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In our search for an active biocontrol agent against Fusarium solani and F. oxysporum, the major species causing wilt, root 
rot and damping-off in plants affecting crops. The fungal isolate genetically identified as Aspergillus quadrilineatus MT083999 
displayed high antagonistic activities against the tested root-rot fungi, and presented valuable chitinase and β-glucanase 
activities of 235.484 and 508.953 U/gds, respectively. Solid state fermentation conditions were optimized by applying 20 trails 
of the central composite design (Three-factor-five-level) and two responses of chitinase R1 and β-glucanase R2 activities, 
respectively. The optimum activities of chitinase (386.70 U/gds) and β-glucanase (1094.70 U/gds) were obtained in trial 4 and 2 
respectively, with about 1.64-fold increase in chitinase activity and 2.15-fold increase in β-glucanase activity when compared 
with initial fermentation. Biosynthesis of nano-silver from A. quadrilineatus was evaluated in 10 experiments of another design 
of 2-factors-5-levels. The antifungal effects of each biosynthesized nano-silver against F. solani (R1) and F. oxysporum (R2) 
were evaluated as Inhibition Zone Diameter (IZD).The high fungicide nano-silver against both tested phytopathogens was 
characterized by UV-visible spectrophotometry, Transmission Electron Microscopy (TEM), Zeta Dynamic Light Scatter (DLS) 
and Fourier Transform Infrared Spectroscopy (FTIR). The results indicated that A. quadrilineatus MT083999 chitinolytic 
enzymes and nano-silver can be applied as a novel candidate in biocontrol of Fusarium wilt infecting crops worldwide. 
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Introduction
Fusarium plant wilt is a major fungal disease 

devastating many crops and leading to huge loses in the 
commercially domesticated plants and crops around the 
world. The fatal soil -borne fungi Fusarium solani and 
F. oxysporum are spread in the most agricultural fields
affecting many plants by producing micro and macro
conidia which infect the plant roots feeding, also
infecting the vascular tissues leading to wilting and
gradual death of the plants.1 Several ways have been
formulated to control the spread of such devastating
fungi, but have many difficulties due to its ability to
remain in a dormant state in field for a long period and
have wide range of hosts.2 Out of the possible ways
that have been applied to control the fungal pests, the
scientists have found that, some resistant
microorganisms that have been used as biocontrol
agents, have high potentiality against many
phytopathogens resistance without affecting the other
non-target beneficial organisms and the environment.3

Soil fungi able to produce a huge amount of effective

bioactive metabolites, which can be applied as 
biological tools against pathogenic fungi, bacteria, 
pests and also applied as antitumor pharmaceutical 
agents.4 Aspergillus is one of the most valuable fungal 
genera and can be found ubiquitous in nature and have 
high biotechnological potential depending on their 
economic relevance in microbial fermentations, as well 
as on their genomic diversity leading to the production 
of several bioactive metabolites.5 Chitinase (E.C. 
3.2.1.14) and β-1,3-glucanase (EC 3.2.1.6) are 
considered to be important hydrolytic enzymes in 
the lysis of fungal cell wall and play an important role 
in bio control of phytopathogens.6,7 Chitinolytic 
enzymes have been known to be produced by 
several fungi of the genus Aspergillus as Aspergillus 
griseoaurantiacus, A. parasiticus, A. niger LOCK 62 
and A. nidulans AKB-25 under solid-state fermentation 
techniques.8–10 On the other hand, Nano materials have 
been considered as another solution to control 
phytopathogenic organisms and they are required 
urgently as a novel mechanism to avoid and control 
pathogens’ resistance development.11 Nano-silver is 
one of the main nano-fungicides used to enhance 
the resistance of plants' diseases at minimum 
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concentrations, with low toxicity to animals, humans 
and the environment when compared with many other 
different chemical agents.12,13 

Central composite designs (CCD) are useful 
statistical tools for more advanced results with less 
development time and less overall costs.14,15 In this 
design a few numbers of experiments with large 
number of various variables, can be studied to 
optimize chitinolytic enzymes production.16 In 
addition, the shape and size of biosynthesized nano-
silver can be controlled recently by applying a 
statistical design of (CCD) with the analysis of 
variance (ANOVA), that is highly effective on the 
nano silver antifungal and antibacterial properties.17 
The aim of the present study was to find a novel 
active fungal isolate that has high antagonistic 
potential activities against phytopathogens. 
Application of statistical experimental designs for 
maximum optimization of chitinolytic enzymes; 
Chitinase and β-1, 3-Glucanase as bio control agents 
against Fusarium wilt fungi. And biogenesis of nano- 
silver from the locally isolated fungus with 
statistically controlled size and shape effective against 
tested root rot fungi. 
 
Materials and Methods 
 

Chemicals 
Chitin and laminarine were purchased from 

(Sigma-Aldrich-MO-USA). Silver nitrate was 
purchased from Sigma–Aldrich (Poole, UK). Other 
used chemicals were of analytical grade. 
 
