plants infected with white rot
pathogen under greenhouse conditions:

The results in Table 5 show that, the application of
Ag-NPs had a significant impact on the phenol content.
All concentrations of T. reesei Ag-NPs increased the
phenol compared with the control. Total and free phenol
levels increased most significantly with Flumid 24%
(316.0 and 260.2%), respectively. However, T. reesei
without silver nitrate (125uL/L) was the least effective,
increasing total and free phenols by 157.5 and 97.1%,
respectively.

Table 3. Effect of T. reesei Ag-NPs on defense-related enzyme activity in onion plants infected with the white

rot pathogen in greenhouse

Conc. . Efficacy %
Treatment uL/L PO PPO PAL Chitinase PO PPO PAL Chitinase

125 372 100 159 30.8 2835 1703 307.7 234.8
T. reesei Ag-NPs 250 489 166 205 39.6 404.1 3486  425.6 3304

500 409 138 4.6 38.7 3216 2730 17.9 320.7
T reesei without 125 23.5 7.3 13.7 20.0 1423  97.3 251.3 117.4
silver nitrate 250 28.7 10.6 6.9 25.1 196.6  186.5 76.9 172.8

500 29.0 113 155 28.4 199.0 2054 2974 208.7
Celest FS 10% 18.1 4.8 11.8 30.2 86.6 29.7 202.6 228.3
Flumid24 % 504 169 209 49.5 419.6 356.8 435.9 438.0
Control (infected) 9.7 3.7 3.9 9.2 0.0 0.0 0.0 0.0
Control (healthy) 219 115 120 32.7 1258 2108  207.7 255.4

PO=Peroxidase, PPO= poly phenol oxidase, PAL= Phenylalanine ammonia-lyase
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Conc. - Efficacy %

Treatment uL/L PO PPO PAL Chitinase PO PPO  PAL _ Chitinase
125 29.3 141 137 34.2 202.1 2811 251.3 271.7
Neem Ag-NPs 250 33.6 158 185 48.0 246.4 327.0 374.4 421.7
500 29.0 127 149 44.4 199.0 2432 2821 382.6
Neem extract without 125 19.0 6.8 7.3 15.6 95.9 83.8 87.2 69.6
silver nitrate 250 221 80 8.0 23.0 1278 116.2 105.1 150
500 2565 97 152 28.7 1629 1621 289.7 212.0
Celest FS 10% 181 48 118 30.2 86.6 29.7 2026 228.3
Flumid24 % 504 169 20.9 49.5 4196 356.8 435.9 438.0
Control (infected) 9.7 3.7 3.9 9.2 0.0 0.0 0.0 0.0
Control (healthy) 219 115 120 32.7 1258 2108 207.7 255.4

PO=Peroxidase, PPO= poly phenol oxidase, PAL= Phenylalanine ammonia-lyase

Table 5. Effect of T. reesei Ag-NPs on phenol content (mg/g fresh weight) in onion plants infected with white

rot pathogen under greenhouse conditions

. Efficacy %

Treatment floLr/]E P';gizl Cogrj]zgi'lced PL%?(!I Free Conjugated Total
Phenol Phenol Phenol
125 29.6 40.6 70.2 187.4 420.5 287.8
T. reesei Ag-NPs 250 31.4 42.5 73.9 204.9 444.9 308.3
500 25.3 31.6 56.8 145.6 305.1 213.8
T reesei without 125 20.3 26.4 46.6 97.1 238.5 157.5
silver nitrate 250 20.7 29.7 50.4 101.0 280.8 178.5
500 21.1 30.9 51.9 104.9 296.2 186.7
Celest FS 10% 28.1 27.0 55.1 172.8 246.2 204.4
Flumid24 % 37.1 38.1 75.3 260.2 388.5 316.0

Control (infected) 10.3 7.8 18.1 0.0 0.0 0.0
Control (healthy) 21.0 16.7 37.6 103.9 114.1 107.7

However, the conjugated phenols were affected ~ Ag-NPs enhanced phenol content. Flumid 24%

differently by the treatments. In this respect, T. reesei
without silver nitrate 125 pL/L decreased the
conjugated phenols by 238.5 %. However, T. reesei Ag-
NPs 250pL/L increased the conjugated phenols by
444.9%. These results are consistent with Ahmed's
(2011) findings, which reveal that cucumber plants
grown in soil inoculated with Fusarium oxysporum f.
sp. cucumerinum had higher total phenol content when
cucumber seeds were treated with T. viride. The
phenolic compound biosynthesis pathway may have
been triggered by an increase in phenolic acid
production utilizing Ag+ and both elicited and non-
elicited gene expressions were up-regulated (Ag-NPs
and AgNO3) (Xing et al., 2015).

