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 The research aims to produce a commercial bio-product as innovative biofungicide  

effective  against grape powdery mildew disease. We improved and applied the efficacy 

of the most promising local biocontrolmicroorganism, TilletiopsisPallescensfor 
biocontrol of grape powdery mildew. Mass production technologies of biocontrol 

agents/ biofungicide have been developed and standardized.  In order to standardize the 

mass and metabolite production some cultural conditions like different incubation time 
in hours, pH, carbon sources and concentrations and nitrogen source were determined. 

Field efficacy of aforesaid biocontrol agent was tested at multi-location sites covering 

various grapevine cultivars in various agro-climatic zones of the country for managing 
disease of important regional crop. Such research can have a positive impact on farmers 

by reducing agricultural chemicals and the expansion of production of bio-security. 

These results suggested that TilletiopsisPallescensmay be a promising management 
 strategy for powdery mildew and quality maintenance of grape. 
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INTRODUCTION 

 

Grape (Vitisvinifera) is the major temperate fruits in term of world quantity produced (63 million tones, 

FAO, 2003). Egypt is growing in importance as grape-producing country. Diseases limit the production of 

grape. Powdery mildew, caused by the fungus Uncinulanecator, is one of the most widespread and destructive 

diseases of grape throughout the worldwide [7]. Foliar diseases caused by fungi result in millions of dollars 

damage to horticulture crops and crop products each year in Egypt. Grapevine diseases can lead to decreased 

crop production. In recent years, occasional reports from growers have indicated that the control efficacy of the 

fungicide seems to have dwindled and concerns regarding resistance of the pathogen to the fungicide have been 

increasing. Control of fungal pathogens is based on the use of agronomic practices and pesticides, but 

widespread application of chemicals inundates the agro-eco systems with toxic compounds that affect the 

balance of the natural food chain [3]. The use of beneficial microorganisms in the replacement or the reduction 

of chemicals hasbeen so far attested [4].  

Yeasts possess several important properties which make them useful for biocontrol purposes: they do not 

produce allergenic spores or mycotoxins, as many mycelial fungi do, or antibiotics, which might be produced by 

bacterial antagonists [5]. Members of Tilletiopsis (Class: Basidiomycetes, Order: Tilletiales) are yeast-like fungi 

which are saprophytes in nature and colonize the leaf surface as epiphytes. Several investigators have suggested 

that yeast like Tilletiopsisspp., recently characterized as yeast like fungi, for biological control of powdery 

mildew disease. Theantagonist might reduce the fungal sporulation and growth by competition and extracellular 

enzymes production markedly reducing disease incidence [11]. It is a pre-requisite for biological control 

application to develop mass production, formulation and delivery system for a micro-organism that control 

diseases in plants. It appears feasible for industry to produce various beneficial microbes against plant pathogens 

through liquid fermentation using in-expensive media. A formulated product for agricultural application should 

be easy to prepare, stable during transportation and storage, should have abundant viable propagules with good 

shelf life, should be efficient and is within an accepted cost [1]. For mass multiplication of bioagent through 

fermentation technology an enormous quantity of spore biomass is needed [8]. For the future development of 

biotechnology in this field, is of primary importance to promote sustainable practices in plant production 

system, as well as in conservation and ecosystem restoration [7]. The present work was focused on production 
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of TilletiopsisPallescens in semi-industrial scale for biofungicide application powdery mildew disease on 

grapevine. 

 

MATERIAL AND METHODS 

 

Microorganism: 

Yeast like fungi, Tilletiopsispallescenspreviously isolated from grape was used in this study [7]. Yeast was 

maintained on YMPG (0.3% yeast extract, 0.3% Malt extract, 0.5% Bacto-peptone and 2% Glucose in distilled 

water 1L). To prepare a blastospore suspension, the culture was filtered through three layers of sterile 

cheesecloth to remove large masses of mycelium and the spores were diluted to 2 x 106 blastospores/ml with 

sterile water and then resuspended in 0.01 M potassium phosphate buffer (pH 7.0)to 2 x 105 / colony forming 

units (cfu) /ml-1 plus 0.01% Tween-80 as surfactant. The blastospore concentration was adjusted to 15,000 

spores/ml .For long-term maintenance, strains were preserved in broth medium containing 15% (vol/vol) 

glycerol at 748C. 

