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ABSTRACT 

Powdery mildew disease, Podosphaera xanthii (syn. Sphaerotheca fuliginea auct. p.p.), 
attacked all the cucumber cultivars under open fields conditions, causing a serious damage to foliage 
and yield of infected plants. The efficiency of some fungicides (Topas, Score, Flent, Thiovit jet and 
Actamyl) and resistance inducing chemicals (KNO3 and K2HPO4) for management of cucumber 
powdery mildew disease was evaluated in vitro tests, greenhouse and field conditions. The tested 
fungicides were significantly inhibited the conidial spore germination of fungus than RICS as well as 
the control. A significant decrease also was obtained in the disease severity (DS) and the area under 
disease progress curve (AUDPC) in greenhouse experiment, where the tested fungicides were more 
effective. Under natural infection, the tested fungicides were highly reduced the DS and AUDPC, than 
other treatments in field experiments during 2017 and 2018 growing seasons. When the tested 
fungicides alternated with RICs were more effective and resulted highly increased the fruit yield 
(quality and quantity) than the tested fungicides and RICS individually in both seasons.  
 
Keywords: Cucumber, powdery mildew disease, Podosphaera xanthii, survey, resistance induced 

compounds, fungicides and resistance inducing chemicals 

 
Introduction 
 

Cucumber (Cucumis sativus L.) is among the most important cucurbitaceous crops, where the 
cultivated area of cucumber in 2014 growing season reached about 52670 feddan of open fields, 
which yielded 496.81 thousand ton of fresh cucumber fruits in Egypt (Anomynous,2014). The 
powdery mildew disease, Podosphaera xanthii (syn. Sphaerotheca fuliginea auct. p.p.), is the most 
serious disease that attacks cucumber plants causing retardation in plant growth and cucumber fruit 
yield over the world as well as in Egypt (Agrios 1997 ; Oetting & Yunis 2004 ; Cook & Braun, 2009 
and Tanaka et al., 2017). Chemical synthetic fungicides succeeded to control several plant diseases, 
they increase production cost, incidence of health problem and pollution of environment. Therefore, a 
need of alternative strategies has arisen for controlling plant diseases. (Gullino et al., 1999 and Chiu, 
and Huang, 2014). Resistance inducing chemicals were reported reducing fungal diseases in many 
plants (Abada et al., 2008; Ashour. 2009; Soad 2010 and Dutta, et al. 2016).The plant diseases could 
be controlled by application of chemical fungicides, natural products, oils or biological agents (Hafez 
et al., 2008). Hollomon and Wheeler (2002) mentioned that the fungicides continue applied as the 
principal approach for managing the powdery mildews around the world. 

Wisniewski et al. (1995) found that calcium chloride reduced fungal infection through direct 
inhibition of spore germination and growth. Maouni et al. (2007) reported that, calcium chloride 
significantly reduced pear fruit decay caused by A. alternata and Penicillium expansum in vitro when 
applied at 4 and 6%, respectively. Mosa (1997) found that cucumber powdery mildew infection was 
significantly reduced by 92% when the plants were treated with 50mM K2HPO4 three days after 
inoculation by the causal pathogen. 

Therefore, this work was planned to study the effect of tested fungicides and/or RICs on 
conidial spore germination of causal agent of powdery mildew in cucumber plants in vitro tests and 
disease severity and plant growth parameters under greenhouse conditions. This work is aimed to 
evaluate the efficiency of tested fungicides or RICs alone or alternatively on disease severity of 
cucumber powdery mildew as well as the yield of cucumber plants.  
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Materials and Methods 
 
1. Treatments 

Five fungicides i.e. Topas, Score, Flent, Thiovit jet and Actamyl at doses of 30ml; 
50ml; 20g; 250g and 80g/100L, respectively (Table ,1) and two resistance inducing 
compounds (RICs), i.e. potassium nitrate (KNO3) and potassium mono-hydrogen-phosphate 
(K2HPO4) , obtained from Plant Pathology Research Institute, Agriculture Research Centre, 
Giza, Egypt, were applied. All treatments evaluated for their effects against conidial spores 
germination of Podosphaera xanthii the in vitro tests and severity of cucumber powdery 
mildew disease under greenhouse and field applications. 

