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Wheat (Triticum aestivum L. em Thell.) is an important cereal crop in Egypt and all over the world. 
Powdery mildew caused by Blumeria graminis f.s tritici is one of the most devastating diseases of wheat 
worldwide. The present work designed to control powdery mildew disease of wheat plants through the 
nano technology, bioagents and some chemical inducers. All tested isolates of antagonistic fungi 
significantly reduced powdery mildew disease of wheat plants. Nano silicon or titanium, bioagents and 
chemical inducers were evaluated for their efficiency to control powdery mildew and effect on yield of 
wheat plants cv. Misr-1 in North Sinai governorate during 2015/2016 and in Beheira governorate during 
2015/2016 and 2016/2017 growing seasons. The most effective treatments are SNPs and TNPs 
obtained by P. putida (PpFT1) and B. subtilis (BsBN3) which reduced the disease severity. Followed by 
SNPs and TNPs obtained by T. harzianum (ThFT1), T. hamatum (TmSA2), T. viride (TvGK2)and P. 
fluorescens (PfBN1) in compared with methyl jasmonate and arginine . All tested treatments significantly 
increase the growth parameters i.e. fresh weight of plant (g) and Spike weight (g). The highest increase 
was obtained with SNPs and TNPs obtained by all tested bioagents. The highest increase was obtained 
with SNPs and TNPs obtained by P. putida (PpFT1), B. subtilis (BsBN3) and TNPs obtained by 
Paenibacillus polymyxa (PbBB2). Treated wheat plants with SNPs obtained by T. harzianum (ThFT1), T. 
viride (TvGK2) and T. hamatum (TmSA2) resulted in increasing the grain yield. Biochemical studies on 
the defense mechanisms of wheat plant due to different treatments such as polyphenol oxidase and 
peroxidase activities, total protein and total phenols were done.The most effective treatments are SNPs 
and TNPs obtained by P. putida (PpFT1) and B. subtilis (BsBN3) followed by SNPs and TNPs obtained 
by T. harzianum (ThFT1), T. viride (TvGK2) and P. fluorescens (PfBN1) .All tested treatments significantly 
increased the polyphenol oxidase and peroxidase activities.  
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INTRODUCTION 

Wheat (Triticum aestivum L. em Thell.) is an 
important cereal crop in Egypt and all over the 
world. It is a staple food crop and also known as 
“king” of the cereals (Laghari et al., 2010). 
Because of high bread consumption, Egypt is the 

largest wheat importer worldwide (Gazette, 2013 
and Haggag Wafaa et al., 2009, 2017). According 
to the Food and Agriculture Organization of the 
United Nations (FAO, 2012), the area of cultivated 
wheat in Egypt was 1,336,234 hectares and the 
yield that comes out of it is 6.58 tons per hectare, 

http://www.isisn.org/
mailto:wafaa_haggag@yahoo.com


Wafaa, et al.,                                                        Nanoparticles products of biocontrol of powdery mildew 

                                          Bioscience Research, 2018 volume 15(4): 3537-3557                                                3538 

 

resulting in a total wheat production of around 
8,795,483 tons. Egypt’s wheat production and 
planted area in MY 2017/18 at 8.1 MMT and 1.26 
million hectares (ha).Wheat imports for the 
2017/18 marketing year (July/June) are estimated 
at 12 million tonnes, about the same as the 
previous year and about 9 percent above the 
average for the last five years.  

Powdery mildew caused by Blumeria graminis 
(DC.) E.O. Speer f. sp.tritici Em.Marchal (Bgt), is 
one of the most devastating diseases of wheat 
worldwide. In Egypt, the disease appeared in the 
last few years with high disease severities on 
most of the common wheat cultivars (El-Shamy et 
al., 2012), and can lead to reduction in yield about 
10 to 18% in Egypt. As demonstrated in several 
studies, consistent losses of grain yield can occur 
when a high disease incidence appears during the 
grain filling period (Serrago et al., 2011). 
Development of resistant varieties is the most 
effective, economically and environmentally 
friendly approach for disease control (Alam et al., 
2013). They added that the most common 
breeding strategy has been the use of major 
genes conferring hypersensitive types of 
resistance, but the effectiveness of this approach 
has commonly been ephemeral due to frequent 
changes in the pathogen population. Chemical 
fungicides have been the traditional weapons 
used to control wheat diseases, which are hazard 
and toxic to human, animals and leads to 
environmental pollution. There is a growing need 
to develop alternative approaches for controlling 
plant diseases, which are safe for human, animals 
and environment. A promising strategy for the 
management of fungal diseases is based on 
biological and integrated control schedules which 
include the application of antagonist 
microorganisms (Lima and De Cicco, 2006). 
Several studies have shown the effectiveness of a 
large number of plant beneficial microorganisms, 
used alone or combined with natural substances, 
against different plant pathogens (De Curtis et al., 
2010). A large number of different agents induce 
resistance in plants against several plant diseases 
(Suprakash and Chatterjee, 2012 and Abd-El-
Kareem et al., 2013). As a potential elicitor, 
methyl jasmonate induces the production of 
several antifungal proteins such as phenylalanine 
ammonia lyase (PAL), thionin and hydroxyproline- 
and proline–rich cell wall proteins (Dodds et al., 
2006 and Reyes- Díaz et al., 2016). Using of 
arginine for controlling rust disease caused by 
Uromyces appendi culatus of bean plants under 
both greenhouse and field conditions showed that 
disease severity and the number of pustules and 

uredo spores were substantially reduced 
(Haggag, 2005).  

Nanotechnology is a promising field of 
interdisciplinary research and its practical 
applications into agriculture industry is receiving 
attention nowadays due to the potential benefits 
that nanomaterial’s can guarantee in several 
respects such as pests management (Li et al., 
2011). Use of nanoparticles in plant disease 
management is a novel and fancy approach that 
may prove very effective in future with the 
progress of application aspects of 
nanotechnology. The nanomaterial’s have 
potential prospects of use in plant disease 
management in different ways (Khan and Rizvi, 
2014, Huang et al., 2015). Some of the nano 
particles that have entered into the arena of 
controlling plant diseases are nano forms of 
carbon, silver, silica and alumino-silicates 
(Sharma et al., 2012).  

The objectives of the present study were 
evaluation of nano silicon and titanium against 
powdery mildew in compare with some chemical 
inducers against powdery mildew and their effect 
on yield under field conditions, to study their 
efficiency to control the disease as well as assay 
of biochemical changes associated with different 
treatments. 
 
MATERIALS AND METHODS 

Isolation and identification of antagonistic  
from rhizosphere and phyllosphere of wheat 

Different microorganisms i.e., fungi and 
bacteria associated with root soil rhizosphere and 
phyllosphere of healthy wheat plants were 
isolated. Root samples of healthy wheat plants 
were collected from Beheira governorate during 
December 2013 growing season. For isolation 
from wheat leaves, small pieces of leaf were 
shaken in sterilized water and 1 mL transferred to 
Petri plates containing PDA for (fungi), nutrient 
agar and King’s B medium for (bacteria).(Dhingra 
and Sinclair, 1985)  . 

Biosynthesis of silicon and titanium 
nanoparticles  

A total of three fungal and six bacterial 
isolates were further evaluated for their efficiency 
to control powdery mildew disease of wheat as 
well as to biosynthesis of different nanoparticles of 
silicon and titanium. These isolates were: 
Paenibacillus polymyxa (PbBB2), 
Streptomyces griseus (SgBN2), Pseudomonas 
putida (PpFt1), Pseudomonas fluorescens 
(PfBN1), Bacillus subtilis (BsBN3), Bacillus brevis 
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(BbSK1), Trichoderma harzianum (ThFT1), 
T. viride (TvGK2) and T. hamatum (TmSA2). 