Isolation, Morphological Identification and Maintenance of 
Rhizospheric Fungi 

Roots of wild plants, collected from Hafr Al-Batin 
City, in the Eastern Province, Saudi Arabian have 
been cut into pieces (~0.5–1.0 cm), and placed on 
potato dextrose agar medium (PDA) containing 
streptomycin to control the bacterial growth. Plates 
were incubated at 28°C and the observed fungal 
mycelium tips were transferred into a PDA slant. The 
previous step was repeated for further purification of 
the fungal strains.18 The fungal genera and species of 
the obtained pure cultures were first identified on the 
basis of their macro and microscopic characteristics of 
colony and hyphae shape, using the standard 
guidelines of taxonomy.19 The pure cultures were 
numerated and preserved at 4°C on (PDA) slants.  
 

Antagonism Assay of Isolated Fungi Against Fusarium spp. 
Three different rhizospheric fungi were tested as 

bio control agents in-vitro against root-rot pathogens 

of F. solani NRC15 and F. oxysporum NRC 25. The 
pathogens stored in the culture unite of National 
Research Centre, Egypt. For inoculum preparation, 
a10 mm-diameter-disc of all tested isolates were 
suspended separately in 5.0 ml sterilized distilled 
water. One ml of each prepared inoculum was 
inoculated in the medium of PDA and left to solidify. 
After that, 10 mm-diameter-disc of the pathogen was 
placed in the plates at the center position. Controls 
were prepared using pathogens alone. All plates were 
incubated for 7 days at 28°C. Three replicates were 
made for each treatment. After incubation period, the 
pathogen inhibition percentage was evaluated using 
the following equation:  
 

Inhibition % = (R1 − R2)/R1 × 100. 
 

R1 (Controln) and R2 (Tested antagonist); Refers 
to the pathogen growth diameter.20 

 

Evaluation of Hydrolytic Enzymes Production 
Three isolated fungal strains were screened for the 

production of both chitinase and β-glucanase enzymes 
using solid-state-fermentation (SSF) of the dry 
collected wild plants without any nutritional additives. 
According to Mostafa & Abd El Aty 21 the SSF was 
applied by addition of 2.0 g dried cut plant (~ 0.5–1.0 
cm) moisture with 15 mL of distilled water into 
Erlenmeyer flasks (250 mL). Flasks were autoclaved 
for 20 min at 121°C. Then the flasks cooled, and one 
ml (5 × 108 spores/mL) of 6 days old culture was 
inoculated to each flask. SSF were then incubated 
under static conditions at 28–30°C for 7 days. For 
enzyme extraction, 50 ml of distilled water was added 
to each flask and placed in a rotary shaker at150 rpm 
for 60 min. Chitinase and β-glucanase activities were 
presented in units of activity/gram solid substrate 
(U/gds). 
 
Assay of Chitinase Enzyme 

The colorimetric method for the estimation of N- 
acetyl amino sugar with the modified dinitros-
alicyclic acid (DNS) method was performed for 
chitinase assay.22 

 
Assay of 1, 3- β–Glucanase Enzyme 

Glucanase activity was estimated by a colorimetric 
method according to Burner.23 

 
Molecular Identification of Selected Fungal Isolate 

The fungal strain showed the best antagonism 
against Fusarium spp. and high enzymes production 
was identified genetically according to Shaheen & 
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Abd El Aty.24 18S-rRNA sequence of the fungal strain 
was conducted using primers, 5′-TCCGTAGGT 
GAACCTGCGG-3′ and 5′-TCCTCCGCTTATTGA 
TA TGC-3′, respectively. The retrieved sequences 
were deposited in GenBank with a specific accession 
numbers. Molecular phylogeny and sequence 
alignments were performed using Bio-Edit-software. 
TREE VIEW program is used for displaying the 
phylogenetic tree. 
 
Antagonistic Potential of Aspergillus quadrilineatus and 
Microscopic Examination  

The interaction between the fungal isolate and 
pathogens was evaluated according to Zohair et al.25 a 
plate containing 15 ml of PDA medium, 10 mm-
diameter-disc of the tested strain was placed 
oppositely at a distance of at least 3 cm from the 
fungal pathogen. Plates incubated in the dark for 3–5 
days at 28°C. After incubation period, the hyphae 
from the contact zone between the phytopathogens 
and the fungal isolate were harvested for testing the A. 
quadrilineatus myco-parasitism. The examination was 
done using a light microscope 150 (Olympus CX40 
RF100), which have a canon A620 digital camera. 
 
Three-Factor-Five-Level Central Composite Design (CCD) for 
Enzymes Optimization 

SSF of A. quadrilineatus was optimized for 
maximum chitinase and β-glucanase production using 
response surface methodology of 3-factor-5-level 
central composite design (CCD). Different weights of 
the dry plant (A), wheat bran (B) and incubation 
period (C) were evaluated in twenty experiments to 
determine the optimal values for high enzymes 
production. All variables were tested at zero level (0), 
high level (+1), and low level (−1), with α = (1.682) 
as shown in Table 1. 
 