2. Conidial spore germination of P. xanthii: 
 Conidial spores of cucumber powdery mildew pathogen were obtained from naturally infected 

cucumber leaves. The conidia were deposited on glass slides according to Nair et al. (1962) and 
Godwin et al. (1987). Slides were previously cleaned by ethyl alcohol and air dried before covering 
with thin of the tested fungicides at tested dose and RICs at 50mM. Slides were placed on V-shaped 
glass rods in sterilized Petri-dishes, containing several layers of water-moistened filter papers. The 
conidia slides were incubated at 25 °C for 24 h under continuous light (Reifschneider et al., 1985). 
Then, the conidia slides were microscopically examined, at × 100 magnifications, to determine the 
spore germination. Conidia were considered to have germinated if a germ tube, at least as long as the 
width, as recommended by Menzies et al. (1991). 

 
Table 1: The tested fungicides which applied in this work.  

Fungicides (Trade name) Common Name Chemical formula 

Topas 100 10% EC Penconazole 1-(2,4-Dichloro-β-propylphenethyl)-1H-1,2,4-triazole 

Score 25% EC Difenoconazole 
1-(2-(2-Chloro-4- (4 chlorophenoxy) phenyl)-4-methyl-
1,3-dioxolan-2-yl) methyl)-1H-1,2,4-triazole 

Flent50% WG Trifloxystrobin 
(E)-Methyl 2-(methoxyimino) -2-(2-(E)-(1-(3-
(trifluoromethyl)  phenyl) ethylidene) amino) oxy) 
methyl) phenyl) acetate 

Thiovit jet 80 % WG Sulfur Micro-granulated sulfur 

Actamy l70% WP Thiophanate methyl 
Dimethyl [1,2 phenylenebis (iminocarbonothioyl)] bis 
[carbamate] 

 

Three slides were examined for each treatment. The conidia slides were treated with water were used 
as a control. Percentages of germination were calculated for in 10 microscopic on a slide according 
following formula: 

Conidial germination % = 
No. of conidial spore germinated 

×100 
No. of total conidial 

Efficiency % = 
 

No. of conidial spore germinated (In control - in treatment) ×100 
No. of conidial germinated in control 

 
3. Greenhouse experiments: 

Five cucumber seeds (cv. Safir) were sown in each pot (30-cm-diameter) containing sand clay 
soil (1:1, W: W) sterilized by 5% formalin during mid of March 2017. Then, the pots were irrigated 
and left to grow up for 2 weeks and thinned to two plants in each plot. The grown plants (5-week-old) 
were artificially inoculated by shaking naturally infected cucumber leaves at three days after spraying 
with doses of tested fungicides and RICs. Then, second spray of either tested fungicides or RICs was 
applied one week after artificial inoculation. Five pots were used as replicates for each treatment. The 



Curr. Sci. Int., 8(4): 820-828, 2019 
EISSN: 2706-7920   ISSN: 2077-4435                                                   DOI: 10.36632/csi/2019.8.4.21 

822 

grown plants were irrigated when necessary and fertilized as recommended twice, i.e. three and five 
weeks after sowing by the crystalon compounded (1g/pot).Disease severity was assessed 5,10,15,20 
and 25 days after the second spray.  

 

Increase % = 
Disease severity in (treatment – control) 

×100 
Disease severity in control 

 
The mean of area under disease progress curve (AUDPC) for each replicate was calculated according 
the formula described by Pandey et al. (1989). 
 

AUDPC = D [1/2(Y1 + Yk) + (Y2 + Y3 +…+Yk − 1)] 
 
Where, D = Time interval; Y1 = Frist disease severity; Yk = Last disease severity; (Y2 + Y3 + ... + 
Yk-1) = Intermediate disease severity. 
The plant growth parameters i.e. foliage length (cm), foliage fresh weight (g/plant) and foliage dry 
weight (g/plant) were determined at 10 weeks after sowing.  
 
