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IT IS NOTICEABLE that Cephalosporium maydis causes late wilt disease that is considered 
sole of the ultimate destructive diseases in Zea maize. The crop output is declined due to the 

infection riskiness raises. Silver nanoparticles (AgNPs) were prepared using a simple bio-reduction 
method, which is ecologically welcomed and cost-effective. In our investigation, the effect the 
antifungal activity of AgNPs was evaluated alone or combined with one of each two different 
fungicides on C. maydis in vitro and in vivo. An isolate of Aspergillus niger previously isolated 
and identified in our laboratory was used to induce AgNPs. The NPs production,s undergone to 
optimization study for increasing AgNPs product besides its stability. AgNPs production after 
optimization showed very stable product compared with those before optimization conditions. 
A significant increase in the absorbance was noticed from 0.8OD into 1.25OD and the NPs size 
decreased from 19nm into 9nm. In addition, TEM showed more obvious and clear AgNPs, in 
addition, a higher degree of stability and protein functional surface reactive groups at (-29.3mv) 
with single peak was revealed for six months. Under laboratory conditions, the higher rate of 
growth inhibition of C. maydis was obvious in case of using AgNPs either alone or combined 
with fungicides. Parallel results were found under greenhouse conditions where AgNPs caused 
a severe reduction in disease severity of C. maydis infected plants accounting (57.7%) alone or 
combined with Maxim XL (75.5%) or Vitavax (90%). This research opens up new possibilities 
in the field of using AgNPs in plant disease treatment.

Keywords: Aspergillus niger, Cephalosporium maydis, Fungicides, Plant disease, Silver 
nanoparticles.
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Introduction                                                                

Agriculture is considered the most basics for 
countries developing through improving their 
income level. Plant disease causes reduction 
in agricultural production every year and 
causes millions of dollars loss to control 
these plant diseases. In recent years, using 
pesticide for controlling plant disease resulted 
in many environmental hazards. Therefore, 
many researchers try to find an alternative 
method for pesticides as metal nanoparticles. 
Nanotechnology is characterized by the 
formation of particles with variable sizes, shapes, 
chemical compositions, that is entered in many 
applications. Although chemical and physical 
methods may produce pure and well-defined 
nanoparticles, these methods are just costly 
and critical to the habitat (Reddy et al., 2012). 
The use of biological inducers for nanoparticles 
formation represented as an urgent eco-friendly 
way instead of chemical and physical methods 
(Rabie et al., 2014). 

Nanotechnology in plant pathology is 
a modern outline through several nano-
technological implementations. Early detection 
of plant diseases and pathogens are some of 
the possible key applications in plant pathology 
through detection of site-targeted delivery for 
nano-formulated agrochemicals, development of 
disease resistant plant varieties by nanomaterial-
mediated genetic transformation (Nair et 
al., 2010). There are many applications for 
AgNPs in medical sides (Singh et al., 2008 and 
Panacek et al., 2009). AgNPs effect on different 
phytopathogens (Jha et al., 2009 and Patel et al., 
2014). AgNPs activity was evaluated against 
certain ascomycetous fungi (Liu et al., 2009, 
Solgi et al., 2009 and Sang –Woo et al., 2012). 

The biotechnological applications as, bio-
mineralization have been investigated as bio-
factory for several metallic nanoparticles 
production (Sastry et al., 1998). Although, the 
presence of synthetic metallic nanoparticles the 
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using of bio-factory technology is considered 
as an urgent necessity for habitat (Al-Askar et 
al., 2013). Thus, the present investigation aims 
to green bio-synthesis of AgNPs by an isolate 
of A. niger that was previously isolated and 
identified in our laboratory. The study includes 
Optimization and Stability of the AgNPs to 
enlarge the scope of their antifungal efficacy 
against Cephalosporium maydis in vitro and in 
vivo studies.

Materials and Methods                                                                  

Silver nanoparticles biosynthesis
AgNPs were produced by Aspergillus niger 

according to Rabie et al. (2013) method. 