Effect of Neem Ag-NPs on phenol content (mg/g
fresh weight) in onion plants infected with white rot
pathogen under greenhouse conditions:

The results in Table 6 show that treatment with Ag-
NPs had a substantial effect on phenol content
compared to the control. All concentrations of Neem

(316.0%) resulted in the largest rise in total phenols.
However, Neem without silver nitrate 250 puL/L was the
least effective, increasing total phenols by 99.4 percent.
Regarding free phenol, all concentrations of Neem Ag-
NPs increased free phenols. Flumid 24% had the highest
increase in free phenols by (260.2%). Neem without
silver nitrate125 pL /L was the least effective one.
However, Neem Ag-NPs 250uL/L increased the
conjugated phenols by 393.6%. These results agree with
those of Azad et al. (2019) who reported that increasing
silver and other five nanoparticle materials
concentrations increased PO, PPO activities, and total
phenol content. This highlights how crucial it is to
precisely calibrate fungicide dosages for the best disease
control and the least amount of disturbance to plant
physiology (Willyerd et al., 2015). The phenolic
compounds in the studied fungicides showed a notable
dose-dependent increase, highlighting their capacity to
trigger the manufacture of secondary metabolites
implicated in plant, whereas the infected control showed
noticeably decreased phenolic levels, demonstrating the
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pathogen's harmful effects (Shalaby and Horwitz, 2015).
The present knowledge of plant defensive responses,
which holds that activating secondary metabolites, such
as phenolics, is a typical tactic to fend off pathogenic
attacks, is compatible with this steady rise in phenolic
compounds (Lattanzio et al., 2009).

Effect of T. reesei Ag-NPs on flavonoids in onion
plants infected with white rot pathogen under
greenhouse conditions:

Data in Table 7 show that, treatment with Ag-NPs
had a significant effect on flavonoids when compared to
the control. All concentrations of T. reesei Ag-NPs
increased the flavonoids. The increase of flavonoids was
highly recorded with Flumid 24% (610.9%). However,
T. reesei without silver nitrate 125 pL/L was the least
effective and increased the flavonoids by 127.3%.
Adding Pseudomonas fluorescens 9 and 10 to bio-
primed faba bean seed treatment boosted of flavonoids
according to Alemu and Alemu (2013). Furthermore,
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Kessler et al. (2003) noted those flavonoids' antioxidant
activity results from their capacity to reduce free
radicals or chelate them to lessen their formation.

Effect of Neem Ag-NPs on flavonoids in onion plants
infected with white rot pathogen under greenhouse
conditions:

The results in Table 8 show that, flavonoids were
significantly affected by the Neem Ag-NPs treatment in
comparison to the control. All concentrations of Neem
Ag-NPs increased the flavonoids. The highest increase
of flavonoids was recorded in the case of Flumid 24%
(610.9%). However, Neem without silver nitrate 125
pML/L was the least effective and increased the
flavonoids by 56.4%. These results are in line with
those of El Refai et al. (2018), who discovered that the
total polyphenols, phenol fractionation, and flavonoid
content in treated plants increased when garlic extract
was used for the manufacture of NPs.

