
Pak. J. Bot., 52(3): 1065-1072, 2020.                                                                           DOI: http://dx.doi.org/10.30848/PJB2020-3(13) 

 

NANO-SILVER AND NON-TRADITIONAL COMPOUNDS MITIGATE THE ADVERSE 

EFFECTS OF NET BLOTCH DISEASE OF BARLEY IN CORRELATION  

WITH UP-REGULATION OF ANTIOXIDANT ENZYMES 

 
KHALED A A ABDELAAL1, EL-SAYED ABD-ALLAH EL-SHAWY2, YASER MOHAMED HAFEZ3,  

SHERIF MOHAMED ALI ABDEL-DAYEM4, RUSSEL CHRISPINE GARVEN CHIDYA5, HIROFUMI 

SANEOKA6 AND AYMAN EL SABAGH7,8* 

 
1&3EPCRS Excellence Center, Plant Pathology and Biotechnology Lab., Agriculture Botany Department,  

Faculty Agriculture, Kafrelsheikh University, 33516 Egypt 
2Barley Research Department, Field Crop Research Institute, Agriculture Research Centre, Egypt 

4Department of Pesticides Chemistry, Faculty of Agriculture, Kafrelsheikh University, 33516, Kafrelsheikh, Egypt 
5Department of Water Resources Management and Development, Faculty of Environmental Sciences,  

Mzuzu University, Malawi 
6Graduate School of Biosphere Science, Hiroshima University, 1-4-4 Kagamiyama, Higashi-hiroshima, 739-8528, Japan 

7Agronomy Department, Faculty of Agriculture, Kafrelsheikh University, 33516, Kafrelsheikh, Egypt 
8Department of Field Crops, Faculty of Agriculture, Siirt Universiy, Turkey 

Corresponding author’s email: ayman.elsabagh@agr.kfs.edu.eg 
 

Abstract 

 

Exogenous application of nano-silver, non-traditional compounds and fungicides were used to alleviate the harmful 

effect of net blotch disease in the highly susceptible Egyptian barley ‘Giza 2000’caused by Pyrenophora teres L. The 

symptoms of net blotch disease were significantly dwindled as a result of foliar spray with fungicides such as Montero, 

Belize and Cabri Top. Application of Tilt, Vitavax, Nano-silver, Allicin and Benzothiadiazole (BTH) fungicides moderately 

controlled the effects of disease severity. While, fungicides Premis, Eugenol and Oxalic acid treatments did not reduce 

significantly the severity of net blotch disease. As a result of these treatments, the activities of antioxidant enzymes activity 

were increased significantly as compared with the untreated control plants. The tested treatments were effective, since the 

electrolyte leakage percentage of treated plants decreased significantly, while the yield attributes were increased 

significantly as compared with control. The maximum1000-grain weight (g), grain yield (kg ha-1) and biological yield (kg 

ha-1) were achieved with the application of fungicide ‘Montero’ followed by ‘Belize’. Therefore, the novel findings of the 

present study may be supportive to farmers and plant breeders with non-traditional compounds and basic mechanisms to 

create new resistant barley cultivars, consequently, decreasing fungicides use and environmental pollution. 
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Introduction 
 

Barley (Hordeum vulgare L.) is an imperative cereal 

crop in the world and ranked fourth after wheat, maize 

and rice. It is cultivated in several areas including Tibet, 

Nepal, Ethiopia, and the Andes on mountain slopes. In 

North Africa, Pakistan, the Middle East, Eritrea, 

Afghanistan and Yemen, barley is cultivated as a rain-fed 

crop (Anon., 2014). In developed countries, the crop is 

also considered the most important species for animal 

feed, malting and exportation. Furthermore, previous 

reports indicate that barley has been used for various 

scientific studies including biotechnology, plant breeding 

methodology, pathology, genetics, virology and 

cytogenetics (Hockett & Nilan, 1985). 
Barley has the potential to become one of the essential 

cereal crops in Egypt.Various biotic and abiotic stresses 
significantly influence the growth and development of 
plants, leading to a reduction in crop yields (Jahan et al., 
2019; EL Sabagh et al., 2019). However, net blotch disease 
caused by Pyrenophora teres leads to serious yield losses 
and quality reduction in Northern Egypt. Recently, the 
disease has become an ever-endemic disease to most parts 
of the north in the country (salt affected fields and rain 
areas) where barley is important. The disease is reported to 
flourish well under high relative humidity and warm 
environments with temperatures ranging from 15 to 25°C 
(Krupinsky et al., 2002). New epidemics of the net blotch 

have been noted lately around the world as reported by Liu 
& Friesen (2010). Furthermore, the yield losses of about 
10% to 40% and up to 100% in harsh scenarios have been 
reported. Control measures such as use of crop rotation, 
stubble destruction, nutrition, application of fungicides and 
use of resistant varieties and healthy grains have been 
adopted (Thomason et al., 2005). Few research articles on 
net blotch disease in Egypt have been published (Hafez et 
al., 2016). Despite the wide distribution of the disease in 
the country, susceptibility of several landless and improved 
varieties, and substantial grain yield losses, research on net 
blotch epidemiology and management is limited. Moreover, 
the disease still poses a serious challenge especially in high 
and medium altitude areas in Egypt. In this current context, 
the aim of this study was to achieve an improvement of the 
growth and yield components of barley plants infected with 
net blotch disease as well as find out new and alternative 
control strategies using nano-silver, non-traditional 
compounds and fungicides in highly susceptible Egyptian 
barley variety ‘Giza 2000’. 
 

