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Powdery mildew disease caused by Erysiphe polygoni D C is one of the serious 
constraints that afflict cultivation of blackgram in India and other countries. In view of 
the significance of the disease, investigation was carried out  to study the severity of  
powdery mildew on urdbean (Vigna mungo (L.) Hepper) in relation to weather, host 
plant resistance and management. Observations were made on different aspects like 
incidence, severity (PDI), morphological characters and biochemical changes and 
growth and yield parameters. 

A roving survey was conducted during rabi 2015-16 in Guntur district of 
Andhra Pradesh. Disease incidence and severity were recorded in the surveyed villages 
of Tadikonda, Veticherukuru, Pedanandipadu and Kakumanu  mandals of Guntur 
district. Incidence was ranged from of 13.69% (Pedanandipadu mandal) to 87.01% 
(Tadikonda mandal) and severity were ranged from 11.61% (Kakumanu mandal) to 
88.08% (Tadikonda mandal), respectively. 

Symptoms first appeared on shaded lower leaves. These white, powdery 
colonies grew in size and cover both sides of the leaf, petioles and young stems. When 
disease progressed leaves became smaller and chlorotic with stunting, distortion and 
premature leaf fall due to infection of E. polygoni. The pathogen was observed to 
produce amphigenous dirty white hyaline mycelium and barrel shaped conidia 
measuring 1.089 µm × 0.7131 µm at 40X magnification. 

Correlation studies with weather parameters and crop age on powdery mildew 
disease severity revealed that significant positive correlation of disease was recorded 
with crop age (r=0.984) and maximum temperature (r=0.657). Regression analyses for 
per cent severity of diseases with weather factors revealed that maximum temperature 
and wind speed and minimum temperature would influence powdery mildew disease in 
urdbean up to 86.6 per cent. 



During kharif, out of 47 genotypes evaluated, KUP-1 was immune, two 
genotypes were highly resistant, and ten were moderately resistant to powdery mildew, 
whereas, twenty moderately susceptible and ten were susceptible and four highly 
susceptible. In rabi, out of eleven genotypes, two were highly resistant against powdery 
mildew disease, one moderately resistant, one moderately susceptible, other seven 
genotypes were highly susceptible. 

Among selected blackgram genotypes, significantly highest leaf thickness was 
observed in highly resistant genotypes KUP-34 (201.4 µm), KUP-40 (191.3 µm). 
Significantly lowest stomatal frequency was observed in highly resistant genotypes 
KUP-34 (88.64/mm2), KUP-40 (99.24/mm2). Higher trichome density was observed in 
highly resistant genotypes KUP-34 (62.33), KUP-40 (59.11).  

Significantly higher phenol content was observed in highly resistant genotypes 
KUP-34 (0.912 mg/100 mg) and KUP-40 (0.861 mg/100 mg) and one moderately 
resistant genotype KUP-12 (0.678 mg/100 mg). Highly susceptible genotype LBG-623 
recorded the lowest total phenol content (0.299 mg/100 mg). 

Significantly lowest total sugars, reducing sugars and non reducing sugars were 
recorded in highly resistant genotypes KUP 34 and KUP 40. 

In field evaluation of different chemicals, two sprays of Myclobutanil @ 0.2 W.P 
(31.23%), Wettable sulphur @ 0.3 W.P (32.81%) were found superior as they recorded 
the lowest per cent disease index. Significant increase in shoot length, number of 
primary branches per plant, number of pods per plant, 100 seed weight, seed yield was 
recorded with Myclobutanil spraying at 35 and 45 DAS followed by Wettable sulphur. 
Highest benefit cost ratio was observed in Wettable sulphur (1.82) followed by 
Myclobutanil (1.17). 

  



Chapter I 

INTRODUCTION 

Blackgram [Vigna mungo (L.) Hepper] is an important pulse containing 24% 
protein in its seed and is the richest source of phosphoric acid among pulses, 
combination with cereal it fulfils the requirement of protein in diets (Duffus and 
Slaughter, 1980). It is mainly used as dal and in preparation of some special 
dishes like the sprouted urdbean which is very popular in Japan and is highly 
valued for digestibility and freedom from the flatulence effect. Since it serves as 
a cheaper source of protein (24%) for the poor, it is rightly called the poor 
man’s meat and can also be used as green manure. Blackgram crop is mini-
fertiliser factory as it restores soil fertility by fixing atmospheric nitrogen and thus 
producing nitrogen equivalent of around 22 kg per hectare (Rachie and Roberts, 
1974). 

Blackgram cultivation is distributed mainly in tropical to sub-tropical countries. 
The traditional cultivation of blackgram is confined to the South-Asia and adjacent 
regions. The production of blackgram globally is around 8.5 million tonnes, from the 
major producing countries such as India, Myanmar and Thailand. In India it is a third 
important pulse crop cultivated in an area of 2.29 M ha with 1.96 M t production and 
500 kg ha-1 productivity (Department of Agriculture and Cooperation, Government of 
India, 2014). 

In India, major urdbean growing areas are Andhra Pradesh, Gujarat, Karnataka, 
Madhya Pradesh, Maharashtra, Orissa, Punjab, Rajasthan, Sikkim, Tamil Nadu and 
Uttar Pradesh and Andhra Pradesh (A.P). In A.P kharif, it is grown in 0.25 Lakh ha, 
producing 0.17 Lakh t with a productivity of 676 kg ha-1, in rabi, it occupies 4.29 Lakh 
ha, producing 3.39 Lakh t with a productivity of 790 kg ha-1 (Department of Agriculture 
and Co-operation, Government of A.P. 2014).The crop is of special significance in A.P 
as it fits well in rice-pulse cropping system as a relay crop particularly in Krishna -
Godavari and North Coastal zones.  

Blackgram suffers from biotic stress due to fungal, bacterial and viral diseases 
resulting in heavy yield losses (Nene, 1972). Powdery mildew reported as a serious 
problem in all areas of rice based cropping systems of the country (Abbaiah, 1993) 
causing considerable yield loss every year due to reduction in photosynthetic activity 
and physiological changes (Legapsi  et al., 1978). 



Although the disease was reported to cause considerable loss, information on its 

prevalence particularly after the advent of blackgram genotypes, epidemiological 

factors influencing the disease development and efficacy of growth regulators, 

antitranspirant and new fungicide molecules in disease management is limited. Hence 

the present investigation was taken up with the following objectives. 

1. To survey for the occurrence of powdery mildew and its severity in Guntur 

district 

2. To study the effect of weather factors on severity of powdery mildew 

3. To assess the reaction of urdbean genotypes to powdery mildew 

4. To evaluate growth regulator, antitranspirant and fungicides against powdery 

mildew 
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Chapter III 

MATERIAL AND METHODS 

The present investigation was carried out during kharif and rabi 2015-16.  

Laboratory and field studies were conducted at the Regional Agricultural Research 

Station, Lam, Guntur District, Agricultural College Farm and Department of Plant 

Pathology, Agricultural College, Bapatla, Guntur District. Geographically the 

Agricultural College Farm, Bapatla is situated at an altitude of 5 m above the mean sea 

level and at 800 30′ E Longitude and 150 54′ N Latitude and seven km away from the 

coast of Bay of Bengal.  The meteorological data recorded during the experimental 

period September 2015– March 2016 is presented in the Appendix I. 

3.1 DISEASE SURVEY 

3.1.1 Survey for the Incidence and severity of Powdery mildew disease of Urdbean 

Survey was conducted during 2015-16 rabi season in major urdbean growing 

mandals of Guntur district, Andhra Pradesh. Four mandals were chosen based on 

statistics of preceeding year where the crop concentration was more. Based on the 

information, in each mandal two villages and in each village, two fields were surveyed 

at random. In each field 20 plants were selected at five locations, four corners of the 

field and one at the centre to record the incidence and severity of powdery mildew, 

were fixed. 

Per cent disease incidence for powdery mildew disease was calculated by using 

the following formula: 

                   Number of infected plants 
Per cent disease incidence (PDI) = ----------------------------------------  100 
           Total number of plants 

  The incidence and severity of powdery mildew were recorded mandal-wise. 

Powdery mildew severity was assessed by disease rating (AICRP, MULLaRP, 2013) 

(Table 3.1).  

 

 



 Table 3.1 Modified MULLaRP scale (0-5) 

Grade Description Reaction 

0 Plants free from infection  on leaves, stems free from the disease Free (F) 

1 Plants showing traces to 10% infection on leaves, stems free from 
the disease 

Highly 
Resistant 

(HR) 

2 Slight infection with thin coating of powdery growth on leaves 
covering 10.1-25% leaf area, slight infection on stem and the pods 
usually free 

Moderately 
Resistant 

(MR) 

3 Dense powdery coating on leaves covering  25.1-50 % leaf area, 
moderate infection on pods 

Moderately 
Susceptible 

(MS) 

4 Dense powdery coating covering 50.1 -75% leaf area, stems 
heavily and pods moderately infected. Infected portion turns 
grayish. 

Susceptible 
(S) 

5 Severe infection with dense powdery growth covering 75% area of 
the whole plant including pods, stems etc. resulting in premature 
defoliation and drying. 

Highly  
Susceptible 

(HS) 

 
The per cent disease index (PDI) was computed from the above scale by using 

the following formula (Wheeler, 1969). 

