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Abstract  

A laboratory and field study was conducted during the 2022/2023 season in the laboratories of the Plant Protection Department and the fields of 
the College of Agriculture / Tikrit University. The study dealt with evaluating the efficiency of biosynthetic silver nanoparticles from the food fun-
gus Pleurotus ostreatus A2019 in combating wheat root rot disease caused by the fungus Pythum. aphanidermatum, laboratory results showed all 
efficacy The concentrations of the prepared silver nanoparticles had an effect in inhibiting the pathogenic fungus P. aphanidermatum compared 
to the control. The highest rate of inhibition was reached at a concentration of 1.5 mM in the filtrate of the fungus P. ostreatus A2019, as it reached 
0.68% compared to the control in which no rate of inhibition was recorded. While all concentrations and types of prepared silver nanoparticles 
showed the highest activity for nitrate reductase enzyme Compared to the control, the highest effectiveness was reached at a concentration of 1.5 
mM in the filtrate of the P. ostreatus A2019 fungus, as it reached 0.68 units/ml compared to the control, which reached 0.068 units/ml. While the 
field results for estimating the percentage of mineral glutathione concentration in the plant showed that there was no significant difference be-
tween treatment with silver nanoparticles and the control, as the percentage of glutathione concentration was 0.6 and 0.63 mg/ml, respectively.
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Introduction

 Wheat (Triticum aestivum L) is one of the most economical 
crops in the world in terms of productivity and high nutritional value 
and is widely grown because it provides about 20% of calories and 
21% of protein for variable dietary patterns [1]. The wheat crop is 
exposed to many pathogens, including fungal diseases that attack 
the shoot and root system at all stages of growth, causing root rot 
disease in wheat Given the extensive and repeated use of chemical 
pesticides, it has led to soil pollution, damage to the environment 
and human health, and the emergence of resistance in pathogens 
and the massive losses they cause to crops [2]. In recent years, 
researchers’ efforts have been directed to finding alternative 
methods for managing pathogens, and nanotechnology has been 
among the most accurate and widely used techniques in many 
different fields of science [3]. Nanotechnology in the agricultural  

 
field is one of the most important mechanisms that lead to modern 
agricultural methods, which is represented by the low economic 
cost resulting from the absence of the spread of epidemic diseases 
that affect various crops such as grains and vegetables, as well as 
an increase in the efficiency of manufactured fertilizers with their 
low material cost and the resistance of the agricultural product 
to unsuitable environmental conditions [4]. The application of 
nanomaterials in the agricultural field in particular aims to reduce 
plant protection applications, reduce nutrient losses and have no 
effect on oxidative/mineral stress in the plant [5]. It proved that 
2.5 mg of silver nanoparticles per kg of soil did not have a negative 
effect on the growth of wheat plants and that silver nanoparticles 
did not have negative effects on the beneficial organisms of the 
plant [6]. Therefore, the study aimed to 
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i.	 Evaluating the efficiency of silver nanoparticles in 
combating root rot disease caused by the fungus Pythium 
aphanidermatum.

ii.	 Estimating the effectiveness of the nitrate reductase 
enzyme using concentrations of silver nanoparticles prepared 
from the food mushroom P. Ostreatus A2019.

iii.	 Evaluating the effect of silver nanoparticles on the 
oxidative/mineral stress of the studied wheat varieties.

Results and Discussion

Isolates of the pathogenic fungus P. aphanidermatum and the 
food fungus P. ostreatus A2019 were obtained from the laboratories 
of the College of Agriculture, Tikrit University, Department of 
Plant Protection.

Silver Nanoparticles

Silver nanoparticles were obtained from the laboratories of 
the College of Agriculture, Tikrit University, Department of Plant 
Protection, and prepared by.