Characterization of silver nanoparticles
The developed AgNPs were assessed 

by UV-Vis analysis using JASCO-V630 
Spectrophotometer at λ200-600nm, normalizing 
to controls. The size of the developed AgNPs 
was determined using Zeta seizer Nano S (ZEN 
1600, Malvern, UK). Transmission Electron 
Microscopy TEM assessed the morphology and 
size of AgNPs (FP 5018/40, Technol G2 Spirit 
Bio TWIN) according to Ahmad et al. (2003). 
Fourier Transform Infrared Spectroscopy 
(FTIR) (Thermo Nicolet model 6700 spectrum) 
detected the presence of functional groups of 
amino acids as protecting agents to AgNPs. The 
charge of silver nanoparticles was determined 
by Zeta potential analysis (ZEN 1600, Malvern, 
UK) Dispersion Software. (Nano ZS) Malvern, 
UK. Zeta potential rang (mV): mV, (Kheybari 
et al., 2010). Sterile distilled water with silver 
nitrate was used as negative control. Reducing 
agent assay (Protein Content) is calorimetrically 
measured Bradford assay method, then protein 
concentration measured spectrophotometrically 
at 595nm (Bradford, 1976).

Optimization of nanoparticle biosynthesis
The pH of this reaction was optimized by 

using different pH, where the reaction pH was 
maintained at 2, 5, 7, 9 and 11. The pH was 
adjusted by using 0.1N HCl and 0.1N NaOH. 
The temperature of this reaction was optimized 
by using different temperature degrees, where 
the reaction temperature was monitored at 
(15Co, 25Co, 30Co, 350,40C0, 45C0 and 500C). 
The concentration of silver nitrate was optimized 
using different concentrations, where the 
electron donor in the process of nanoparticle 

synthesis and bioreduction of silver nitrate 
(AgNO3), Yeast extract, NaNo3, NH4SO4, and 
Methionine (as the electron donor- Nitrogen 
source) was added to the reaction mixture. 
The absorbance of the resulting solutions was 
measured spectrophotometrically.

Stability study
Biosynthesis of AgNPs in every optimized 

condition was kept in dark at the room 
temperature and the stability of the synthesized 
particles was monitored up to 60 days by using 
UV–visible spectral analysis. 

In vitro screening of tested AgNPs and fungicides 
against

Pathogenic fungus (C. maydis)
In vitro assay was performed on Potato 

dextrose agar (Bilgrami & Verma, 1981) 
either alone or combined with each one of 
Maxim XL or Vitavax at the rate of 2g\L (after 
preliminary trails and unpublished data) were 
poured into growth media prior to pouring in a 
Petri dish (9cm in diameter). Three replicates 
were used for each concentration. Five mm in 
diameter agar plugs were obtained from the 
actively growing C.maydis (7 old day cultures) 
inoculated in the center of plates supplemented 
with different treatments. The plates were 
incubated at 28°C for 9 days. Colony diameters 
were measured every 72h until full growth in 
control. Control plates inoculated by C. maydis 
in growth medium without neither AgNPs nor 
fungicides. The percentage of inhibition zones 
were measured compared with control using the 
following formula:

Inhibition rate (%)= (R − r)/R×100

where R is radial growth of fungi in control and 
r is the radial growth of fungi in treated plates.

Effect of AgNPs and fungicides on the 
mycelial weight of pathogen

Potato dextrose broth (PDB) was dispensed 
into 250ml conical flasks at the rate of 100ml per 
flask and were sterilized by autoclaving at 121°C 
for 20min. Five ml/L of 50ppm AgNPs either 
alone or combined with each of Maxim XL or 
Vitavax at the rate of 2 g\L (after preliminary 
trails and unpublished data) were poured into 
growth media. The media were allowed to cool 
down (30°C–40°C) before chloramphenicol 
(1%) was added aseptically to suppress 
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bacterial growth. The fungal isolate of C.maydis 
introduced directly from the inoculated plates. 
The flasks were incubated at 30°C for seven days 
then the mycelial weights were recorded.

Inhibition rate (%)= (R − r)/R×100

where R is the dry weight of fungi in control and r 
is the dry weight of fungi in treated flasks.