Materials and Methods 
 

Plant materials and field experiments: The efficiency of 

six fungicides (Premis, Tilt, Montero, Belize, Cabri Top, 

Vitavax) and non-traditional treatments [Nano-silver, Allicin, 

Eugenol, Tannic acid, Oxalic acid and benzothiadiazole 

(BTH)] were assessed against the natural infection with net 
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blotch on the susceptible Egyptian barley variety Giza 2000. 

Two field experiments were conducted at the Experimental 

Farm of Sakha Agricultural Research Station, Egypt, during 

the two successive seasons 2015-16 and 2016-17. The 

experimental soil was categorised as clay loamy, with an 

average pH of 8.2 and electrical conductivity (EC) of 210 dS 

m-1. Grains were hand drilled at the recommended seeding 

rate of barley in Egypt (119 kg ha-1). Each plot (4.2 m2) was 

sown in six rows of 3.5 m long, with 20 cm between rows. 

Randomized complete block design with three replicates 

were laid out for all the experiments. Traditional and cultural 

practices were applied at proper time per recommendations 

by Ministry of Agriculture (Egypt). Premis and Tilt were 

used as grains treatments, while the other treatments as foliar 

spray. Barley grains were sown on 15th December and the 

preceding crop was maize in both seasons. All foliar spray 

treatments were applied twice at the beginning of infection 

and the second was after 10 days. Disease severity was 

recorded first time at the beginning of March and repeated 

six times at 5-day intervals. Plant height, spike length, grain 

weight per spike (g) and number of grains per spike were 

estimated as the average weight of 10 random spikes from 

the central rows. Biological yield (kg ha-1.) was recorded for 

all harvested plants/plot and converted to kg ha-1. Grain yield 

(kg ha-1) was noted and measured from the grains of 

harvested plants/plot after threshing and then converted to 

kg/ha. The 1000-grain weight (g) was determined by the 

mean weight of random samples of 1000 grains. 

 

Pathogenic fungal inoculation: Natural infection with 

Pyrenophora teres f. teres conidia, the causal of barley net 

blotch, was conducted under field condition. Plant 

spreaders (susceptible host ‘Giza 2000’) were uniformly 

inoculated with freshly collected conidiospores by placing 

heavy infected plants of barley sensitive to P. teres 

inoculation. 

 
Experimental design and treatments: The experiments 
were conducted in randomized complete plot design 
(RCPD) with three replicates for each treatment. 
Fungicides as well as non-traditional compounds were 
used in the present study. Specifically, the fungicides 
Premis, Tilt 25%, Cabrio top 60% WG, Belize 38% WG, 
Montero 30%, and Vitavax were studied. The fungicides 
were produced by Shoura Chemical Company, Kafr El-
Zayat chemical Company Limited, Delta Agency and 
Trade, Cairo, Egypt. Silver nanoparticles (NPs) (99.99%) 
were obtained from Nanotech Company Limited, Cairo, 
Egypt. An aqueous solution (0.9 mM, 50% w/w) benzo-
(1, 2, 3)-thiadiazole-7-carbothioic acid S-methyl ester 
(BTH), (Syngenta, USA) was ectopically applied by 
spraying all the plants using a pump aerosol sprayer 
Infected plants (without treatments) served as controls. 
Similarly, 0.5g/L of Allicin, 1g/ L oxalic acid and tannic 
acid were sprayed on all the plants except the infected 
ones. For the control, leaves were inoculated only with 
the pathogen. The grains were treated directly with 
Premis, Tilt, Capri Top and Montero fungicides before 
sowing. For Belize and other treatments, the leaves were 
sprayed twice during the first appearance of infection and 
10 days later with belize fungicide, Vitavax, Nano Silver, 
Allicin, Eugenol, Tannic acid (TA), Oxalic acid (OXA) 
and benzothiadiazole (BTH). 

Disease severity assessments: A scale of 0-9 was used 

for disease severity assessment, with 0 representing no 

infection and 9 when all barley leaves dried due to 

infection by the fungus. The adult plants response data 

was scored at 65, 70, 75, 80, 85 and 90 days for 

assessment of disease severity. Consequently, the 

following ranges and code for assessment of infection 

were purposively used: 0-3 for disease resistant, 4-5 for 

moderately resistant, 6-7 for moderately susceptible, and 

8-9 for susceptible. 