4. Field experiments: 

The two field experiments were conducted during 2017 and 2018 growing season at Noubareya 
region under natural conditions of infection by powdery mildew disease. The cucumber seeds (cv. 
Safir) were sown typically in each successive season during mid of April. The experimental field 
comprised in plots, each of 6x7m (42 m²). All agricultural practices, i.e. irrigation, fertilization as well 
as weeds and pests control, were applied according to the standard recommendations of Ministry of 
Agriculture. Five fungicides, i.e. Topas ; Score; Flent ; Thiovit jet and Actamyl at 25 ml, 50 ml,  20 g, 
250 g and 80 g/100 litre water as well as two RICs, i.e. KNO3 and K2HPO4 at 50 mM were applied. 

The healthy plants (30-day-old) of cucumber (cv. Safir) were transplanted of each successive 
season during mid of May. The applied treatments were as follows: 1) Plants received four sprays, 
with the tested fungicides at aforementioned doses, at one week intervals. 2) Plants received four 
sprays, with of each K2HPO4 or KNO3 at 50 mM, at one week intervals. 3) Plants received two sprays, 
with of each aforementioned fungicide, at two week intervals (until formation of pre-mature green 
fruits) and then received another two sprays with of each KNO3 or K2HPO4 (at ten days intervals). 4) 
Plants received water only and served as a check treatment. Three plots were used as replicates for 
each treatment. Spraying program began one month after sowing.  

 
4.1. Disease assessment 

Both artificially and naturally inoculated plants were carefully examined to estimate the 
severity of infection by powdery mildew depending on the devised scale (0-11) by Horsfall and 
Barratt (1945) using the following formula: 

 

Disease severity (%) = 
Σ (n × v) × 100 

×100 
11 N 

 
Whereas: n = Number of infected leaves in each category. 
v = Numerical values of each category. 
N= Total number of the infected leaves. 
Severity of powdery mildew disease as well as area under disease progress curve (AUDPC)           was 
determined as mentioned before. 

4.2. Cumber fruit yield: 
The average of yield of cucumber fruit weight (kg/plot) was recorded at each harvesting time 

(every two days) for two month and the averages were calculated.  
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Statistical analysis: 
Data were statistical analyzed using analysis of variance (ANOVA) among treatments. Means 

were compared by least significant differences (LSD) at p≤0.05 as described by Snedecor and 
Cochran (1980). 

Results 
 
1. In vitro tests:  

The efficacy of tested fungicides, i.e. Topas, Score, Flent, Thiovit jet and Actamyl as well as 
RICs (KNO3 and K2HPO4) on percentages of conidial spores or check germination of Podosphaera 
xanthii (syn. Sphaerotheca fuliginea) in vitro tests are listed in Table (2). Data indicated that all tested 
treatments reduced significantly the percentages of conidial spores germination, than the control. The 
highest reduction for conidial spores germination being 98.68% was obtained by Flent, followed by 
Score (98.65%); Topas (98.01%); Actamyl (97.77%) and Thiovit jet (95.83%), respectively. On the 
contrary, KNO3 and K2HPO4 were the least effective conidial spore's germination, where there effect 
was 90.97 and 88.97%, respectively.  

Table 2: Effect of tested fungicides and resistance induced compounds on conidial germination of 
P. xanthii, 24 h after treatment, in vitro tests.  