Studying the Effect of Concentrations of Silver 
Nanoparticles on Mushrooms P Aphanidermatum

 The effect of concentrations of silver nanoparticles on 
the growth of the pathogenic fungus P Aphanidermatum. was 
studied. This is done by placing a piece of pathogenic fungus (1 
cm in diameter) in the middle of a plate containing solid nutrient 
medium (PDA) using a cork culture and then. The mushroom 
colony reached a distance of (1cm) from the middle of the dish. 
The dishes were treated with different concentrations of silver 
nanoparticles (0.5, 1, 1.5, 2 mM) by making four holes 2 cm away 
from the fungus colony. The concentrations were placed in the 
holes at 0.1 ml and incubated at a temperature of 25 °C. When 
the mushroom growth was complete in the control treatment 
(distilled water) to the end of the dish, it was measured. Distance 
from the end of the edge of the colony to the pits containing the 
silver nanoparticles (mm).

Nitrate Reductase Enzyme Solutions

i.	 Preparation of solution (A): Prepare the solution from 
30 mM AgNO3 with 25 ml propanol, 5% concentration, in a liter of 
phosphate buffer.

ii.	 Preparation of solution (B): Prepare the solution from 
(58 mM sulphanilamide and 0.05 mM N-(1-naphthyl ethylene 
diamine dihydrochloride (NEED) [7].

Estimating the Effectiveness of Nitrate Reductase 
Enzyme

 The activity of the nitrate reductase enzyme was estimated by 
following the method approved which is summed up by [8]. adding 
2.5ml of the concentrations of silver nanoparticles prepared for 
each of (the fungal filtrate, the hot extract, the cold extract, and the 

mushroom biomass) to 2.5ml of the previously prepared solution 
(A) at pH 7.5 and incubating the mixture at a temperature of 25°C 
for 60 minutes, then1.25ml of the previously prepared solution (B) 
was added to it to stop the reaction, observing the color change to 
dark pink. After that, the absorbance of the solution was measured 
at a wavelength of 540nm using a spectrophotometer, and the 
units of enzyme activity were estimated based on the absorbance 
and according to the following equation [9]. 

(units/ml) Enzymatic activity Activity) = (Nano meter 450 
wavelengths based on absorbance) / (60×2.5).

60 = reaction time (minutes) 

2.5 = Added enzyme solution (ml)

Klazer Pesticide

 The pesticide Klazer was used as a chemical fungicide for 
the purpose of comparison with silver nanoparticles in field 
experiments, at the concentration recommended by the pesticide 
production company.

Estimation of the Percentage of Glutathione

 The percentage of glutathione to express plant mineral 
stress was estimated using the method used by [10]. from the 
root zone after the plant persisted and reached the flowering 
state. The reaction mixture consisted of 0.5 ml of plant extract 
prepared by (crushing the roots of plants for each individual 
replicate of wheat varieties using a ceramic mortar at a ratio of 1 
gram root/2.5 ml water). Distilled) added to 0.25ml of phosphate 
buffer at pH 6.8 with 0.5 of DTNP prepared by dissolving (0.8 g/L 
phosphate buffer). The mixture was left for 5 minutes, after which 
the absorbance of the mixture was measured at 412 nm using a 
uv-vis- spectrophotometer. The concentration of Glutathione 
was extracted from the standard curve from the concentrations 
of Glutathione reacted with 5,5-dithiobis-(2-nitrobenzoic acid) 
DTNP) in the same manner above as in Figure 1.

Statistical Analysis

 The research experiments were applied according to a 
completely randomized design (CRD) with a factorial experiment, 
and the results were analyzed using the Statistical Analysis System 
-SAS (2012). The averages were compared according to the least 
significant difference (LSD) test under the 0.05 level [11].

Results and Discussion

The effect of concentrations of silver nanoparticles prepared 
from the fungus P. ostreatus A2019 in inhibiting the growth of the 
pathogenic fungus P. aphanidermatium.