The extracellular synthesis of silicon nano 
particles (SNPs) and titanium nano particles 
(TNPs) were anchored following the methods 
described by Singh et al., (2008) and Thakker et 
al., (2012).Nanoparticles were obtained using 9 
fungal and bacterial isolates obtained from healthy 
wheat plants as follow: Paenibacillus polymyxa 
(PbBB2), Streptomyces griseus (SgBN2), 
Pseudomonas putida (PpFt1), Pseudomonas 
fluorescens (PfBN1), Bacillus subtilis (BsBN3), 
Bacillus brevis (BbSK1), Trichoderma harzianum 
(ThFT1), T. viride (TvGK2) and T. hamatum 
(TmSA2). 

This pre-inoculum from each fungi and 
bacteria isolates was added to 90 mL of potato 
dextrose broth (PDB), nutrient broth and King’s B 
Medium (KBM), respectively, incubated for 72 h 
under shaking conditions (200 rpm) at 31oC. In its 
log phase of growth-cycle, the fungal and bacterial 
biomass were harvested and washed with 
autoclave-sterilized water under aseptic 
conditions. The harvested fungal and bacterial 
biomass (1 gm of wet weight) were then 
resuspended in 100 mL aqueous solution of 10-3 
M potassium hexafluorosilicate (K2SiF6) or 10-3 M 
potassium hexafluorotitianate (K2TiF6) and kept on 
a shaker (200 rpm) at 31oC under anaerobic 
conditions. The reaction between the fungal and 
bacterial biomass with SiF62- or TiF62- was 
carried out for a period of 48 h. The reaction 
products were collected after separating the 
fungal and bacterial biomass from the reaction 
medium through centrifugation at 5000 rpm for 10 
min. In a control experiment, the harvested 
bacterial biomass was resuspended in autoclaved 
deionized water in the absence of K2SiF6 or 
K2TiF6 and the product obtained was 
characterized for the presence of Si/SiO2 or 
Ti/TiO2 nanocomposite as previous work (Farhat 
et al., 2018).  

 
Field experiments 

Field experiments were implemented using 
wheat Misr-1 variety at 2 locations. The first 
experiment was done at commercial field at 
Gilbana village in North Sinai governorate during 
2015/ 2016 growing season. The second 
experiment was done at Research and Production 
Station of National Research Centre at Noubaria, 
Beheira governorate during 2015/ 2016 and 2016/ 
2017 growing seasons. Experimental design was 
randomized complete block design with five 
replicates and 10.5 m2 experimental units. Ten 

rows of wheat seeds were sown with a density of 
500 seeds per square meter.  All plots were 
fertilized immediately after sowing with ammonium 
nitrate (NH4 + -N) at the rate of 100 kg·N·ha−1.The 
selected bioagents (Trichoderma harzianum 
(ThFT1), T. viride (TvGK2), T. hamatum (TmSA2), 
Pseudomonas fluorescens (PfBN1), P. putida 
(PpFT1), Bacillus subtilis (BsBN3), B. brevis 
(BbSK1),P. polymyxa (PbBB2)and 
Streptomyces griseus (SgBN2),nano silicon and 
nano titanium at concentration of 150 ppm 
obtained by these bioagents. In addition to, methyl 
jasmonate and arginine at 20 mM) were tested 
against powdery mildew disease under field 
conditions. Each of treated bioagent, nano 
materials and chemical inducers were applied as 
seed soaking treatment before sowing and 
addition foliar spray treatment, 60 days after 
sowing.Fungicide Sumi 8 5% Ec (produced by 
Kafr El-Zayat chemical Company Limited, Cairo, 
Egypt) at concentration of 0.5 mL / L were applied 
as foliar spray for comparison.  

Evaluation of different treatments on powdery 
mildew severity and yield of wheat plants 
(Misr-1) in North Sinia governorate during 
2015/2016 and Beheira governorate during 
2015/2016 and 2016/2017 growing seasons. 

Powdery mildew severity rate was 
assessment every 10 days after 75 days of 
sowing up to end of season using the modified 
scale (Leath and Heun, 1998). As mentioned 
before (section 2) during growing season in North 
Sinai and Beheira governorate. 

Effect on plant growth parameters and yield  
Fresh weight (g), spike weight (g), hundred 

grain weight (g) and grain yield ton/feddan of 
wheat plants were determined. 

Assay of biochemical changes associated with 
treatments: 

Ten days after inoculation, three leaves per 
plant were collected and frozen at (-18co) for 36 h. 
Then leaves were dried and powdered. Generally, 
200 mg dried sample were used for further 
analysis.  

Effect of treatments on enzyme activities  
Leaf samples, 200 mg were homogenized 

with 10 ml of phosphate buffer pH 6.8 (0.1 M), 
then centrifuged at 2 0C for 15 min at 17,000 × g 
in a refrigerated centrifuge. The clear supernatant 
was used to determine enzyme activities. (Kar 
and mishra, 1976). 
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Peroxidase assay (PO): 
Five milliliters of the assay mixture for the 

peroxidase activity comprised: 125 µm of 
phosphate buffer, pH (6.8), 50 µm of pyrogallol, 
50 µm of H202 and 1 ml of enzyme extract, this 

mixture incubated for 5 min at 25 ⁰C. The reaction 
was stopped by adding 0.5 ml of 5% (v/v) H2SO4. 
Peroxidase activity was expressed as the 
increase in absorbance at 420 nm / gram fresh 
weight using Spectrophotometer (Spectronic 20-
D).(Kar and mishra, 1976). 

Polyphenol oxidase assay (PPO): 
PPO activity was determined using a 

spectrophotometric method based on an initial 
rate of increase in absorbance at 420 nm (Soliva-
Fortuny et al., 2001). The activity was assayed in 
3mL of reaction mixture consisting of 1mL of 
substrate (0.02 M pyrogallol + distilled water), 100 
µl of the enzyme and 1.9 mL of phosphate buffer 
(pH 6.5) in a 1cm light path quartz cuvette. PPO 
activity was expressed as the increase in 
absorbance at 420 nm / gram fresh weight at 
25°C for 5 min using spectrophotometer 
(Spectronic 20-D). 

Chitinase assay: 
Chitinase was assayed using 3, 5-

dinitrosalicylic acid reagent to determine the free 
aldehydic groups of hexoaminase liberated on 
chitin digestion according to the method described 
by (Ishaaya and Casida 1974). The reaction 
mixture consisted of 0.12 ml (0.2M) phosphate 
buffer (pH 6.6); 0.3 ml 0.5% colloidal chitin and 
0.18 ml sample homogenate. After incubation at 
37°C for (60 min.), enzyme activity was 
terminated by adding 1.2 ml 3, 5-dinitrosalycilic 
acid reagent (DNSA). The reaction mixture was 
heated for 5 min. at 100 oC then cooled in ice-
bath, and diluted with 1.2 ml distilled water. 
Undigested chitin was sedimented by 
centrifugation for 15 min. at 6000 rpm and the 
absorbance of the supernatant was determined at 
550 nm using Spectrophotometer (Spectronic 20-

D).Chitinase activity is expressed as g N-
acetylglucosamine released per sample per 
hr.The dinitrosalicylic acid reagent was prepared 
by dissolving one gram of 3,5-dinitrosalicylic acid 
in 20 ml of (2N) NaOH and 50 ml of distilled water 
with the aid of a magnetic stirrer. Potassium 
sodium tartarate (30 g) was added, and magnetic 
stirring was continued until a clear solution was 
obtained. Distilled water was then added to bring 
the final volume to l00 ml.Five grams of chitin 
powder from crab shells (C7170, Sigma–Aldrich 
Co., USA) was gradually into 60 ml concentrated 

HCl and kept at room temperature for 1h. The 
mixture was filtered through glass wool and the 
filtrate was added to 200 ml of 50% ethanol. The 
ensuing precipitate was transferred to a glass 
funnel with filter paper (80 g/m) and washed with 
sterile distilled water until the colloidal chitin 
became neutral (pH 7.0). The colloidal chitin (C1) 
from filter paper was removed with a spatula, 
weighted and stored in the dark at 4°C (Skujins et 
al., 1965).  