Treatments 
The used 

concentration 
Conidial germination % 

Germination% Efficiency% 
Tested fungicides 

Topas 100 10% EC 0.25 ml l-1 1.32 98.01 
Score 25% EC 0.50 ml l-1 0.90 98.65 
Flent 50% WG 0.20 g l-1 0.88 98.67 
Thiovit jet 80 % WG 25 g l-1 2.77 95.83 
Actamy l70% WP 0.80 g l-1 1.48 97.77 

Resistance induced compounds 
KNO3 50mM 6.00 90.97 
K2HPO4 50mM 7.33 88.96 
Untreated control 66.45 --- 

L.S.D. at 5% 3.66  

 
2. Greenhouse experiment: 
2.1. Severity of powdery mildew disease: 

The tested fungicides and RICs were suppressed and inhibited the disease symptoms of 
powdery mildew disease in cucumber plants under greenhouse conditions compared with the 
untreated control (Table 3).  
 
Table 3: Effect of tested fungicides and resistance induced compounds on powdery mildew disease 

severity (DS %) and area under disease progress curve (AUDPC) of cucumber plants in 
greenhouse experiment. 

Treatments 
Diseases severity (DS %) 

AUDPC Days after second spray Efficiency  
% 5 10 15 20 25 

Tested fungicides 
Topas 100 10% EC 0.00 3.10 3.80 4.60 4.86 90.08 69.65 
Score 25% EC 0.00 0.00 2.80 3.88 4.00 93.52 43.40 
Flent 50% WG 0.00 0.00 2.20 2.70 3.80 94.73 34.00 
Thiovit jet 80 % WG 0.00 8.60 14.60 15.80 21.00 63.62 247.50 
Actamy l70% WP 0.00 6.30 7.80 8.60 11.70 79.14 142.75 

Resistance induced compounds 
KNO3 2.26 10.40 12.40 13.80 16.70 66.31 230.40 
K2HPO4 2.62 12.00 14.60 15.55 18.80 61.45 264.30 
Control 6.80 20.66 33.16 47.50 56.80 - 665.60 
L.S.D. at 5% Treatments (T) =2.4, Days (D) = 1.7, T × D = 3.1 
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The untreated control plants showed the typical disease symptoms, such as a leaf surface was covered 
by a visible white, talcum-like, powdery mass that composed of mycelia and conidia of the causal 
agent. Results revealed that treated plants that the fungicides and RICs, five times, reduced the disease 
severity (DS %) and area under disease progress curve (AUDPC), compared with control. Maximum 
reduction in DS (%) over control was found with plants which sprayed with Flent (94.72%), followed 
by plant sprayed with Score (93.52%); Topas (90.08%); Actamyl (79.14%) and Thiovit jet (63.62%), 
respectively. The KNO3 and K2HPo4 reduced in DS% being 66.31 and 61.45%. Similarly, the tested 
fungicides viz. Flent, Score and Topas were the most effective for reducing AUDPC of cucumber 
powdery mildew being 34.00; 43.40 and 69.65, respectively. The other tested fungicides as well as 
RICs reduced the AUDPC in plants in the range of 142.75 – 264.30, respectively. 

2.2. Growth parameters of cucumber plants: 

 
Data presented in Table (4) showed that all tested fungicides and RICs significant increased the 

plant length, leaves number per plant, foliage fresh weight and dry weight of cucumber plants in 
comparison with check treatments. The tested fungicides increased the plant length in the range of 
103.8 – 104.7 cm, compared to 94.3 cm in untreated control, where Flent highly increased being 
104.7 cm. The RICs (KNO3 and H2HPO4) increased the plant length to 109.4 and 105.4 cm, 
respectively.  The tested fungicides increased the leaves number in the range of 27.0 – 30.6 leave, 
compared to 26.6 leave cm in untreated control, where Flent and Score were the highest increase 
being 30.6 leave. The tested fungicides increased the foliage fresh weight in the range of 234.7-
262.2g, compared to 192.6g in untreated control, where the Thiovit jet has the best effect. Meanwhile, 
KNO3, followed by K2HPo4 was the most effective, where they increased the foliage fresh weight to 
258.0 and 249.8g, respectively. The foliage dry weight was increased in the ranges of41.0 – 54.9 with 
tested fungicides, compared to 36.9g in untreated control, while it was 45.9-36.9g with KNO3 and 
K2HPO4, respectively. 