 

Electrolyte leakage: Measurements of electrolyte leakage 

were performed after 15 days in line with previous 

researchers with some modifications (Szalai et al., 1996; 

Whitlow et al., 1992). In summary, 20 leaf discs (1 cm) of 

barley leaves were placed into individual flasks, 

containing 25 ml deionized water produced using 

standard equipment (Milli-Q 50, Millipore, USA). With 

the aid of an automated shaker, the flasks were shaken for 

20 hrs at ambient temperatures. This conducted to aid 

electrolyte leakage from injured tissues of the plants. 

Measurements for initial electrical conductivity (ECinitial) 

were noted and recorded for each vial using an Acromet 

AR20 EC meter (Fisher Scientific, Chicago, USA). The 

flasks were then immersed in a hot water bath (Fisher 

Isotemp, Indiana, PA) at 80°C for 1hr to induce cell 

rupture. The vials were once more placed on the shaker 

(Innova 2100 platform) for 20 hrs at 21°C before 

measuring the final conductivity (ECfinal) for each flask. 

Electrolyte leakage percentage (EL%) for each bud was 

calculated by dividing ECfinal with ECinitial, the result 

multiplied by 100. Electrolyte leakage was measured 15 

days after the appearance of the infection. 

 

Detection of reactive oxygen species levels: The reactive 

oxygen species (ROS) such as assuperoxide (O2
•-) and 

hydrogen peroxide (H2O2) levels were determined by the 

purple coloration of nitro blue tetrazolium (NBT) and a 

reddish-brown coloration of 3,3-diaminobenzidine (DAB) 

respectively. The ROS were measured within the 7 days 

of treatment (1, 2, 4 and 7 days). While barley leaves 

were vacuum infiltrated with potassium phosphate buffer 

solution (10 mM, pH 7.8) containing 0.1 w/v % NBT 

(Sigma-Aldrich, Steinheim, Germany) in line with 

previous methods (Ádám et al., 1989). The NBT-treated 

samples were incubated under daylight for 20 min and 

then cleared in 0.15 w/v % trichloroacetic acid in ethanol: 

chloroform 4:1 v/v for 1 day (Hückelhoven et al., 1999). 

Then, samples were carefully washed with distilled water 

and placed in 50% glycerol prior for assessment. The 

discoloration of the leaf discs resulted by NBT staining 

was quantified with the aid of a ChemiImager 4000 

digital imaging system (Alpha Innotech Corp, USA). The 

treatment and test procedures were repeated three times. 

 
Biochemical assays of antioxidant enzymes: To 

evaluate enzyme assays in plants, 0.5 g leaf material was 

homogenized at 0 to 4°C in 3 ml TRIS buffer (50 mM, pH 

7.8), made from 1 mM EDTA-Na2 and 7.5% 

polyvinylpyrrolidone. The homogenates were centrifuged 

at 12,000 rpm and 4°C for 20 minutes and the total 
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soluble enzyme activities were measured at 25°C using 

spectrophotometer (Model UV-160A, Shimadzu, Japan). 

The enzyme assays were measured after 7, 15 and 30 

days. Activity of catalase (CAT) was measured using 

spectrophotometer per Aebi (1984) method. Polyphenol 

oxidase (PPO) activity was measured in line with the 

method described by Malik & Singh (1980). Changes in 

absorbance were recorded at 30-second intervals for a 

period of 3 min at 495 nm wave length. Peroxidase (POX) 

activity was directly determined from the crude enzyme 

extract according to a typical procedure proposed by 

Hammerschmidt et al., (1982). Changes in absorbance for 

POX were recorded at 30-second intervals for 3 min at 

470 nm wavelength. All the enzyme activities were noted 

and expressed as increase in absorbance per minute per 

gram fresh weight. 

 

Statistical analysis: Statistical Package for the Social 

Sciences (SPSS) (2016) and Microsoft Excel (2016) were 

used for data analyses. The reported data represent the 

mean ± SD. Student’s t-test were used to determine 

whether significant differences (p<0.05) existed among 

mean values in line with O'Mahony (1986). 

 

Results and Discussion 
 

Effect of treatments on the disease severity (%): Barley 

net blotch disease has been widely spread and became a 

serious problem in untreated fields. Use of fungicides 

reduces the occurrence of fungal diseases and thereby 

reduction in yield losses, but increase the economic profit. 