Effect of tested AgNPs and fungicides against 
C.maydis under greenhouse conditions

Effect of tested AgNPs: The greenhouse 
experiment was carried out to study the virulence 
of AgNPs biosynthesis by A. niger. An aggressive 
isolate of C.maydis was grown in bottles 
containing 50g sorghum grains/each. Five ml/pot 
of 100ppm AgNPs either alone or combined with 
each of Maxim XL or Vitavax at the rate of 2g\L 
were added on each bottle. Sterilized Nile silt soil 
was infested by isolate at the rate of 50g of fungal 
material per pot of 2cm in diameter. Maize grains 
were surface sterilized. Four pots were cultivated 
with maize grains of susceptible cultivar (Baladi) 
(Hassanein et al., 2002) and then prepared as 
five plants per pot for each cultivar. Plants were 
fertilized at the rate of 3g urea (46% N) per pot 
and regularly watered using tap water (Zeller et 
al., 2002). The temperature was ranged between 
25ºC and 30ºC. Disease readings were recorded 
after 90 days of cultivation as the percentage of 
wilted plants. The lower internodes and the top 
internodes were injected with 2ml of 30ppm 
AgNPs for each plant. Injections were performed 
using 10ml sterile plastic syringes with 25 or 26 
gauge needle (Skibbe & Walbot, 2010). In the 
first maize plants were injected after 7 days of 
cultivation. Beyond this period the injection was 
conjugated every 15 days until 60 days of sowing. 
Five replicates of control plants without injection 
with either AgNPs or fungicides were used. 

Fungicides applications: Four pots 25cm 
diameter were infested with C. maydis then 
cultivated with susceptible maize varieties 
(Baladi) indicated high degree of infestation. 
Fungicides was used Maxim XL (Fludioxonil 
2.5% + Metalaxyl 1%) at the rate of 3ml\L, as 
well as, Vitavax (5, 6-Dihydro-2-methyl-1-1-
4-oxathiin-3-carboxanilide) at the rate of 3g\L. 
Seeds were treated with the fungicide before 
cultivation. Infected plants were counted after 90 
days from cultivation (Ibrahim et al., 1993).

Results & Discussion                                                                            

Characterization of AgNPs produced by A. niger.
A. niger has the potentiality to reduce Ag+ 

to Ag0 as revealed from the UV-Vis, TEM and 
DLS analyses, In addition, A. niger undergone to 
biochemical identity for optimized metabolites 
implicated with a synthesis of AgNPs as 
summarized in Fig. 1. The occurrence of yellow 
to brownish color suggesting the consistency 
of AgNPs, besides lack of precipitations or 
agglomeration assure the homogeneity and 
stability of developed AgNPs (Fig. 1A). There 
are differences in Ag-NPs production before and 
after optimization. At visual observation, it was 
observed that there are increasing in the degree of 
color of AgNPs after optimization compared with 
before optimization. Thus, the increasing of color 
sharpness happened in respect of progressively 
mounting AgNPs concentration formed through 
conversion of silver ions that obtainable in the 
hydrous medium. Fungal extract without AgNO3 
and sterile distilled water with AgNO3 as control 
had no variation in the medium appearance 
under same conditions as reported with Jain 
et al. (2011) and Zhang et al. (2011). From the 
UV-Vis analysis, the Maximum absorption of the 
developed AgNPs by A. niger was centered at 
420, 430nm (Fig. 1B). In addition, the absorbance 
of Ag-NPs that formed at wavelength (420nm) 
increased after optimization that revealed at 
1.25OD compared with those before optimization 
0.8OD (Fig. 1B). Sharpness mounting of medium 
appearance because of the nanoparticles consisted 
in the aqueous solution in accordance with Saeed 
et al. (2012). 

The average hydrodynamic diameter and 
polydispersity indexes of the developed AgNPs 
for the experimented fungus were evaluated by 
DLS analysis (Fig. 1C). The size of Nanoparticles 
was decreased after optimization at (9nm) 
compared with before optimization at (19nm). 
In addition, the appearance of sole top specified 
the goodness of AgNPs biosynthesized with the 
highest homogeneity similar with Maria (2011) 
and Shameli et al. (2012). The size and shape of 
the synthesized AgNPs by the experimented fungi 
were determined from the TEM analysis (Fig. 
1D). AgNPs had variable shapes that depending 
on the identity of reducing agents and stabilizing 
compounds from each species, however, most of 
the fungal synthesized AgNPs had spherical and 
triangular shapes. AgNPs diameter of A. niger 
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ranged from 6-13nm. TEM was showed clear 
and obvious nanoparticles after optimization 
compared with before optimization. This similar 

to that reported by Balaji et al. (2009) and Kasthuri 
et al. (2009).