Table 6. Effect of Neem Ag-NPs on phenol content (mg/g fresh weight) in onion plants infected with white rot

pathogen under greenhouse conditions

Conc. Free Conjugated Total Eff|f:acy %

Treatment uL/L Phenol Phenol Phenol Free Conjugated Total
Phenol Phenol Phenol

125 29.2 28.8 58.0 183.5 269.2 220.4

Neem Ag-NPs 250 36.6 385 75.1 255.3 393.6 315.0
500 31.7 23.0 54.7 207.8 194.9 202.2

Neem extract 125 26.1 10.7 36.8 153.4 37.2 103.3

without 250 26.6 9.5 36.1 158.2 21.8 99.4
silver nitrate 500 27.2 11.0 38.2 164.1 41.0 111.0
Celest FS10% 28.1 27.0 55.1 172.8 246.2 204.4
Flumid24 % 37.1 38.1 75.3 260.2 388.5 316.0

Control infected 10.3 7.8 18.1 0.0 0.0 0.0

Control healthy 21.0 16.7 37.6 103.9 114.1 107.7

Table 7. Effect of T. reesei Ag-NPs on flavonoids in onion plants infected with white rot pathogen under

greenhouse conditions

Treatment Conc. pL/L Flavonoids Efficacy %
125 18.8 241.8
T. reesei Ag-NPs 250 36.8 569.1
500 19.7 258.2
T. reesei without 125 12:5 127.3
silver nitrate 250 19.0 2455
500 27.9 407.3
Celest FS 10% 26.4 380
Flumid 24 % 39.1 610.9
Control (infected) 55 0.0
Control (healthy) 23.1 320
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The formation of bonds with plant cell wall
components (Mahadevan and Sridhar, 1986), These
findings also concur with those of Abdel-Aziz et al.
(2014), who created Ag-NPs using leaf extract from
Chenopodium murale and found that Ag-NPs
incorporating plant extract had higher levels of total
phenolic compounds and total flavonoids than the plant
extract alone. When compared to silver nitrate or C.
murale leaf extract alone, Ag-NPs incorporating leaf
extract shown greater antioxidant and antibacterial
activities. It is possible to draw the conclusion that C.
murale leaf extract is useful for producing possible
antioxidant and antibacterial Ag-NPs for usage in
commercial settings. According to Girilal et al. (2018),
chemically produced silver nanoparticles raise the
plant's secreted protein, carbohydrate, and phenolic
component levels.

Effect of Ag-NPs Neem and T. reesei on PAGE of
protein in infected onion plants with white rot
pathogen under greenhouse conditions:

The SDS (PAGE of protein) results shown in Table
9 and Fig. (1) reveal that onion plants contain 12 protein
bands with molecular weights ranging from 122 to 11
kDa.

The data indicates that all bands have appeared only
in plants treated with T. reesei Ag-NPs. A band with
120 kDa was absent from all treatments except T. reesei
Ag-NPs and control treatments. Moreover, the band of
18 kDa was absent from plants treated with Flumid 24%
and control. The increased intensity of the induced
protein was found in T. reesei Ag-NPs and Flumid 24%
treated plants. It can be concluded that T. reesei Ag-NPs
and Flumid 24% have the high enzyme activity as
shown in Table (10) and Fig. (1). These findings can be
explained by the findings of Stefanié¢ et al. (2018), who
discovered that tobacco seedlings' proteomic response to

exposure to Ag-NPs (100 pL) showed that the vast
majority of proteins involved in primary metabolism
were upregulated. A number of proteins that exhibit
differential expression following Ag-NPs exposure fall
into the following categories: protein synthesis, defense,
energy, carbohydrate metabolism and amino acid
metabolism. Induced expression of these proteins
improves energy generation and tolerance mechanisms
to deal with silver toxicity, according to Mirzajani et al.
(2014). It is present in Oryza sativa, and silver treatment
increased the production of proteins like L-ascorbate
peroxidase, and superoxide dismutase that are involved
in the detoxification of ROS. The release of Ag+ from
Ag-NPs disrupts cell communication by binding to the
second messenger calcium receptor, as demonstrated by
the expression of calcium proteins such as calmodulins
1 and 3, translationally controlled protein, and NAC-
transcription factor. According to Vannini et al. (2013),
exposure to Ag-NPs in Eruca sativa changed the
expression of certain proteins involved in protein
folding, which in turn changed particular cellular
functions. Proteins linked to energy generation and
vacuolar transport was also found to express differently.

Residues of silver ions in onion plants infected with
white rot pathogen and treated with biosynthesized
silver nanoparticles (ICP-OES Analysis)

Data presented in Table 10 indicate the levels of
silver ion residues in the tissues of onion bulbs treated
with silver nanoparticles (Ag-NPs). The concentration
of silver residues in onion bulbs increased
proportionally with the applied concentration of Ag-
NPs. Specifically, greenhouse treatments with T. reesei
Ag-NPs and Neem Ag-NPs at 250 pL/L resulted in
silver residues of 0.05 mg/kg, whereas treatments at 500
ML/L yielded residues of 0.1 mg/kg.