A typical characteristic of net blotch is a sudden increase 

in the production of conidia following a prolonged, steady 

increase in conidia proliferation as the weather remains 

cool and moist. Infection of barley leaves is the highest 

when humid conditions persist for 10-30 hrs or longer and 

the optimal temperature range for infection is 15-25°C 

(Prigge et al., 2004). The presented data in Fig. 1-A, 

showed that morphological changes in barley leaves after 

the treatments. Net blotch symptoms were first observed in 

early March both seasons (2015-16 and 2016-17). The 

effects of 12 treatments against P. teres and untreated 

control on spring barley variety ‘Giza 2000’ in both 

seasons are presented in Table 2 and Fig. 1. Among the 

fungicides, Montero, Belize and Cabri Top were found the 

most effective for reducing disease severity. Tilt, Vitavax, 

Nano-silver, Allicin and benzothiadiazole (BTH) 

treatments also decreased the disease severity. However, 

Premis, Eugenol and Oxalic acid showed a slight reduction 

in net severity (Fig. 1). It is evident that the best disease 

control effect was achieved with Montero fungicide 

treatment which significantly reduced the disease severity 

(%) and disease symptoms in both seasons compared with 

grains treatment by Premis or non-fungicide treatments 

(Table 1 and Fig. 1B-C). This effect on disease control 

may be due to the role of these fungicides in inhibitors of 

mitochondrial respiration or sterol biosynthesis inhibitors 

of the fungal cells. These results are similar to the findings 

of Stepanović et al., (2015). BTH treatment gave a 

medium effect on disease severity. Tannic acid treatment 

trend showed slightly lower values compared to control in 

both seasons (Fig. 1B-C). 

 
 

 
 

 
 
Fig. 1. Effect of treatments on disease symptoms of barley three 

days after the appearance of natural infection with Pyrenophora 

teres f.sp. teres. (A) Morphological symptoms, disease 

symptoms in2015/2016 (B) and 2016/2017 (C). Control (T1) 

Premis (T2), Tilt (T3), Cabri Top (T4), Belize (T5), Montero 

(T6), Vitavax (T7), Nano Silver (T8), Allicin (T9), Eugenol 

(T10), Tannic Acid (T11), Oxalic Acid (T12), BTH (T13). 

A 

B 

C 
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Table 1. Impact of treatments on disease symptoms scored at 65, 70, 75, 80, 85 and 90 days after sowing during the two seasons. 

Treatments 
2015-16 2016-17 

65 70 75 80 85 90 65 70 75 80 85 90 

Control 2.00 3.00 3.33 4.33 6.83 7.83 1.58 3.21 3.46 4.46 6.79 7.00 

Premis 1.83 3.00 3.17 4.00 6.00 7.50 1.67 2.33 2.83 3.33 5.17 6.17 

Tilt 2.00 3.00 3.17 3.67 4.50 4.83 1.58 2.58 2.79 3.46 4.54 4.07 

Cabri Top 2.00 2.33 2.50 1.50 0.67 0.67 2.00 2.40 2.83 2.71 2.75 0.81 

Belize 1.67 1.50 1.83 1.00 0.23 0.10 1.92 1.50 2.25 1.33 0.60 0.27 

Montero 1.67 1.67 2.00 1.17 0.37 0.10 1.92 1.60 2.29 1.38 0.30 0.10 

Vitavax 1.67 2.00 2.33 3.00 4.00 4.83 1.50 2.00 2.58 3.29 4.83 5.11 

Nano Silver 1.33 2.00 2.33 2.50 4.17 4.67 1.42 2.00 2.58 3.17 4.88 4.60 

Allicin 1.83 2.00 2.33 1.83 2.17 2.17 1.54 2.00 2.58 2.58 3.33 1.89 

Eugenol 1.67 2.50 3.00 2.83 4.67 5.33 1.50 2.50 2.96 3.46 5.42 5.61 

Tannic acid 1.50 1.83 2.17 2.83 4.00 4.00 1.46 1.90 2.54 3.25 5.25 4.42 

Oxalic acid 1.17 2.00 2.33 2.83 3.83 4.00 1.79 2.21 2.79 3.46 5.21 4.63 

BTH 1.50 2.33 2.50 2.67 3.33 3.67 1.46 2.19 2.63 3.21 4.25 3.39 

LSD 0.05 - - - - 0.83 0.94 1.35 1.62 - - 0.65 0.76 0.84 1.95 1.07 

F-test ns ns ** ** ** ** ns ** * ** ** ** 

LSD: Least significant difference. **: Highly significant. *: Significant. ns: Non-significant 

 

Electrolyte leakage: Electrolyte leakage (EL) is an 
indicator of cell membrane permeability (Szalai et al., 
1996). Fig. 2A-B show the effect of treatments on 
electrolyte leakage (cell wall permeability) percentage in 
barley leaves at 15 days after the appearance of natural 
infection with Pyrenophora teres f. teres in two seasons. 
Infected barley plants with P. teres treated with fungicides 
as well as the non-traditional treatments showed substantial 
decrease in electrolyte leakage as compared with control, 
which showed a significant increase of the membrane 
permeability (Fig. 2A-B). Chemical compounds and biotic 
or abiotic stresses are reported to alter resistance or 
susceptibility of plants to infection as a result of their 
effects on membrane permeability. Furthermore, elevated 
temperature stress could induce vulnerability in maize 
through its effect on membrane permeability as noted by 
high electrolyte leakage (Garraway et al., 1989). The 
results of this study indicated that the treatments protected 
cell membranes of barley plants during the pathogen attack, 
while the cell membrane of the control treatment was 
affected by pathogen infection and lost its constituents. The 
present results agree with those obtained by previous 
studies (Abdelaal et al., 2018; Hafez et al., 2016). 
 