Before optimization After optimization

Fig. 1. Biosynthesis of silver nanoparticles by the tested Aspergillus niger (A)-Visual observation, left (control 
without AgNo3), Right (with AgNo3); (B)-UV-Vis analysis; (C)- Size analysis and (D) -TEM.
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The colloidal stability of AgNPs synthesized 
by A. niger extracts is consistent with those 
reported for other fungi (Absar et al., 2003) and 
Azospirillum (DeSanti et al., 2010). To further 
validate the presence of stabilizing proteins, A. 
niger extracts were analyzed by FTIR, confirming 
the presence of various functional groups at 
1643.2cm-1, 1604.7cm-1, 1801.4cm-1, 3994.5cm-1 
and 3201.6cm-1 corresponding to carbonyl residues 
and peptide bonds of proteins (Fig. 2). The band 
at 1801.4cm-1 referred to C=C alkenyl group 
stretch of protein in solution, whereas the bands 
at 1643.2cm-1 and 1604.7cm-1 are belonging to the 
amide I and II bonds. Similar results showing the 
presence of aldehyde and keto groups as stabilizing 
and capping agents to AgNPs synthesized from 
fungi (Duran et al., 2005 and Moteshafi et al., 
2012). The bands at 1643.2cm-1 are belongs to 
carbonyl stretch of unsaturated aldehyde, ketone 
and alkene group, while the bands at 1604.7cm-1 

are belongs to the NH2 extent.

The absorption peak at 260-280nm on the 
fungal extracts reveals the presence of proteins 
or aromatic amino acids that involved in the 
reduction of Ag+, stabilizing these particles. This 
is consistent with that reported with Welinder 
(1979). Reducing Agent Assay of protein 
concentration was detected in the filtrates of A. 
niger (3.133±0.371mg). From the obtained data, 
A. niger represented as frequent genus displaying 
actually potency for protein production. The 
strong fungal AgNPs productivity had been 
attributed to secretion of abundant extracellular 
redox proteins, diverse metal reductases, thus 
reducing soluble metal ions into their insoluble 
nanocrystals (Gericke & Pinches, 2006). From 
our results, the presence of the peaks of amino 
acids in UV-Vis- Spectra support the presence 
of proteins similarly with Duran et al. (2005) and 
Balaji et al. (2009).

Fig. 2. FTIR measurements for siver nanoparticles biosynthesis by produced A. niger.

To assess the degree of stability of synthesized 
AgNPs, the charge was measured by Zeta 
potential. Zeta potential of AgNPs from A. niger 
was (29.3mv) after optimization that is suggested 
the higher stability of this NPs compared with 
before optimization (-26.4mV) with one low peak 
(Fig. 3A and B). Also, the higher negative charge 
of AgNPs from our results as measured by zeta 
potential confirm the repulsion of the synthesized 
particles subsequently led to stability and mono-
dispersity of the synthesized AgNPs solution, this 
in accordance with Gericke & Pinches (2006), 
Shaligram et al. (2009) and Moteshafi et al. 
(2012). 

Optimization of AgNPs production
Effect of pH on AgNPs biosynthesis
From our results, Fig. 4A shown that the 

optical photograph of the color change in the 
bulk material (AgNO3), that were adjusted at 
different pH, from colorless in to yellow, after 
24h of incubation with A. niger extract at room 
temperature. The appearance of a yellow color 
is a clear indication for bioreduction of Ag+ into 
AgNPs. At pH 5, AgNO3 remains colorless. While 
at pH more than 5, a yellow color with different 
densities appeared after 24h of incubation with 
fungal extract. While at pH 6 and more, Ag-
NPs was biosynthesized and density of colored 
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      A-Before optimization (-26.6) B-After optimization(-29.3)

Fig. 3. Zeta potential for negative charge of siver nanoparticles of A.niger .

a                            b                            c                             d                           e                        f

                pH 7                                                                                               pH 8 

Fig. 4.  Different range of pH: (a) pH 5, (b) pH 6, (c) pH 7, (d) pH 8, (e) pH (9) and (f) pH 10 affect on production 
of nano silver particles produced by Asperigillus niger. A- Visual observation, B-UV-visible .