Statistical Biosynthesis of Aspergillus quadrilineatus Nano-Silver 
Production of Fungal Biomass 

The broth medium, yeast extract-peptone-dextrose-
medium (YPD), containing in (%): 1 yeast extract, 2 
Peptone and 2 Dextrose used for biomass production.  
Erlenmeyer flask (250 ml) containing 50 ml (YPD) 
broth media was inoculated with two 10mm-diameter-
discs. Flasks were placed in an incubator shaker at 
(150 rpm), for 6 days at 28–30°C. After incubation 
period, the fungal mycelium was filtered and 
separated by using sterile Whatmann filter paper No.1 
(Oakland, California, USA), then the mycelium 
washed to remove all the medium traces using the 
sterile bi-distilled water. 5.0 g of wet biomass were 

placed in 50 ml-flask containing sterilized distilled 
water and incubation is taken place for 3 days.26 

 
Two-Factors-5-Levels CCD 

The best pH-value and AgNO3 concentration, 
important for biosynthesis of bioactive nano-fungicide 
was determined depending on CCD application. 
According to Abd El Aty et al.27, 10 experimental 
trails of CCD, were carried out to evaluate the 
optimum pH-value (A) and AgNO3 concentration (B). 
Two variables were evaluated with α = (1.414).The 
actual and coded values of tested variables along with 
responses (R1) (R2) of the inhibition zone diameter 
(IZD) against F. solani and F. oxysporum are shown 
in Table 2. 
 
In-vitro Antifungal Activity of Biosynthesized Nano-Silver 

Ten biosynthesized nano-silver of central 
composite design (CCD) were tested against F. solani 
and F. oxysporum on PDA using agar well diffusion 
method.28 About 300 μl of AgNPs were added to 10 
mm-diameter-wells made in the solidified inoculated 
(1 × 106 spores/ml) plates. The plates were incubated 
at 28℃ for 72 h. The anti-fungal effect was evaluated 
by measuring the zones diameter of inhibition that’s 
formed around the wells in (mm). The average values 
were reported using MS Excel as Mean ± SD. 
 
Characterization of Biosynthesized Nano-Silver 

The metal ions were characterized in the range of 
(200–800 nm) using UV-Visible-spectrophotometer. 
The sharp peak given at the absorption range 400-450 
nm indicated the formation of AgNPs. In addition, 
biosynthesized AgNps has been monitored by TEM 
(JEOL-2100) to determine out the size and shape of 
the most active nanoparticles. The distribution of 
particle size and Zeta potential, were measured by 
using “Dynamic Light Scattering” in the range of 0.1–
1000 µm (Particle Sizing Systems, California, USA). 
The functional groups of the AgNPs solution were 
detected by Fourier Transform Infrared Spectroscopy 
(FTIR) (JASCO, FT/IR- 6100). 
 

Table 1 — CCD design for optimization of A. quadrilineatus 
MT083999 chitinase and β-glucanase activity 

Variable code Variable Levels 

−α −1 0 +1 +α 

A Dry plant (g/ flask) −0.36 1 3 5 6.36 

B Wheat bran (g/flask) 0.32 1 2 3 3.68 
C Incubation period (Days) 0.95 3 6 9 11.05 

Α = 1.682 
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Results and Discussion 
 
Evaluation of Isolated Fungi Against the Phytopathogens and 
Enzymes Production 

Three isolated fungi of the genera: Aspergillus, 
Geotrichum and Alternaria were isolated from the 
rhizosphere of wild plants collected from Hafr  
Al-Batin City, in the Eastern Province, Saudi Arabia. 
In-vitro antagonistic potential of isolated fungi was 
evaluated against pathogenic F. solani and  
F. oxysporum. The fungal isolate Aspergillus sp. 
showed the best percentage of inhibition (%) against 
the phytopathogens F. solani (65.51%) and  
F. oxysporum (84.21%), respectively (Fig. 1 A). Solid 
state fermentation (SSF) of the dry plant without any 
additives using three fungal isolates indicated that, all 
isolates were able to produce chitinase and β-
glucanase enzymes with different degree, after 7 days 
of incubation. Results in Fig. 1 (B) demonstrated that 
the optimum chitinase activity of 235.484 U/gds was 
obtained using Aspergillus sp., where Geotrichum sp. 
and Alternaria sp. showed low activity of 52.201 and 
10.935 U/gds, respectively. The results also 
emphasized that the highest extracellular β-glucanase 
activity (508.953 U/gds) was found in Aspergillus sp. 
culture fermentation, followed by Alternaria sp. 
(476.813 U/gds) and Geotrichum sp. (441.095 U/gds). 
 

Screening study demonstrated that Aspergillus sp. 
was the most efficient tested fungal strain for the 
production of hydrolytic enzymes to control 
reproduction and growth of the phytopathogenic 
Fusarium sp. in this context, Geiser et al.29 indicated 
that the members of the genus Aspergillus are 
intensely studied with respect to production of 

secondary metabolites and characterized by their 
ability to live as saprophytes in soils. Other workers 
Brzezinska and Jankiewicz9 showed the ability of A. 
niger LOCK 62 to inhibit the growth of: F. culmorum, 
F. solani and Rhizoctonia solani depending on 
chitinase production after 6 days incubation, but not 
affecting the growth of F. oxysporum. 
 