 The results of the effect of concentrations of silver nanoparticles 
prepared from the fungus P. ostreatus A2019 on inhibiting the 
growth of the pathogenic fungus P. aphanidermatium in Table 
1 show that there is an increase in the percentage of inhibition 
when the concentration increases up to the concentration of 
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1.5. Millimolar in the treatments. The results also show that 
the mushroom filtrate treatment was superior to the rest of the 
treatments, as it reached 0.43mm, with no significant differences 
with the cold extract of biomass treatment, which amounted 
to 0.40mm, compared to the two treatments of mushroom 
biomass and hot extract of biomass, which amounted to 0.28 and 
0.17mm, respectively, with significant differences with the two 
treatments of mushroom filtrate. And the cold extract of biomass. 
As for the concentrations, the concentration of 1.5mM showed 

the highest rate of inhibition, reaching 0.50mM, with significant 
differences with the concentrations (2, 1, and 0.5), as each of 
them reached 0.44, 0.40, and 0.28mmM, respectively, compared 
to the concentration of 0 mM (control treatment), which did not 
record any rate of inhibition. With regard to the interaction, the 
concentration showed 0.5mM. In the treatment consisting of hot 
extract of biomass, the lowest rate of inhibition was recorded, 
reaching 0.20mm.

Table 1: The effect of four concentrations of silver nanoparticle treatments on inhibiting the growth of the pathogenic fungus P. aphanidermatium, 
expressed as the length of the distance between the edge of the colony and the holes containing the treatment concentration (mm).

Particle Transactions Nanosilver
Concentrations (mM)

0 0.5 1 1.5 2 Transaction rate

Mushroom leaching 0 0.35 0.51 0.68 0.61 0.43a

Mushroom biomass 0 0.23 0.35 0.44 0.38 0.28c

Cold extraction of biomass 0 0.33 0.49 0.61 0.56 0.40b

Hot extract of biomass 0 0.18 0.22 0.26 0.21 0.17d

Rate 0 0.27d 0.39c 0.50a 0.44b 0.32

Minimum significant difference L.S.D 0.05 for treatments 0.05 for concentrations 0.041 Treatments x concentrations 0.13

  Table 1 The effect of four concentrations of silver nanoparticle 
treatments on inhibiting the growth of the pathogenic fungus P. 
aphanidermatium, expressed as the length of the distance between 
the edge of the colony and the holes containing the treatment 
concentration (mm).

 The reason for the inhibition of fungi by concentrations of 
silver nanoparticles is that silver nanoparticles have the ability 
to affect the DNA of the pathogenic fungus by causing the DNA 
to lose its ability to copy and multiply, which leads to a defect in 
the process of cloning the DNA strand. They also have the ability 
to penetrate the cell walls of the fungus. This is because silver 
nanoparticles have the ability to Adhering to the fungal cell walls, 
then penetrating, analyzing and absorbing the cell walls through 
interaction with the metabolic and biological processes within 
the fungus, which leads to influencing the regulatory processes 
of the mushroom’s proteins and enzymes and thus inhibiting 
the fungus [12]. It also has an effective role in damaging the 
proteins, fats, and nucleic acids of fungal cells. Nanoparticles 
can also bind directly to the fungal cell membrane, which leads 
to the destruction of spores, fungal hyphae, and reproductive 
structures of the pathogenic fungus. The reason for the decrease 
in enzymatic activity at a concentration of 2 mM is due to the 
presence of Compounds within the filtrate, hot and cold extract, 
and mushroom biomass have the effect of interfering with high 
concentrations of silver nanoparticles, leading to a decrease in 
the effectiveness of the enzyme and such compounds (alkaloids, 
phenols, enzymes, and fungal products), and that The materials 
resulting from enzymatic activity are determined by two factors: 
the first is the enzyme and the second is the concentration of the 

base material with some reaction conditions. The more silver 
ions increase to the maximum amount of the enzyme in the 
samples, this means that the enzyme is unable to convert higher 
concentrations and with change Reaction conditions (time + pH) 
negatively affect the enzyme’s work as well, and this leads to a 
decrease in enzymatic activity at a concentration of 2mM [13]. 
Estimation of the effectiveness of the nitrate reductase enzyme 
using concentrations of silver nanoparticles prepared from the 
food mushroom P. Ostreatus A2019.