                 Sum of all the numerical ratings              
          PDI =                                             100 
                             Number of observations × maximum disease grade 

3.2  INFLUENCE OF WEATHER CONDITIONS ON SEVERITY OF 

       POWDERY MILDEW IN URDBEAN 

  A trial was conducted to determine the influence of weather conditions on the 

severity of powdery mildew disease in blackgram. Highly susceptible blackgram 

cultivar PU 31 was planted in a bulk plot of 10 x 10 m2 during rabi 2015-16 at 

Agricultural College Farm, Bapatla, Andhra Pradesh.  

  The severity of powdery mildew disease was recorded at every five days 

interval from 35 DAS to one week prior to harvesting. Meteorological data such as 

rainfall, maximum temperature, minimum temperature, relative humidity at morning 



and evening hours and wind velocity was collected from the Meteorological Station 

located at Agricultural college farm, Bapatla. Correlation and regression analyses were 

conducted to determine the influence of weather conditions on the severity of powdery 

mildew disease in blackgram (Plate 3.1). 

3.3. EVALUATION OF URDBEAN GENOTYPES AGAINST 

         POWDERY MILDEW 

 The experiment was laid out in randomised block design (RBD) with two 

replications to evaluate 47 entries each during kharif and 11entries rabi 2015-16. 

Each genotype was sown in two rows of five m length with a susceptible check 

variety of LBG 623 (standard check) sown as infector row. The reaction of the entries 

to powdery mildew was assessed by recording the severity at weekly interval from 35 

DAS to one week prior to harvesting,  using disease rating scale developed by 

(AICRP, MULLaRP, 2013) (Fig 3.1, Plate 3.2, 3.3). AUPDC values for 

representative genotypes per each category will be calculated by (Kimani et al., 

2015)  

۱۾۲܃ۯ = ෎
1
2

( ௜ܵ + ௜ܵିଵ) 	× ݀	

௞

௜ୀଵ

 

Where, 

             Si = Disease incidence at ith day or evaluation  

             k  =Number of successive evaluation of the disease 

d = Interval between i and i-1evaluation of disease  

3.3.1 MORPHOLOGICAL CHARACTERS OF SELECTED 
BLACKGRAM GENOTYPES  

3.3.1.2 Estimation of Leaf Thickness (mm) 

A total of 16 genotypes representing all catagories of reaction were selected from 

the genotypes evaluated during kharif 2015-16, and were sown in three replications of 5 

m each  at Agricultural college, Bapatla, Department of plant pathology during rabi 

2015-16. Three plants were selected at random from each genotype at 45 DAS. Three 



leaves from each plant were selected randomly from each plant to measure leaf 

thickness by using Venier callipers (Perez et al., 2013). Same genotypes and similar 

sampling method was used for estimation of stomatal frequency, trichome density, and 

biochemical analysis.  

3.3.1.2 Estimation of Stomatal Frequency (number of stomata/mm2) 

Healthy trifoliate leaf from of 45 days old were collected and were smeared with 

synthetic gum. The gum was allowed to dry, flakes were peeled and were mounted on 

microscope glass slide. Number of stomata per mm2 was counted using ocular 

micrometer  with 40 X objective lens (Varadarajan and Wilson, 1973) 

3.3.1.3 Estimation of Trichome Density (5 mm dia leaf disc) 

. Circular leaf discs of 5 mm dia were made with punching machine soaked in 

saffron dye for 5-10 min and were used to enumerate number of hairs using stereo 

zoom microscope as outlined by Tagger and Gill (2012). 

3.3.2 Biochemical Analysis 

3.3.2.1 Glassware 

The glassware used in the present study was of Corning or Borosil make. Petri 

plates, conical flasks, test tubes, pipettes, measuring cylinders, beakers were used in the 

present study. Axygen make micropipettes and microtips were used. 

3.3.2.2 Cleaning of Glassware 

 Glassware was washed first with detergent powder and then washed under tap 

water.  Later they were kept overnight in cleaning solution prepared by mixing 75 g of 

potassium dichromate, 500 ml of concentrated sulphuric acid and 1000 ml of distilled 

water and rinsed with tap water followed by distilled water.  

3.3.2.3 Chemicals 

Analytical or reagent grade chemicals were used in the present study. 

 



3.3.2.4 Estimation of Total phenols: Total phenols were estimated by Folin-Ciocalteau 

Reagent method (Malick and Singh, 1980). 

Reagents 

1. 80% ethanol 

2. Folin-Ciocalteau Reagent 

3. 20% Na2CO3 

4. Standard: 

  Stock Solution       : 100 mg of Catechol was dissolved in 100 ml water 

        Working standard    : 10 ml of stock diluted to 100 ml with water 

Procedure for estimation 

1. 0.5 g of sample was ground with a pestle and mortar in 5 ml of 80% ethanol. 

2. The homogenate was centrifuged at 10,000 rpm for 20 min. The supernatant was 

             saved. 

3. The residue was re-extracted with 2.5 ml of 80% ethanol, centrifuged and the 

            supernatants were pooled. 

4. The supernatants were evaporated to dry. 

5. The residue was dissolved in a 5 ml of distilled water.  

6. Different aliquots (0.2 to 2 ml) were pipetted into tubes. 

7. The volume in each tube was made up to 3 ml with water. 

8.  0.5 ml of Folin-Ciocalteau reagent was added to each tube. 

9.  After three min, 2 ml of 20% Na2CO3 was added. 

      10.        The contents were mixed thoroughly, the tubes were placed in boiling water for 

             exactly one min, cooled and absorbance at 650 nm was measured against a 

             reagent blank. 

11.        A standard curve was prepared using different concentrations of catechol. 

12.       Amount of total sugars present in the sample tube were calculated from the 

             graph. 



                      Total volume of aliquot x Phenol value from graph 
     Total phenols (µg)     = --------------------------------------------------------------- 
                           Used aliquot   
 

3.3.2.5 Estimation of total sugars: Total sugars were estimated following Anthrone 

             method (Hodge and Hofreiter, 1962). 

Reagents  

1. 2.5 N-HCl 

2. Anthrone Reagent: 200 mg of anthrone is dissolved in 100 ml of ice-cold 95% 

H2SO4.  

3. Standard Glucose: 

       Stock Solution       : 100 mg of glucose was dissolved in 100 ml water 

                 Working standard : 10 ml of stock diluted to 100 ml with water and few drops of 

                                         toluene was added and stored at 4 0C 

Procedure for estimation 

1. 100 of the sample was weighed into a boiling tube. 

2. Sample was hydrolyzed by keeping in a boiling water bath for 3 h with 5 ml of 

2.5 N HCl and was cooled to room temperature. 

3. It was neutralised with solid sodium carbonate until the effervescence ceased. 

4. The volume was made up to 100 ml and centrifuged. 

5. The supernatant was collected and 0.5 ml of aliquot was taken for analysis. 

6. Standards were prepared by taking 0, 0.2, 0.4, 0.6, 0.8 and 1 ml of the working 

standard and ‘0’ served as blank. 

7. The volume was made up to 1 ml in each test tube by adding distilled water. 

8. 1ml of anthrone reagent was added to each test tube and heated for 8 min in a 

boiling water bath. 



9. It was cooled rapidly and the intensity of green to dark green colour was 

measured in spectrophotometer at 630 nm. 

10. A standard graph was prepared by plotting concentration of the standard on the  

X-axis versus absorbance on the Y-axis.  

11. Amount of total sugars present in the sample tube were calculated from the 

graph. 

                                                           mg of glucose 
Amount of total sugars present in 100 mg of the sample = -------------------------------- 
                                              Volume of test sample 
 
3.3.2.6 Estimation of reducing sugars: Reducing sugars estimation was carried out by 

            Dinitrosalicylic acid method (Miller, 1959).  

Reagents  

1. Dinitrosalicylic acid reagent (DNS reagent): 1 g dinitrosalicylic acid, 200 mg 

crystalline phenol and 50 mg of sodium sulphite were dissolved in 100 ml of 1% 

NaOH.  

2. 40% of Rochelle salt solution (Potassium sodium tartrate) 

3. Standard Glucose Solution: 

       Stock Solution       : 100 mg of glucose was diluted in 100 ml water 

       Working standard   : 10 ml of stock diluted to 100 ml with water 

Procedure for estimation 

1. Sugars were extracted with hot 80% ethanol from 100 mg of weighed sample. 

2. Supernatant was collected and evaporated by keeping it on a water bath at 80 
0C. 

3. 10 ml of distilled water was added and 0.5 ml of aliquots was pipetted into 

separate test tubes. 

4. Standards were prepared by taking 0, 0.2, 0.4, 0.6, 0.8 and 1 ml of the working 

standard and ‘0’ served as blank. 



5. The volume was made up to 3 ml in each test tube by adding distilled water.  

6. 3 ml of DNS reagent was added and heated for 5 min in a boiling water bath. 

7. 1 ml of 40% Rochelle salt solution was added and intensity of dark red colour 

was measured at 510 nm. 

8. Amount of total sugars present in the sample tube were calculated from the 

graph. 

         Sugar value from graph  x  Total volume  × 100 
   Amount of reducing sugars  = --------------------------------------------------------------      
         Aliquot of sample used  x wt. of the sample 
 

 3.3.2.7 Estimation of non-reducing sugars: The amount of non-reducing sugar was 

             calculated by deducting the reducing sugar content from that of the total soluble 

             sugars. 

3.4. TO EVALUATE GROWTH REGULATOR, ANTITRAN-
         SPIRANT AND FUNGICIDES AGAINST POWDERY 
         MILDEW 

 Field experiment was conducted during rabi 2015-16 at the Agricultural 

College Farm, Bapatla, Guntur, Andhra Pradesh.  

