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ABSTRACT 

 
A  field study  was conducted under natural  environmental  conditions  on  onion (Allium cepa  L.) plants at the 

Experimental Farm of the Environmental Studies and Research Institute, University of Sadat City, Minufiya Governorate, 

Egypt, for  two  successive  growing  seasons  2013/14 and  2014/15. Some  biocides,  at  certain doses,  were  applied  

under  field trials  for controlling onion downy mildew and evaluate their  effectiveness  on  onion  bulb yield. Bio arc 

(Bacillus megaterium 2.5x107 cfu/g), Bio Zeid (Trichoderma album 107 spore/g) and clean root (B. subtilis 30x106 cfu/g) 

were used at the rate 500 g/100 liter of water/fed. Blight stop (Trichoderma spp. 30x106) and Plant guard (T. harzianum 

3x106) were used at the rate of 1 liter/100 liter of water/fed. For each biofungicide treatment in comparison to the 

recommended fungicide namely Amistar Top 32.5% EC (Azoxstrobin + difenoconazole) at the recommended dose (300 

ml/Fed). All tested treatments recorded the highest efficacy percentages for decreasing downy mildew disease severity 

compared to control treatment. Meanwhile,  Bio  Arc  and Blight stop on yellow onion were  the  superior  treatments  in 

most  cases  and  recorded  (91.71 and 90.44%, respectively) the  highest  efficacy  percentages  for  decreasing downy  

mildew  disease  severity while Bio Zeid and Blight stop were recorded (91.40 and 84.80%, respectively) on red onion 

compared  to  the recommended  fungicide  Amistar  Top.  Regarding  onion  bulb  yield, Amistar  Top  fungicide and  

all  biocides were  the  best  treatments  and  recorded  (96.32 and 97.58% on yellow and red onion, respectively) the  

highest  efficacy %  for  increasing bulb  yield  in both yellow and  red onion  compared to control treatment. 
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INTRODUCTION 

 

Onion (Allium cepa L.) is one of the oldest and 

important crops grown in Egypt and in many other 

countries. It has been reported to be rich in 

phytochemicals, especially medicinal flavonols 

(Priya et al., 2015). The low productivity of onion in 

Egypt has been identified to be due to several factors. 

The most important ones are the diseases, i.e.  Downy 

mildew, purple blotch, Stemphylium blight, white rot, 

basal rot, storage rots and unavailable resistant 

varieties to biotic and abiotic stresses. Downy mildew 

of onion is caused by Peronospora destructor (Berk.). 

Caspary is the most prevalent and serious foliar 

disease worldwide that causes the major problems for 

onion production in Egypt (Abdel-Megid et al., 

2001). Yield losses reached (75.11%) because of 

downy mildew (Jayakumar et al., 2008). These 

losses, mainly result from severe infections in onion 

bulbs, causing early defoliation, reduced bulb sizes, 

and poor storage quality of bulbs (Surviliene et al., 

2008). Downy mildew can cause serious losses within 

a short period of time during cool and humid weather 

conditions (Hoffmann et al., 1996). Relative 

humidity up to (100%) and temperatures range from 

20 to 28ºC are optimum for infection with purple 

blotch (Kumar, 2007).  
 

Several harmful side effects of fungicides have 

been reported on human and environment. Thus, the 

development of nontoxic alternatives of fungicides 

such as biofungicides would be useful in reducing 

these undesirable effects. The focus has been directed 

to find out safe alternatives to chemical fungicides  

for increasing healthy onion production. Biological 

control through the use of antagonistic 

microorganisms is a potential of a non-chemical mean 

of controlling plant diseases by reducing inoculum 

levels of pathogens. Biological control of plant 

diseases can occur through different mechanisms, 

which are generally classified as; antibiosis, 

competition, suppression, direct parasitism, induced 

resistance, hypovirulence and predation (Moyer and 

Peres, 2008). The antagonistic activity has often been 

associated with the production of secondary 

metabolites (Silva et al., 2001). Such management 

would help prevent the pollution and health hazards 

(Kumar, 2007). Several  researchers  have  reported  

biological  control and effective antagonistic potential 

of both fungal and bacterial antagonistic 

microorganisms for controlling downy mildew and 

purple blotch (Alternaria porri) (Abd El-Moity et al., 

1997; Kumar, 2007; Fayzalla et al., 2011 and Sadoma 

et al., 2011).  
 