 

Improving productionof TilletiopsisPallescens: 

Improving production  ofTilletiopsisPallescens was carry out in the unit of pilot plant biotechnology using 

locally available materials, and easier procedures for inoculation, extraction and purification of yielded inocula. 

To optimize the quantity of medium per flask (inoculum size), conditions affecting the growth of 

Tilletiopsispallescens, the culture time, suitability of strains for the modified culturing conditions and improving 

the shelf life and formulation of produced bio-fungicides. The optimized medium (which selected in flask phase) 

transferred to the fermenter then sterilized by autoclaving at 121°C for 30 min. The fermenter was operated at 

32°C and the optical density, pH, dry weight, remaining glucose, product concentration, dissolved oxygen were 

measured, while yield coefficients, and specific growth rates were calculated. 

 

Formulation of BCAs: 

The formulation of TilletiopsisPallescens was prepared using 0.01% as glycerol oil, soybean oil,  

polysaccharide  as  methylcellulose (CMC), D-glucose at 0. 1% concentration and ca-Alginat. Survival of BCAs 

in the formulations was assessed at 30 day intervals. 

 

Field application: 

The efficacies of wattable powder formulation of TilletiopsisPallescensagainst powdery mildew on grape 

under natural conditions was conducted during 2011 and 2012 season. Three experiments were performed in 

vineyard at atKalubia governorate (clay soil) on eight years old, Flam cultivar, Ismailia governorate (sand loamy 

soil) on ten years old, Flam cultivar and in Khatate, Sharkia Governorate (sandy loam soil) on ten years old, 

Flam cultivar. The vines were placed at 1.5 m (between vines in the row) x 2.75 m (between rows). The 

vineyard experiments were arranged in a randomized complete block design with four replications for each 

variant, four vines for each replicate. 

Treatments were applied twice at 20-d intervals on grape vines in on-year. Treatments were applied two 

weeks before bloom at first of March. The Tilletiopsispallescens(5 X 10 
6 

colony forming unit) was sprayed by 

using a knapsack sprayer. Vines were sprayed till run-off with approximately 2 L of spray solution per vine. 

Treatments were assigned in a randomized complete block design. Vines sprayed with water was serve as a 

check treatment. Plots consisting of 10 grape vines were replicated four times. Forty-two grapevines (six 

treatments and untreated control, each replicated six times), nearly uniform in vigour, were randomly selected.  

Irrigation, fertilization and other cultural practices were carried out as recommended.  

Disease severity on leaf, flower and cluster powdery mildew was evaluated during growth periods by 

examining 10 leaves,10 flowering clusters, 10 developing  clusters and 10 ripe clusters per replicate.  Powdery 

mildew was rated for disease severity on a 0-7 scale, which 0 = no growth, 1 = < 1%, 2 = 1 to 10%, 3 = 11 to 

25%, 4 = 26 to 50%, 5 = 51 to 75% 6 = 76 to 90% and 7 = > 90% colonies [10].  

The total yield (Kg) per vine was recorded. At harvest date (the 1
st
 week of June) some measuring of 

vegetative growth and the yield per vine was recorded in the term of weight (in kg). Three bunches of each 

replicate were taken and immediately transport to the laboratory to determine the various fruit characteristics. 

Measurements of vegetative growth characters: Cane length (cm), Cane thickness (cm), Number of 

leaves\shoot and leaf area (cm
2
). Quality assessments; Major physical characteristics of mature "Flam" berries;  

Major chemical characteristics of mature berries and Total Soluble Solids Percentage (TSS %). 