3.4.1 Design and Layout 

The experiment was laid out in RBD with thee replications. The plan of layout 

of the experiment was shown in (Fig 4.1 and Plate 3.4) 

3.4.2 Date of Sowing      

  Rabi:  13-10-2015 

3.4.3 Spacing and Plot Size 

  Plot size: 5 × 4m 

Spacing: 30 × 10 cm 

3.4.4 Variety: PU 31 

 



3.4.5 Land Preparation 

    The land was prepared by thorough ploughing and harrowing the soil to a fine 

tilth. 

3.4.6 Fertilizer Application 

    Nitrogen @ 20 kg and Phosphorus @ 50 kg/ha were applied as basal dose before 

sowing. 

3.4.7 Treatment Details 

     T1     :  Cycocel @ 50 ppm  

     T2     :  Salicyclic acid @ 30 ppm   

     T3     :  Myclobutanil @ 0.2 % W.P 

     T4     :  Wettable sulphur @ 0.3%W.P 

     T5     :  Neem oil @1000 ppm 

     T6     :  Kaolin (6%)   

     T7     :  Untreated control (Check)  

*The dosage of cycocel, salicyclic acid were standardized by running pliot project 

experiments to avoid phytotoxicity. 

3.4.8  After Care 

Weeding and intercultivation activities were carried out regularly and irrigation was  given 

at 15 and 45 DAS. 

3.4.9 Harvesting 

The crop was harvested at physiological maturity in all plots by pulling out the 

plants along with roots. The plants were dried in the sun and later threshed for separation of  

seeds from   the pods. Seeds from each micro plot were weighed after drying. 

 

 

 



3.4.10 Collection of Experimental Data   

3.4.10.1 Disease incidence and Severity 

Powdery mildew disease severity was recorded in each treatment plot at 35, 45, 

55 DAS and PDI was calculated. 

3.4.10.2 Growth and yield parameters 

  Observations on growth and yield contributing parameters like number of 

primary   branches, pods/plant and number of seeds/pod and 100 seed weight were 

made on five randomly selected plants from each treatment plot at harvesting stage.  

3.4.10.3 Number of primary branches/plant 

The number of primary branches per plant was counted for five selected plants 

and the mean value was calculated. 

3.4.10.4 Pods/plant    

The number of pods per plant was counted for the five selected plants and the 

mean value was calculated. 

3.4.10.5 Seeds/pod   

   The number of seeds per pod was counted for the five pods from selected five 

plants and the mean value calculated. 

3.4.10.6 100 seed weight  

A lot of seeds were drawn at random from each treatment replication wise. 100 

seeds were counted from each sample, weighed separately and expressed in grams. 

3.4.11 Economics 

3.4.11.1 Cost of cultivation 

The cost of the required operations per hectare included the cost of seed, 

chemicals and labour charges as per the existing market prices. 

 



3.4.11.2 Gross returns  

    The gross returns were calculated by considering the prices of blackgram seed  

prevailing in the local market. 

3.4.11.3 Net returns  

The net returns Rs ha-1 was calculated by deducting the cost of cultivation from 

the    gross returns on ha-1 basis. 

   Net returns = Gross income ha-1 - Cost of cultivation ha-1   

3.4.11.4 Benefit cost ratio  

 Benefit cost ratio was worked out by dividing gross returns and cost of cultivation  

3.6 STATISTICAL ANALYSIS 

    The data obtained from all the experiments were statistically analyzed following 

the standard procedures (Gomez and Gomez, 1984). 

 

 

 



Chapter IV 

RESULTS AND DISCUSSION 

Results of the studies are presented and discussed in this chapter. 

4.1. SURVEY FOR THE INCIDENCE AND SEVERITY OF   
 POWDERY MILDEW DISEASE OF URDBEAN 

In Guntur district, a total of 16 fields of eight villages viz., Kantheru, 

Ponnekalu, Kothapalem, Manchala, Vargani, Nagalupadu, Bhallupadu and 
Appapuram, belonging to four mandals viz., Tadikonda, Veticherukuru, Pedanandipadu 

and Kakumanu were surveyed in which PU 31, LBG 752, LBG 623 are being 
cultivated. Age of the crop varied in different fields due to variation in dates of sowing. 

The crops were approximately 40- 60 DAS (Table 4.1). Since the age of the crop is one 
of the important factor for occurrence and development of powdery mildew. The 

results of the survey are presented based on age of the crop as follows.  

In 40 days old crop the mean powdery mildew disease incidence was maximum 

in Kothapalem village (57.76%) of Veticherukuru mandal followed by Kantheru 
village (46.44%) of Tadikonda mandal and minimum in Bhallupadu village (3.43%) of 

Kakumanu mandal followed by Vargani village (3.67%) of Pedanandipadu mandal and 
severity was maximum in Kothapalem (51.32%) followed by Ponnekalu village 

(37.16%) of Tadikonda mandal and minimum in Bhallupadu (2.35%) followed by 
Vargani (5.73%) ( Table 4.1, Fig.4.2 and Fig.4.3). 

In 60 days old crop the mean powdery mildew disease incidence was maximum 
in Kantheru (87.01%) followed by Kothapalem (83.10%) and minimum in Vargani 

(21.91%) followed by Bhallupadu (39.94%) and mean per cent disease index (severity) 
was maximum in Kantheru (88.08%) followed by Kothapalem (83.73%) and minimum 

in Vargani (19.16%) followed by Bhallupadu (33.56%). (Table 4.1, Fig.4.2 and 
Fig.4.3). The mean disease incidence was in the range of 3.43% (Bhallupadu village at 

40 DAS) to 87.01% (Kantheru village at 60 DAS) and severity was in the range of 
2.35% (Bhallupadu village at 40 DAS) to 88.08% (Kantheru village at 60 DAS). 

Highest mean incidence and mean severity was recorded in Tadikonda mandal (81.83 
% and 80.76% respectively) and lowest (42.18% and 37.16%) in Pedanandipadu 

mandal. The variation in disease at various locations maybe mainly due to cultivated 
variety, crop age and climatic factors and cultural practices. 



Among the weeds spieces associated with urdbean fields viz., Euphorbia 

geniculate, Convolvulus arvensis, Sida cordifolia, Abutilon indicum, Acalypha indica, 

Achyranthes aspera, Andrographis  paniculata, Crotalaria verrucosa, Celosia 

argentina, Digera arvensis, Cleome viscosa, Xanthium strumarium and Mimosa pudica 

etc. Euphorbia geniculate was found infected with powdery mildew disease in all the 

four mandals. 

Findings of Dinesh et al. (2010) reported that powdery mildew disease varied in 

different locations depending on the crop age. Nour (1958) reported that Euphorbia 

spieces were alternate host for powdery mildew infection. Similarly, field bindweed 

(Convolvulus arvensis) is highly susceptible to powdery mildew infection as reported 

by Karkanis et al. (2012). 

4.2  SYMPTOMATOLOGY AND MORPHOLOGY OF PATHOGEN 

The infected leaf surface, petioles, stem and pods appeared as small, round, 

whitish, powder-like spots (Plate 3.5). Symptoms first appeared on crown leaves on 

shaded lower leaves and on leaf under surfaces. These white powdery colonies grew in 

size and cover both sides of the leaf, petioles and young stems. When disease progressed 

lower leaves showed and chlorosis, distortion and premature leaf fall due to infection of  

E. Polygoni. Severe infection of inflorescence was found to affect pod setting where as 

severe infection at later stages showed shrivelled and dried appearance to immature 

pods. The morphology of E. polygoni noted that the fungus produced amphigenous dirty 

white hyaline mycelium and barrel shaped conidia measuring 1.089 µm × 0.7131 µm at 

40 × magnification (Plate 3.6). 

4.3. EFFECT OF WEATHER FACTORS AND AGE OF THE CROP 

 ON POWDERY MILDEW SEVERITY 

Correlation study was undertaken at Agricultural College, Bapatla to study the 

relationship between severity of powdery mildew disease with weather parameters and 

crop age. The mean data on the weather parameters viz. maximum temperature (max), 

minimum temperature (min) (0C), morning relative humidity (RH) (%), evening relative 

humidity (RH) (%), wind speed (kmph) and rainfall (mm) was recorded from 20 DAS at 

five days interval upto 65 DAS (Appendix-I) on PU 31 during rabi 2015-2016. 

 



The maximum temperature varied from 26.90 0C to 33.80 0C, minimum 
temperature varied from 15.30 0C to 26.00 0C. Relative humidity during morning and 
evening ranged from 87 to 93 per cent and 63 to 89 per cent, respectively (Appendix 1). 
The disease severity ranged from 0 per cent to 90.85 per cent. (Table 4.2, Fig.4.4) 

The severity had a high significant positive correlation with crop age (r = 0.984).  
and maximum temperature (r = 0.657). Non-significant correlation was observed 
between severity and rest of the independent variables (Table 4.3).These observations 
are in agreement with the findings of Thakur and Agarwal (1995); Solanki et al., 1999; 
Yarwood (1957); Bhattacharya and Shukla, 2002; Gupta et al., 2002; Gupta and Sharma, 
2009 and Kanzaria et al., 2013. The maximum temperature during the period of 
occurrence of powdery mildew up to last observation on severity was in the range of 
30.900C -33.800C (Appendix-I) and is well within the favourable range of 28 0C- 36 0C 
for powdery mildew (Delp, 1954; Schnathorst, 1960;  Manners et al., 1963). Hence, the 
maximum temperature showed a strong positive influence on powdery mildew severity.  