Table 8. Effect of Neem Ag-NPs on flavonoids (mg/g fresh weight) in onion plants infected with white rot

pathogen under greenhouse conditions

Treatment Conc. puL/L Flavonoids Efficacy %
125 15.1 1745
Neem Ag-NPs 250 28.2 412.7
500 9.4 70.9
. 125 8.6 56.4
Neem extract without
silver nitrate 250 9.0 63.6
500 10.0 81.8
Celest FS 10% 26.4 380
Flumid 24 % 39.1 610.9
Control (infected) 5.5 0.0
Control (healthy) 23.1 320
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Table 9. Effect of Ag-NPs Neem and T. reesei on PAGE of protein in infected onion plants with white rot

pathogen under greenhouse conditions

Band M.W Neem Ag-NPs Neem T . Flumid T. reesel Control
No Bp extract reesei Ag-NPs
1 2 3 4 5 6
1 120 0 0 0 0 1 1
2 86 1 1 1 1 1 1
3 74 1 1 1 1 1 1
4 48 1 1 1 1 1 1
5 38 1 1 1 1 1 1
6 33 1 1 1 1 1 1
7 29 1 1 1 1 1 1
8 18 1 1 1 0 1 0
9 16 1 1 1 1 1 1
10 14 1 1 1 1 1 1
11 12 1 1 1 1 1 1
12 11 1 1 1 1 1 1
Total 11 11 11 10 12 11
- " Table 10. Residual silver concentration in onion
2 = = bulbs after treatment
% ¥ 8 - = © Concentration  Residual A
g - g £ % ;% Treatment (uLL) (ma/ka) g
: = o A
R = T reesel Ag- 250 pL/L 0. 05
160 NPs
oy T N ps AS spopL L 0.1
50 Neem Ag-NPs 250 pL /L 0.05
3s Neem Ag-NPs 500 pL /L 0.1
27 Control - 0.0
15
12
CONCLUSION

SDS-PAGE

Fig.1. Effect of Ag-NPs Neem and T. reesei on PAGE

These residue levels fall within safe and permissible
limits for use. Mathematical modeling of silver
nanoparticle bioaccumulation and bio distribution in the
gastrointestinal tract, as described by Gmoshinski et al.
(2013), employed first-order kinetic equations to
characterize the internal exchange of these
nanoparticles. Their findings indicated that oral
administration of Ag-NPs at daily doses of 5-10 mg/kg
body weight, either acutely or subacutely, can lead to
potentially hazardous accumulation in vital organs such
as the liver and spleen. The current results align with
those reported by Abd-Elbaky et al. (2021), who
demonstrated that silver nanoparticle residues in onion
bulbs remained within acceptable safety margins and
were minimal.

This study demonstrates the effectiveness of green-
synthesized silver nanoparticles (Ag-NPs), derived from
Trichoderma  reesei and Neem extract, as
environmentally friendly alternatives for controlling
onion white rot caused by Sclerotium cepivorum. These
nanoparticles not only suppressed disease incidence but
also influenced key biochemical parameters such as
total phenolic and flavonoid contents, along with
oxidative enzyme activities, when compared to
conventional fungicides. Traditional fungicides like
Flumid 24% and Celest FS 10% exhibited strong
inhibitory effects and remain effective chemical
treatments. However, both T. reesei Ag-NPs and Neem
Ag-NPs showed comparable disease control efficacy
and significantly enhanced the biochemical defense
mechanisms of onion plants.

The highest increases in total and free phenolic
content were observed with Flumid 24% (315.1% and
261.0%, respectively), followed by T. reesei Ag-NPs at
250 pL/L (307.6% and 204.8%, respectively).
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Overall, this research provides valuable insights into
the biochemical responses of onion plants including
changes in phenolic compounds, protein profiles,
enzyme activity, and residual silver content following
treatment with green-synthesized Ag-NPs. These
findings pave the way for further exploration into the
application of nanoparticles as sustainable tools in plant
disease management.
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