 The results are shown in Table 2 for the effectiveness of 
the nitrate reductase enzyme using concentrations of silver 
nanoparticles prepared from food mushrooms P. Ostreatus A2019 
units/ml indicates a significant superiority of the mushroom 
filtrate treatment over the rest of the treatments It reached 0.40 
units/ml compared to the hot extract treatment, which recorded 
the lowest enzymatic activity, reaching 0.17 units/ml. The results 
also show that the concentration of 1.5 mM in the mushroom 
filtrate treatment was superior to the rest of the concentrations 
of the treatments, as it showed the highest rate of enzymatic 
activity, reaching 0.66 units/ml, with significant differences 
with the concentration that followed from the same treatment 
and concentration, reaching 0.61. Unit/ml compared to the 
concentration of 0 millimolar from the hot extract treatment of 
biomass, which amounted to 0.022 units/ml. The results also show 
an increase in the effectiveness of the enzyme for all treatments 
by increasing the concentration up to a concentration of 1.5 
millimolar, then the effectiveness decreased at the concentration 
of 2 millimolar.
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Table 2: Estimation of the effectiveness of the nitrate reductase enzyme using concentrations of silver nanoparticles prepared from the food 
mushroom P. Ostreatus A2019.

Particle Transactions Nanosilver Concentrations (mM) Transaction Rate
0 0.5 1 1.5 2

Mushroom leaching 0.068 0.34 0.51 0.68 0.45 0.41a

Mushroom biomass 0.047 0.23 0.35 0.44 0.32 0.28c

Cold extraction of biomass 0.063 0.33 0.48 0.61 0.35 0.37b

Hot extract of biomass 0.022 0.18 0.23 0.26 0.18 0.17d

Rate 0.05 0.27d 0.39b 0.50a 0.32c 0.3

Minimum significant difference L.S.D. 0.05 for treatments 0.015 for concentrations 0.019 Treatments x concentrations 0.23

The enzyme nitrate reductase, released by microorganisms, 
is one of the most important factors in the synthesis of silver 
nanoparticles. Studies have shown that NADH and NAD-dependent 
enzymes, especially nitrate reductase, are important factors in the 
biosynthesis of metal nanoparticles. During the reduction process, 
nitrate is converted into nitrite, which in turn transfers electrons 
to silver ions. As a result, silver ions are converted into silver 
nanoparticles [14]. The reason for the superiority of the mushroom 
filtrate as having the highest enzymatic activity is that the fungus 
produces the enzyme in its extracellular form at a higher rate than 
the inside of the cell. As for the cold extract of biomass, the cooling 
conditions preserved the effectiveness of the enzyme, which led 
to the enzymatic activity of the cold extract being higher than that 
of the hot extract, which in turn affected its enzymatic activity by 
heat because the enzyme consists of a protein and a mineral part 
[5]. The reason for the decrease in the enzymatic activity of the 
biomass is that the enzyme production of the biomass is limited in 
the presence of different concentrations of silver nitrate compared 
to the mushroom filtrate in which the enzyme is produced by the 
fungus throughout the incubation period [12].

Effect of silver nanoparticles prepared from the fungus A2019 
P. ostreatus on glutathione concentration (mg. mL-1).

 The results in Table 3 show the effect of silver nanoparticles 
prepared from the fungus P. ostreatus A2019 on the concentration 
of glutathione (mg.ml-1) under conditions of infection with 
the pathogenic fungus P. aphanidermatum to the extent that 
all treatments exceeded Treatment of pathogenic fungi. The 
control treatment showed the lowest glutathione concentration, 
which amounted to 0.6 mg. The treatment consisting of silver 
nanoparticles had the lowest glutathione concentration, which 
amounted to 0.65 mg.ml-1, followed by the treatment consisting 
of the chemical pesticide Clazir and silver nanoparticles, which 
amounted to 0.67 mg.ml-1, with no significant differences compared 
to the pathogenic fungus treatment, as the highest percentage of 
glutathione concentration was recorded, reaching 0.73 mg.ml-1. 
As for the varieties (regardless of treatments) The Iraq and Sham 
6 cultivars showed the lowest glutathione percentage, reaching 
0.64 and 0.64 mg. There were no significant differences with the 
treatment of silver nanoparticles, as it reached 0.6 mg.ml-1 in the 
Sham 6 variety Figure 1.