Determination of Total phenol:   
The phenolic in samples were extracted 

according to (Kyoung et al., 2005) from 5 g of 

ground freeze‐dried samples using 80% aqueous 
methanol under liquid nitrogen. The mixture was 
filtered and evaporated using a rotary evaporator 
under reduced pressure at 40 °C. The phenolic 
concentrate was dissolved in 25 ml of absolute 
methanol and then made up to the final volume of 
50 ml with distilled deionized water. The solution 
was then centrifuged in a refrigerated super speed 
centrifuge at 12 000 × g for 20 min. The final 
extract solution (supernatant) was stored at −20 
°C until analysis.The phenolic compounds were 
determined using the Folin-Ciocalteu method, 
(Singleton and Rossi, 1965 and Kyoung et al., 
2005). 2.5 ml of Folin-Ciocalteu reagent was 
mixed with 2 ml of saturated sodium carbonate 
(75 g/L) and 50 μl of sample (supernatant) and 
homogenized for 10 s and heated for 30 min at 
45°C. The absorbance was measured at 765 nm 
after cooling at room temperature. The data were 
calculated by comparison between a standard 
curve and the absorbance of each sample. The 
data were expressed as μg gallic acid equivalents 
per gram of fresh weight. 

Determination of total proteins  
Protein determination is based on the 

observation that Coomassie Birilliant Blue G-250 
exist in two different forms, red and blue. The red 
form is converted to the blue form upon binding of 
dye to protein. The protein –dye complex was 
read at 595 nm. (Bradford,1976). Total proteins 
were determined by the method of Bradford 
(1976). Protein reagent was prepared by 
dissolving 100 mg of Coomassie Brilliant blue G-
250 in 50 ml of 95% ethanol. Phosphoric acid 
(100 ml, 85 % W/ V) was added to the solution. 
The resulting solution was diluted to a final 
volume of 1 liter. Protein solution (50 μl) 
containing 10 to 100 μg bovine serum albumin for 
preparation of standard curve were pipetted into 
test tubes. The volume in the test tube was 
adjusted to 1 ml with phosphate buffer (0.1M, pH 
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6.6). Five milliliters of protein reagent was added 
to test tube and the contents were mixed either by 
inversion or vortexing. The absorbance at 595 nm 
was measured after 2 min and before 1 hr against 
blank prepared from 1ml of phosphate buffer and 
5 ml protein reagent. Protein content was 
expressed as mg / g tissue (g.b.wt) and calculated 
as follows: 

Statistical analysis: 
Data were subjected to statistical analysis 

using analysis of variance (ANOVA) and means 
were compared by Duncan's multiple range tests 
at P ≤ 0.05 levels (Duncan, 1955). Data were 
transformed to acquire the normal distribution 
necessary for statistical analysis to be carried out 
by Tukey test for multiple comparisons among 
means were utilized (Neler, et al., 1985). 
 
RESULTS 

Frequency and identification of antagonistic 
fungi and bacteria isolated fromrhizosphere 
and phyllosphere of wheat 

Identification of the fungi and bacteria isolated 
from wheat plants (rhizosphere and phyllosphere) 
was carried out in the Plant Pathology. Dept., 
NRC, according to morphological and culture 
characters. Isolated fungi were identified as 
Trichoderma harzianum, T. viride and T. 
hamatum. The highest percentage of isolated 
fungi was observed with Trichoderma harzianum 

and T. viride. As for bacterial identification, 
bacteria were identified as Bacillus subtilis, B. 
brevis, Pseudomonas fluorescens, P. putida and 
Paenibacillus polymyxa. In addition to 
Actinomyses (Streptomyces griseus). (Table, 1) 

Field experiments 
Evaluation of nano silicon or titanium, 

bioagents on disease severity of powdery mildew 
and yield of wheat plants (cv. Misr -1) in North 
Sinai governorate during 2015/2016 and in  
Beheira governorate during 2015/2016 and 
2016/2017 growing seasons. 

Effect on disease severity of powdery mildew 
Results in Sinai governorate during 

2015/2016   reveal that, all tested treatments 
significantly reduced the severity of powdery 
mildew , Fig (1)  . The most effective treatments 
are nano silicon and titanium obtained by P. 
putida (PpFT1) and B. subtilis (BsBN3) which 
reduced the disease severity by 92.3, 92.3, 96.9 
and 92.3 % respectively. Followed by nano silicon 
and titanium obtained by T. harzianum (ThFT1), 
T. hamatum (TmSA2), T. viride (TvGK2) and P. 
fluorescens (PfBN1). In addition to, methyl 
jasmonate as well as arginine which reduced the 
disease severity more than 81.5 % as compared 
with untreated plants. Meanwhile, other 
treatments had moderate effect . 

 

 
Table (1): Frequency and identification of antagonistic fungi and bacteria isolated from 

rhizosphere and phyllosphere of wheat 

 
Mean 

Number of isolates 
 

Bio-agents 
Wheat cultivars 

Sids-12 Sakha-93 Gemmiza-10 Misr-1 

 Antagonistic fungi 
7a 2a 1c 2b 2b Trichoderma harzianum 

7a 1b 3a 2b 1c Trichoderma viride 

4d 1b 2b 0.0 1c T. hamatum 

 Antagonistic bacteria 
7a 2a 0.0 4a 1c Pseudomonas fluorescens 

6b 1b 2b 0.0 3a Pseudomonas putida 
5c 2a 0.0 1c 2b Bacillus subtilis 

4d 2a 1c 0.0 1c Bacillus brevis 

5c 2a 1c 0.0 2b Paenibacillus  polymyxa 

 Antagonistic Actinomyces 

4d 1b 1c 0.0 2b Streptomyces griseus 
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Figure (1) ;Effect of nano silicon or titanium, bioagents and chemical inducers on the reduction of disease severity of powdery mildew 
in wheat plants (cv. Misr-1) under field conditions in Sinai governorate during 2015/2016growing season 
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Figure (2): Effect of nano silicon (SNPs), nano titanium (TNPs), bioagents and chemical inducers on the reduction of disease severity of 
powdery mildew in wheat plants (cv. Misr-1) under field conditions in Beheira governorate during 2015/2016 and 2016/2017 seasons. 
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In  Beheira governorate during 2015/2016 and 
2016/2017 growing seasons results in  Fig (2) 
revealed that, all tested treatments significantly 
reduced the powdery mildew severity. The most 
effective treatments are nano silicon and titanium 
obtained by P. putida and B. subtilis which 
reduced the disease severity by 86.5, 87.8, 90.5 
and 87.8 % respectively. Followed by methyl 
jasmonate which reduced the disease severity by 
82.4 % as compared with untreated plants. 
Meanwhile, other treatments had moderate effect. 

Effect on growth parameters  
Results in Tables (2 and 3) indicate that, all 

tested treatments significantly increase the growth 
parameters i.e. fresh weight of plant (g) and Spike 
weight (g) in North Sinai governorate during 
2015/2016 and in  Beheira governorate during 
2015/2016 and 2016/2017 growing seasons. . The 
highest increase was obtained by nano silicon and 
titanium synthesized by T. viride (TvGK2), T. 
hamatum (TmSA2) and P. putida (PpFT1). 
Meanwhile, other treatments had moderate effect.  
 