Table 4: Effect of tested fungicides and resistance induced compounds on growth parameters of 
cucumber plants in greenhouse experiment. 

Treatments 

Growth parameters 

Plant length 
(cm2) 

Leaves 
number/plant 

Fresh weight 
/plant (g) 

Dry weight 
/plant (g) 

Tested fungicides 
Topas 100 10% EC 104.3 27.0 242.0 48.9 
Score25% EC 104.4 30.6 255.3 54.9 
Flent50% WG 104.7 30.6 262.0 54.9 
Thiovit jet80 % WG 103.8 27.0 234.7 42.3 
Actamyl70% WP 104.2 27.0 237.0 41.0 

Resistance induced compounds 
KNO3 109.4 30.6 258.0 49.2 
K2HPO4 105.4 30.6 249.8 45.9 
Untreated control 94.3 26.0 192.6 36.9 
L.S.D. at 5%  N.S 0.3 1. 7 1.3 

 
3. Field experiments: 
 
3.1. Severity of powdery mildew disease:  

The efficiency of tested fungicides, i.e. Topas, Score, Flent, Thiovit jet and Actamyl and RICs 
at tested concentrations, applied alone or in alternation, reduced the DS% and AUDPC of powdery 
mildew under field conditions (Table, 5). Results showed the tested fungicides reduced the disease 
severity in the ranges of 80.04-93.67%, compared the untreated control during two seasons. The 
tested fungicides reduced the percentages of disease severity by 86.03, 90.39, 93.67, 82.53 and 
85.73% during season of 2017, while in 2018 the treatments reduced the disease severity percentages 
by 86.18, 90.35, 93.42, 80.04 and 85.09%, respectively. Results revealed that Flent was the most 
effective, followed by Score, Topas, Acetamyl and Thiovit jet during 2017 and 2018 seasons, 
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respectively. The RICs reduced the disease severity (%) in the range of 57.46-60.92% in two seasons, 
where KNO3 was highly effective than K2HPO4. When the tested fungicides alternated with RICs, the 
disease severity reduced in the ranges of 76.75- 88.43%, while it reduced in the range of 77.41 – 
86.46%, respectively. 

The tested fungicides were the most effective treatments for reducing AUDPC of cucumber 
powdery mildew in the range of 60.9-179.6 , while it was in the range of 371.0-401.1 with RICs , than 
the untreated control (929.60) during two seasons, Flent also was the most effective, followed by 
Score, Topas, Acetamyl and Thiovit jet, respectively .On the other hand, the alternation between 
tested fungicides and RICs resulted in decreased figures of disease severity in the range of 112.0 – 
218.4%, while it reduced in the range of 115.9 – 215.6%, respectively (Table,5). 

 
Table 5: Effect of tested fungicides and resistance induced compounds (alone or alternatively) on 

powdery mildew disease severity (DS %) and area under disease progress curve (AUDPC) 
cucumber plants (cv. safir), under natural infection conditions, in field applications.  