This study was undertaken to evaluate the 

effectiveness of some biocides as alternatives to 

fungicides for controlling the onion downy mildew 

under field conditions and their economic feasibility 

compared to the recommended fungicide treatment. 

 

MATERIALS AND METHODS 

 

The field experiments were carried out at the 

Experimental Farm of the Environmental Studies and 

Research Institute, University of Sadat City, 
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Minufiya Governorate, Egypt, under the drip 

irrigation system, during the two successive winter 

growing seasons of 2013/14 and 2014/15 in a 

naturally infected field with Peronospora destructor 

the causal of downy mildew.  
 

The scoping experiments evaluated the effect of 5 

biocides, i.e. Plant guard (Trichoderma harzianum 

3x10
6
), Blight stop (Trichoderma spp. 30x10

6
), Bio 

arc (Bacillus megaterium 2.5x10
7
 cfu/g), Bio Zeid (T. 

album 10
7
 spore/g) and Clean root (B. subtilis 30x10

6
 

cfu/g), in addition to the biocide Amistar Top 32.5% 

EC (Azoxstrobin + difenoconazole), at a rate of 300 

ml/feddan, as foliar spraying on the two onion (Allium 

cepa L.) cultivars; (cv. Giza 20 and cv. Giza Red), 

infected with downy mildew. Vegetative growth, 

yield and its components, bulb quality and some 

chemical composition of the bulbs were estimated. 
 

Plant cultivars  

The plant seeds of the two onion cultivars, Giza 20 

and Giza Red, were obtained from the Onion 

Research Section, Agricultural Research Center, 

Giza, Egypt.  
 

Experimental design 

The experimental treatments were laid out in a 

randomized complete block design (RCBD) with 3 

replicates (plots). Each plot consisted of 6 rows (each 

row 3.0 m length and 50 cm width). The experimental 

plot area was (3.0 x 3.5 m
2
 (10.5 m

2
 = 1/ 400 feddan). 

Sixty day-old transplants of onion cultivars were 

planted in each plot (75 plants/ row, to provide 450 

onions/ plot) at the recommended spacing (10 x 

10cm), within each row, in the 1st week of December 

in both years. The recommended agricultural 

practices for onion crop were practiced. The same 

experimental procedures were conducted in both 

seasons 2013/14 and 2014/15. Harvesting was carried 

out when (50%) of the plant foliages was bent 

showing symptoms of ripening. The two captives 

were harvested in the last week of May during both 

seasons. 

 
The treatments, i.e. Bio arc, Bio Zeid and Clean 

root were used at the rate of 500 g/100 l/fed. Blight 

stop and Plant guard were used at the rate of 1 

liter/100 l/fed for each based treatment in comparison 

to the recommended fungicide, Amistar Top 32.5% 

EC (Azoxstrobin + difenoconazole) at a rate of 300 

ml/ feddan (as recommended dose) against the downy 

mildew. Foliar spraying for the treatments was 

applied at regular interval period (two weeks) and 

repeated 6 times throughout the period from January, 

15 to April, 15. The un-sprayed control plants were 

sprayed with distilled water. All treatments were 

applied as foliar spraying to run-off using a hand 

sprayer. Plants were sprayed just before sunset by late 

afternoon. Super film was mixed before spraying at 

each treatment at the rate of 50 ml/100 liter as 

surfactant and sticker material.  
 

Downy mildew and onion bulb yield assessment 
Disease severity of downy mildew was recorded, 

2 and 3 months post transplanting (during the 1st week 

of February and March). One hundred leaves from 

each plot were randomly chosen to determine disease 

severity and were recorded using (0-8) scale 

according to the method described by Townsend and 

Heuberger, (1943) as follows: 

0 = no infection (leaves are completely healthy),  

1 = 1-2 spots per onion leaf,  2 = 3-5 spots per onion 

leaf, 3 =6-10 spots per onion leaf,  4 = 25% of leaf 

surface was attacked, 5 = 35 - >50% of leaf surface 

was attacked, 6= 50% of leaf surface was attacked,  

7= 75% of leaf surface was attacked, 8= more than 

75% of leaf surface was attacked. Disease severity 

index of downy mildew was estimated using the 

following formula: 

D.S.I.%= 
Σ (n xv) 

×100 
ZN 

Where: D.S.I. = Disease severity index, n = Number 

of leaves in each category, v = Numerical value of 

each category, z = Numerical value of highest 

category and N = Total number of leaves in the 

sample. 
 