Table (2) Effect of nano silicon, nano titanium, bioagents and chemical inducers on growth 
parameters of wheat plants (cv. Misr-1) under field conditions in Sinai governorate during 2015/ 
2016 growing season. 

 

(1)Figures with the same letters in the same column are not significantly different, (P=0.05). 
(2 )Seeds were treated with each treatment and foliar spray was carried out at the wheat leaves 60 days after sowing with the same 
treatments. 
 

Treatment Fresh Weight of Plant (g) Spike Weight (g) 

 
 
 
 

Nano silicon 
(SNPs) Source 

SNPs T. harzianum (ThFT1) 8.7ef 4.6b 

SNPs T. viride (TvGK2) 9.8a 6.0a 

SNPs T. hamatum (TmSA2) 9.7a 5.9a 

SNPs P. fluorescens (PfBN1) 8.9de 4.5b 

SNPs P. putida (PpFT1) 9.6ab 5.9a 

SNPs B. subtilis  (BsBN3) 9.7a 5.5a 

SNPs B. brevis (BbSK1) 8.8def 4.9ab 

SNPs P. polymyxa (PbBB2) 9.5abc 5.8a 

SNPs S. griseus (SgBN2) 8.9de 4.8b 

 
 
 

Nano titanium 
(TNPs) Source 

TNPs T. harzianum (ThFT1) 9.1cde 4.2b 

TNPs T. viride (TvGK2) 9.2bcd 5.1a 

TNPs T. hamatum (TmSA2) 9.0de 4.6ab 

TNPs P. fluorescens (PfBN1) 8.4fg 4.5ab 

TNPs P. putida (PpFT1) 8.9de 5.9a 

TNPs B. subtilis  (BsBN3) 9.0de 5.8a 

TNPs B. brevis (BbSK1) 8.0gh 4.0 b 

TNPs P. polymyxa (PbBB2) 9.2bcd 5.6a 

TNPs S. griseus (SgBN2) 8.9de 4.7ab 

 
 

Bioagents 

T. harzianum (ThFT1) 7.1i 4.1bc 

T. viride (TvGK2) 8.0gh 4.2bc 

T. hamatum (TmSA2) 8.2gh 4.2bc 

P. fluorescens (PfBN1) 7.0i 4.0c 

P. putida (PpFT1) 8.1gh 4.3bc 

B. subtilis  (BsBN3) 8.0gh 5.1b 

B. brevis (BbSK1) 7.8h 4.4bc 

P. polymyxa (PbBB2) 8.0gh 3.8c 

S. griseus (SgBN2) 7.8h 4.0c 

Chemical inducers 
M. jasmonate 6.2j 4.0c 

Arginine 5.9j 4.0c 

Fungicide (Somi 8) 8.9de 4.5b 

Control (untreated) 4.1lk 2.4e 
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Table (3) Effect of nano silicon (SNPs), nano titanium (TNPs), bioagents and chemical inducers on 
growth parameters of wheat plants (cv. Misr-1) under field conditions in Beheira governorate 

during 2015/2016 and 2016/2017 seasons. 

Figures with the same letters in the same column are not significantly different, (P=0.05). 
Seeds were treated with each treatment and foliar spray was carried out at the wheat leaves 60 days after sowing with the same 
treatments 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
Treatment 

Fresh Weight of Plant (g) Spike Weight (g) 

2015/2016 2016/2017 2015/2016 2016/2017 

N
a
n

o
 s

ilic
o

n
 (S

N
P

s
) 

S
o

u
rc

e
 

 

SNPs T. harzianum (ThFT1) 10.0gh 10.8ef 5.8cd 5.9d 

SNPs T. viride (TvGK2) 12.3ab 12.2ab 6.7a 6.9a 

SNPs T. hamatum (TmSA2) 12.8a 12.5a 6.7a 6.9a 

SNPs P. fluorescens (PfBN1) 10.8def 10.7ef 5.8cd 5.9d 

SNPs P. putida (PpFT1) 11.8bc 11.8bc 6.7a 6.8ab 

SNPs B. subtilis  (BsBN3) 11.8bc 11.6c 5.9c 5.9d 

SNPs B. brevis (BbSK1) 10.0gh 10.4fg 5.6cdef 5.6def 

SNPs P. polymyxa (PbBB2) 12.8a 12.5a 6.3b 6.8ab 

SNPs S. griseus (SgBN2) 10.9de 11.8bc 5.5defg 5.9d 

N
a
n

o
 tita

n
iu

m
 (T

N
P

s
) 

S
o

u
rc

e
 

TNPs T. harzianum (ThFT1) 9.7hi 10.5f 5.6cdef 5.8de 

TNPs T. viride (TvGK2) 11.6c 11.3cde 6.4ab 6.8ab 

TNPs T. hamatum (TmSA2) 10.8def 12.3ab 5.9c 6.4c 

TNPs P. fluorescens (PfBN1) 10.2fgh 10.6f 5.6cdef 5.9d 

TNPs P. putida (PpFT1) 11.7bc 11.6c 6.6ab 6.5bc 

TNPs B. subtilis  (BsBN3) 11.4cd 11.0def 5.9c 5.6def 

TNPs B. brevis (BbSK1) 10.4efg 10.6f 5.3fghi 5.3fgh 

TNPs P. polymyxa (PbBB2) 11.2cd 12.6a 5.5defg 5.9d 

TNPs S. griseus (SgBN2) 10.3efgh 11.5cd 5.7cde 5.6def 

B
io

a
g

e
n

ts
 

T. harzianum (ThFT1) 9.1j 9.4hij 5.1hijk 5.2ghi 

T. viride (TvGK2) 9.2ij 9.5hi 5.4efgh 5.5efg 

T. hamatum (TmSA2) 9.2ij 9.6hi 5.5defg 5.5efg 

P. fluorescens (PfBN1) 9.1j 9.0ij 5.0ijk 5.3fgh 

P. putida (PpFT1) 9.7hi 9.7h 5.2ghij 5.3fgh 

B. subtilis  (BsBN3) 9.8ghi 9.9hg 5.1hijk 5.0hij 

B. brevis (BbSK1) 9.0j 9.7h 4.8kl 4.9ij 

P. polymyxa (PbBB2) 9.3ij 9.9gh 5.5defg 5.5efg 

S. griseus (SgBN2) 8.8j 8.9j 4.9jkl 5.3fgh 

Chemical 
inducers 

M. jasmonate 5.8k 5.9k 4.6l 4.7jk 

Arginine 5.7k 5.8k 4.2m 4.5k 

Fungicide (Somi 8) 11.9bc 12.0ab 6.5ab 6.0d 

Control (untreated) 5.0l 5.1l 3.2o 3.0m 
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Table (4): Effect of nano silicon, nano titanium, bioagents and chemical inducers on yield of wheat 
plants (cv. Misr-1) under field conditions in Sinai governorate during 2015/ 2016 growing season 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figures with the same letters in the same column are not significantly different, (P=0.05). Seeds were treated with each treatment 
and foliar spray was carried out at the wheat leaves 60 days after sowing with the same treatments. 

Effect on wheat yield   
Results in Tables (4 and 5) indicate that, all tested 
treatments significantly increase the growth 
parameters i.e. hundred grain weight (g) and grain 
yield ton/feddan in North Sinai governorate during 
2015/2016 and in  Beheira governorate during 
2015/2016 and 2016/2017 growing seasons. . The 
highest increase was obtained by nano silicon and 
titanium synthesized by T. viride (TvGK2), B. 
subtilis (BsBN3) and P. polymyxa (PbBB2) which 
increased the grain yield. Treated wheat plants 
with nano silicon or titanium synthesized by T. 
harzianum (ThFT1), T. hamatum (TmSA2) and P.  
fluorescens (PfBN1) resulted in increasing the 
grain yield. Meanwhile, other treatments had 
moderate effect. 