Reactive oxygen species levels and antioxidant enzymes 

activity: As a result of the different treatments, reactive 

oxygen species (ROS) mostly superoxide (O2
•-) and 

hydrogen peroxide (H2O2) levels were increased early after 

appearance of infection in stressed barley plants (Fig. 3A-

B). The activity of catalase (CAT), peroxidase (POX) and 

polyphenol oxidase (PPO) enzymes was affected in 

infected barley plants. Indeed, activities of CAT, POX and 

PPO were significantly increased in infected barley leaves 

treated with fungicides and the non-traditional treatments 

compared with control treatments at 7, 15 and 30 days later 

after appearance of natural infection under field conditions 

(Figs. 4 and 5). The early increased levels of ROS after 

infection could be a cause of suppressing or killing the 

pathogen particularly at the time point one day after 

infection (1 dai), consequently, the antioxidant enzymes 

activity (CAT, POX and PPO) were up-regulated later at 7 

dai. Interestingly enough that antioxidant enzyme activities 

of barley were up-regulated and protected the plants from 

biotic and abiotic stresses as a result of chemical inducers 

treatments (Abdelaal, 2015). Similar results were obtained 

in barley plants infected with net blotch disease suggesting 

that the increase of ROS levels early after infection could 

be the cause of killing or inhibiting the pathogen and 

thereby up-regulation of the antioxidant enzymes (Hafez et 

al., 2016). Furthermore, the infected wheat plants with leaf 

rust disease and treated with safety resistance inducers 

showed an increase of ROS and antioxidant enzymes after 

infection. (Hafez et al., 2017). Therefore, the early 

accumulation of superoxide contributes to symptomless in 

non-host resistance of plants to bio-trophic pathogens in 

which thereby, prove the pivotal role of early accumulation 

of ROS in non-host resistance (Künstler et al., 2018). 

Results of this work were in accordance with 

previous studies in which plants were treated with non-

traditional compounds under biotic and abiotic stresses 

(Omara et al., 2015; Abdelaal et al., 2017; Hafez et al., 

2017; Helaly et al., 2017). The high levels of ROS after 

infection were stimulated, thus, increasing the antioxidant 

enzyme activities and immunized the plants against 

disease infection. Several studies showed salicylic acid 

(SA) and functional analogues such as BTH and 2,6-

dichloroisonicotinic acid could cause ROS accumulation 

via mitochondrial electron transport inhibition (Norman et 

al., 2004) or antioxidant enzymes (Wendehenne et al., 

1998; Hafez et al., 2008). Other studies also suggested 

that H2O2 induced SA accumulation which then enhanced 

the buildup of H2O2 (Van Camp et al., 1998). Because of 

H2O2 and O2.- buildup, microbursts may produce, 

intensify and spread the H2O2 signal essential for 

oxidative cell death and formation of systemic acquired 

resistance. Furthermore, Fodor et al., (2001) observed that 

an early burst of ROS and transient inhibition of 

antioxidant defense 1-2 days after inoculation of tobacco 

leaves with TMV, followed by a massive induction of 

antioxidants. These phenomena explain the observed 

trends and scenario in our current study. 
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Fig. 2. (A-B): Effects of treatment on electrolyte leakage as an 

indicator of cell membrane permeability in Barley plants for 

2015/2016 (A) and 2016/2017 (B) seasons. Data represent 

means of 3 measurements in each of two independent 

experiments ± SD. 

 
 

 
 

Fig. 3. (A-B): Effect of treatments on superoxide (A) and 

hydrogen peroxide (B) levels in barley leaves 1, 2, 4 and 7 days 

after the appearance of natural infection with Pyrenophora teres 

f.sp. teres. Data presented as means of 3 measurements in each 

of two independent experiments ± SD. 

 

Table 2. Plant height, spike length, grain number per spike, grain weight per spike, 1000 grain, biological yield 

and grain yield weight against treatments in 2015-16 (A) and 2016-17 (B) seasons. 

Treatments 

Plant 

height (cm) 

Spike length 

(cm) 

grain number 

per spike 

grain weight 

per spike (g) 

1000 grain 

weight (g) 

Biological yield 

(kg/ha) 

Grain yield 

(kg/ha) 

A B A B A B A B A B A B A B 

Control 88.3 84.44 7.0 7.00 50.4 51.13 29.8 28.85 60.2 56.58 8650 3476 3417 1310 

Premis 85.0 84.17 7.0 6.58 47.4 47.94 28.7 28.44 62.4 59.34 8310 3366 3200 1222 

Tilt 94.3 92.53 6.7 6.81 49.2 51.28 30.1 32.01 60.5 62.39 10367 4377 3450 1414 

Cabri Top 94.0 97.50 7.0 6.58 52.8 52.88 34.1 34.04 65.0 64.35 13083 5148 4357 1700 