 

Statistical analysis:  

For data analysis, the statistical computer application package SPSS 10.0 will be employed. Data will be 

subjected to analysis of variance (ANOVA) and the means will be compared for significance using Duncan's 

Multiple Range Test (DMRT; P = 0.05). 
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Results: 

Fermentation and Formulation: 

As a part at the fermentation processes development, previous optimum conditions were used for  mass 

production of Tilletiopsispallescens. The cultivation was carried out in 20L bioreactor, Bioflow bench top 

fomenters. It consists of a stainless steel head plate. Ports were provided in the head plate for: inoculation, base 

and acid addition; a thermo well for a resistance temperature detector; a foam probe; a sparger; a harvest tube; a 

sampling tube; an exhaust condenser; dissolved oxygen and pH electrodes. On the other hand the stirrer of the 

Bioflow III was equipped with two 4-bladed-rushton turbines. Air was introduced into the medium through the 

ring sparger and the flow rate was controlled by a needle valve located the control cabinet. Percentage of oxygen 

introduced into the medium, determined manually by the user. 100% or (1.0 v/v. min) of air can be applied 

through two flow meter one outside (the control cabinet) and with manual control while another 0-20 SLPM 

mass flow meter inside and automatic control supplied with inlet filter 0.2 um interchangeable cartridge.  

The optimized medium (which selected in flask phase) transferred to the fermenter then sterilized by 

autoclaving at 121°C for 30 min. The fermenter was operated at 32°C and the optical density, pH, dry weight, 

remaining glucose, product concentration, dissolved oxygen were measured, while yield coefficients, and 

specific growth rates were calculated.For formulation, liquid formulations used had a longer shelf-life at 4 °C 

for six months. Glycerol oil was the best formulation used for protectofTilletiopsispallescensfor 6 months in 

compared with untreated control (Fig. 1). D-glucose at 1% as sugar sources also gave high effect. D-glucose  

were used in the formulation process of Tilletiopsispallescens. Moreover,alginate-starch based formulation is the 

best formulation of Tilletiopsispallescens. 

 

 
 

Fig. 1: Effect of different formulation on the survival of BCAS during. 

 

Field Experiments: 

The efficacies of foliar spraying with drywettableformulation of biological control agents to protect 

grapevine cv. Flam from powdery mildew under natural conditions were determined in three regions i.e. 

Kalubia, Sharkia  and Ismailia governorates in seasons of 2011 and 2012. Highly  significant differences in the 

percentage of diseases incidence and severity in experiment (P<0.05) were achieved among untreated, 

fungicide, and treatment with BCAs. Disease incidence and severity were  more sever in bunches than leaves in 

all governorates. Disease incidence and severity were high in Sharkia governorate than in the other  

governorates. In vineyards, the alternatives biological control agents provided protection at an important level 

against powdery mildew infection on both leaves and bunches as compared with fungicide  Punch or untreated 

control which record the highest effect (Table  1 and 2 ). Tilletiopsispallescensproved to be the most effective on 

reducing disease incidence and severity in three regions of Kalubia ,Sharkia  and Ismailia governorates. Other 

treatments, fungicide showed moderate effectiveness on leaves and bunches.  
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Growth parameters and Yield: 

The efficacies of drywettableformulation of Tilletiopsispallescensto improve grapevine cv. Flam  growth 

and yield were determined in three regions i.e. Kalubia, Sharkia  and Ismailia governorates in seasons 2011 and 

2012. Results of  Table3  indicated that, a general increase of total weight of berries/ bunch and yield / vine was 

observed with all treatments than untreated control and fungicide. From the obtained data, (Table 3) the 

application of P. putida was more  effective in increasing total weight of berries\ bunch and yield\ vine (kg) on 

grapevine than the fungicide and the control.  

Concerning the effect of the treatments on the major chemical characteristics from Table (3), it could be 

noticed that Tilletiopsispallescensapplication was more effective in increasing TSS % and decreased TA % than 

fungicide and the control. Finally from the view of the data it could suggested that 

Tilletiopsispallescenstreatment was more pronounced on the filed application on grapevine by increasing the 

yield/ vine and bunch weight, also with the objective of sense check of the data may be we will neglect some 

measurement and test others (Fig.2).  

 
Table 1: Effect  of foliar spraying  with drywettableformulation of BCAs on  powdery mildew disease severity (Uncinulanecator)  of Flam  

grapevines cultivar (seasons 2011 and 2012). 