Application of Molecular Tools (18S-rDNA) for Fungal Isolate 
Identification 

The fungal isolate representing the highest 
enzymes and antagonistic activities was selected and 

Table 2 — Factors and their levels which were studied by CCD for biosynthesis of antifungal nano-silver 

Trial number 

Coded  
levels 

Actual  
levels 

*R1: IZD of  
F. solani (mm) 

*R2: IZD of  
F. oxysporum (mm) 

Factor1 A:  
pH value 

Factor 2 B: 
AgNO3 (mM) 

 Factor1 A:  
pH value 

Factor 2 B: 
AgNO3 (mM) 

 Experimental Predicted  Experimental Predicted 

1 0 −α 10.50 0.17 18 ± 0.17 19.05 13 ± 0.00 12.51 
2 0 0 10.50 3.00 21 ± 1.02 21 20 ± 0.91 20 
3 −1 −1 9.00 1.00 16 ± 0.19 14.52 14 ± 0.17 14.53 
4 −1 +1 9.00 5.00 19 ± 0.00 18.13 19 ± 2.01 18.13 
5 +1 −1 12.00 1.00 18 ± 1.51 17.63 14 ± 1.04 13.87 
6 −α 0 8.38 3.00 12 ± 1.10 13.41 18 ± 0.18 18.03 
7 0 +α 10.50 5.83 19 ± 0.91 19.19 14 ± 0.57 15.49 
8 0 0 10.50 3.00 21 ± 1.03 21 20 ± 1.14 20 
9 +1 +1 12.00 5.00 14 ± 0.17 14.23 16 ± 1.21 14.47 
10 +α 0 12.62 3.00 13 ± 0.53 12.85 14 ± 0.27 14.97 

*The anti-fungal effect of AgNPs (1–10) was determined by measuring the diameter of (IZ) formed around the well in mm; The average
values were evaluated by using MS Excel as Mean ± SD 

 
 

Fig. 1 — Screening of isolated fungi depending on (A) Antagonism 
assay against phytopathogens F. solani and F. oxysporum 
(B) Production of chitinase and β-glucanase hydrolytic enzymes 
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identified according to 18S-rDNA. Sequence analysis 
and ITS phylogenetic tree showed high similarity 
(98%) to A. quadrilineatus isolate EN-8 (Gene Bank 
accession no. MN909163) and A. quadrilineatus 
isolate RSCF6 (MN871860) and others as shown in 
Fig. 2. According to the morphological characters, the 
microscopic examination and genetic analysis, the 
fungal isolated identified as A. quadrilineatus, and 
take a specific Accession No. MT083999 in GenBank 
database. 
 
Myco-parasitism of Aspergillus quadrilineatus against 
Phytopathogenic Fusarium spp. 

The interaction effect between A. quadrilineatus 
and phytopathogens was first observed as the 
difference in the growth rate of the fungal isolate and 
Fusarium sp. placed on the same plate after 
incubation for 4 days. Results in Fig. 3 (A & D) 
showed that A. quadrilineatus was able to grow faster 
than F. solani and strongly controlled the growth of  
F. oxysporum. The obtained results demonstrated the 
significant ability of the fungal isolate to secrete 
enzymes able to control the spread of pathogens, and 
causes an inhibition for the pathogen growth, that was 
in agreement with Pates et al.30 Also, the microscopic 
examination of hyphae taken from the contact zone 
between the A. quadrilineatus and the phytopathogens 
demonstrated the hyphal interactions which could 
explain the parasitic effect of A. Quadrilineatus on  
F. solani and F. oxysporum. Aspergillus 
quadrilineatus hyphae were able to grow surrounding 
the mycelia of the phytopathogens and wrapping them 
tightly Fig. 3 (B & F). The microscopic examination 
emphasized that, there were cytoplasmic 
disorganization in the mycelia of F. solani, moreover 
deformation was observed in the spores Fig. 3(C). 

Where the hyphae of A. quadrilineatus grew normally 
there were rupture take places in the F. oxysporum 
cell membrane which may lead to lyses of the cells as 
shown in Fig. 3(E). Changes occurred in the 
morphology and structure of the pathogenic strains 
caused by A. quadrilineatus were identical to those 
demonstrated by Cuervo-parra et al.31 during the 
parasitism by Trichoderma harzianum. 
 

Experimental Design and Optimization of A. quadrilineatus 
Chitinase and β-Glucanase Activity by RSM 

Twenty experiments of Three-factor-five-level 
(CCD) were prepared to examine the combined effect 
of three tested factors in relation with chitinase (R1) 
and β-glucanase (R2) activities. The results obtained 
in Table 3 indicted that each enzyme has specific 
optimum fermentation condition. High chitinase 
activity of 386.70 U/gds was obtained with trial 4, 
that contains 3 g dry plant, 0.32 g wheat bran and 
incubated for 6 days,also good β-glucanase activity 

 
 

Fig. 2 — Phylogenetic analysis of Aspergillus quadrilineatus
(MT083999) 

 

Fig. 3 — Antagonistic potential and microscopic examination of
Aspergillus quadrilineatusMT083999 against F. solani (A, B, C)
and F. oxysporum (D, E, F) 



ABD EL ATY & ASHOUR: POTENTIAL OFASPERGILLUS QUADRILINEATUS METABOLITIES 
 
 

421

882.14 U/gds was obtained under the same 
conditions. Abdel Wahab et al.32 observed an increase 
in exochitinase production on wheat bran as the 
substrate by Trichoderma longibrachiatum. On the 
other hand, the optimum β-glucanase activity 1094.70 
U/gds was obtained with trial 2, that contains 1:1g(w : 
w) of dry plant and wheat bran and flasks incubated 
for 9 days. Other studies ofJabasingh & Nachiyar33 
reported maximum endoglucanase activity (28.84 
IU/gds) with A. nidulans MTCC344 using SSF of 
sugarcane bagasse. Where the chitinase activity 
strongly decreased at high weights of dry plant and 
wheat bran ratio of 5:3 (trials 16), and minimum β-
glucanase activity (34.61 U/gds) obtained at high ratio 
of 6.36:2 dry plant and wheat bran, respectively. 