Assay of biochemical changes associated with 
treatments 
Some bioagents i.e. (Trichoderma harzianum 
(ThFT1), T. viride (TvGK2), T. hamatum (TmSA2), 
Pseudomonas fluorescens (PfBN1), P. putida 

(PpFT1), Bacillus subtilis (BsBN3), B. brevis 
(BbSK1), P. polymyxa (PbBB2) and 
Streptomyces griseus (SgBN2)), Nano silicon and 
nano titanium at concentration of 150 ppm 
obtained by these bioagents, as well as, methyl 
jasmonate and arginine at 20 mM were applied to 
study their effect on enzyme activities, total 
protein and total phenols. 

Effect on enzyme activities  
Effect on peroxidase activity (PO) .Results in 
Table (6) reveal that, all tested treatments 
significantly increased the peroxidase activity. The 
most effective treatments are nano silicon and 
titanium obtained by P. putida and B. subtilis 
which increased the peroxidase activity by 191.7, 
208.3, 216.7 and 200.0 % respectively. Followed 
by nano silicon and titanium obtained by T. 
harzianum, T. viride and P. fluorescens. In 
addition to, methyl jasmonate which increased the 
peroxidase activity more than 133.3 % as 
compared with untreated plants. Meanwhile, other 
treatments had moderate effect. 

Treatment 
 

Hundred grain 
 weight (g) 

Grain Yield 
 (ton/feddan) 

 
 
 

Nano silicon 
(SNPs) Source 

SNPs T. harzianum (ThFT1) 7.0h 4.6def 

SNPs T. viride (TvGK2) 8.3a 5.2bc 

SNPs T. hamatum (TmSA2) 7.5defg 4.9cde 

SNPs P. fluorescens (PfBN1) 7.2fgh 4.6ef 

SNPs P. putida (PpFT1) 7.9abcd 5.4b 

SNPs B. subtilis  (BsBN3) 8.0abc 5.3bc 

SNPs B. brevis (BbSK1) 7.3efgh 5.0cd 

SNPs P. polymyxa (PbBB2) 8.2ab 4.9a 

SNPs S. griseus (SgBN2) 8.0abc 4.6ef 

 
 
 
 

Nano titanium 
(TNPs) Source 

TNPs T. harzianum (ThFT1) 6.5i 4.3fgh 

TNPs T. viride (TvGK2) 7.8bcd 4.9cde 

TNPs T. hamatum (TmSA2) 7.1gh 4.4f 

TNPs P. fluorescens (PfBN1) 6.5i 4.0hi 

TNPs P. putida (PpFT1) 7.7cde 5.1bc 

TNPs B. subtilis  (BsBN3) 7.6def 5.5b 

TNPs B. brevis (BbSK1) 7.0h 4.4fg 

TNPs P. polymyxa (PbBB2) 7.9abcd 5.5b 

TNPs S. griseus (SgBN2) 7.7cde 4.3fgh 

 
 

Bioagents 

T. harzianum (ThFT1) 5.6k 3.0kl 

T. viride (TvGK2) 6.0jk 3.5j 

T. hamatum (TmSA2) 6.2ij 3.9i 

P. fluorescens (PfBN1) 5.1l 3.5jk 

P. putida (PpFT1) 6.2ij 3.9i 

B. subtilis  (BsBN3) 6.2ij 3.5jk 

B. brevis (BbSK1) 6.2ij 3.7ij 

P. polymyxa (PbBB2) 6.2ij 3.9i 

S. griseus (SgBN2) 6.0jk 4.0ghi 

Chemical inducers M. jasmonate  5.1l 2.7l 

Arginine  5.1l 2.8l 

Fungicide (Somi 8) 8.0abc 5.0bc 

Control (untreated) 3.0n 2.0n 
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Effect on polyphenol oxidase activity (PPO) 
Results in Table (7) indicate that, all tested 
treatments significantly increased the polyphenol 
oxidase activity. The highest increased was 
obtained with nano silicon and titanium obtained 
by P. putida and B. subtilis which increased the 
polyphenol oxidase activity by 173.3, 166.7, 153.3 
and 146.7 % respectively. Followed by nano 
silicon and titanium obtained by T. harzianum, in 
addition to, methyl jasmonate which increased the 
polyphenol oxidase activity by 120.0, 133.3 and 
113.3 % as compared with untreated plants. 
Meanwhile, other treatments had moderate effect.  

Effect on chitinase activity   
Results in Table (8) indicate that, all tested 

treatments significantly increased the chitinase 
activity. The highest increased was obtained with 
nano silicon and titanium obtained by P. putida, B. 
subtilis and T. harzianum, in addition to, methyl 
jasmonate which increased the chitinase activity 
more than 245.0 %. Meanwhile, other treatments 
had moderate effect. 

Effect on total protein 
Results in Table (9) indicate that, the highest 
increased was obtained with nano silicon and 
titanium obtained by P. putida, B. subtilis and T. 
harzianum, in addition to methyl jasmonate which 
increased the total protein more than 100.0 % as 
compared with untreated plants. Meanwhile, other 
treatments had moderate effect.

Table (5) Effect of nano silicon, nano titanium, bioagents and chemical inducers on yield of wheat 
plants (cv. Misr-1) under field conditions in Beheira governorate during 2015/2016 and 2016/2017. 
 

Figures with the same letters in the same column are not significantly different, (P=0.05).Seeds were treated with each treatment 
and foliar spray was carried out at the wheat leaves 60 days after sowing with the same treatments. 

Table (6).Effect of nano silicon or titanium, bioagents and chemical inducers on peroxidase 
activity of wheat plants (cv. Misr-1). 

 
Treatments 

Hundred grain weight (g) Grain yield (ton/feddan) 

2015/2016 2016/2017 2015/2016 2016/2017 

 
 

Nano silicon 
(SNPs) 

SNPs T. harzianum (ThFT1) 7.7ef 7.7cd 5.5defg 6.1b 

SNPs T. viride (TvGK2) 8.6a 8.0bc 6.5a 6.7a 

SNPs T. hamatum (TmSA2) 7.7ef 7.7cd 5.7cde 6.1bc 

SNPs P. fluorescens (PfBN1) 7.4fg 7.5def 5.7cde 6.0bc 

SNPs P. putida (PpFT1) 7.3gh 7.6de 5.8bcd 6.1bc 

SNPs B. subtilis  (BsBN3) 8.3abc 7.9c 6.1b 6.8a 

SNPs B. brevis (BbSK1) 7.2ghi 7.5def 5.9bcd 5.6def 

SNPs P. polymyxa (PbBB2) 8.5ab 6.5j 6.7a 7.0a 

SNPs S. griseus (SgBN2) 8.3abc 8.3ab 5.9bcd 5.9cd 

 
 

Nano 
titanium 
(TNPs) 

 
 
 

TNPs T. harzianum (ThFT1) 7.3gh 7.3efg 5.5defgh 5.7cde 

TNPs T. viride (TvGK2) 8.2bcd 8.5a 6 .1bc 6.2b 

TNPs T. hamatum (TmSA2) 7.8e 7.6de 5.3fgh 5.9cd 

TNPs P. fluorescens (PfBN1) 6.9i 7.2fgh 5.4efgh 5.9cd 

TNPs P. putida (PpFT1) 7.0hi 7.7cd 5.7 def 6.1bc 

TNPs B. subtilis  (BsBN3) 8.0cde 7.9c 6.0bc 6.8a 

TNPs B. brevis (BbSK1) 7.2ghi 7.2fgh 5.6defg 5.8cde 

TNPs P. polymyxa (PbBB2) 8.0cde 8.0bc 6.1b 6.9a 

TNPs S. griseus (SgBN2) 7.9de 8.3ab 5.4efgh 5.6def 

 
 