Application  

Kalubia governorate Sharkia governorate  Ismailia governorate   

On the leaves 

(%) 

On the bunches 

 (%) 

On the leaves 

(%) 

On the 

bunches (%) 

On the leaves 

(%) 

On the 

bunches (%) 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 

Tilletiopsispallescens 0.0d 0.0 0.6 0.5 0.0 0.0 0.8 0.8 0.0 0.0 0.3 0.3 

Fungicide 

(Punch) 
1.3 1.3 2.3 2.3 1.3 1.4 2.3 2.4 1.3 1.4 1.9 2.2 

Water (control) 
 

27.0 25.4 37.1 34.0 29.0 26.2 39.4 37.6 22.0 24.7 26.4 25.6 

LSD 0.6 0.7 0.6 0.7 0.9 0.7 0.8 0.8 0.4 0. 5 0.4 0.3 

             

*Mean Rating (0 to 10 Scale, 0 = none, 10 = 100%) (Reuveni and Reuveni, 1995)  

 

Table 2: Effect  of foliar spraying  with drywettableformulation of BCAs on  powdery mildew disease incidence (Uncinulanecator)  of Flam  
grapevines cultivar (seasons  2011 and 2012). 

Application  

Kalubia governorate Sharkia governorate  Ismailia governorate   

On the leaves 

(%) 

On the bunches 

 (%) 

On the leaves 

(%) 

On the 

bunches (%) 

On the leaves 

(%) 

On the 

bunches (%) 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 

Tilletiopsispallescens 0.0 0.0 0.9 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.6 0.0 

Fungicide 
(Punch) 

1.3 1.9 2.6 1.7 1.6 1.8 2.3 1.7 1.5 2.1 2.2 1.8 

Water (control) 32.4 27.9 32.0 23.1 36.2 23.2 39.4 24.9 26.7 28.9 29.6 

 

25.3 

 

LSD 0.2 0.3 0.4 0.3 0.5 0.3 0.4 0.2 0.2 0.3 0.4 0.4 

 
Table 3: Vine yield and major characteristics of mature bunches of "Flam" grapevine as affected by drywettableformulation of Tilletiopsispallescens 

Treat

ments 

Kalubia governorate Sharkia governorate Ismailia governorate 

Total weight of 

berries\ bunch(g) 

Yield\ 

vine (kg) 

 

TSS  % 

 

TA % 

Total 

weight of 

berries\ 

bunch(g) 

Yield\ 

vine (kg) 

 

TSS  % 

 

TA % 

Total 

weight of 

berries\ 

bunch(g) 

Yield\ 

vine (kg) 

 

TSS  % 

 

TA % 

2011   2012 2011   2012 201

1   

2

0

1

2 

2

0

1

1   

2

0

1

2 

20

11  

20

12 

20

11   

2

0

1

2 

2

0

1

1   

2

0

1

2 

2

0

1

1   

20

12 

20

11   

20

12 

2

0

1

1   

20

12 

2011   2012 2011   2012 

                         

Contr

ol 

 

413.3 457.2 12.1 14.7 14.0 

1

7.

8 

0.

2

8 

0.

2

6 

42

7.6 

43

2.1 

13

.2 

1

4.

5 

1

6.

5 

1

7.

3 

0.

3

0 

0.2

5 

46

7.6 

47

6.

1 

1

6.

2 

17.

6 
15.7 16.8 0.34 0.37 

Tilleti

opsisp

allesc

ens 

487.1 497.8 15.1 16.6 8.5 

1

8.

5 

0.

2

9 

0.

1

6 

51

2.6 

54

3.6 

16

.5 

1

8.

5 

1

7.

5 

1

8.

3 

0.

3

0 

0.3

3 

52

2.4 

50

2 

1

8.

5 

24.

7 
17.1 19.9 0.44 0.34 

Fungi

cide 463.1 577.2 12.2 13.7 15.6 

1

8.

7 

0.

3

0 

0.

2

4 

50

3.2 

58

1.8 

16

.5 

1

8.

7 

1

7.

0 

1

9.

6 

0.

3

2 

0.2

5 

50

3.1 

52

1.

8 

1

9.

5 

22.

9 
19.2 21.4 0.38 0.33 

LSD 
8.0 8.2 0.6 1.1 1.3 

1.

2 

0.

8 

0.

7 
9.1 9.4 

3.

1 

3.

0 

2.

3 

2.

6 

0.

3 
0.4 9.0 

11

.3 

3.