Belize 96.7 92.81 7.3 7.19 54.0 52.44 35.7 34.50 67.7 65.75 13250 5399 4500 1890 

Montero 94.3 93.78 7.3 7.19 54.0 52.30 35.7 34.50 67.8 65.75 14793 6424 4667 1953 

Vitavax 86.7 89.31 6.7 6.81 46.7 46.89 29.8 28.29 63.6 60.34 10000 4638 3433 1594 

Nano Silver 88.3 86.94 7.0 7.00 53.3 51.26 32.6 32.00 60.9 62.46 10450 4074 3833 1377 

Allicin 90.0 90.83 7.0 7.00 49.0 47.86 29.6 30.05 62.6 62.90 10900 4421 3683 1471 

Eugenol 83.3 90.53 7.3 7.19 51.9 51.50 29.9 29.81 59.8 57.95 9967 4192 3267 1343 

Tannic acid 90.0 91.83 7.3 6.78 50.1 49.91 30.9 30.62 60.0 61.67 9500 4270 3167 1476 

Oxalic acid 89.0 87.33 7.3 6.78 48.7 48.49 29.8 29.08 60.9 59.98 9750 4226 3367 1262 

BTH 88.3 91.11 7.7 7.39 49.4 50.96 30.4 31.57 61.7 61.91 11183 4577 3900 1498 

LSD 0.05 6.44 5.97 - - - - - - 2.60 2.98 2.15 5.17 4.21 559 516 268 272 

F test ** ** ns ns ns ** ** ** * ** ** ** ** ** 

LSD, Least significant difference; **: Highly significant; *, Significant; ns, Non-significant; A = 2015-16 season; B = 2016-17 seasons 
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Fig. 4. Effect of treatments on catalase (CAT) enzyme activity of barley plants 7, 15 and 30 days after appearance of natural infection 

with Pyrenophora teres f. sp. teres during the 2015/2016 (A) and 2016/2017 (B) seasons. Data presented as means of 3 measurements 

in each of two independent experiments ± SD. 

 

  
 

  
 

Fig. 5. Effect of treatments on peroxidase (POX) during 2015/2016 (A) and 2016/2017 (B) seasons as well as polyphenol oxidase (PPO) 

enzyme activity during 2015/2016 (C) and 2016/2017 (D) of barley plants 7, 15 and 30 days after appearance of natural infection with 

Pyrenophora teres f. sp. teres. Data presented as means of 3 measurements in each of two independent experiments ± SD. 

(A) 
(B) 

(C) 
(D) 
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Effect of treatments on yield characters: It is a well-
established fact that plant yield is estimated by plant 
height, grain number per spike, spike length and 1000 
grain weight. These concepts not only involve the final 
crop yield and components, but also probe into the disease 
infections that have occurred early in the growth stages 
causing variation in yield potential. 

The results in Table 2 indicated that most of the 
investigated characters were significantly influenced 
(p<0.05) by foliar spray treatments in both seasons, 
especially Montero, Belize and Cabri Top fungicide 
treatments. The greatest respective 1000-grain weight (g), 
grain yield (kg/ha) and biological yield (kg/ha) values 
compared with control were obtained in Montero (67.8 g, 
4667 kg/ha, 14793 kg/ha) followed by Belize (67.7 g, 
4500 kg/ha, 13250 kg/ha) and Cabri Top treatments (65.0 
g, 4357 kg/ha, 13083 kg/ha) in both seasons, respectively 
(Table 2). The results showed positive effects of fungicide 
treatments in improving growth and yield of infected 
barley plants. This valuable effect may be due to that, 
application of treatments led to improve growth and yield 
under pathogen stress. These findings are in agreement 
with previously reported studies by Abdelaal (2015), 
Abdelaal et al., (2014) and Stepanović et al., (2015) in 
various plants under abiotic and biotic stresses. 
 

Conclusion and recommendations: The study evaluated 

the efficiency of grains treatment and foliar application of 

Nano-silver, non-traditional compounds and fungicides 

for controlling the barley net blotch disease in susceptible 

Egyptian barley ‘Giza 2000’ caused by Pyrenophora teres 

L. The disease symptoms were significantly decreased as 

a result of using foliar spray with fungicide treatments of 

‘Montero’, ‘Belize’ and ‘Cabri Top’. Moderate effects on 

disease severity were observed in plants treated with Tilt, 

Vitavax, Nano-silver, Allicin and benzothiadiazole 

(BTH). The activities of antioxidant enzymes were 

increased significantly as compared with the control. The 

electrolyte leakage percentage decreased significantly 

mainly with fungicide treatments compared with control 

plants. The yield character of the treated barley generally 

increased as compared with the control. In the current 

study, most of the treatments could suppress the fungus 

and improve growth characters of infected barley plants 

by P. teres the causal agent of net blotch disease. 