Onion bulb yield, as the Kg / plot (10.5m2), was 

weighted in all treatments after harvesting. The 

efficacy of different treatments for controlling both 

downy mildew and increasing onion bulb yield was 

calculated as follows: 

1- Efficacy-I (a & b) was calculated based on mean 

of disease severity in the two seasons compared to 

untreated control, for disease control of downy 

mildew and bulb yield as follows:  
 

 % of Efficacy-I (a) = % of disease severity in biocides or 

fungicide treatment of downy mildew - % of disease 

severity in control of both diseases / % of disease 

severity in the control treatment of both diseases x100. 
 

 

% of Efficacy-I (b) = Bulb yield in biocides or 

fungicide treatment - bulb yield in control 

treatment / bulb yield in control treatment x 100. 
 

2- Efficacy-II was calculated based on mean of 

disease severity in the two seasons compared to 

Amistar Top fungicide for both disease control and 

bulb yield as follows:  
 

% of Efficacy-II = 
% of biocides treatment efficacy 

×100 
% of Amistar Top efficacy 

 

Biochemical component 

Some of bioconstituents in the samples of onion 

bulbs (treated and untreated) of the two cultivars, at 
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100-days post planting, were determined in both 

seasons. Total carbohydrates were determined in the 

aqueous extract according to Dubois et al. (1956); the 

total nitrogen percentage was determined according 

to Jackson (1967)  and total soluble solids (T.S.S.) 

were determined using a Carlzeiss hand 

refractometer.   

 

Statistical analysis 

Obtained data were statistically analyzed by 

analysis of variance (ANOVA), using MSTAT-C 

program version 2.10. The least significant 

difference (LSD) test (0.05) was used to find out the 

significance among the means of various treatments 

(Gomez and Gomez, 1984). 

 

RESULTS AND DISCUSSION 
 

Effect of different treatments on downy mildew of 

yellow onion 

Disease  severity  of downy  mildew on the yellow 

onion (Giza 20) was  significantly  decreased  by  

using  the tested biocides and the recommended  

fungicide Amistar  Top,  after  2 & 3 months  in  

both seasons compared to untreated control (Table 1). 

In general, disease severity % of downy mildew was 

higher after 3 months than at 2 months from planting 

during the two successive seasons. Also, Bio arc was 

the most effective one, followed by Blight stop and 

Bio Zeid after 2 months. On the contrary, Blight stop 

was the most effective after 3 months from planting. 

Amistar Top fungicide showed the highest percentage 

of efficacy (EF-I) in decreasing disease severity  

after 2 and 3 months from planting (92.34 & 90.26%, 

respectively) compared to the untreated control. 

Among the tested biocides, Bio Arc was the most 

effective one after 2 months and ranked the second 

recording EF-I (84.68%), whereas the Blight stops 

was the most effective one after 3 months and EF-II 

recording (94.60%) compared to the control.  

 

For the effectiveness of different baked treatments 

compared to the fungicide, they all recorded the 

highest percentages of efficacy (EF-II) for controlling 

downy mildew. Similar results were reported by Abd 

El-Moity et al. (1997), El-Shehawy (2009) and 

Sadoma et  al. (2011) who reported that the downy 

mildew disease of grain sorghum could be effectively 

controlled by foliar spray with bioagents, i.e. T.  

viride, T. harzianum and Bacillus subtilis. Metwally 

et al.  (2010) revealed that Bio Arc and Bio Zeid led 

to a maximum reduction of chocolate spot disease 

severity. Morsy et al. (2011) found that using Bio Arc 

and Bio Zeid treatments as biotic inducers offered a 

considerable degree of protection against alfalfa 

downy mildew, rust, root rot and wilt diseases under 

field conditions when applied as a spray treatment or 

seed soaking.   
 