Regression analysis with performed by powdery mildew severity as dependent 
variable and maximum temperature, minimum temperature, morning relative humidity, 
evening relative humidity, rainfall, wind speed and crop age as independent variables to 
find out the best fit multiple regression equation by using the coefficients of 
determination (R2). 

Stepwise multiple regression analysis was performed using the following 
equation: 

y =bo + b1x1 + b2x2+ b3x3……………………….+ bnxn 

where y = per cent disease index, bo = intercept, b1, b2…….bn = regression coefficient, 

and x1, x2, …………………..xn = independent variables. The results  were presented in 

the Table 4.4 

Multiple regression analysis yielded seven distinct equations with R2 values 

ranging from 0.991 to 0.412 (P < 0.05). However, the best fit equation was obtained in 

maximum temperature, wind speed, RH (8.30 am), minimum temperature as 

independent variables (equation 4). 

Y = -279.80 +10.017 (max temp)*+-35.57(wind speed)*+1.070 (RH morning) 
+5.5803(min temp)* 
N = 10    R2 = 0.86    F value = 9.29    Standard error = 15.98  

   * Significant at 5% level 



The best fit equation showed 86.6 per cent role of tested independent variables 

on powdery mildew severity (Table 4.4). Results were in accordance with the reports of 

earlier workers (Solanki et al. 1999; Bhattacharya and Shukla, 2002; Gadre et al. 2002; 

Gupta and Sharma, 2009; Kanzaria et al. 2013). Similarly, maximum and minimum 

temperature were favourable for disease development as reported by earlier findings 

(Yarwood et al. 1957). Wind speed effected an instantaneous dispersal of conidia of 

Erysiphe polygoni which was reported by Hammett & Manners, 1974. 

4.4 SCREENING OF BLACKGRAM GENOTYPES AGAINST 

  POWDERY MILDEW  

   Forty seven blackgram genotypes including check LBG-623 were screened 

against powdery mildew disease under field conditions during kharif, 2015 and eleven 

genotypes including check LBG-623 during rabi, 2015-16. The results indicated that 

powdery mildew disease severity varied among the genotypes. 

4.4.1 Reaction of Blackgram Genotypes against Powdery Mildew   

Among the 46 genotypes evaluated with LBG- 623 as check during kharif, 2015. 

One genotype KUP-1 free from disease ( 0%), two genotypes KUP-40 (9.03%) and 

KUP-34 (9.73%) were highly resistant (HR), ten genotypes viz., KUP-23 (14.44%), 

KUP-43 (17.84%), KUP-3 (21.10%), KUP-6 (21.59%), KUP-31 (23.06%), KUP-12 

(23.34%),  KUP-14 (23.44%),  KUP-11 (23.63%), KUP-24 (24.44%) and KUP-36 

(24.93%) were moderately resistant (MR). Twenty genotypes viz., KUP-46 (26.90), 

KUP-16 (32.705), KUP-21 (33.55%), KUP-32 (36.88%), KUP-15 (37.40%), KUP-22 

(49.20%), KUP-5 (41.18%), KUP-33 (41.80%), KUP-7 (43.56%), KUP-13 (44.03%), 

KUP-4 (36.99%), KUP-19 (40.91%), KUP-20 (46.39%), KUP-29 (48.15%), KUP-38 

(47.78%), KUP-45 (35.31%), KUP-18 (40.85%), KUP-30 (39.42%), KUP-27 (43.08%), 

KUP-35 (49.49%) were moderately susceptible (MS), ten genotypes viz., KUP-9 

(60.36%), KUP-41(68.12%), KUP-2 (68.26%), KUP-25 (50.75%), KUP-44 (52.46%), 

KUP-17 (61.90%), KUP-8 (63.97%), KUP-28 (53.13%), KUP-37 (53.81%), KUP-39 

(58.00%) and four genotypes viz., KUP-10 (70.23%), KUP-26 (70.36%), KUP-42 

(71.55%) and LBG-623 (85.05%)  were highly susceptible. (Table 4.5, 4.6). 

 



Powdery mildew severity during rabi varied from 8.94 % (RUP-9) to 96.52% 

(LBG-623). Out of 11 genotypes, none was immune to powdery mildew, two genotypes 

RUP-9 (8.94 %) and RUP-6 (9.77%) were highly resistant, one RUP-7 (12.78%) was 

moderately resistant, RUP-4 (45.28%) was moderately susceptible, RUP-1 (60.40%) and 

RUP-2 (64.98%) were rated as susceptible. The genotypes viz., RUP-5 (71.95%), RUP-3 

(75.79%), RUP-8 (78.89%), RUP-10 (82.01%) and LBG-623 (96.52%) were highly 

susceptible (Table 4.7, 4.8). 

Agarwal et al. (1989) have reported that out of 85 Vigna mungo varieties, LBG17 

was found resistant. Kaushal and Singh (1989) reported that out of 48 blackgram 

genotypes only P115 was found to be resistant. Raguchander et al. (2001) reported PDU 

and IC12/2 exhibited partial resistance and had lowest per cent mildew severity. 

Prashanthi et al. (2010) evaluated fifteen blackgram genotypes during kharif 2007 and 

found LBG-623 and LBG-648 as resistant sources against powdery mildew disease. 

Akthar et al. (2014) screened during kharif 2008 and 2009 out of 14 genotypes of 

blackgram, only three genotypes viz., BS 2-3, IPU 02-43 and B 3-8-8 showed resistant or 

highly resistant response against powdery mildew. Tirupathiswamy et al. (2014) 

reported that out of three blackgram cultivars, LBG 17 resistant against powdery 

mildew. Channaveeresh et al. (2014) revealed that, out of 126 genotypes screened, three 

genotypes viz., LBG-17, LBG-685 and LBG-685×VT (F2-F3) were found to be resistant 

to powdery mildew. Ramakrishnan and Savithramma (2014) during kharif 2010 

screened 374 entries of greengram, were six genotypes found to be highly resistant. 

During kharif 2015, KUP-40 showed lowest Area Under Disease Progress Curve 

value (114.275), KUP-14 showed 467.565, KUP-30 showed 683.41, KUP-17 showed 

1016.155 and LBG-623 showed highest 1556.345 AUPDC value. (Table.4.9 and            

Fig 4.5) 

During rabi 2015-16, RUP-9 showed lowest AUPDC value (132.45), RUP-7 showed 

168.175, RUP-4 showed 525.525, RUP-1 showed 876.715 and LBG-623 showed 

highest AUPDC value (1268.015). (Table.4.10 and Fig 4.6). 

 

 



4.4.2 Morphological and Vegatative Characters in Selected 

            Blackgram Genotypes  

  4.4.2.1 Leaf thickness (µm) 

Significantly highest leaf thickness was observed in highly resistant genotypes 

KUP-34 (201.4 µm), KUP-40 (191.3 µm) and four moderately resistant genotypes KUP-

12 (176.2 µm), KUP-6 (173.6 µm), KUP-11 (171.7 µm), KUP-31 (167.3 µm) which 

were on a par. Two susceptible genotypes KUP-39 (134.8 µm), KUP-25 (135.7 µm) and 

four moderately susceptible genotypes viz., KUP-27 (138.1 µm), KUP-30 (139.9 µm), 

KUP-4 (143.1 µm) and KUP-5 (141.8 µm) showed significantly less leaf thickness 

compared to highly resistant category and were on par. Highly susceptible genotype 

LBG-623 (107.3 µm) which showed lowest leaf thickness which was on par with one 

susceptible genotype KUP-37 (118.6 µm). (Table 4.13, Fig 4.7). 

High degree of resistance and moderate resistance to powdery mildew in the 

blackgram genotypes can be attributed to higher leaf thickness. Cuticle thickness in 

phlox  found to be more in resistant genotype Texas 4n than susceptible genotype 

Oklahoma as  reported by Andrew et al. (1982). Leaf and cuticular or epidermal 

thickness have also been associated with powdery mildew resistance                 

(Commenil et al., 1997).  

4.4.2.2 Stomatal frequency (per mm2) 

Significantly lowest stomatal frequency was observed in highly resistant 

genotypes KUP-34 (88.64/mm2), KUP-40 (99.24/mm2) and were on a par with 

moderately resistant genotypes KUP-12 (104.55/mm2), KUP-6 (107.58/mm2), KUP-11 

(106.82/mm2), KUP-31 (109.09/mm2) and one moderately susceptible KUP-15 

(111.36/mm2). Three moderately susceptible genotypes KUP-5 (124.24/mm2), KUP-30 

(125.00/mm2), KUP-27 (126.52/mm2) and one susceptible genotype KUP-25 

(128.79/mm2) were on a par in their stomatal frequency . Highly susceptible genotype 

LBG-623 (193.94/mm2) and one susceptible genotype KUP-37 (184.85/mm2) were 

found to have highest stomatal frequency and were on a par. (Table 4.13, Fig. 4.8 and           

Plate 3.7). 

 



Stomatal frequency was observed to be an important character in determining the 

resistance in the studied genotypes. Stomata play an important role for powdery mildew 

infection  of comptiable host (Braun et al., 2002). Dhanumjayrao et al. (2006) observed   

high variation in stomatal density in grape genotypes against powdery mildew.  