According to our knowledge, this work provides novel 

results that can support plant breeders worldwide to create 

new resistant barley cultivars and prevent environmental 

pollution due to use of fungicides which are not only 

costly but also cause severe human diseases because of 

their residual harmful effects. 

 

Acknowledgement 
 

We acknowledge the technical support by personnel 

at the Plant Pathology and Biotechnology Laboratory 

(ISO/17025) and EPCRS Excellence Centre (ISO/9001, 

ISO/14001 and OHSAS/18001), Faculty of Agriculture, 

Kafrelsheikh University, Egypt. We are indebted to 

Agriculture Research Center (Egypt) for provision of 

experimental fields and technical support. This research 

did not receive any specific grant from funding agencies 

in the public, commercial, or not-for-profit sectors. 

References 
 

Abdelaal, Kh. A. A,Y. M. Hafez, A. EL Sabagh and H. Saneoka. 

2017. Ameliorative effects of Abscisic acid and yeast on 

morpho-physiological and yield characteristics of maize plant 

(Zea mays L.) under water deficit conditions. Fresen. Environ. 

Bull., 26(12): 7372-7383. 

Abdelaal, Kh. A.A. 2015. Effect of salicylic acid and abscisic acid 

on morpho-physiological and anatomical characters of faba 

bean plants (Vicia faba L.) under drought stress, J. Plant Prod. 

Mansoura Univ., 6 (11): 1771-1788. 

Abdelaal, Kh. A.A., R.I. Omara, Y.M. Hafez, Esmail M. Samar and 

A. EL Sabagh. 2018. Anatomical, biochemical and 

physiological changes in some Egyptian wheat cultivars 

inoculated with Puccinia graminis f.sp. tritici, Fresen. 

Environ. Bull., 27(1): 296-305. 

Abdelaal, Kh. A.A., Y.M. Hafez, Esmail, M. Samar, W.A. Youseef 

and M.M. Badr. 2014. Biochemical, histological and 

molecular changes in some Egyptian wheat varieties infected 

with stripe rust (Puccinia striiformis f. sp. tritici). Egypt. J. 

Biol. Pest Cont., 24(2): 421-429. 

Ádám, A., T. Farkas, G. Somlyai, M. Hevesi and Z. Király .1989. 

Consequence of O2
·-generation during a bacterially induced 

hypersensitive reaction in tobacco: deterioration of 

membrane lipids. Physiol. Mol. Plant Pathol., 34: 13-26. 

Aebi, H. 1984. Catalase In vitro. Methods Enzymol., 105: 121-

126. 

EL Sabagh, A., A. Hossain, M.S. Islam, C. Barutcular, S. 

Hussain, M. Hasanuzzaman and T. Akram. 2019. Drought 

and salinity stresses in barley: Consequences and 

mitigation strategies. Aust. J. of Crop Sci., 13(6): 810. 

Anonymous. 2014. FAO (Food and Agriculture Organization). 

Food Balance Sheets. FAO STAT. Rome. 

Fodor, J., E. Hideg, A. Kecskes and Z. Kiraly. 2001. In vivo 

detection of tobacco mosaic virus-induced local and 

systemic oxidative burst by electron paramagnetic 

resonance spectroscopy. Plant Cell Physiol., 42: 775-779. 

Garraway, M.O., M. Akhtar and E.C.W. Wokoma .1989. Effect 

of high temperature stress on peroxidase activity and 

electrolyte leakage in maize in relation to sporulation of 

Bipolaris maydis race. J. Phytopathol., 79: 800-805. 

Hafez, Y.M., Kh. A.A. Abdelaal, M.E. Eid and F.F. Mehiar. 

2016. Morpho-physiological and biochemical responses of 

barley plants (Hordeum vulgare L.) against barley Net 

Blotch disease with application of non-traditional 

compounds and fungicides. Egypt. J. Biol. Pest Cont., 26 

(2): 261-268. 

Hafez, Y.M., Kh. A.A. Abdelaal, Naglaa A Taha, M.M. Badr and 

R.E. Esmaeil. 2017. Control of Puccinia triticina the causal 

agent of wheat leaf rust disease using safety resistance 

inducers correlated with endogenously antioxidant enzymes 

up-regulation. Egypt. J. Biol. Pest Control, 27(1), 101-110. 

Hafez, Y.M., Y.A. Bayoumi, Z. Pap and N. Kappel. 2008. Role 

of hydrogen peroxide and pharmaplant-turbo against 

cucumber powdery mildew fungus under organic and 

inorganic production. Int. J. Hort. Sci., 14: 39-44. 

Hammerschmidt, R., E.M. Nuckles and J. Kuć. 1982. 

Association of enhanced peroxidase activity with induced 

systemic resistance of cucumber to Colletotrichum 

lagenarium. Physiol. Plant Pathol., 20(1): 73-82. 

Helaly, M.N., Z. Mohammed, N.I. El-Shaeery, Kh, A.A. 

Abdelaal and I.E. Nofal. 2017. Cucumber grafting onto 

pumpkin can represent an interesting tool to minimize 

salinity stress. Physiological and anatomical studies, 

Middle East J. of Agri. Res., 6(4): 953-975. 