In accordance with Gao et al.34 finding, the enzyme 
production is dependent on the nature of carbon 
source, degree of degradability, physico-chemical 
characteristics of substrates, and availability of some 
nutrients. Results indicated that the SSF of dry wild 
plant without any additives showed good enzymes 
activity and the addition of wheat bran rich in 
hemicellulose, protein, zinc, manganese, iron and 
copper  improved A. quadrilineatus chitinase and β-
glucanase production. The results obtained were in 
agreement with Mostafa & Abd El Aty21 and  Dhillon 
et al.35 who found that the highest enzymes 
production of A. niger and Alternaria alternata, 

respectively was under SSF using wheat bran as the 
substrate. 

The incubation period considered one of the main 
factors affecting both enzymes activity as shown in 
trials 5 and 12 with (-α of about one day) and (+α of 
about 11 days). The present findings showed the 
maximum chitinase and β-glucanase were after 6 and 
9 days, where Vitcosque et al.36 & Brzezinska and 
Jankiewicz,9 reported that the optimum endoglucanase 
and chitinase activities were after 4 and 6 days 
incubation, respectively using different species of A. 
niger. 

Equation of second-order regression demonstrated 
the levels of chitinase and β-glucanase activities as a 
function of dry plant, and wheat bran weights and 
incubation period in terms of coded factors were: 
Chitinase activity (U/gds) = + 256.91 − 35.97 × A − 

39.83 × B − 15.86 × C − 0.021 × A × B + 4.42 × A × C 
− 30.21 × B × C − 57.74 × A2 − 2.70 × B2 − 78.00 × 
C2 β-glucanase activity (U/gds) = + 281.34 − 207.48 × 
A − 232.36 × B − 10.07 × C + 163.29 × A × B + 11.50 
× A × C − 70.88 × B × C + 66.37 × A2 + 96.53 × B2 − 

42.03 × C2 
Analysis of variance (ANOVA) for the response 

surface quadratic model of chitinase and β-glucanase 
enzymes indicated that this regression was 
statistically significant with R-Squared 0.8813 and 
0.9560 respectively.  

Table 3 — Central composite design of predicted and experimental values for A. quadrilineatus MT083999chitinase and β-glucanase activity 

Trials Dry plant 
(A) 

Wheat bran  
(B) 

Incubation period 
(C) 

Chitinase activity (U/gds) β-glucanase  (U/gds) 

experimental predicted  experimental predicted 

1 −1 +1 −1 233.85 165.12 372.34 306.49 
2 −1 −1 +1 196.81 204.18 1094.70 1054.64 
3 0 0 0 256.77 256.91 286.44 281.34 
4 0 −α 0 386.70 316.262 882.14 945.15 
5 0 0 -α 42.89 62.95 85.72 179.40 
6 0 +α 0 116.79 182.303 48.12 163.59 
7 +1 +1 −1 88.18 84.30 281.26 195.11 
8 0 0 0 256.77 256.91 286.44 281.34 
9 0 0 0 256.77 256.91 286.44 281.34 
10 −1 +1 +1 72.55 64.16 207.15 121.60 
11 +1 −1 −1 91.70 103.58 232.15 191.50 
12 0 0 +α 34.61 33.10 60.72 145.52 
13 0 0 0 256.77 256.91 286.44 281.34 
14 0 0 0 256.77 256.91 286.44 281.34 
15 +α 0 0 63.45 62.95 34.61 120.12 
16 +1 +1 +1 27.35 1.01 115.18 56.20 
17 0 0 0 256.77 256.91 286.44 281.34 
18 +1 −1 +1 68.90 141.12 396.45 336.10 
19 -α 0 0 128.66 154.09 725.03 818.00 
20 −1 −1 −1 154.49 184.31 1023.26 956.03 
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The validation was applied at the achieved maximum 
fermentation conditions for each enzyme and the 
obtained experimental values were closer to the 
predicted values, with about 1.64-fold increase in 
chitinase activity and 2.15-fold increase in β-glucanase 
activity in comparison with initial fermentation. 
 
Application of 2-Factors-5-Levels (CCD) for Nano-Silver 
Biosynthesis with Antifungal Effects 

Biosynthesis of AgNPs from A. quadrilineatus was 
evaluated in 10 experiments of a statistical design to 
determine all possible combinations of the metal 
concentration and pH value which directly control and 
affect the antifungal activity of AgNPs within 3-D 
Space region. 

Inhibition zone diameter (IZD) formed by AgNPs 
at each trial against F. solani (R1) and F. oxysporum 
(R2) are shown in Table 2. Results indicated that all 
biosynthesized AgNPs have antifungal activities 
against Fusarium sp. with different degree. The 
highest responses 21 and 20 mm-IZD of F. solani 
(R1) and F. oxysporum (R2), respectively were found 
at the center point (runs 2and 8) where the metal 
concentration and pH-value were 3.00 mM, and 
10.50, respectively. On the other hand, results 
discussed by Abd El Aty & Ammar26 indicated the 
biosynthesis of antifungal AgNps at optimum 
conditions of 4 mM AgNO3 solution, with IZD = 16 
and 17 mm against F. solani and F. oxysporum 
respectively. 