 4.4.2.3  Trichome density (5mm diameter disc) 

Significantly higher trichome density was observed in highly resistant genotypes 

KUP-34 (62.33), KUP-40 (59.11) and were on a par with each other. Four moderately 

resistant genotypes viz., KUP-12 (42.56), KUP-6 (41.11), KUP-11 (36.00), KUP-31 

(38.78) and two moderately susceptible genotypes KUP-4 (36.56), KUP-15 (39.44) 

showed on a par trichome density with that of resistant genotypes. Rest of the 

moderately susceptible genotypes KUP-18 (34.22), KUP-5 (34.23), KUP-30 (33.89) and 

KUP-27 (33.33) showed significantly low trichome density and were on a par. The 

highly susceptible genotype LBG-623 (19.33) was found to possess significantly lowest 

trichome density and was on par with one susceptible genotype KUP-37 (25.00)         

(Table 4.13, Fig. 4.9 and Plate 3.8). 

In highly resistant and moderately resistant genotypes, the trichome density was 

found to be significantly highest which implies that trichome density can a 

morphological character contributing for the resistance of blackgram genotypes to 

powdery mildew.  

Trichomes play an important role by inhibiting penetration of the pathogen into 

the host plant by keeping the pathogen away from the infection courts (Horsfall and 

Diamond, 1960). Similarly, Martin and Glover (2007) found that trichomes can act as 

physical barriers to infection. High frequency of trichomes can also prevent mycelial 

penetration and infection of other biotrophic fungi (Shalik, 1985). From the work of 

Kortekamp and Zyprian (1999), it appears that increased number of hydrophobic 

pubescences may repel water from leaf surfaces thus preventing successful penetration. 

Alternatively, a high trichome number may simply reduce the frequency of germ tube 

contact points that can lead penetration (Niks and Rubiales, 2002). The results strongly 

suggested that morphological characters showed resistance to powdery mildew has 

existed among genotypes. 

  



 4.4.2.4 Growth type  

The growth type was recorded as indeterminate in two genotypes (KUP-12, 

KUP-30) and rest of the genotypes viz., KUP-34, KUP-40, KUP-6, KUP-11, KUP-31, 

KUP-15, KUP-18, KUP-4, KUP-5, KUP-27, KUP-25, KUP-37, KUP-39 and LBG-623 

were determinate which showed non-significant as per chi-square test (Table 4.11, 4.12). 

4.4.2.5 Petiole colouration 

The genotypes KUP- 12, KUP-6 and KUP-11 showed dark green pigmentation 

.the genotypes KUP-31 KUP-15 KUP-18 and KUP-30 showed green colour 

pigmentation KUP-4 and KUP-27 exhibited pigmentation of greenish with purple 

splashes. The genotypes with pigmentation of petiole showed high degree of resistance 

to powdery mildew (KUP-34 and KUP-40).  The reaction of genotypes with petiole 

pigmentation of Dark green, Green and greenish with purple splashes were either 

moderately resistant or moderately susceptible. Light green petioled types were 

susceptible to highly susceptible to powdery mildew (Table 4.11). 

4.4.2.6  Pigmentation of stem 

The genotypes having purple pigmentation of stem highly resistance genotypes.  

to moderately resistant reaction. Whereas genotypes dark green to green colour stem 

showed moderately susceptible or highly susceptible reaction (Table 4.11). 

Davies (2004) emphasized the production of anthocyanins or tannins, quinones 

and phytomelanins and their involvement in plant defence. Konczak and Zhang (2004) 

and Wrolstad (2004) reported that certain anthocyanins have demonstrable antiviral, 

antibacterial and fungicidal activities. Purple pigmentation observed in certain genotypes 

in present study substantiates earlier reports as they have recorded low powdery mildew 

incidence than green pigmentation. 

4.4.2.7  Days to flowering  

Days to flowering among tested genotypes varied between 31-37 and it`s  

relation to genotype reaction seems to be erratic (Table 4.11). 

 

 



4.4.3 Studies on Biochemical Variability in Selected Blackgram 

           Genotypes  

4.4.3.1  Total Phenols content (mg/100 mg) 

 Significantly difference in phenol content was observed in between two highly 

resistant genotypes KUP-34 (0.912 mg/100 mg) and KUP-40 (0.861 mg/100 mg) 

followed by a moderately resistant genotype KUP-12 (0.678 mg/100 mg). Two 

moderately resistant genotypes KUP-6 (0.617 mg/100 mg), KUP-11(0.581 mg/100 mg) 

were on par in their phenol content followed by KUP-31 (0.487 mg/100 mg) and        

KUP-15 (0.475 mg/100 mg) in its total phenol content. Moderately resistant and 

moderately susceptible were on a par. KUP-18 (0.448 mg/100 mg) showed on a par 

phenol content with KUP-31 and KUP-15.  KUP-4 (0.44 mg/100 mg) moderately 

susceptible genotype was on par with its phenol content with that of KUP-18                

(0.448 mg/100 mg), KUP-5 (0.381), KUP-30 (0.365 mg/100 mg), KUP-27 (0.358 

mg/100 mg) showed on a par  total phenol content. Susceptible and highly susceptible 

genotypes showed lowest phenol content and there are on a par. Overall differential 

phenol contents was observed among highly resistant and moderately resistant 

genotypes and moderately susceptible and susceptible genotypes (Table 4.14 and          

Fig 4.10). 

 Total phenol content has a role to play in resistance mechanism. Concentration of 

phenolic compounds was usually higher in resistant genotypes than in susceptible 

genotypes of different crop plants (Arora and wagle, 1985, Saini et al., 1988). Parashar 

and Sindhan (1986) noted higher content of total phenols in stem and leaf of powdery 

mildew resistant varieties of pea than susceptible. Kalia and Sharma (1988) found 

higher levels of phenolics and phenol oxidising enzymes in resistant cultivars of pea          

(P 185 and P 6583) than susceptible, the correlation between the biochemical parameters 

and disease index were also high. Hattappa et al. (2003) noticed that the biochemical 

changes in mulberry (Morus alba) leaves infected with Phyllactinia corylea causing 

powdery mildew the total chlorophyll, reducing sugar and protein content of mulberry 

leaves decreased with increased infection by the fungus. Helal et al. (1978) reported that 

the resistance to E. cichoracearum in the cucumber variety Poinsettia was due to a high 

concentration of phenols which hindered infection and a low concentration of sugars 

prevented establishment of the pathogen in the host tissues.  



4.4.3.2 Total soluble sugars 

4.4.3.2.1 Total Sugars content (mg/100 mg) 

Significantly lowest sugar content was observed in highly resistant genotypes 

KUP-34 (4.48 mg/100 mg) KUP-40 (4.62 mg/100 mg) and were on a par in their total 

sugar content with moderately resistant genotypes viz., KUP-12 (4.63 mg/100 mg), 

KUP-6 (4.65 mg/100 mg), KUP-11 (4.66 mg/100 mg) and KUP-31 (4.74 mg/100 mg). 

Moderately susceptible genotypes viz., KUP-15 (5.97 mg/100 mg), KUP-18 (5.90 

mg/100 mg), KUP-30 (5.96 mg/100 mg), KUP-27 (5.97 mg/100 mg) were on par with 

susceptible genotypes KUP-25 (6.93 mg/100 mg), KUP-39 (7.01 mg/100 mg), KUP 37 

(6.91 mg/100 mg) in their total sugars. Two moderately susceptible genotypes KUP-4 

(5.83 mg/100 mg) and KUP-5 (5.84 mg/100 mg) recorded significantly higher sugar 

content than aforementioned genotypes and insignificant quantity of total sugars 

between them. Highest total sugar content was observed in highly susceptible genotype 

LBG-623 (7.39 mg/100 mg) (Table 4.14, Fig.4.11). 

Resistance of genotypes was inverse to the total sugar content. 

4.4.3.2.2 Reducing sugars content (mg/100 mg) 

Highly resistant genotypes KUP-34 (2.39 mg/100 mg) and KUP-40 (2.36 mg/100 

mg) did not significantly differ in their reducing sugar content and were on par with 

moderately resistant genotypes, KUP -12 (2.70 mg/100 mg), KUP -6 (2.67 mg/100 mg), 

KUP -11 (2.67 mg/100 mg) and KUP-31 (2.82 mg/100 mg) in their reducing sugar 

contents. Moderately susceptible genotypes viz., KUP-15 (2.89 mg/100 mg) and KUP -

18 (2.71 mg/100 mg) observed to have reducing sugar content on par with highly 

resistant and moderately resistant genotypes. Moderately susceptible genotype KUP-4 

(3.01 mg/100 mg) was on a par with moderately resistant genotypes KUP -12 (2.70 

mg/100 mg), KUP-6 (2.67 mg/100 mg), KUP-11 (2.67 mg/100 mg),                             

KUP-31(2.82mg/100 mg), KUP-15(2.89 mg/100 mg) and KUP -18 (2.71mg/100 mg). 

Moderately susceptible genotypes KUP-5 (2.82 mg/100 mg), KUP-30 (2.89 mg/100 

mg), KUP-27 (2.96 mg/100 mg) and susceptible genotypes KUP-25 (3.87 mg/100 mg), 

KUP-39 (4.00 mg/100 mg), KUP-37 (4.05 mg/100 mg) and one highly susceptible 

genotype LBG-623 (4.10 mg/100 mg) were on par in their reducing sugars content. 