Hockett, E.A. and R.A. Nilan. 1985. Genetics. In: Barley. (Ed.): 

D.C. Rasmusson. American Society of Agronomy, 

Madison, WI, pp 187-230. 

http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-49049133318&partnerID=7tDmEqzL&rel=3.0.0&md5=e0c7c22e54bd828882ca2eb51ac3e689
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-49049133318&partnerID=7tDmEqzL&rel=3.0.0&md5=e0c7c22e54bd828882ca2eb51ac3e689
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-49049133318&partnerID=7tDmEqzL&rel=3.0.0&md5=e0c7c22e54bd828882ca2eb51ac3e689


KHALED A  A ABDELAAL ET AL., 

 

1072 

Hückelhoven, R., J. Fodor, C. Preis and KH. Kogel. 1999. 

Hypersensitive cell death and papilla formation in barley 

attacked by the powdery mildew fungus are associated with 

hydrogen peroxide but not with salicylic acid accumulation. 

Plant Physiol., 119: 1251-1260. 

Jahan, M.A.H.S., A. Hossain, J.A. Teixeira da Silva, A. EL 

Sabagh, M.H. Rashid and C. Barutçular. 2019. Effect of 

naphthaleneacetic acid on root and plant growth and yield of 

tenirrigated wheat genotypes. Pak. J. Bot., 51(2): 451- 459. 

Krupinsky, J.M., K.L. Bailey, McMullen, M.P., B.D. Gossen and 

T.K.Turkington. 2002. Managing plant disease risk in 

diversified cropping systems. Agron. J., 94: 198-209. 

Künstler, A., R. Bacso, A. Réka, B. Balázs, K. Zoltán, Y.M. 

Hafez, J. Fodor, I. Schwarczinger and L. Király. 2018. 

Superoxide (O2.-) accumulation contributes to symptomless 

(type I) nonhost resistance of plants to biotrophic pathogens. 

Plant Physiol. & Bioch., 128: 115-125. 

Liu, Z.H. and T.L. Friesen. 2010. Identification of Pyrenophora 

teres f. sp. maculata, Causal agent of spot type net blotch of 

barley in North Dakota. Plant Dis., 94: 480. 

Malik, C.P. and M.B. Singh. 1980. In: Plant Enzymology and 

Histoenzymology. Kalyani Publishers. Indian and printed in 

Navin. Shanndara. Delhi, pp. 54-56. 

Norman, C., K.A. Howell, A.H. Millar, J.M. Whelan and D.A. Day. 

2004. Salicylic acid is an uncoupler and inhibitor of 

mitochondrial electron transport. Plant Physiol., 134: 492-501. 

O'Mahony, M. 1986. Sensory Evaluation of Food: Statistical 

Methods and Procedures. CRC Press. p. 487. 

Omara, R.I., S.L. Kamel, Y.M. Hafez and S.Z. Morsy. 2015. 

Role of non-traditional control treatments in inducing 

resistance against wheat leaf rust caused by Puccinia 

triticina. Egypt. J. Biol. Pest Cont., 25(2): 335-344. 

Prigge, G., M. Gerhard and J. Habermeyer. 2004. 

Pilzkrankheiten und Schadsymptome in Getreidebau. 

BASF Aktiengesellschaft, Limburgerhof, p. 87-91. 

Stepanović, M., E. Rekanović, S. Milijašević-Marčić, I. 

Potočnik, B. Todorović and J. Stepanović. 2015. Field 

efficacy of different fungicide mixtures in control of net 

blotch on barley. Pestic. Phytomed. (Belgrade), 31(1-2): 

51-57. 

Szalai, G., T. Janda, E. Páldi and Z. Szigeti. 1996. Role of light 

in the development of post-chilling symptoms in maize. J. 

Plant Physiol., 148(3-4): 378-383. 

Thomason, W.E., C.A. Griffey, M.M. Alley, S.B. Phillips, E.S. 

Hagood, D.A. Herbert and E.L. Stromberg. 2005. Growing 

hulless barley in the Mid-Atlantic. Exten. Bull., 424-022, 

Virginia Cooperative Extension. 

Van Camp, W., M. Van Montagu and D. Inzé. 1998. H2O2 and 

NO: redox signals in disease resistance. Trends Plant Sci., 

3: 330-334. 

Wendehenne, D., J. Durner, Z. Chen and D.F. Klessig. 1998. 

Benzothiadiazole, an inducer of plant defences, inhibits 

catalase and ascorbate peroxidase. Phytochem., 47: 651-657. 

Whitlow, T.H., N.L. Bassuk, T.G. Ranney and D.L. Reichert. 

1992. An improved method for using electrolyte leakage to 

assess membrane competence in plant tissues. Plant 

Physiol., 98: 198-205. 

 

(Received for publication 15 October 2018) 

http://en.wikipedia.org/wiki/CRC_Press