Bioagents 

T. harzianum (ThFT1) 6.9i 7.1gh 5.1hi 5.2g 

T. viride (TvGK2) 7.0hi 7.3efg 4.7jk 5.1gh 

T. hamatum (TmSA2) 7.0hi 7.2fgh 4.1l 4.3jk 

P. fluorescens (PfBN1) 6.1j 6.8ij 4.5kl 4.8hi 

P. putida (PpFT1) 7.3gh 7.3efg 4.9ij 5.1gh 

B. subtilis  (BsBN3) 7.2ghi 7.4def 4.5kl 5.4efg 

B. brevis (BbSK1) 7.2ghi 7.1gh 5.2 ghi 5.1gh 

P. polymyxa (PbBB2) 7.3gh 7.3efg 5.3fgh 5.3fg 

S. griseus (SgBN2) 6.9i 6.9hi 4.2l 4.6ij 

Chemical 
inducers 

M. jasmonate 5.8j 5.8k 3.6m 4.0kl 

Arginine 5.4k 5.7k 3.5m 3.9l 

Fungicide (Somi) 8.6cde 8.0bc 6.4a 6.1bc 

Control (untreated) 4.7l 4.8l 2.2o 2.8n 
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Treatment 
Peroxidase 

activity 
Increase 

% 

 
 

Nano-Si 
(SNPs) 
Source 

SNPs T. harzianum (ThFT1) 0.31c 158.3 

SNPs T. viride (TvGK2) 0.28def 133.3 

SNPs T. hamatum (TmSA2) 0.27ef 125.0 

SNPs P. fluorescens (PfBN1) 0.30cd 150.0 

SNPs P. putida (PpFT1) 0.35b 191.7 

SNPs B. subtilis  (BsBN3) 0.37ab 208.3 

SNPs B. brevis (BbSK1) 0.21ghi 75.0 

SNPs P. polymyxa (PbBB2) 0.20hij 66.7 

SNPs S. griseus (SgBN2) 0.28def 133.3 

 
 

Nano-Ti 
(TNPs) 
Source 

TNPs T. harzianum (ThFT1) 0.30cd 150.0 

TNPs T. viride (TvGK2) 0.28def 133.3 

TNPs T. hamatum (TmSA2) 0.23g 91.7 

TNPs P. fluorescens (PfBN1) 0.27ef 125.0 

TNPs P. putida (PpFT1) 0.38a 216.7 

TNPs B. subtilis  (BsBN3) 0.36ab 200.0 

TNPs B. brevis (BbSK1) 0.19ijk 58.3 

TNPs P. polymyxa (PbBB2) 0.19ijk 58.3 

TNPs S. griseus (SgBN2) 0.22gh 83.3 

 
 
 
 

Bioagents 

T. harzianum (ThFT1) 0.20hij 66.7 

T. viride (TvGK2) 0.18jkl 50.0 

T. hamatum (TmSA2) 0.19ijk 58.3 

P. fluorescens (PfBN1) 0.21ghi 75.0 

P. putida (PpFT1) 0.27ef 125.0 

B. subtilis  (BsBN3) 0. 26f 116.7 

B. brevis (BbSK1) 0.17kl 41.7 

P. polymyxa (PbBB2) 0.18jkl 50.0 

S. griseus (SgBN2) 0.16l 33.3 

Chemical 
inducers 

M. jasmonate 0.29cde 141.7 

Arginine 0.26f 116.7 

Control 0.12m  
Figures with the same letters in the same column are not significantly different, (P=0.05). 
Peroxidase activity expressed as change in absorbance at 420 nm / gram fresh weight. 
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Table (7).Effect of nano silicon or titanium, bioagents and chemical inducers on polyphenol 
oxidase activity of wheat plants (cv. Misr-1). 

Treatment PPO activity Increase % 

 
 

Nano-Si 
(SNPs) 
Source 

SNPs T. harzianum (ThFT1) 0.33d 120.0 

SNPs T. viride (TvGK2) 0.27gh 80.0 

SNPs T. hamatum (TmSA2) 0.28fg 86.7 

SNPs P. fluorescens (PfBN1) 0.31de 106.7 

SNPs P. putida (PpFT1) 0.41a 173.3 

SNPs B. subtilis  (BsBN3) 0.40ab 166.7 

SNPs B. brevis (BbSK1) 0.26gh 73.3 

SNPs P. polymyxa (PbBB2) 0.27gh 80.0 

SNPs S. griseus (SgBN2) 0.30ef 100.0 

 
 

Nano-Ti 
(TNPs) 
Source 

TNPs T. harzianum (ThFT1) 0.32de 113.3 

TNPs T. viride (TvGK2) 0.26gh 73.3  

TNPs T. hamatum (TmSA2) 0.27gh 80.0 

TNPs P. fluorescens (PfBN1) 0.30ef 100.0 

TNPs P. putida (PpFT1) 0.38bc 153.3 

TNPs B. subtilis  (BsBN3) 0.37c 146.7 

TNPs B. brevis (BbSK1) 0.23ij 53.3 

TNPs P. polymyxa (PbBB2) 0.25hi 66.7 

TNPs S. griseus (SgBN2) 0.28fg 86.7 

 
 
 
 

Bioagents 

T. harzianum (ThFT1) 0.23ij 53.3 

T. viride (TvGK2) 0.22j 46.7  

T. hamatum (TmSA2) 0.22j 46.7 

P. fluorescens (PfBN1) 0.23ij 53.3 

P. putida (PpFT1) 0.27gh 80.0 

B. subtilis  (BsBN3) 0.27gh 80.0 

B. brevis (BbSK1) 0.22j 46.7 

P. polymyxa (PbBB2) 0.21j 40.0 

S. griseus (SgBN2) 0.21j 40.0 

Chemical 
inducers 

M. jasmonate  0.32de 113.3 

Arginine  0.30ef 100.0 

Control 0.15k 0.0 
Figures with the same letters in the same column are not significantly different, (P=0.05). 

Polyphenol oxidase activity expressed as change in absorbance at 420 nm / gram fresh weight. 
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Table (8).Effect of nano silicon or titanium, bioagents and chemical inducers on chitinase activity 
of wheat plants (cv. Misr-1). 

Treatment Chitinase 
activity 

Increase 
% 

 
 

Nano-Si (SNPs) 
Source 

SNPs T. harzianum (ThFT1) 0.75bc 275.0 

SNPs T. viride (TvGK2) 0.62fg 210.0 

SNPs T. hamatum (TmSA2) 0.67def 235.0 

SNPs P. fluorescens (PfBN1) 0.69cde 245.0 

SNPs P. putida (PpFT1) 0.88a 340.0 

SNPs B. subtilis  (BsBN3) 0.87a 335.0 

SNPs B. brevis (BbSK1) 0.43kl 115.0 

SNPs P. polymyxa (PbBB2) 0.44kl 120.0 

SNPs S. griseus (SgBN2) 0.61fgh 205.0 

 
 

Nano-Ti (TNPs) 
Source 

TNPs T. harzianum (ThFT1) 0.74bc 270.0 

TNPs T. viride (TvGK2) 0.54ij 170.0 

TNPs T. hamatum (TmSA2) 0.57ghi 185.0 

TNPs P. fluorescens (PfBN1) 0.67def 235.0 

TNPs P. putida (PpFT1) 0.79b 295.0 

TNPs B. subtilis  (BsBN3) 0.77b 285.0 

TNPs B. brevis (BbSK1) 0.40lm 100.0 

TNPs P. polymyxa (PbBB2) 0.38mn 90.0 

TNPs S. griseus (SgBN2) 0.55hi 175.0 

 
 
 
 

Bioagents 

T. harzianum (ThFT1) 0.56ghi 180.0 

T. viride (TvGK2) 0.38mn 90.0 

T. hamatum (TmSA2) 0.43kl 115.0 

P. fluorescens (PfBN1) 0.48jk 140.0 

P. putida (PpFT1) 0.65ef 225.0 

B. subtilis  (BsBN3) 0.66def 230.0 

B. brevis (BbSK1) 0.32n 60.0 

P. polymyxa (PbBB2) 0.33n 65.0 

S. griseus (SgBN2) 0.36mn 80.0 

Chemical inducers M. jasmonate  0.72bcd 260.0 

Arginine  0.65ef 225.0 

Control 0.20o 0.0 
Figures with the same letters in the same column are not significantly different, (P=0.05). 