Treatments 

Disease severity (%) after weeks of  first application 

2017 2018 

1 2 3 4 
Efficiency 

% 
AUDPC 1 2 3 4 

Efficiency 
% 

AUDPC 

Tested fungicides 

Topas (T) 5.5 6.2 6.4 7.5 86.03 133.7 5.4 5.8 6.3 7.7 86.18 130.6 

Score (S) 3.7 4.2 4.4 5.3 90.39 91.7 3.7 4.0 4.4 5.5 90.35 91.0 

Flent (F) 2.2 2.9 2.9 3.6 93.67 60.9 2.3 2.8 3.0 3.9 93.42 62.3 

Thiovit jet (Tj) 6.4 7.0 8.0 14.6 82.53 178.5 6.4 6.8 8.1 15.1 80.04 179.6 

Actamyl (A) 4.8 5.4 6.7 9.9 85.37 136.2 4.7 5.5 6.8 10.2 85.09 138.3 

Resistance induced compounds 

KNO3 (KN) 15.8 16.5 17.9 21.4 60.92 371.0 15.4 16.7 18.0 21.9 60.53 373.5 

K2HPO4 (KH) 16.4 17.5 19.2 23.7 58.08 397.3 16.5 17.6 19.4 24.1 57.46 401.1 

Alternation with KNO3 

T then KN 8.0 8.4 10.2 12.2 78.82 200.9 8.0 9.0 10.2 12.0 78.51 204.4 

S then KN 5.8 6.7 6.9 7.7 85.21 142.5 5.9 6.7 7.1 7.5 85.09 143.5 

F then KN 4.4 5.3 5.5 6.0 88.43 112.0 4.3 5.4 5.7 6.2 88.16 114.5 

Tj the KN 8.8 9.8 11.0 12.0 77.29 218.4 8.7 10.2 11.1 12.4 76.75 223.0 

A then KN 7.8 9.8 10.3 11.3 78.60 207.6 8.4 9.0 10.4 11.4 78.51 205.1 

Alternation with K2HPO4 

T then KH 7.7 8.4 9.6 10.7 80.13 190.4 8.0 9.2 9.8 10.6 79.39 198.1 

S then KH 5.8 6.1 6.2 6.7 86.46 129.9 5.7 6.3 6.3 6.9 86.18 132.3 

F then KH 4.4 5.3 5.8 6.5 87.99 115.9 4.6 5.3 5.9 9.4 86.18 127.4 

Tj then KH 8.6 10.0 10.6 11.2 77.95 213.5 9.2 9.8 10.6 11.6 77.41 215.6 

A then KH 8.7 9.4 9.7 10.2 79.26 199.9 8.4 9.5 9.9 10.6 78.95 202.3 

Control 35.0 40.8 44.8 62.6 - 940.8 34.5 38.6 44.6 64.7 - 929.6 

L.S.D.at 5%  Treatments (T) = 1.35, Seasons (S) = N.S., T × S = 2.10 

 
3.2. Cucumber fruit yield: 

Results showed the tested fungicides increased the cucumber fruit yield in the ranges of 130.2-
242.9%, compared the untreated control during two seasons. The fungicide of highly increased the 
yield, followed by Score, Topas, Acetamyl and Thiovit jet during 2017 and 2018 seasons. The RICs 
increased yield in the range of 169.8 – 190.5% in two seasons, where KNO3 was highly effective than 
K2HPO4. When the tested fungicides alternated with RICs (KNO3 and K2HPO4), the increased the 
yield in the ranges of 195.4-264.3% and 195.3 -257.1%, respectively. Details of yield production with 
different treatments are listed in Table (6). 
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Table 6: Effect of tested fungicides and resistance induced compounds (alone or alternatively) on 
cucumber fruit yield cucumber plants (cv. safir), under natural infection conditions, in field 
applications.  

Treatments 
Average cucumber fruit yield 

2017 2018 
Ton/Plot Increase % Ton/Plot Increase % 

Tested fungicides 
Topas (T) 1.19 176.7 1.20 185.7 
Score (S) 1.40 225.6 1.33 216.7 
Flent (F) 1.43 232.6 1.44 242.9 
Thiovit jet (Tj) 0.99 130.2 1.00 131.1 
Actamyl (A) 1.33 209.3 1.27 202.4 

Resistance induced compounds 
KNO3 (KN) 1.21 181.4 1.22 190.5 
K2HPO4 (KH) 1.16 169.8 1.18 181.0 

Alternation with KNO3 
T then KN 1.27 195.3 1.28 204.8 
S then KN 1.45 237.2 1.46 247.6 
F then KN 1.52 253.5 1.53 264.3 
Tj the KN 1.32 207.0 1.33 216.7 
A then KN 1.42 230.2 1.44 242.9 