Effect of different treatments on downy mildew of 

red onion 

Disease  severity  of red onion downy  mildew was  

significantly decreased by using different treatments 

of bio fungicides and recommended  fungicide 

Amistar Top after  2 & 3 months  during  the two 

seasons  compared to untreated controls (Table 2). In 

general, disease severity of downy mildew was higher 

after 3 months than 2 months from planting in both 

seasons. However, insignificant differences were 

observed between the two growing seasons 2013/14 

and 2014/15 in this regard. Also, the Bio arc was the 

most effective tested bio fungicide, followed by first 

and second ones after 2 months, while in the contrary, 

Blight stop was the most effective after 3 months from 

planting. Amistar Top fungicide was the best 

treatment for decreasing disease severity of downy 

mildew after 2 and 3 months from planting. As shown 

in the table (2), Amistar Top  recorded  the  highest  

percentages  efficacy  (EF-I)  to  decrease  downy  

mildew  disease  severity  after  2 & 3 months  (84.42  

&  84.80%,  respectively)  compared  to  untreated  

control. However,  the  tested  bio fungicides, Bio zied 

was the most effective bio fungicides after 2 & 3 

months came second, recording  EF-I  (77.17 and 

76.45%), respectively, followed by the Blight stop 

(71.59  and 75.45%), respectively compared to 

control. On the contrary, Plant guard showed the 

lowest effective one for decreasing disease severity of 

downy mildew on the red onion recording (66.37 and 

69.26%), respectively. For the effectiveness of 

different biofungicide treatments compared to the 

fungicide, all the tested biofungicides recorded the 

highest percentages of efficacy (EF-II) for controlling 

downy mildew. These results are agreement with 

Ahmed and Shaheen (2016) who  explained these 

results according to the dual effect of the bioagents 

which produce growth regulators, in addition to the 

chemical effect of antioxidants, which play a clear 

role in improving plant physiology, metabolism and 

induce systemic resistance (ISR). This positive effect 

of the bioagents might be attributed to induction of 

resistance in the host plant by biocontrol agents 

Trichoderma spp. or Bacillus spp. (Morsy et al., 

2011). Some  reports  suggest  that 18 fungicides  

containing  mancozeb  and  other active  ingredients 

such  as azoxystrobin,  benalaxyl,  dimetomorf,  

metalaxyl  were  effective resulted  to more  than  

(85%)  control  of  onion  downy  mildew  (Robak  and 

Adamicki, 2007).  Similarly, out of 9 fungicides 

evaluated in the field as  foliar  sprays,  three  14-day  

sprays  of  metalaxyl + mancozeb (0.3%) effectively  

controlled  onion  downy  mildew  disease  (Develash 
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Table (1): Effect of foliar spraying of some biofungicides on yellow onion (Giza 20) downy mildew compared 

to Amistar Top fungicide under field conditions at Sadat city during two successive growing seasons 

2013/14 and 2014/15 
 

Treatment 

Disease severity % of downy mildew on yellow variety 

2 months 3 months 

2013/2014 2014/2015 Mean Ef-I % Ef-II % 2014 2015 Mean Ef-I % Ef-II % 

Bio arc 7.8 9.2 8.5 84.68 91.71 15.2 14.8 15.0 81.73 90.55 

Bio Zeid  11.9 10.2 11.05 80.09 86.73 18.3 17.5 17.9 78.20 86.64 

Blight stop 9.5 8.8 9.15 83.51 90.44 12.3 11.7 12.0 85.38 94.60 

Clean root 13.1 12.8 12.95 76.67 83.02 17.5 16.4 16.95 79.35 87.92 

Plant guard 13.7 13.0 13.35 75.95 82.24 24.9 26.8 25.85 68.51 75.91 

Amistar Top   3.6 4.9 4.25 92.34 00.00 7.4 8.6 8.0 90.26 00.00 

Control 56.7 54.3 55.5 00.00  83.7 80.5 82.1 00.00  

L.S.D5% 

Months 0.072 Months 0.130 

Treatments 0.252 Treatments 0.456 

Interaction 0.503 Interaction 0.912 

 

Table (2): Effect of foliar spraying with some biofungicides on red onion downy mildew compared to Amistar 

Top fungicide under field conditions at Sadat city during two successive growing seasons 2013/14 and 