Highly resistant genotypes showed lowest reducing sugar contents (Table 4.14 and 

Fig.4.12) 



4.4.3.2.3 Non-reducing sugars (mg/100 mg) 

Highly resistant genotypes KUP-34 (1.96 mg/100 mg), KUP-40 (2.26 mg/100 

mg) observed to have lowest non-reducing sugars, they did not differ significantly in 

their non-reducing sugar content and were on par with moderately resistant genotypes 

viz., KUP-12 (1.94 mg/100 mg), KUP-6 (1.64 mg/100 mg), KUP-11 (2.00mg/100 mg) 

and KUP-31 (1.92 mg/100 mg) in non-reducing sugar content. Moderately susceptible 

genotypes KUP-15 (3.08 mg/100 mg), KUP-18 (3.19 mg/100 mg), KUP-4 (3.16 mg/100 

mg), KUP-5 (3.02 mg/100 mg), KUP-30 (3.07 mg/100 mg), KUP-27 (3.02 mg/100 mg) 

were on par with susceptible genotypes KUP-25 (3.05 mg/100 mg), KUP-39 (2.91 

mg/100 mg), KUP-37 (2.86 mg/100 mg) and  also on par with highly susceptible 

genotypes LBG-623 (3.39 mg/100 mg) for the non-reducing sugar content (Table 4.14 

and Fig. 4.13). 

Non reducing sugar content in the genotypes showed an inverse relation with 

resistance to powdery mildew.  

Muhammad and Ali (2014) found that incidence of powdery mildew in pea 

induces changes in reducing sugars, non-reducing sugars, total sugars powdery mildew 

resistant and susceptible peas genotypes. Dakshayani et al. (2005) reported that the 

susceptible genotypes Chinamung, Pusa Baisakhi and TM-98-50 recorded higher levels 

of sugars compared to the TARM-18. Parashar and Sindhan (1986) reported that 

powdery mildew resistant pea varieties (P185 and P388) had higher contents of total 

phenols in stem and leaf and low concentration of total sugars and reducing sugars, than 

susceptible varieties. Gawande et al. (2002) carried out a biochemical study on reducing, 

non-reducing and total sugars and found that resistant genotypes had lower total sugars 

content before and after infection.  

Garg and Mandahar (1975) observed that okra leaves infected with powdery 

mildew (E. cichoracearum) had higher reducing sugars content than healthy leaves. 

Guleria et al. (1997) reported the post-infection of powdery mildew decrease the 

reducing sugar content in the leaves of both resistant (DPP68 and JP71) and susceptible 

cultivars (Bonneville and Lincoln) in pea. 

 



4.5 TO EVALUATE GROWTH REGULATOR, ANTI-
           TRANSPARENT AND FUNGICIDES AGAINST 
           POWDERY MILDEW  

In a field experiment powdery mildew severity was erratic and non-significant at 

35 DAS. Before second spray at 45 DAS the Cycocel @ 50 ppm showed significant 

reduction in powdery mildew severity (19.45%) compared to other treatments and was 

on a par with Salicyclic acid @ 30 ppm (20.87%) and T5-Neem oil @ 1000 ppm 

(23.18%). However the treatments viz., T4-Wettable sulphur @ 0.3 W.P (25.77%), and 

T3-Myclobutanil @ 0.2 W.P (26.29%), T6-Kaolin @ (6 %) (25.53%), showed 

significantly lesser than the severity than in untreated check (33.96%) and were on a par 

(Table 4.15 and Fig.4.14).  

At 55 DAS the lowest severity was recorded in T3-Myclobutanil @ 0.2 W.P 

(31.23%) which was on par with T4-Wettable sulphur @ 0.3 W.P (32.81%) and T2-

Salicyclic acid @ 30 ppm (32.82%). Whereas, treatments T1- Cycocel @ 50 ppm 

(35.53%), T6-Kaolin @ (6 %) (35.03%), T5-Neem oil @ 1000 ppm (39.80%) were on 

par at each other. Highest severity was observed in untreated check (57.64%) (Table 

4.15 and Fig.4.14).   

Mycobutanil showed lowest disease severity as the fungicide interfere with the 

biosynthesis of fungal sterols inhibit ergosterol biosynthesis. Ergosterol is essential to 

structure of cell wall and it`s absence causes irreparable damage to the cell wall leading 

fungal death and also interfere in conidia and haustoria formation. The change in sterol 

content and saturation of polar fatty acids at alteration in membrane fluidity and 

behaviour of membrane bound enzymes (Nene and Thapliyal, 1993).  Mach and Portele 

(1884) suggested that sulphur was oxidized to sulphur dioxide and latter compound was 

toxicant. Wallace et al. (1911) also showed that the fungicidal effect of sulphur was due 

to sulphur dioxide produced by the oxidiation of sulphur in moist air. Doran (1922), 

however, investigated the role of oxygen in the fungitoxicity of sulphur and showed that 

the presence of oxygen increased the fungitoxicity of sulphur. Although, cost-benefit 

ratio was high in Wettable sulphur (1.82) compared to Myclobutanil (1.17), but at  55 

DAS after second spray which Myclobutanil showed to be best among the treatments for 

management of powdery mildew. 



4.6 EFFECT OF DIFFERENT CHEMICALS ON VEGETATIVE 

CHARACTERS URDBEAN POWDERY MILDEW 

4.6.1 Number of Primary Branches per plant 

 The treatments had a significant effect on the number of primary branches/plant 

with the maximum (12.66) in Myclobutanil and minimum (9.43) in unsprayed check. 

The treatments, Wettable sulphur, Salicyclic acid, Cycocel were on par with Neem oil. 

Kaolin was on par with unsprayed check. All treatments except Kaolin were showed 

significantly more number of primary branches per plant than check. Myclobutanil 

treatment increased the primary branches number by 25.51% than unsprayed check 

(Table 4.16 and Fig 4.15a). 

4.6.2 Number of Pods per plant 

The highest number of pods per plant was observed in plants which received 

Myclobutanil treatment (13.01) which was 27.20 % more than in unsprayed check (9.47) 

and was significantly higher than that recorded in other treatments. Wettable sulphur, 

Neem oil, Salicylic acid were on par with each other. Cycocel and Kaolin were on a par 

with unsprayed check (Table 4.16 and Fig 4.15b). 

4.6.3  Seed yield (Q/ha) 

The seed number per pod varied from 4.42 (unsprayed check) to 5.59 

(Myclobutanil). Unsprayed check (4.42 q/ha) showed significantly superior over all 

treatments. Wettable sulphur (5.31 q/ha) seeds per pod followed by Salicyclic acid (5.20 

q/ha), Kaolin (5.36 q/ha) and Cycocel (5.23 q/ha), all of them being on a par with Neem 

oil (5.02 q/ha). Myclobutanil recorded as highest seed yield (5.59 q/ha). Increase in seed 

number over control in Myclobutanil treatment was 20.93% followed by Kaolin 

(17.53%) were higher than the unsprayed check (Table 4.17 and Fig 4.16a). 

4.6.4  No of seeds per pod 

The highest yield was obtained with Myclobutanil (8.96) which was 31.80% 

more than unsprayed check (6.11) but was on a par with the yield in Salicyclic acid 

(8.73), Wettable sulphur (8.64) and Neem oil (8.63). Kaolin showed significant (7.40). 

Cycocel (6.57) was on a par with untreated check (6.11) (Table 4.17 and Fig 4.16b). 



Yield reduction in infected plants than the corresponding healthy plants was 

highest in unsprayed check and lowest in Myclobutanil which suggests that the 

treatments were effective not only in significantly decreasing powdery mildew  severity 

but also in growth promotion and thereby yield enhancement. 

4.6.5 100 Seed weight (g) 

Highest seed weight was obtained in Myclobutanil (4.62 g) followed by  

Salicyclic acid (4.40 g) and were on a par for their 100 seed weight. While other 

treatments, Wettable sulphur (3.63 g) and Cycocel (3.62 g) were on apar. Neem oil (3.34 

g) and Kaolin (3.50 g) on a par with each other, respectively (Table 4.18 and Fig 4.17). 

The Myclobutanil and other treatments particularly Salicyclic acid could 

substantially reduce disease severity and consequently increased growth and yield of 

blackgram. The increase in growth and yield might be due to their beneficial effects on 

plant metabolism coupled with their effect on disease reduction.   

4.6.6 B:C ratio 

Benefit cost ratio (B:C) of the treatments was calculated by using the average 

yields of urdbean crop during rabi, 2015-16 and presented in the Table 4.19. The 

highest B:C  of 1.82 was obtained for Wettable sulphur @ 0.3 % W.P spraying at 35 and 

45 DAS followed by 1.29 ( Salicyclic acid  @ 30 ppm), 1.17 ( Myclobutanil @ 0.2 % 

W.P), 1.09 (Neem oil @ 1000 ppm), 0.87 (Cycocel @ 50 ppm), 0.71 (Kaolin 6%) and 

0.30 (Unsprayed check) (Table 4.19). 



Chapter II 

REVIEW OF LITERATURE 

The review of literature on “Studies on powdery mildew of urdbean in relation 

to weather, host plant resistance and management” and also the literature relevant to the 

present investigation is presented in this chapter. 