Alternation with K2HPO4 
T then KH 1.27 195.3 1.25 197.6 
S then KH 1.42 230.2 1.43 240.5 
F then KH 1.50 248.8 1.50 257.1 
Tj then KH 1.30 202.3 1.31 211.9 
A then KH 1.41 227.9 1.41 235.7 
Control 0.43 - 0.42 - 
L.S.D. at 5 % Treatments (T) = 2.89, Seasons (S) = N.S.,  T × S = 2.9 

Discussion  
In recent scientific researches, around the world it's tried to find safe methods for controlling 

plant diseases especially for the control of vegetable and fruit crops diseases. It was recommended to 
apply RICs at the first stage of plant growth prior to fruit maturity to give such chance to chemical 
compounds to depredate to a safe degree before harvest and then in alternation with fungicides, to 
reduce the effects on human health and limit the environmental pollution caused by a number of 
pollutants among those are plant pesticides. Hence, recent strategies for pest control managements 
concentrated on the use of such alternative safe methods rather than those of chemical pesticide 
methods.  

The obtained results revealed that the tested fungicides, i.e. Topas, Score, Flent, Thiovit jet and 
Actamyl as well as RICs (KNO3 and K2HPO4) reduced significantly the percentages of conidial 
germination of Podosphaera xanthii in vitro tests. The tested fungicides were the most effective in 
reducing conidial germination, than resistance induced compounds, where the fungicides of Flent and 
Score were the most effective. The treatments also reduced the DS % and AUDPC of powdery 
mildew disease under greenhouse, where the results of greenhouse were the same trend of in vitro 
tests. The suppressive effect of fungicides or RICs against disease severity may be due to inhibit of 
conidia germination of fungus, therefore, the treatments prevented the infection (Raju et al., 2017). 
The obtained results are in agreement with those recorded by many researchers (AbdEl-Kareem et al., 
2004; Ebrahim & Helmy, 2017 and Raju et al., 2017). They demonstrated that the tested materials 
were effective for controlling powdery mildew disease.  

In field experiments, the five tested fungicides or RICs when applied alone or alternatively 
could manage the natural infection of the disease, where variable degrees of disease control were 
obtained. The presented data revealed that all tested fungicides were more effective in reducing 
disease severity than alternation between RICs with fungicides or RICs only. It is clear that the 
alternation between tested fungicides and RICs resulted in highly increase in fruit yield (quality and 
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quantity) more than testing each separately fungicides or RICs. kessmann et al. (1994) reported that 
the mechanism of resistance inducering chemicals is apparently multifaced, likely resulting in stable 
broad spectrum disease control and they could be used preventatively to bolster general plant health, 
resulting in long lasting protection. 

These results are in agreement with those recorded by several workers (Singh, 2006; Pramod & 
Dwivedi, 2007; Akhileshwari et al., 2012 and Raju et al., 2017). They reported that propiconazole, 
myclobutanil, triadimefon and hexaconazole were the most effective in reducing disease incidence of 
powdery mildew in many crops, especially using of fungicides are considered as the shortest way to 
obtain efficient results of disease management. The efficacy of penconazole against Erysiphe. 
cichoracearum may due to reduction of ergosterol biosynthesis in pathogen, which interferes with 
haustoria formation.  

On the other hand, applications of resistance inducers become known as a safety method for 
reducing the severity of many diseases including powdery mildew (Gado, 2006 and Abada et al., 
2008). Systemic acquired resistance and induced systemic resistance are two kinds of resistance 
induced by chemical elicitors became ready to defense against the pathogen before infection (Ragab 
et al., 2009). This is in agreement with Deliopoulos et al. (2010). One of the earliest studies involved 
application of potassium salts to reduce powdery mildew on various cucurbits (Menzies et al., 1992), 
and subsequent work involved wheat powdery mildew (Bélanger et al., 2003). 

This study revealed that not only RICs could induce resistance in many plants against 
pathogens but they could be also used as a protect treatment to reduce the hazard effect of 
conventional fungicides which applied for management of fungal plant diseases. Most of RICs are 
available, also easy to use and environmentally safe. They are used through integrated pest 
managements. 
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