2014/15 
 

Treatment 

Disease severity % of downy mildew on red variety 

2 months 3 months 

2014 2015 Mean Ef-I % Ef-II% 2014 2015 Mean Ef-I % Ef-II% 

Bio arc 15.8 19.0 17.4 69.20 81.97 21.0 26.2 23.6 72.41 85.39 

Bio Zeid  12.0 13.8 12.9 77.17 91.40 19.0 21.3 20.15 76.45 90.14 

Blight stop 15.8 16.3 16.05 71.59 84.80 20.0 22.0 21.00 75.45 88.97 

Clean root 16.2 19.5 17.85 68.41 81.03 21.7 26.5 24.10 71.83 84.70 

Plant guard 19.4 18.6 19.0 66.37 78.62 26.9 25.7 26.30 69.26 81.67 

Amistar Top   8.0 9.6 8.8 84.42 00.00 12.0 14.0 13.00 84.80 00.00 

Control 58.0 55.0 56.5 00.00  89.8 81.3 85.55 00.00  

L.S.D5% 

Months 0.186 Months 0.124 

Treatments 0.651 Treatments 0.435 

Interaction 1.302 Interaction 0.871 
*Ef-I%: Efficacy-I was calculated based on mean of disease severity in two seasons for comparig all tested treatments to control. 

**Ef- II%: Efficacy-II was calculated based on mean of disease severity in two seasons for comparing all tested biofungicides to 

fungicide. 

 

Table (3): Effect of foliar spraying with some biofungicides at the certain doses on onion components 

compared to Amistar Top fungicide under field conditions at Sadat city during two successive growing 

seasons 2013/14 and 2014/15 
 

Characters Total carbohydrates 

(mg /g dry weight) 
Total  nitrogen % T.S.S.% 

Cultivars Treatments 2014 2015 2014 2015 2014 2015 

Yellow 

onion 

Control 0.065 0.152 8.501 8.115  11.467  11.367  

Bio arc 1.527  1.457  11.948  12.914  13.450 12.923 

Bio Zeid  1.523  1.550 11.876  13.344  13.750 13.523  

Blight stop 1.407 1.457 13.000 12.865 14.453  14.123 

Clean root 1.553  1.860  15.396  15.938  15.210  15.167  

Plant guard 1.377  1.460 12.625 12.583  13.900  13.500  

Amistar Top   0.840  1.133  10.218 9.948  12.567  12.100  

Red  

onion 

Control 1.157  0.110 7.750 8.760 12.643  11.543  

Bio arc 1.617  1.413 12.896 12.718  14.543  14.477 

Bio Zeid  1.533  1.517  12.667  12.718  13.143  13.310  

Blight stop 1.490  1.457  13.375 12.343 14.170  14.110 

Clean root 1.797  1.823 16.083 15.948 15.177 14.677  

Plant guard 1.347 1.410 13.167 13.573 12.970  13.943 

Amistar Top   0.980  1.220 10.000 10.239 13.077  11.877 

L.S.D5% 0.0035 0.0018 0.0531 0.0027 0.0403 0.0285 
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Table (4): Effect of foliar spraying with some biofungicides on onion bulb yield compared to Amistar Top 

fungicide under field conditions in two varieties yellow and red during two successive seasons 2013/14 and 

2014/15 
 

Treatment 

Onion bulb yield Kg/plot (10.5m2 = 1/400 feddan 

Yellow variety Red variety     

2014 2015 Mean Ef-I % Ef-II % 2014 2015 Mean Ef-I % Ef-II % 

Bio arc 43.5 40.7 42.10 188.36 96.32 43.0 41.5 42.25 252.08 97.58 

Bio Zeid  39.8 38.0 38.90 166.44 85.11 35.8 33.2 34.50 187.5 72.58 

Blight stop 42.0 39.0 40.50 177.40 90.72 39.1 36.7 37.90 215.83 83.55 

Clean root 36.7 40.1 38.40 163.01 83.36 34.0 30.9 32.45 170.42 65.97 

Plant guard 37.6 33.9 35.75 144.86 74.08 30.1 31.8 30.95 157.92 61.13 

Amistar Top   45.0 41.3 43.15 195.55 00.00 44.0 42.0 43.00 258.33 00.00 

Control 14.0 15.2 14.60 00.00  11.0 13.0 12.00 00.00  

L.S.D5% 0.817 0.465    0.683 0.443    
*Ef-I%: Efficacy-I was calculated based on mean of disease severity in two seasons for comparing all tested treatments to control. 

**Ef- II%: Efficacy-II was calculated based on mean of disease severity in two seasons for comparing all tested biofungicides to 

fungicide. 

 
and Sugha, 1997a and b).  