2.1. HISTORY AND DISTRIBUTION OF THE DISEASE 

Powdery mildew has long been known as important disease of plants in all parts 

of world. Linnaeus (1767) established a genus Erysiphe. De Condolle (1802) described 

many species of the genus. Powdery mildew caused by Erysiphe polygoni D C a wide 

spread plant diseases that are conspicuous by their superficial white mycelia and 

powder-like conidia (Yarwood, 1957; Kiss and Szentivanyi, 2001). They are mostly 

host-specific, ranging from a single species to a family of plants, and are obligate 

parasites that cannot survive without their host plant. It was reported from Bangladesh, 

Brazil, Colombia, Conga, Costa rica, Egypt, Ethiopia, Guatemala, India, Israel, 

Jamaica, Kenya, Lebanon, Malawi, Mauritius, Mexico, Mozambique, Myanmar, Nepal, 

New south wales, Pakistan, Peru, Queensland, New Caledonia, South Africa,                      

Sri Lanka, Tanazania, USA, Venuzuela, Zaire, Zambia, Zambabwe (Harika, 1996). In 

India, the disease is present in almost all states of the country (Prakash and Raoof, 

1994). 

2.2. IMPORTANCE OF THE DISEASE  

Several reports have been published on yield loss due to powdery mildew in 

pulses. Powdery mildew can decrease plant canopy, reduce yields through decreased 

fruit size and number of fruits per plant, and reduce fruit quality, flavour and storage 

life (Donald, 2008; Keinath and Du Bose, 2004; McGrath and Thomas, 1996). 

Rathi et al. (2002) found that more than 60 per cent powdery mildew disease 

intensity significantly reduced the number of pods per plant, number of seeds per pod 

and test weight in blackgram. Grewal (1988) reported reduction in the yield of green 

gram and black gram in many states of India due to powdery mildew. The existence of 

negative correlation between grain yield and powdery mildew resistance in pea (Munjal 

et al.,1963).  



Tantanapornkul et al. (2005) found that powdery mildew reduced yield, seed 

weight per plant, seeds per plant, pods per plant and seed size on mungbean genotypes 

and it was also found that the disease caused the reduction of seed germination, 

seedling vigor and weight of bean sprout and became severe in dry season (Fondevilla 

and Rubiales, 2011). 

2.3  SYMPTOMS AND MORPHOLOGY OF THE PATHOGEN  

Yarwood (1957) reported stunting, distortion and premature leaf fall due to the 

infection of   E. polygoni causing powdery mildew disease in pulses. Senugupta (1974) 

observed smaller and chlorotic leaves of pea due to infection of powdery mildew, 

severe infection gave shrivelled and dried appearance to immature pods. 

Symptoms appear first on crown leaves, on shaded lower leaves and on leaf 

under surfaces. These white, powdery colonies grow in size and cover both sides of the 

leaf, petioles and young stems (Howard et al., 1994).The disease is noted with 

appearance of small, round, whitish, powder-like spots on leaf surfaces, petioles and 

stems (McGrath and Thomas, 1996).  

Hans and Boeswinkel (1980) measured conidial size of E. polygoni infecting 

green gram as 38.4×14×3µm and that of black gram 37×19µm. Conidia were single 

celled, oval to roundish or barrel-shaped, hyaline, without fibrosin bodies and 25-40 x 

15-25 μm in diameter. Conidia formed singly at the apex of conidiophores, hyaline, 

morphologically distinguished primary conidia roughly lanceolate, usually apically 

pointed, 30-80 x 9-28 mm and secondary conidia roughly ellipsoid to cylindrical, 

sometimes somewhat irregular, rounded or truncate at the apex, not pointed, 

approximately the same size like the primary conidia (Braun, 1987a). Raut et al. (1986) 

recorded powdery mildew of E. polygoni on stem and leaves of green gram and 

blackgram at flowering. Severe infection of inflorescence was found to affect pod 

setting, adversely Bharat (2013).  

2.4 SURVEY 

Survey conducted in rabi 1997-98 in rice fallows revealed that the powdery 

mildew of black gram was prevalent in all major black gram growing areas in Guntur 

district of Andhra Pradesh (Kumar et al., 1999). 



Sharmila et al. (2006) survey in four districts of Kashmir valley revealed that 

incidence and severity of the powdery mildew disease on some plants of family 

Papilionaceae such as Phaseolus  aconitifolis, P. aureus, P. vulgaris, Pisum sativum 

and Robina pseudoaccacia showed moderate to mild infection in different localities of 

Kupwara and Baramulla whereas P. aconitifolis, P. aurens, P.  vulgaris and P. sativum 

showed mild infection in different localities of district Kupwara, Baramulla, Srinagar 

and Anantnag. 

Dinesh et al. (2010) surveyed on sunflower powdery mildew during 2008-09 

revealed that, the disease was noticed in varying intensities in seven districts. Maximum 

PDI was noticed in Hanumanala village (98.00%) of Gangavati taluka followed by 

Budugumpa village (84.00%) of Koppal taluka. 

Mir et al. (2011) carried out survey on chilli powdery mildew in three districts, 

Dharwad district had maximum severity of powdery mildew (80.69%), followed by 

Haveri district (43.98%) and least severity in Belgaum district (20%). 

Illahi et al. (2011) Survey revealed that the powdery mildew on apple was 

prevalent throughout the Kashmir valley. Its incidence started during August with 

disease incidence (DI) and percent disease index (PDI) of 3.47 and 1.04, respectively, 

reached peak in the month of October with DI and PDI of 5.71 and 2.15, respectively. 

The powdery mildew incidence was least (5.4%) on Chinese white at Baramulla and 

was maximum (41.57%) on Goshoerami at Pampore. Irrespective of the mulberry 

varieties the incidence ranged from 18.47 per cent (Baramulla) to 29.35 per cent 

(Pampore). Irrespective of locations, it ranged from 9.71 (KNG) to 35.39 per cent               

(Tr-10). 

Kumar et al. (2013) surveyed in kharif 2012 and revealed the prevalence of 

powdery mildew on green gram in all green gram growing parts of Northern Karnataka. 

Survey carried out on severity of sunflower powdery mildew in different districts of 

northern Karnataka during 2008-09 showed that maximum mean per cent disease 

severity (PDI) was observed in Koppal district (74.11%) followed by Haveri district 

(66.61%). Whereas, minimum PDI was noticed in Bagalkot district (30.94%) followed 

by Belgaum district (34.11%) (Dinesh et al., 2010). 

 



Rehab et al. (2014) survey on mango powdery mildew disease during seasons 

2011 and 2012 in Sharkeya, Behera, Ismailia and Giza as well as Noubareya district has 

revealed highest disease severity was observed in Ismailia being (46.6%) and the lowest 

in Giza (23.6%). 

Roving survey was conducted in kharif  2011 on green gram in four districts of 

Karnataka. The maximum disease severity of powdery mildew (75.32%) was noticed in 

Dharwad district where as minimum disease severity in Belgum, Baglkot and Gulbarga 

districts (Veena et al., 2014). 

Sreeramulu and Kondaiah, 2014 surveyed on fungal diseased crops in Cuddapah 

district of Andhra Pradesh in varied regions of 51 mandals among them Koduru showed 

highest disease severity. 

Kumar et al. (2014) Surveys in northern Karnataka districts during rabi of 2009-

2012 revealed that during rabi of 2009-10 mean disease incidence was maximum in 

Raichur district (57.5%) followed by Bidar (56%) and Gulbarga (52%). During rabi of 

2010-11 mean disease incidence was maximum in Raichur district (46.25%) followed 

by Bidar (42%) and during rabi  2011-2012 mean disease incidence was maximum in 

Raichur district (93.5%) followed by Bidar (25%) and Bijapur (16.33%). 

2.5 EFFECT OF WEATHER FACTORS ON POWDERY MILDEW  

SEVERITY  

Deshpande and Dake (1978) noticed the epidemics of Eysiphales at 250C 

temperature. Soria and Quebral (1973) noted highest incidence of E. polygoni on pea in 

Janurary when monthly mean temperature, RH, wind velocity, and total rainfall were 

25.60C, 85%, 1.8 kmph and 1.61 inches respectively. 

Kunkalikar and Padagnur (1991) reported that the occurrence of powdery 

mildew on mungbean minimum mean temperature of 20 0C and RH of 82.5 to 83.5% 

were essential. 

Saxena and Saxena (1991) studied powdery mildew of mungbean caused by                

E. polygoni and found positive correlation of disease intensity with maximum 

temperature but the correlation with relative humidity and rainfall were negative. 



Mittal and Sharma (1992) studied the development and spread of powdery 

mildew of green gram and black gram in the Kumaon hills of India and observed the 

disease appearance at 90 days after sowing when the crops were in post flowering and 

pod formation stages. During this period average maximum and minimum temperature 

(28.8 0C &17.2 0C), RH above 75% and weekly rainfall 5.8 spread over 1-2 days. 

Raguchander and Rajappan (1995) observed lower incidence of E. polygoni in 

July sown Vigna mungo crop than those sown in August-January, high RH, low 

maximum and minimum temperature and low rainfall favoured severe incidence of 

powdery mildew. 

Thakur and Agarwal (1995) reported severe appearance of powdery mildew in 

33 varieties of greengram and 18 vareities of blackgram during winter seasons with 

most rapid development when temperature varied from 27.2 to 30.30oC, relative 

humidity from 67 to 90 per cent during morning and 12 to 38% at noon and wind 

velocity from 2.3 to 4.1 km hr-1. A positive correlation was observed between powdery 

mildew severity with temperature and wind velocity, but the correlation with relative 

humidity was non-significant, except in a few varieties. 