The lowest response (R1) of 12 & 13 mm-IZD 
against F. solani was found at lower (8.38) and higher 
(12.62) pH values, runs 6 and 10 respectively. Also we 
noticed that very low metal concentration of 0.17 and 
1.0 decrease the antifungal activity of AgNPs against F. 
oxysporum to 13&14 mm-IZD in runs 1, 3 and 5. 
Results also indicated that the reaction conditions of run 
10 of high pH value (12.62) not appropriate with the 
metal concentration (3.00 mM) and the AgNPs showed 
low IZD of 13 and 14 mm with F. solani (R1) and F. 
oxysporum (R2) respectively. Results obtained by Abd 
El Aty et al.17 partly agree with obtained results, who 
showed significant antifungal activity of AgNPs 
synthesized at pH 12.00 and 1 mM AgNO3 
concentration, against F. solani (13 mm) and A. niger 
(11 mm). 

Analysis of variance (ANOVA) of both responses, 
showed a significant quadratic model. Fusarium solani 
(R1) and F. oxysporum (R2) showed "R-Squared" of 
0.9323 and 0.9026 respectively, which advocates for 
high significance of the model.  

The relation between variables and each response 
in terms of Actual Factors: 
 

IZD of F. solani (R1) = −191.11198 + 38.36785 × pH 
value + 7.55714 AgNO3 − 0.58333 × H value × AgNO3 

−1.75000 × pH value
2 − 0.23437×AgNO3

2
 

IZD of F. oxysporum (R2) = − 74.37792 + 16.36193 
× pH value + 7.65089 × AgNO3 − 0.25000 × pH value × 

AgNO3 − 0.77778 × pH value
2
 − 0.75000 × AgNO3

2  
 

Obtained results indicated that the design of 2-
factors-5-levels was very successful in biosynthesis of 
high fungicide AgNPs, effective against both tested 
phytopathogens, therefore run 2 or 8 was selected and 
characterized. 
 
Characterization Studies 

The biosynthesis of AgNPs was first indicated by 
transforming the reaction mixture from pale yellow to 
dark brownish color. UV-visible absorbance spectra 
of AgNPs in range from 300–700 nm presented an 
optimum peak at 415 nm wavelength as seen in  
Fig. 4. The sharp peak given by UV visible spectrum 
at the absorption range 400–450 nm emphasized the 
biosynthesis of AgNPs according to Shaheen & Abd 
El Aty.24 

TEM measurement of A. quadrilineatus AgNPs 
revealed that the particles were well dispersed without 
aggregation and has spherical shape, with size ranging 
from 5.44 to 12.97 nm diameter. HR-TEM has been 
performed to show the crystalline nature of the 
nanoparticles (Fig. 5 A).These results were 
investigated by DLS analysis that showed 
characteristic peak in zeta sizer Fig. 5 (B) with the 
particle size means of 107.7 nm. Zeta potential was 
found to be −22.3, which indicated the good stability 
of nanoparticles. The high negative value of surface 

 
 
Fig. 4 — Changing the color of A. quadrilineatus MT083999
mixture, UV-Vis spectra analysis of biosynthesized AgNPs in
comparison with the fungal extract (FE) 
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charge showed the repulsion between the nano-
particles which in turn indicated AgNP’s stability.37 

Fourier Transform Infra-red (FTIR) spectroscopy 
was applied to show the main groups that involved in 
AgNPs synthesis and stabilization. In Fig. 6 
distinctive bands at 1640.2, 1495.55, 1460.77, 
1430.15, 3519.67, cm−1 are shown which correspond 
to the binding vibrations of amide I and amide II of 
protein, with N–H stretching’s. While the bands 
obtained at 1245.18, 1315.25, and 1193 cm−1 related 
to C–N stretching vibrations of aromatic and aliphatic 
amines, where 2081.84 and 1870.41 cm−1 represents 
C–H stretching vibration. Out of obtained results of 
FTIR-analysis, we concluded the availability of 
reducing and capping agents.38 

Conclusions 
This research has provided information about a 

novel biological control agent against the aggressive 
pathogens Fusarium spp. Affecting crops. Aspergillus 
quadrilineatus MT083999 isolated from the 
rhizosphere of wild plants collected from Hafr Al-
Batin City, in the Eastern Province, Saudi Arabian 
displayed in-vitro high antagonistic activities against 
pathogenic F. solani and F. oxysporum. SSF of the 
agricultural wastes showed their ability to produce the 
valuable chitinolytic enzymes chitinase and β-
glucanase important for degrading the pathogen cell 
wall and penetrate the fungal mycelium. Application 
of central composite design (Three-factor-five-level) 
increased the chitinase and β-glucanase activities with 
about 1.64 and 2.15 fold, respectively. In addition, 
another design of 2-factors-5-level was applied for the 
biosynthesis of antifungal nano-silver using A. 
quadrilineatus MT083999. All biosynthesised AgNPs 
were tested against the fungal pathogen and the runs 2 
& 8 showed the highest responses 21 and 20 mm-IZD 
respectively against F. solani (R1) and F. oxysporum 
(R2) were characterized. Finally, we can conclude 
that A. quadrilineatus MT083999 can defend plants 
against fungal pathogens either in association with 
chitinases and β-glucanase or biosynthesized AgNPs. 
 

Acknowledgments 
Authors gratefully acknowledge the Chemistry of 

Natural and Microbial Products Department, National 
Research Centre, Cairo, Egypt. 
 