 

Effect of different treatments on characters of 

onion components  

Obtained data are presented in table (3) beside 

data previously mentioned about the effect of these 

pageants on downy mildew just to correlate and 

understand the role of these bioagents in the changes 

that may be occurring in plant components “total 

carbohydrates, total nitrogen % and total soluble 

solids (T.S.S)” and reflection of these changes on the 

degree of resistance or increase in yield. The data 

showed that Clean root was the highest effective 

treatment led to the highest amount of yield 

component “chlorophyll, protein and T.S.S” compare 

to control treatment during the two seasons (2014 and 

2015), respectively. On the contrary, Amistar Top 

fungicide showed the least effective treatment led to 

the least content in yield component rather than the 

control treatment. No clear trend could be deduced 

when treatments with slight differences in efficacy 

correlated with any of the used chemical analysis 

under test. These results are in harmony with those 

obtained by Ahmed et al. (2016).  

 

Treatments with high effect on plant protection 

and disease reduction were combined to increase in 

amount of total carbohydrates, T.S.S and protein. 

These results are in agreement with those obtained by 

(Abd El-Moity et al., 1997, Kumar et al., 2000, 

Kumar, 2007, and Fayzalla et al., 2011). Bio Arc and 

Bio Zeid found to be the most  effective  in  increasing  

growth,  chemical  composition  and  yield parameters 

of faba bean  (Metwally et al.,  2010).  Abou-Zeid  et 

al. (2011) found  that  the best treatment  increased  

tomato yield  was a combination between solarization 

with biofungicides (Bio Arc + Bio Zeid), followed by 

20 metam  sodium  combined  with  solarization  and 

basamide  combined  with solarization  then  

solarization  alone.  Morsy et al.  (2011)  noted  that  

Bio Arc  &  Bio  Zaid  improved  growth  and  yield  

in  alfalfa  under  field conditions when applied as a 

spray treatment or seed soaking. 

 

Effect of different treatments on onion bulb yield  

Data presented in table (4) indicate that all tested 

treatments caused significant increasing in bulb yield 

during the two seasons 2013/14 and 2014/15 under 

field conditions compared to untreated control. In 

general, insignificant differences were observed 

between the two growing seasons in the two captives 

“yellow and red onions”. However, bulb yield in red 

onion was significantly higher than the yellow 

onions. Recommended fungicide Amistar Top was 

superior treatments in the two cultivars recording 

(195.55 and 258.33 Kg/plot, respectively) in Ef-I, 

followed by Bio arc and Blight stop in comparison to 

control treatment. Also, all tested biofungicides 

recorded the highest percentage  of efficacy  

compared to the recommended  fungicide (Amistar 

Top) (EF-II), whereas the Bio arc showed the highest 

yield in two cultivers yellow and red of onions 

recording (96.32 and 97.58%), respectively.  

 

On the contrary, Plant guard was the least effective 

treatment in this regard. This is because, the host was 

the most susceptible during  the  flow  of  

photosynthates from  source to sinks.  The  bulb 

formation started, the host plant became highly 

susceptible to invasion by the pathogens and there 

was  a progressive increase in disease severity with 

the  increase  in  the  age  of  the  host  plant.  

 

This also indicates that the pathogen is a low sugar 

fungus. When  translocation  from  the  source  to sink  

increased  the  disease  severity  also  increased.  

These  results  are  in agreement with those obtained 

by  Kumar (2007) who recorded an increase in disease  

severity  as  the  age  of  the  plant  increased. Among  

the  tested antagonists  (fungi  and  bacteria)  
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commercial  formula  used  in  this  study, bacterial 

antagonist commercial formula, i.e.  Bio 4  and  Bio 

Arc specially at  the  least  rate  (125  g/100  liter)  

were  found  to  be  less  effective  in controlling  the  

disease. The present results are in line with those 

reported by Chethana (2000) and Mathivanan et al. 

(2000). Also, they are  in  agreement  with  those  

obtained  by  Survilienė  et  al. (2008) who noted that 

the highest onion bulb yield increase was recorded at 

Infinito 687.5 SC, Signum 33 WG and Amistar 250 

SC treatments, however, the lowest  onion  yield  was  

obtained  from  the  control  treatment. This confirms  

that  early  defoliation  of  onion  reduced  bulb sizes  

and  caused  yield  losses  (Gilles  et  al.,  2004  and  

Gianessi  and Reigner, 2005). 

 

REFERENCES 

 

Abd-El-Moity, T. H., A. I. Hanna and M. S.  
Abdel-Megid. 1997. Biological control of downy 

mildew and purple blotch diseases of onion and 
garlic under field conditions. Proc. 8th Cong. 