Chitinase activity expressed as g N-acetyle glucose amine equivalent released / gram fresh weight / 60 minutes. 
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Table (9).Effect of nano silicon or titanium, bioagents and chemical inducers on total protein of 
wheat plants (cv. Misr-1). 

Treatment Total protein 
(mg/ g fresh weight) 

Increase %  

 
 

Nano-Si (SNPs) 
Source 

SNPs T. harzianum (ThFT1) 44.0b 100.0 

SNPs T. viride (TvGK2) 25.9hi 17.7 

SNPs T. hamatum (TmSA2) 28.5fg 29.5 

SNPs P. fluorescens (PfBN1) 30.7efg 39.5 

SNPs P. putida (PpFT1) 45.2ab 105.5 

SNPs B. subtilis  (BsBN3) 44.0b 100.0 

SNPs B. brevis (BbSK1) 28.9fg 31.4 

SNPs P. polymyxa (PbBB2) 26.0hi 18.1 

SNPs S. griseus (SgBN2) 29.0fg 31.8 

 
 

Nano-Ti (TNPs) 
Source 

TNPs T. harzianum (ThFT1) 44.0b 100.0 

TNPs T. viride (TvGK2) 31.8e 44.5 

TNPs T. hamatum (TmSA2) 26.1hi 18.6 

TNPs P. fluorescens (PfBN1) 26.3hi 19.5 

TNPs P. putida (PpFT1) 47.0a 113.6 

TNPs B. subtilis  (BsBN3) 46.0ab 109.1 

TNPs B. brevis (BbSK1) 31.7ef 44.1 

TNPs P. polymyxa (PbBB2) 29.0fg 31.8 

TNPs S. griseus (SgBN2) 28.3gh 28.6 

 
 
 
 

Bioagents 

T. harzianum (ThFT1) 38.1c 73.2 

T. viride (TvGK2) 33.1de 50.5 

T. hamatum (TmSA2) 28.0gh 27.3 

P. fluorescens (PfBN1) 28.1gh 27.7 

P. putida (PpFT1) 35.2d 60.0 

B. subtilis  (BsBN3) 34.8d 58.2 

B. brevis (BbSK1) 29.0fg 31.8 

P. polymyxa (PbBB2) 24.5ij 11.4 

S. griseus (SgBN2) 24.0ij 9.1 

Chemical 
inducers 

M. jasmonate  47.0a 113.6 

Arginine  39.5c 79.5 

Control 22.0j 0.0 

(1) Figures with the same letters in the same column are not significantly different, (P=0.05). 
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Table (10).Effect of nano silicon or titanium, bioagents and chemical inducers on total phenols of 
wheat plants (cv. Misr-1). 

Treatment Total phenols 
activity 

Increase % 

 
 

Nano-Si 
 (SNPs) Source 

SNPs T. harzianum (ThFT1) 0.39cd 178.6 

SNPs T. viride (TvGK2) 0.30ghi 114.3 

SNPs T. hamatum (TmSA2) 0.31gh 121.4 

SNPs P. fluorescens (PfBN1) 0.41c 192.9 

SNPs P. putida (PpFT1) 0.46b 228.6 

SNPs B. subtilis  (BsBN3) 0.50a 257.1 

SNPs B. brevis (BbSK1) 0.28hij 100.0 

SNPs P. polymyxa (PbBB2) 0.27ij 92.9 

SNPs S. griseus (SgBN2) 0.38cde 171.4 

 
 

Nano-Ti (TNPs) 
Source 

TNPs T. harzianum (ThFT1) 0.35ef 150.0 

TNPs T. viride (TvGK2) 0.28hij 100.0 

TNPs T. hamatum (TmSA2) 0.30ghi 114.3 

TNPs P. fluorescens (PfBN1) 0.38cde 171.4 

TNPs P. putida (PpFT1) 0.52a 271.4 

TNPs B. subtilis  (BsBN3) 0.49ab 250.0 

TNPs B. brevis (BbSK1) 0.28hij 100.0 

TNPs P. polymyxa (PbBB2) 0.28hij 100.0 

TNPs S. griseus (SgBN2) 0.29ghij 107.1 

 
 
 
 

Bioagents 

T. harzianum (ThFT1) 0.30ghi 114.3 

T. viride (TvGK2) 0.27ij 92.9 

T. hamatum (TmSA2) 0.27ij 92.9 

P. fluorescens (PfBN1) 0.31gh 121.4 

P. putida (PpFT1) 0.36de 157.1 

B. subtilis  (BsBN3) 0.31gh 121.4 

B. brevis (BbSK1) 0.26j 85.7 

P. polymyxa (PbBB2) 0.26j 85.7 

S. griseus (SgBN2) 0.20k 42.9 

Chemical inducers M. jasmonate  0.32fg 128.6 

Arginine  0.29ghij 107.1 

Control 0.14l 0.0 
Figures with the same letters in the same column are not significantly different, (P=0.05). 

The data were expressed as μg gallic acid equivalents per gram of fresh weight.

6.3. Effect on total phenols 
Results in Table (10) indicate that, all tested 

treatments significantly increased the total protein. 
The highest increased was obtained with nano 
silicon and titanium obtained by P. putida and B. 
subtilis which increased the total phenols by 
228.6, 257.1, 271.4 and 250.0 % as compared 
with untreated plants. Meanwhile, other 
treatments had moderate effect. 
 
DISCUSSION 

Wheat (Triticum aestivum L. em Thell.) is the 
first important and strategic cereal crop for the 
majority of world’s populations ( Gazette, 2013). 
Disease infection is one of the most important 
biotic constraints; limiting wheat (Fried et al., 
1979).Wheat powdery mildew caused by Blumeria 
graminis f. sp. tritici has recently assumed 

significance affecting wheat production under 
Egyptian conditions. This disease is difficult to 
control in a sustainable way. So far, powdery 
mildew has been managed mainly by synthetic 
fungicides (Shalaby and El-Mageed, 2010, 
Shalaby et al., 2018). However, environmental 
considerations have necessitated increasing 
restrictions on the use of pesticides, and therefore 
environmentally friendly production methods for 
plant disease suppression need to be developed. 
The hazardous consequences of pesticides have 
been a major bottleneck in achieving sustainable 
agriculture, food safety and prolonged human 
health. Therefore, there is an urgent need for 
biological control agents that would help in getting 
rid of pathogens without any adverse effects on 
the environment (Bramhanwade et al., 2016).  