6 
4.1 2.1 2.3 0.6 0.7 
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Tilletiopsispallescens 

 
Control 

Fig. 2: Vine yield and major characteristics of mature bunches of "Flam" grapevine as affected by 

drywettableformulation of Tilletiopsispallescens 

 

Discussion: 

Grape (Vitisvinifera) is one of the most economically important fruit  crops in the world and has many uses. 

In general, global agricultural production is under continuous threat due to diseases and as much as 50% of 

losses have been attributed to such challenges. These developments are concurrent with the ever growing global 

population, demanding more food supplies. In Egypt, grape powdery mildew is a sporadic but very severe 

disease of grape leaves, panicles, and young fruits; up to 90 percent crop loss can occur [7]. Control of fungal 

pathogen is based on the use of agronomic practices and pesticides, but widespread application of chemicals 

inundates the agroecosystems with toxic compounds that affect the balance of the natural food chain. Most 

sustainable and environmentally acceptable control may be achieved using biocontrol agents (BCAs) [7]. In 

Egypt, grape powdery mildew is a sporadic but very severe disease of grape leaves, panicles, and young fruits; 

up to 90 percent crop loss can occur [7]. Control of fungal pathogen is based on the use of agronomic practices 

and pesticides, but widespread application of chemicals inundates the agroecosystems with toxic compounds 

that affect the balance of the natural food chain.  

The practical use of BCAs in agriculture depends upon a technicalpackage that assures cost-effectiveness in 

crop production. This includes an inexpensive andefficient procedure for large-scale production of the chosen 

BCAas well as formulation, storage,delivery and application characteristics that permit full expressionof its 

biocontrolpotential. The media  composition should therefore be further investigated and optimized as the recipe 

used may have cost implications in higher production regimes. For fermentation process development, recipe 

development and optimization will form an integral part to ensure an yet economically viable production 

recipe.The broad spectrum nature of the isolate, even thoughtargeted could also have potential negative 

outcomes. The impact of product application on the microbial product has to be properlyinvestigated prior to 

product registration. For fermentation process development, recipe development and optimization will form an 
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integral part to ensure an yet economically viable production recipe. The mass production systems  should be 

compatible with industrial and commercial development methods and field application. There are two major 

methods of inoculum production as (a) Solid state  fermentation and (b) Liquid state fermentation. Development 

of formulations with increased shelf life and broad spectrum of action with consistent performance under field 

conditions could have the way for commercialization of the technology at a faster rate. Formulation of a 

Tilletiopsispallescens involves the incorporation of viable propagules with carriersubstances (e.g. inert matrix, 

food substances, or their combinations) to accommodatevarious application and delivery requirements of the 

Tilletiopsispallescens fields. One of the critical obstacles in the commercialization of bio agents is the loss of 

viability of the propagulues over the time. Shelf life of the bio control product is dependent on the storage 

temperature  and the carriers used in the formulation of bio control product. Our results indicated thatboth 

glycerol oil plus D-glucose  were the best used in the fermentation and formulation process of T. pallescens. 

Alginate-starch  was excellent until the 3 months of storage .  

Recent emphasis in formulation research has been in the entrapment of Microbial control agents propagules 

within a cross-linked matrix of organic polymers such as alginate, polyacrylamide. Final formulations are 

uniform granules which are compatible with current agricultural equipment. Most Microbial control agents 

survive these formulation processes well and have a shelf-life of several months to a few years. These 

formulations are relatively inexpensive and permits addition of nutrient bases, or other compounds which may 

confer a selective advantage on the Microbial control agents. Other delivery systems include liquids and, gels  

which are applied to foliage or seedling pieces.For extrusion, the ranges of sodium alginate and calcium chloride 

to form the beads are between 1% - 3%alginate and 0.05-1.5 M CaCl2, respectively [2]. 

Our research studies applying bioproducts become more integrated into management strategies in protection 

and curative of plant diseases. A significant barrier appears to be survival of the Tilletiopsispallescens when 

they are fermented, formulated, and applied in scale. Under experimentalconditions, it is feasible to prepare the 

inoculum within 24–48 hours of planting, whereas under production conditions the inoculum often must survive 

transportation on seed or in packages. One of the greatest obstacles to the biological control by introduced 

micro- organisms is the  lack of the methods for the mass production of the bio agent.   
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