Figure 1: Standard curve for glutathione concentrations.
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Table 3: Shows the effect of silver nanoparticles prepared from the fungus P. ostreatus A2019.

Transactions
Items

Transaction Rate
Abu Ghraib Sham 6 Iraq Abaa

control 0.64 0.58 0.56 0.6 0.6

Silver nanoparticles (AgNPs) 0.65 0.6 0.61 0.66 0.63d

P. aphanidermatum (P.a) 0.73 0.71 0.7 0.76 0.73a

(P.a) + (AgNPs) 0.66 0.63 0.63 0.67 0.65d

(P.a) + Glazer the exterminator 0.72 0.69 0.66 0.71 0.7b

(P.a) + (Glazer) + (AgNPs) 0.68 0.65 0.65 0.69 0.67c

Item rate 0.68a 0.64b 0.64b 0.68a 0.66

Least significant difference L.S.D. 0.05 for transactions 0.048 for items 0.039 Transactions x items 0.097

Transactions
Items

Transaction Rate
Abu Ghraib Sham 6 Iraq Abaa

control 0.64 0.58 0.56 0.6 0.6

Silver nanoparticles (AgNPs) 0.65 0.6 0.61 0.66 0.63d

P. aphanidermatum (P.a) 0.73 0.71 0.7 0.76 0.73a

(P.a) + (AgNPs) 0.66 0.63 0.63 0.67 0.65d

(P.a) + Glazer the exterminator 0.72 0.69 0.66 0.71 0.7b

(P.a) + (Glazer) + (AgNPs) 0.68 0.65 0.65 0.69 0.67c

Item rate 0.68a 0.64b 0.64b 0.68a 0.66

Least significant difference L.S.D. 0.05 for transactions 0.048 for items 0.039 Transactions x items 0.097

The increase in the percentage of glutathione in the treatment 
of pathogenic fungi is attributed to the biotic stress caused by the 
pathogenic fungus P. aphanidermatum through its direct effect 
on the formation of activated oxygen radicals and the impact on 
the electron transport chain and an increase in the breakdown of 
membranes and an increase in lipid peroxides, which instructed 
the plant to increase the synthesis of compounds and materials. 
Antioxidants as well as antioxidant enzymes, including glutathione, 
to withstand biotic stress, which leads to a high percentage of 
glutathione in the plant. The process of inhibiting pathogenic 
fungi by silver nanoparticles through their effect on mushroom 
proteins and DNA, which works to prevent the replication and 
duplication of the fungus’ DNA strand, has contributed positively 
to preventing the occurrence of any biological stress, which has 
led to a balance in the percentage of glutathione in the plant. In 
addition, low concentrations of silver nanoparticles do not cause 
any negative effects on the plant, which leads to mineral stress, 
while concentrations higher than this percentage have an effect 
in reducing plant growth. Therefore, the accumulation of Agnps 
in both the root and shoot systems of wheat will lead to oxidative 
stress on the plant, and this in turn. It leads to the accumulation 
of oxidized glutathione. High concentrations of nanoparticles may 
have negative effects on plant growth [13].

Conclusion

i.	 The 1.5mM concentration of silver nanoparticles from the 
filtrate of the studied mushrooms is the most efficient in inhibiting 
the pathogenic fungus P. aphanidermatum in the laboratory and 
the most effective for the nitrate oxidation enzyme compared to 
the rest of the concentrations for the other treatments.

Treating wheat seeds with a concentration of 1.5mM of 
fungal filtrate alone or with the pesticide Klazir did not record 
any negative effects on the oxidative/mineral stress of the wheat 
varieties studied.
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