The use of biological control (BCAs) isolates 
as elicitors can be possible to improve the 
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tolerance of wheat against disease (Cook and 
Baker, 1983). Different antagonistic 
microorganisms i.e. Trichoderma harzianum 
(ThFT1), T. viride (TvGK2), T. hamatum (TmSA2), 
Pseudomonas fluorescens (PfBN1), 
Pseudomonas putida (PpFt1), Bacillus subtilis 
(BsBN3), Bacillus brevis (BbSK1), Paenibacillus 
polymyxa (PbBB2) and Streptomyces griseus 
(SgBN2) significantly reduced powdery mildew 
disease of wheat plants.  The highest reduction of 
disease severity was obtained with Pseudomonas 
putida (PpFt1), Bacillus subtilis (BsBN3), T. viride 
(TvGK2), T. hamatum (TmSA2) and T. harzianum 
(ThFT1). Biological control is a potential method to 
control soft rot disease. The strategy for biological 
control of plant diseases involves the use of 
antagonistic microorganisms before or after the 
infection takes place. Commercial biological 
control agents are available for the seed 
treatments and soil amendments to protect the 
plants against soil borne pathogens. Currently, the 
bacteria Pseudomonas spp. and the fungi 
Trichoderma spp. are the organisms mostly used 
for biological control strategies. The importance of 
environment friendly plant protection methods is 
greatly emphasized in the sustainable agriculture 
(Haggag, Wafaa and Salme Timmusk 2008 and 
Ziaei-Nejad et al., 2015). So the development of 
suitable and environment friendly control 
measures against powdery mildew causing fungi 
may minimize the loss   and improve the quality of 
wheat.For improving effects of bioagents against 
disease, plant application of nano-bioagents, 
different concentrations of nano silicon and nano 
titanium obtained by antagonistic microorganisms 
were tested against powdery mildew disease 
under greenhouse conditions.Significant 
reductions in powdery mildew infection and 
growth were obtained in all treatments. Disease 
severity was significant reduced using nano 
silicon followed by nano titanium either under 
greenhouse or under field conditions in compared 
with bioagents and control treatment. The most 
effective treatments are nano silicon and titanium 
obtained by P. putida (PpFt1). The most effective 
treatments are nano silicon at concentration of 
150 ppm of obtained by antagonistic fungi and 
100 & 150 ppm in bacteria.  There are many 
examples of both plants and microorganisms that 
produce nanomaterials in nature (Raliya et al., 
2013 and Pantidos and Horsfall, 
2014).  Nanotechnology has been reported as an 
additional technology which could help in meeting 
the global demands for sustainable agriculture 
and prevention of crop losses. Several scientists 
have concentrated their efforts on the 

development of non-target, biodegradable and 
ecofriendly nano-formulations showing strong 
biological activities against plant pathogens 
(Oluwaseun and  Sarin, 2017).Nanotechnology 
provides a good platform to modify and develop 
the important properties of metal in the form of 
nanoparticles having promising applications in 
diagnostics, biomarkers, cell labeling, contrast 
agents for biological imaging, antimicrobial 
agents, drug delivery systems and nano drugs for 
treatment of various diseases (Singh and Singh 
2011).  

Nanotechnology refers to a nano scale 
technology, which has promising applications in 
day-to-day life. This technology emphasizes the 
implications of individual atoms or molecules or 
submicron dimensions in terms of their 
applications to physical, chemical, and biological 
systems and eventually their integration into larger 
complex systems. Due to these applications, 
many varieties of NPs in massive amounts are 
being industrially produced. The word nano 
technology is generally used when referring to 
materials with the size of 0.1 to 100 nanometers 
(Morones et al., 2005). Use of nanoparticles in 
plant disease management is a novel and fancy 
approach that may prove very effective in future 
with the progress of application aspect of 
nanotechnology. The nanotechnology has 
potential prospects of use in plant disease 
management in different ways. Nanoparticles 
because of ultra-small size, even smaller than a 
virus particle and high reactivity, may affect the 
activity of microorganisms. The silver has been 
generally found non injurious to microorganisms. 

Silicon is regarded as an essential element for 
many plant species and Si application has been 
demonstrated to inhibit various plant pathogens, 
e.g. Blumeria graminis  f. sp. tritici infecting wheat 
(Rémus-Borel et al., 2005) and Podosphaera 
fuliginea infecting cucumber (Menzies et al., 
1991). There are several hypotheses concerning 
the role of Si in inhibiting fungal infection. Si has 
been thought to protect through mechanical 
strengthening of the plant (Fauteux et al., 2005). 
In accordance with this, the enhanced resistance 
of Si-treated host plants to pathogenic fungi has 
been suggested to result from more efficient 
resistance to pathogen penetration of host tissue, 
e.g. due to the specific deposition of Si 
compounds in cell walls as suggested for rice 
blast (Kim et al., 2002) and  may play a more 
active role in plant–pathogen interactions by 
stimulating other plant defense responses such as 
deposition of phenolic compounds/phytoalexins 
with antifungal properties and enhanced 
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production of defense-related enzymes (Rémus-
Borel et al., 2005). 

TiO2 photo catalyst technique has great 
potential in various agricultural applications, 
including plant protection since it does not form 
toxic and dangerous compounds and possesses 
great pathogen disinfection efficiency. Scientists 
have been trying to improve the phytopathogenic 
disinfection efficiency of TiO2 thin films by dye 
doping and other suitable methods (Yao et al., 
2007).The results indicate that nano silica or nano 
titanum -treated plant shows a higher expression 
of phenolic compounds and oxidative enzymes in 
compared with bioagents and control plants. 
Nanoparticles help to produce new pesticides and 
insect repellants (Owolade et al., 2008). In 
addition, results indicated nano silicon or titanium 
obtained by microorganisms tested  significantly 
increase  the growth parameters and grain yield in 
compare with bioagents alone and control 
treatment. The highest increase was obtained with 
nano silicon and titanium obtained P. putida 
(PpFt1), B. subtilis (BsBN3), P.polymyxa (PbBB2) 
and T. harzianum (ThFT1) which increased the 
grain yield.  

Nanoparticles also act as a promoter of plant 
growth. Various studies were carried out to 
understand the effect of nanoparticles on the 
growth of plants. Yang et al., (2006) reported that 
a proper concentration of nano-TiO2 was found to 
improve the growth of spinach by promoting 
photosynthesis and nitrogen metabolism. By using 
fungi that have the ability to produce intracellular 
nanoparticles, it would be far easier to remove the 
fungus and its accumulated metal contaminant 
from the contaminated sample. Trichoderma 
asperellum and Trichoderma reesei are both fungi 
that produce AgNPs when exposed to silver salts 
(Mukherjee et al., 2008) and have been proven to 
be nonpathogenic which makes them ideal for use 
commercially (Nevalainen et al., 1994). In fact, T. 
reesei has already been used widely in sectors 
such as food, animal feed, pharmaceuticals, 
paper and textile industries (Nevalainen et al., 
1994). 

The development of eco-friendly technologies 
in material synthesis is of considerable 
importance to expand their biological 
applications. An alternative way of synthesising 
nanoparticles is by using living organisms such as 
bacteria and fungi. In order to survive in 
environments containing high levels of metals, 
organisms have adapted by evolving mechanisms 
to cope with them. These mechanisms may 
involve altering the chemical nature of the toxic 
metal so that it no longer causes toxicity, resulting 

in the formation of nanoparticles of the metal 
concerned. This “green” method of biological 
nanoparticle production is a promising approach 
that allows synthesis in aqueous conditions, with 
low energy requirements and low-costs. There are 
important links between the way nanoparticles are 
synthesized and their potential uses. The most 
important feature of nanoparticles is their surface 
area to volume aspect ratio, allowing them to 
interact with other particles easier (Narayanan 
and Sakthivel, 2010 and Thakkar et al., 2010). 
Hence, nanoparticles can be used as an 
alternative potent antifungal agent against 
phytopathogens, increase plant growth and yield. 

CONCLUSION 
Nanoparticles from biocontrol agents can be 

used as an alternative potent antifungal agent 
against phytopathogens as powdery mildew, 
increase plant growth and yield. 
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