References 
1 Chung G F, Effect of Pests and Diseases on Oil Palm Yield, 

Palm Oil, (2012) 163–210. 
2 Ortiz E, Cruz  M, Melgarejo L M, Marquínez  X & Hoyos-

Carvajal L, Histopathological features of infections caused by 
Fusarium oxysporum and F. solani in purple passionfruit plants 
(Passiflora edulis Sims), Summa Phytopathol, 40 (2014)  
134–140. 

3 Khamna S, Yokota A & Lumyong S, Actinomycetes isolated 
from medicinal plant rhizosphere soils: diversity and screening 
of antifungal compounds, indole-3-aceticacid and siderophore 
production, World J Microbiol Biotechnol, 25 (2009) 649–655. 
http://dx.doi.org/10.1007/s11274-008-9933-x. 

4 Sadiran S, Bioactive Microbial Metabolites from Malaysian 
Rainforest Soil Fungi as a Source of New Drugs Candidates, 
MSc Thesis, Faculty of Pharmacy, Universiti Technologi Mara, 
Serdang, 2011. 

5 Lee H R, Han S I, Rhee K H & Whang K S, Mucilaginibacter 
herbaticus sp. nov., isolated from the rhizosphere of the 
medicinal plant Angelica sinensis, Int J Syst Evol Microbiol, 63 
(2013) 2787–2793. 

6 Prapagdee B, Kuekulvong C & Mongkolsuk S, Antifungal 
potential of extracellular metabolites produced by Streptomyces 

 

Fig. 5 — Nanosilver characterization (A) TEM image of AgNPs
formed by the fungal strain A. quadrilineatus MT083999,
(B) Dynamic light-scattering analysis showing particle size
distribution of A. quadrilineatus AgNPs 
 

 
 

Fig. 6 — A. quadrilineatus MT083999AgNPs -FTIR-spectrum 
 



J SCI IND RES VOL 81 APRIL 2022 
 
 

424

hygroscopicus against phytopathogenic fungi, Int J Biol Sci, 4 
(2008) 330–337. 

7 El-Katatny M H, Gudelj M, Robra K H, Elnaghy M A & Gubitz 
G M, Characterization of a chitinase and an endo- β-1,3-
glucanase from Trichoderma harzianum Rifai T24 involved in 
control of the phytopathogen Sclerotium rolfsii, Appl Microbiol 
Biotechnol, 56 (2001) 137–143.  

8 Shehata A N, Abd El Aty A A, Darwish D A, Abdel Wahab W 
A & Mostafa F A, Purification, physicochemical and 
thermodynamic studies of antifungal chitinase with production 
of bioactivechitosan-oligosaccharide from newly isolated 
Aspergillus griseoaurantiacus KX010988, Int J Biol Macromol, 
107 (2018) 990–999.  

9 Brzezinska M S & Jankiewicz U, Production of antifungal 
chitinase by Aspergillus niger LOCK 62 and its potential role in 
the biological control, Curr Microbiol, 65 (2012) 666–672. DOI 
10.1007/s00284-012-0208-2. 

10 Kumar A, Dutt D & Gautam A, Production of crude enzyme 
from Aspergillus nidulans AKB-25 using black gram residue as 
the substrate and its industrial applications, J Genet Eng 
Biotechnol, 14 (2016) 107–118. http://dx.doi.org/10.1016/ 
j.jgeb.2016.06.004 

11 Ahmed I S A & Lee Y S, Nanoparticles as alternative 
pesticides: concept, manufacturing and activities, Korean J 
Mycol, 43(4) (2016) 207–215. 

12 Samuel U & Guggenbichler J P, Prevention of catheter-
related infections: the potential of a new nano-silver 
impregnated catheter, Int J Antimicrob Agents, 23 (2004)  
75–78. 

13 Abd El Aty A A & Zohair M M, Green-synthesis and 
optimization of an eco-friendly nanobiofungicide from 
Bacillus amyloliquefaciens MH046937 with antimicrobial 
potential against phytopathogens, Environ Nanotechnol 
Monit Manag 14 (2020) 100309. 
https://doi.org/10.1016/j.enmm.2020.100309 

14 Abd El Aty A A, Hamed E R, El-Beih A A & El-Diwany A 
I, Induction and enhancement of the novel marine-derived 
Alternaria tenuissima KM651985 laccase enzyme using 
response surface methodology: Application to Azo and 
Triphenylmethane dyes decolorization, J Appl Pharm Sci, 6 
(2016) 006–014. 

15 Shehata A N & Abd El Aty A A, Optimization of process 
parameters by statistical experimental designs for the 
production of naringinase enzyme by marine fungi, Int J 
Chem Eng, (2014) Article ID 273523, 
http://dx.doi.org/10.1155/2014/273523. 

16 Ashour  W E, Abd El Aty A A, Hamed E R, Swelim M A  & 
El-Diwany A I, Applications of Plackett–Burman and central 
composite design for the optimization of novel 
Brevundimonas diminuta KT277492 Chitinase production, 
investigation of its antifungal activity, Braz Arch Biol 
Technol, 59 (2016a) 1–14. 