Egypt. Phytopathol. Soc., 227-242.  
Abdel-Megid M. S.; A. H. Metwally; S. M.  

Abdel-Momen and A. A. Hilal. 2001. A 

preliminary field study on the possibility of 
controlling foliar diseases of onion using some 

Egyptian medicinal plant extracts in comparision 
with a fungicide. Egypt. J. Phytopathol.,  

29(1): 21-31.   
Ahmed, M.F.A and S.A. Shaheen. 2016. Evaluation 

of some Trichoderma isolates on controlling rust 
disease and enhance the yield of cowpea plants 

(Vigna unguiculata L.). Proceeding of 1st 
International Conference of Applied 

Microbiology, March 1-3, Agricultural Research 
Center (ARC), 250-260.  

Ahmed, M.F.A; Sahar A.M. Zayan and M. S. Rashed. 
2016. Evaluation of seed coating with some bio 

agents against damping-off and root rot diseases 
of fennel under organic farming system. Journal  

of Phytopathology and Pest Management,  

3(3): 11-23.    
Chethana, B. S. 2000. Studies on Alternaria leaf 

blight of onion (Allium cepa L.). M.Sc. (Agric.) 
Thesis. Uni. Agric. Sci. Dharwad (India). 

Develash, R. K. and S. K. Sugha. 1997a. Management 
of downy mildew (Peronospora destructor) of 

onion (Allium cepa). Crop Prot., 16 (1): 63–67. 
Develash, R. K. and S. K. Sugha. 1997b. Incidence of 

downy mildew and its impact on yield of onion. 
Indian Phytopathol., 50: 127–129 

Dubois, M; Smith, F.; Gilles, K. A.; Hamilaton, J. K. 
and Rebers, P. A. 1956. Colorimetric method for 

determination of sugars and related substances. 
Anal. Chem., 28 (3): 350-356. 

El-Shehawy, A.E. 2009. Studies on control of downy 
mildew disease of grain sorghum. Ph.D. Thesis, 
 

Fac. Agric., Tanta Univ., Egypt. pp164. 
Fayzalla, S. A., A. H. Metwally and M. M. Sadat. 

2011. Effect of some fungicides, bioagents, and 
essential oils for controlling purple blotch disease 
of onion.  J. Plant Prot. andPathol., Mansura 
Univ., 2 (7): 663-676.  

Garcia, J.E. 1993. Pesticides as contaminants. 
Turrialba (Costa Rica), 43(3) 221-229 (c.f. Rev. 
Pl. Pathol., 74(6): 409, 1995). 

Gianessi,  L.  P. and N.  Reigner.  2005.  The value of 
fungicides in U.S. crop production.  Crop Life 
foundation crop protection research  institute. 
Washington, DC, 243p.  

Gilles, T., Phelps K., J.  P.  Clarkson and R.  Kennedy.  
2004. Development of Milioncast, an improved 
model for predicting downy mildew sporulation 
on onions. Plant Dis.,  88(7):  695–702. 

Gomez,  K.A. and  A.A.  Gomez.  1984.  Statistical 
Procedures for Agricultural Research, 2Nd Ed.  
John Wiley and Sons Ltd., New York, 680 pp. 

Hoffmann, M.  P.,  C.  H.  Petzoldt and A.  C.  
Frodsham.  1996. Integrated pest management for  
onions.  New York State IPM Program 
Publication, 119: 78 pp. 

Jackson, M.L. 1967. Soil Chemical Analysis, 
Prentice Hall of India, New Delhi, 144-197. 

Jayakumar, M., K.  Ponnuswamy and M.  M.  
Amanullah.  2008. Influence of nitrogen and 
intercropping on pest incidence, yield attributes 
and yield of cotton. J. Applied Sci. Res., 4: 224-
228. 

Kumar P. T., 2007. Biological management of 
Alternaria blight of onion. M. Sc. College of 
Agriculture, Dharwad University of Agricultural 
Sciences, Dharwad. 112 pp. 

Kumar P., A. Kumar and K. Kumar.  2000.  Bio-
control of seed-borne fungal pathogens of 
pigeonpea (Cajanus cajan (I.) millsp.). Ann. Pl. 
Prot. Sci., 8 (1): 30-32. 

Kumar, S.; A. Sushant;C. P. Tiwari and V. Singh. 
2006. Bulb yield and quality of onion (Allium cepa 
L.) as affected by application rates of nitrogen and 
potassium fertilizer. Agri. Sci. Digest., 26(1):11-
14.  