A-

B-

solution increased. In addition, Ag-NPs were 
biosynthesized at all pH that ranged from 7, 8 and 
9 that recorded absorbance peaks in visible region 
(480nm) (Fig. 4B). So, it was observed from our 
results that A. niger has the ability for nanosilver 
production with higher yield that increased 
gradually by increasing in pH range 7, 8 and 9, 
respectively. On other hand, pH 6 recorded low 
production of AgNPs by A. niger. In addition, the 

least broaden spectrum is represented when the 
bioreduction process proceeds at pH 9 were the 
Maximum absorption is 495nm. While, A. niger 
does not has the ability for AgNPs production 
at pH 5. Thus, A. niger has the ability for higher 
yield of AgNPs production at alkaline pH than 
those pH treatments that recorded lower yield of 
AgNPs production. Similar results also reported 
by Kasthuri et al. (2009). 

Zeta Potential Distribution Zeta Potential Distribution
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Effect of temperature on AgNPs biosynthesis 
It was observed from our results that A. niger 

has the ability for AgNPs production with higher 
yield that recorded at 30oC as shown in Fig. 5A. 
On other hand, A. niger do not has the ability for 
AgNPs production at lower temperature as 15o and 

20oC or higher temperature as 40o and 50oC. Thus, 
temperature at 30oC recorded the best optimized 
temperature for higher yield of AgNPs production 
by A. niger compared with the other tested ranges 
of temperature, (Fig. 5B). That is revealed by 
Welinder (1979) and Shaligram et al. (2009).

                   a                                    b                                           c                             d        A-

B-

Fig. 5. Effect of temperature on production of nano silver; (A) Visual observation: Effect of different ranges of 
temperature on production of nano silver (a: 15o, b: 40o, c: 50o and d: 300C); (B) UV- Visible of nano silver 
at temperature effect at 300C.

Effect of silver nitrate concentration
By gradual increasing in concentration 

of AgNO3 from 0.1, 0.2, 0.5, 1 to 2mM was 
accompanied with increasing in nanoparticle 
production (Fig. 6), respectively. However, the 
gradual increasing of AgNo3 concentration more 
than 2mM as 3mM gave decreasing concentrations 
in nanosilver biosynthesis. That is revealed by 
Maggy et al. (2007), Balaji et al. (2009), Varshney 
et al. (2009) and Veerasamy et al. (2011).

Effect of electron donor
From the results (Fig. 7), the reduction reaction 

started quickly was observed in the presence of 
glucose 5mM. In addition, it was observed that 
the importance of glucose as electron donor and 
it's positive effect on nanoparticle production 
compared with the presence of other electron 
donors as lactose, fructose, mannitol, and xylose.  
(Fig. 7A and C). In addition, nitrogen source as 
Yeast extract, NaNo3 and NH4So4 have positive 
effect on the reduction reaction (Fig. 7B and D) as 

proved by Krishnaraj et al. (2012).

The biochemical identity of optimized A. niger 
metabolites implicated with a synthesis of AgNPs

Our results showed that the optimization 
process of A. niger metabolites plays a pivotal 
role in the nanoparticles stability and aggregation. 
Moreover, the increase in the absorbance of 
AgNPs produced by A.niger after its optimization 
compared with those before optimization. These 
results came in accordance to those reported 
previously by Korbekandia et al. (2013).

Antifungal efficacy of AgNPs against C. maydis
The obtained results (Table 1 and Plate 

1) revealed that AgNPs activity against the 
phytopathogen C. maydis either alone or in 
combination with each of chemical fungicides 
Maxim Xl and Vitavax. The results of single 
treatments indicated that the higher rate of 
inhibition of C.maydis can be achieved in presence 
of AgNPs accounting for 51% of fungal growth. 
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a                            b                c                  d                  e                   f
Fig. 6.  Effect of different concentration of silver nitrate on production of nanosilver particales at: (a) Without any 

metals, (b) 0.1mM, (c) 0.2mM, (d) 0.5mM, (e) 1mM, and (f) 2mM.