17 Abd El Aty A A, Mohamed A A, Zohair M M & Soliman A 
A F, Statistically controlled biogenesis of silver nano-size by 
Penicillium chrysogenum MF318506 for biomedical 
application, Biocatal Agric Biotechnol, 25 (2020) 101592. 
https://doi.org/10.1016/j.bcab.2020.101592 

18 Ashour W E, Hamed E R, El-Diwany A I, Swelim M A & 
Abd El Aty A A, Isolation and characterization of plant 
growth-promoting Rhizobacteria from Trigonella foenum- 
graecum L rhizosphere and evaluation of their potential 

substances produced, Res J Pharm Biol Chem Sci, 7(2016b) 
130–143. 

19 Hanlin R T, Illustrated Genera of Ascomycetes II (APS Press 
Minessota, USA), 2000. 

20 Bouziane Z, Dehimat L, Abdel W, Benabdelkader M & Kacem 
N, The antagonism between Trichoderma viride and other 
pathogenic fungal strains in Zea mays, Agric Biol J N Am, 2 
(2011) 584–590. http://dx.doi.org/10.5251/abjna.2011.2.4. 
584.590. 

21 Mostafa F A & Abd El Aty A A, Enzyme activities of the 
marine-derived fungus Alternaria alternata cultivated on 
selected agricultural wastes, J Appl Biol Sci, 7(2013) 39–46. 

22 Miller G L, Anal Chem, 31 (1959) 426–428. 
23 Burner R L, Determination of reducing sugar value 3,5-

dinitrosalicylicacid method, Methods Carbohydr Chem, 4 (1964) 
67–71. 

24 Shaheen T I & Abd El Aty A A, In-situ green myco-synthesis of 
silver nanoparticles onto cotton fabrics for broad spectrum 
antimicrobial activity, Int J Biol Macromol, 118 (2018) 2121–
2130. 

25 Zohair M M, El-Beih A A, Sadik M W, Hamed E R & Sedik M 
Z, Promising biocontrol agents isolated from medicinal plants 
rhizosphere against root-rot fungi, Biocatal Agric Biotechnol, 15 
(2018) 11–18. https://www.sciencedirect.com/science/article/pii/ 
S1878818118301889 

26 Abd El Aty A A & Ammar H A, Potential characterization 
and antimicrobial applications of newly bio-synthesized 
silver and copper nanoparticles using the novel marine-
derived fungus Alternaria tenuissima KM651985, Res J 
Biotechnol, 11 (2016) 71–82. 

27 Abd El Aty A A, Shehata A N & Shaheen T I, Production 
and sequential optimization of Bacillus subtilis MF467279 
pullulanase by statistical experimental designs and evaluation 
of its desizing efficiency, Biocatal Agric Biotechnol, 14 
(2018) 375–385. 

28 El-serwy WS, Mohamed N A, El-serwy W S, Kassem E M 
M & Abd El Aty A A, Synthesis of new benzofuran 
derivatives and evaluation of their antimicrobial activities, 
Res J Pharm Biol Chem Sci, 6 (2015) 213–224. 

29 Geiser D M, Klich M A, Frisvad J C, Peterson SW, Varga J 
& Samson R A, The current status of species recognition and 
identification in Aspergillus, Stud Mycol, 59 (2007) 1–10. 
http://dx.doi.org/10.3114/sim.2007.59.01 

30 Pates E, Meredith F, Smart W, Bacon C W & Jaworski A J, 
Trichoderma viride suppresses de fumonisin B1 production 
by Fusarium moniliforme, J Food Prot, 66 (1999)  
1326–1332. 

31 Cuervo-parra J A, Sánchez-lópez V & Ramírez-lepe M, 
Antagonistic effect of Trichoderma harzianum VSL291 on 
phytopathogenic fungi isolated from cocoa (Theobroma 
cacao L.) fruits, Afr J Biotechnol, 10 (2011) 10657–10663. 
http://dx.doi.org/10.5897/AJB11.1333 

32 Abdel Wahab W A, Abd El Aty A A & Mostafa F A, 
Improvement of catalytic, thermodynamics and antifungal 
activity of constitutive Trichoderma longibrachiatum 
KT693225 exochitinase by covalent coupling to oxidized 
polysaccharides, Int J Biol Macromol, 112 (2018) 179–187. 

33 Jabasingh S A & Nachiyar C V, Ind Crops Prod, 34 (2011) 
1564–1571. 



ABD EL ATY & ASHOUR: POTENTIAL OFASPERGILLUS QUADRILINEATUS METABOLITIES 
 
 

425

34 Gao J, Weng H, Zhu D, Yuan M, Guan F & Xi Y, Bioresour 
Technol, 99 (2008)7623–7629. 

35 Dhillon G S, Oberoi H S, Kaur S, Bansal S & Brar S K, Ind 
Crops Prod, 34 (2011) 1160–1167. 

36 Vitcosque G L, Fonseca R F, Rodriguez-Zuniga U F R, Neto 
V B, Couri S & Farinas C S, Enzyme Res, 1–9 (2012) 
248983. 

37 Baker C, Pradhan A, Pakstis L, Pochan D J & Shah S I, Synthesis 
and antibacterial properties of silver nanoparticles, J Nanosci 
Nanotechnol, 5 (2005) 244–249. 

38 Majeed S, Danish M, Zahrudin A H & Dash G K, Biosynthesis 
and characterization of silver nanoparticles from fungal species 
and its antibacterial and anticancer effect, Karbala Int J Mod Sci, 4 
(2018) 86–92. 

 