Mathivanan, N.; K. Srinivasan and S. Chelliah. 2000. 
Field evaluation of Trichoderma viride Pers. ex. S. 
F.  Gray and Pseudomonas fluorescens Migula 
agains foliar diseases of groundnut and sunflower. 
Journal of  Biological Control, 14(1): 31-34. 

Matroudi, S., M.R.  Zamani and M.  Motallebi.  2009.  
Antagonistic effects  of  three  species  of  
Trichoderma sp. on  Sclerotinia sclerotiorum,  the  
causal  agent  of  canola  stem  rot.  Egypt. J.   Biol., 
11: 37-44. 

Metwally, M.A.; Kh.M. Ghanem and K.M. Abd El-
Hai. 2010. Improving the performance of faba 
bean and controlling of chocolate spot disease 
using bio-compounds. Plant Path. J., 9(4): 169-
178. 

http://www.doaj.org/doaj?func=openurl&issn=18125387&genre=journal&uiLanguage=en


77 

 
Mostafa, A.K. and M.S. Abd El-Magid. 1998. 

Evaluation of some onion cultivars to distance 
severity of downy mildew and purple blotch, bulb 
yields and quality. J. Agric. Sci. Mansoura Univ., 
23 (2): 691-700. 

Morsy, K.M.;M.F. Abdel-Monaim and M. M. Mazen. 
2011. Use of abiotic and biotic inducers in 
controlling fungal diseases and improving growth 
in alfalfa. Aust. J. Basic  Appl. Sci., 5(9): 816-824. 

Morsy, S.M; K.A. Abdel-Kawi and M.N.A. Khalil. 
2009. Efficiency of Trichoderma  viride  and  
Bacillus  subtilis  as  biocontrol  agents against  
Fusarium  solani  on  tomato  plants  Egypt.  J.  
Phytopathol., 38(1): 47-57. 

Moyer,  C.  and N.A.  Peres.  2008.  Evaluation of 
biofungicides for control of powdery mildew of 
gerbera daisy. Proc. Fla. State Hort. Soc., 121: 
389-394. 

MSTAT-C. 1991.  A Software Program for the 
Design, Management and Analysis of Agronomic 
Research Experiments.  Michigan State 
University, pp: 400. 

Priya, R.U., Arun Sataraddi and S.  Darshan. 2015. 
Efficacy of non-systemic   and systemic 
fungicides against purple blotch of onion (Allium  
cepa I.) caused by Alternaria  porri ( ellis)  cif. Int. 
J. Recent Sci. Res., 6(9): 6519-6521.     

Robak, J.  and F.  Adamicki. 2007.  The  effect   
of  pre-harvest  treatment with  fungicide  on  the  

storage  potential  of  root  vegetables. Vegetable 
Crops Research Bulletin (VCRB), 67: 187–196. 

Sadoma, M. T, A. B. B.  El-Sayed and S. M.   
El-Moghazy.  2011. Biological  control  of  downy  
mildew  disease  of  maize  caused  by 
Peronosclerospora sorghi  using certain 
biocontrol agents alone or in combination. J. 
Agric. Res., Kafer El-Sheikh Univ., 37(1):1-11. 

Sliva, G.H., V.P.  Costa, V. P.  Campos, D. F.  
Oliveira and L. H. Pfenning.  2001.  Fungal 
metabolites with activity against nematodes. 
Bioactive Fungal metabolites. Impact and 
Exploitation, International Symposium. Br. 
Mycolog. Soc., Wales Swansea, UK, pp: 95. 

Survilienė, E.; A. Valiuškaitė and L. Raudonis. 2008. 
The effect of fungicides on the development of 
downy mildew of onions. Zemdirbyste 
Agriculture, 95(3(: 171–179.  

Townsend, G.R. and J. W. Heuberger. 1943. Methods 
for estimating losses caused by disease in 
fungicide experiments. Plant Dis. Rep.,  
27 (17): 340-343. 

Wright, P. J., R. W. Chynoweth, R. M. Beresford  
and W. R. Henshall. 2002. Comparison of 
strategies for timing protective and curative 
fungicides for control onion downy mildew 
(Peronospora destructor) in New Zealand. 
Proceeding of BCPC conference - Pests and 
Diseases, 1: 207–212. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

 

 

 

 

 

 