In addition, AgNPs were also very effective more 
than synthetic fungicides. Kim et al. (2012), 
Sang –Woo et al. (2012) and Hien et al. (2015)
found that in vitro assays indicated that AgNPs 
had an effect on phytopathogen. Results presented 
in Table 1, revealed Maximum inhibitions of 
mycelial dry weight of C. maydis were recorded as 
55% in the presence of AgNPs compared the two 
fungicides. In addition, the results also revealed 
that the presence of AgNPs increased the efficacy 
of Maxim XL and Vitavax accounting for 64.7% 
and 94.8%, respectively.

In previous studies, AgNPs disrupt transport 
systems, including ion efflux (Morones et al., 
2005; Khadri et al., 2013 and Qazi & Javaid 
2016). Our results also presented in Table 1 
clearly showed the presence of AgNPs increase 
the antifungal activities of chemical fungicides 
from 36% and 30% to 81% and 64% in case of 

Vitavax and Maxim XL, respectively. Indeed 
there are several supporting reults that AgNPs has 
phytopathogenic activity (Potara et al., 2011; El-
Rafie et al., 2014 and Calagua et al., 2015).

The results illustrated in Table 2 indicated 
that, all different treatments of AgNPs, Maxim 
XL, and Vitavax had different influences on 
decreasing the percentage of infection with late 
wilt disease caused by C.maydis compared to 
control. The higher efficiency of treatments 
recorded in the presence of AgNPs either alone 
(57.7%) or combined with Maxim XL (75.5%) or 
Vitavax (90%) as proved by Kanto et al. (2005) 
and Chitturi et al.(2016). Sharma et al. (2012) 
proved that the inhibitory effects of AgNPs 
on Sphaerotheca pannosa Var rosae. It can be 
concluded that the bio-AgNPs had evaluated 
against phytopathogens (Lamsa et al., 2011; Patel 
et al., 2014 and Ahmed et al., 2017).

a             b           c            d             e         fA- a                b              c              d            e        

Fig. 7. Effect of different electron donor concentration of carbon and nitrogen sources on production of nano 
silver particles. (A) Visual observation of silver nanoparticles with carbon sources, a- Control (without 
carbon source), b- Fructose, c- Maltose, d- lactose, e- xylose, f- glucose. (B) Visual observation in the 
presence of nitrogen sources, a- Methionine, b- Amonium sulphate, c- Yeast extract, d- Sodim nitrate, e- 
Amonium sulphate and yeast extract. (C) UV-visible of nano silver particles with Glucose. (D) UV-visible 
spectrophotometer of silver nano with mixture of ammonium sulphate and yeast extract.

B-

C- D-
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Treatment Diameter growth (cm( Inhibition 
rate% Dry weight Inhibition 

rate%
Control 7.6 - 0.176
Nanosilver 5ml/L of 50ppm 3.7 51 0,079 55

Vitavax 2g\L 4.8 36 0.087 50.5

Maxim XL 2g\L 5.3 30 0.134 43.7

Nano + Maxim XL 2.7 64 0.081 64.7
Nano + Vitavax 1.4 81 0.099 94.8

TABLE 2. Effect of Maxim XL and Vitavax alone and in combination with silver nanoparticles on the pathogenicity 
of C. maydis after 90 days of incubation of treatments as source of inoculums to maize plants.

Treatments Mean of infection% Efficiency of treatments% 

Control 90

Nano silver 5ml/L of 50ppm 38 57.7

Maxim 2g\L 46 48.8

Vetavax 2g\L 41 54

Nano + Maxim XL 22 75.5
Nano + Vitavax 13 90

Efficiency % = [C-T\C]x100        T: Treatment                C: Control

Plate 1. Rate of C. maydis growth in the presence of Maxim XL 2g\lit and Vitavax 2g\lit alone and in combination 
with silver nanoparticles 5ml/L of 50ppm. (9) Control C. maydis, (2) C. maydis with silver nanoparticles, 
(3) C. maydis with Vetavax, (4) C. maydis with Maxim XL, (1) C. maydis with Nano + Maxim XL and (8) C. 
maydis with Nano + Vitavax.

TABLE 1. Effect of Maxim XL and Vitavax alone and in combination with silver nanoparticles on the dry weight 
and pathogenicity of C. maydis.
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Conclusion                                                                    

Finally, we concluded that the efficiency of 
AgNPs in reducing the incidence of late wilt 
disease in maize was higher than those of the 
fungicide used. In addition, the antifungal 
activity of all treatments showed similar trends 
in both vitro and vivo studies. These results 
suggested the possibility of using AgNPs to 
eradicate phytopathogens. Moreover, with the 
evaluation of AgNPs against phytopathogens, 
further experiments are required for presentation 
several explanations about the action mechanism 
of AgNPs with pathogen cell and getting a better 
understanding of the antifungal efficiency of 
AgNPs.
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 تاثير جزيئات الفضة النانوية على فطر السيفالوسبوريوم مايديس في الفيفو والفيترو 

نشوي صالح الجزار و جمال حسن ربيع
قسم النبات والميكروبيولوجي - كلية العلوم - جامعة الزقازيق - الزقازيق - مصر.  

لقد لوحظ أن فطر السيفالوسبوريوم مايديس يتسبب في حدوث مرض الذبول المتأخر أحد أكثر الأمراض المدمرة 
في الذرة.حيث انة من المؤكد انخفاض معدل وكمية المحاصيل مع زيادة شدة المرض. ولذلك تم الاتجاه إلى تطبيق 
المسبب  مايديس  السيفالوسبوريوم  فطر  للتاثير على  الحيوية  الطرق  بإستخدام  المخلقة  النانوية  الفضة  جزيئات 
لمرض الذبول المتأخر في الذرة . واستخدام هذه الطريقة يعد من الطرق المرحب بها بيئيا وفعالة من حيث التكلفة. 
ففي هذه الدراسة، تم تقييم تأثير جزيئات الفضة النانوية بمفردها أو بالإشتراك مع كل من اثنين من مبيدات فطرية 
ضد السيفالوسبوريوم مايديس في المختبر )فيترو( وفي الجسم الحي )فيفو(. ولقد تم استخدام فطر اسبرجلس نيجر 
كمصنع طبيعي لتخليق جزيئات الفضة النانوية والذي تم تحسينه باستخدام ظروف محكمة لزيادة انتاج جزيئات 
الفضة النانوية واستقرارها. وبالتالي أظهرت الظروف المثلى لإنتاج جزيئات الفضة النانوية منتجًا مستقرًا جداً 
مقارنة بة قبل التحسين وتم ملاحظة ذلك من خلال الإمتصاص الذي يتم زيادته بـمعدل )OD1.4( وانخفض 
الحجم من 91 إلى 9 نانومتر. وأيضا اصبحت جزيئات الفضة النانوية أكثر وضوحا من خلال الميكروسكوب 
للأحماض  التفاعلي  والنشاط  الإستقرار  مستويات  من  أعلى  لدرجة  الوصول  إلى  بالإضافة  النافذ  الإلكتروني 
الأمينية والبروتينات الموجودة على سطح جزيئات الفضة النانوية بمعدل يصل إلى )mv-29.3( مع درجة ثباتية 
تستمر حتى ستة أشهرمن انتاجها. وفي ظل الظروف المختبرية، كان المعدل الأعلى لتثبيط النمو موجوداً في 
حالة جزيئات الفضة النانوية إما بمفردها أو ممزوجة بمبيدات فطرية. حيث تم العثور على نتائج متوازية في ظل 
ظروف الإحتباس الحراري، حيث تتسبب جزيئات الفضة النانوية في تقليل شدة المرض في حسابات نبات الذرة 
بنسبة )%57.7( بمفردها أو في وجودها متحدة مع مكسيم LX بنسبة )%75.5( أو فيتافاكس بنسبة )%90(. ومن 

ثم يفتح هذا البحث إمكانيات جديدة في مجال استخدام الجسيمات النانوية في مقاومة الأمراض النباتية.