Bhattacharya and Shukla (2002) found that maximum temperature, sunshine 

duration has positive effect on powdery mildew severity whereas relative humidity was 

negative under both irrigated and rainfed conditions. 

2.6. REACTION OF HOST GENOTYPES TO POWDERY MILDEW   

INFECTION (Host Plant Resistance) 

Among various strategies to manage the diseases, cultivation of resistant 

varieties is an eco-friendly, practically feasible and economically viable method. In 

recent past many resistant varieties have been developed against the powdery mildew 

by various workers. 

Agarwal et al. (1989) reported that out of 170 Vigna radiata and 85 Vigna 

mungo varieties screened for resistance to E. polygoni ML 223 and ML395 were found 

to be most resistant to mungbean and LBG17 was found to be the most resistant 

blackgram variety. Kaushal and Singh (1989) reported that out of 48 blackgram 

accessions evaluated at the seedling stage for resistance to 636 various isolates of 

pathogen only P115 was found to be resistant to E. polygoni.  



According to Patil et al. (1989) Out of  40 cultivars of greengram evaluated 

under field conditions  with natural infection of E. polygoni only one (B.G.G.-1) was 

moderately resistant, two moderately susceptible and remaining highly susceptible. 

Prashanthi et al. (2010) evaluated fifteen blackgram genotypes and found             

LBG-623 and LBG-648 as resistant sources against powdery mildew disease. 

Sixty five genotypes were screened against the powdery mildew of mungbean 

during kharif 2011-2012 at Anand, among them one genotype LGG-460 was found 

resistant, while PDM-288, IPM-02-1, GM-9926, TMV-37, SAPTARI LOCAL,             

GM - 02-21, GM - 03-06, GM - 03-08, GM - 03-15 and GM - 03-16 moderately 

resistant, however rests of the genotypes moderately susceptible to susceptible              

(Yadav et al., 2014). 

Field screening was conducted during kharif, 2008 and 2009 revealed that out of 

31 genotypes of greengram, only genotype ML1299 and out of 14 genotypes of 

blackgram, only 3 genotypes viz., BS2-3, IPU02-43 and B3-88 showed resistant or 

highly resistant response of multiple diseases including cercospora leaf spot, web blight 

and powdery mildew (Akthar et al., 2014). 

Seventy diverse genotypes of mungbean were evaluated against powdery 

mildew in field under natural epiphytotic conditions during rabi 2009-10 and kharif 

2010 seasons. During rabi season two genotypes i.e. Pragya and TARM-1 were found 

to be highly resistant against powdery mildew disease, eight genotypes were resistant, 

twelve genotypes were moderately resistant, twenty genotypes were moderately 

susceptible, twenty genotypes were susceptible and eight genotypes were highly 

susceptible with Location severity index (LSI) of 3.03.(Nair et al., 2015). 

Nidhi et al (2015) screened 51 mungbean genotypes. Out of which, TM 96-2 

were found to be highly resistance, nine are resistant , five as moderate resistance, 16 as 

susceptible and 20 highly susceptible for powdery mildew reaction. 

Tirupathiswamy et al. (2014) reported that out of three blackgram cultivars 

evaluated nethiminimu, chikkuduminimu were susceptible and LBG 17 was resistant 

against powdery mildew. 

 



Ramakrishnan and Savithramma (2014) screened 374 entries of greengram 

under natural environmental conditions against powdery mildew disease and 

categorized six entries as highly resistant, 68 resistant, 47 moderately resistant, 50 

moderately susceptible, 99 susceptible and 104 highly susceptible 

Upadhyay and Singh (1994) reported that, out of 50 genotypes of pea tested in 

field, none was found completely free from E. polygoni but T 10, BHU 456, HFP 4, 

P185, NDP 1, and P 6583 were classified as resistant HUP 2, JP 4, PRS8 and HFP 12 as 

moderately resistant and 21 as tolerant.  

According to Sharma (1991) out of 200 pea varieties scored for resistance 

against E. polygoni only 14 entries showed strong resistance under both natural and 

artificial conditions, while 13 found to be moderately resistant. Kumar and 

Rangaswamy (1993) studies on pea powdery mildew revealed the area under disease 

progress curve values by gompit and logit growth rates for 22 varieties, the genotypes 

KPMR 155, KFPD 7, KFPD 8, KMPR 157, showed low AUPD values and therefore, 

low incidence  of powdery mildew.  

Bisht et al. (1991) evaluated field reactions of 2287 germplasm collections of 

Vigna radiata for natural infections of Cercospora spp., E. polygoni and   Xanthomonas 

compestris. pv. Phaesoli, 31 lines showed multiple disease resistance. 

Hartman et al. (1993) reported that out of accessories of global green gram 

collection screened for the resistance to C. canescens and E. polygoni, few lines were 

highly resistant to powdery mildew over years, but others were moderately resistant or 

susceptible in other years. According to Lakshmipathi et al. (1993), out of 45 Vigna 

radiata genotypes tested in field and in glass house, for their reaction to powdery 

mildew, the disease severity on one genotype  ML3 was moderate, 30 genotypes were 

susceptible and 14 were highly susceptible. 

Patil and Moghe (1993) screened ten varieties of green gram and blackgram 

varieties for resistance to E. polygoni and found four varieties of green gram and four 

varieties of blackgram highly resistant. Pawar et al. (1995) reported that out of 50 

greengram cultivars screened against powdery mildew only TARM 18 was found to be 

completely resistant but none of the cultivars showed resistant, but some cultivars were 

found to be less susceptible than other disease.  



According Venu et al. (1997) among 72 mungbean germplasm lines screened 
for powdery mildew resistance under field condition, JRUM1, WGG 46, WGG 47, 
WGG 48, WGG 62, TARM 1, TARM 2 and TARM 22 showed complete resistance. 
According to Thakur and Verma (1998) among 70 cultivars of pea screened, HFP-6 was 
highly resistant to E. polygoni and is the only one suitable for use in breeding 
programme under conditions in hilly areas of Himachal Pradesh. 

Malhotra and Singh (2000) evaluated 51 pea genotypes for resistance against 
powdery mildew under both natural and artificial epiphytotic conditions and observed 
that VG-1 as highly resistant, nine genotypes, viz., HPPC 16, HPCC 77, HPCC 95, 
Rachana, Pant P-9, PH-1, JP 514-A, VG-9 and Sugar Giant, as resistant. 

Ninety genotypes of field pea were tested against powdery mildew under natural 
epiphytotic conditions. The genotypes viz., FP-208, HFP0-212, FP-216, HFP-221, FP-
415, FP-405, FP-420, Jayanthi and Ultra  showed minimum disease index, hence it can 
be used as resistant donor in future breeding programs (Kumar et al., 2007). 32 
genotypes of field pea were evaluated for resistant to powdery mildew. JP885, Shubhra, 
Rachna, Pant P 31, HFP0 129 and Ambika was found high yielder and resistant to 
powdery mildew were RPF4, Pant p 31 and HFP0219 (Poonam et al., 2013). 

Rehman et al. (2014) screened ten advanced lines of peas among them 018337, 
019309, 026721, 018398 and 018395  were found moderately resistant against powdery 
mildew of pea  and 026700, 026703 and 026719 gave a moderately susceptible ones 
and PFP-400 were found to be susceptible. Cutivar meteor found to be highly 
susceptible to powdery mildew. 

Kannaiyan et al. (1987) reported that out of 140 cowpea lines screened to E. 
polygoni only five were found to be moderately resistant. Kuo et al. (1988) found that 
Taichung 12 bred from Taichung 11× manoa sugar has good resistance to E. polygoni 
infecting pea. Kamalesh    et al. (1991) research findings revealed that out of 85 pea 
cultivars tested for resistance to     E. polygoni, 11 were resistant, 18 were moderately 
resistant and 56 were susceptible or highly susceptible. 

Raju and Kumar (1990) reported that out of 22 cowpea lines tested under 

greenhouse condition for resistance to powdery mildew, APC lines 68, 585, 809 and 

708 exhibited partial resistance while APC 703 highly resistance. Findings of Raju and 

Kumar (1991) revealed that out of 20 germplasm lines of cowpea, evaluated for their 

resistance to E. polygoni under greenhouse condition APC lines no 59, 282,489, 610 

and 1244 exhibited partial resistance whereas, APC No. 43 was susceptible. 



2.7. MORPHOLOGICAL CHARACTERS FOR DISEASE 

RESISTANCE 

         Among morphological characters, aspects of stomata, cuticle and trichome 

morphology can influence disease resistance (Niks and Rubiales, 2002). 

2.7.1 Leaf Thickness  

Leaf and cuticular or epidermal thicknesses had been associated with powdery 

mildew resistance (Commenil et al., 1997). Which showed a positive correlation of 

cuticle thickness of various grape cultivars resistance to powdery mildew (Heintz and 

Blaich, 1990). Gabler et al. (2003) revealed that the mechanical obstacles of epidermal 

thickness deposition could readily be bypassed during haustorial penetration when the 

surface porosity of the leaves is high. 

2.7.2  Stomatal Frequency and Trichome Density  

Braun (1987b) revealed that some lines in the mildew-susceptible germplasm of 

mulberry of which  RFS-135, Mother graft, Shrim-5 and Mizuzawa) have a smaller 

stomatal density, the number of stomata per unit area of leaf surface and stomatal index 

were positively correlated with powdery mildew resistance.  

Eighty per cent of the resistant germplasm were characterized by high trichome 

densities and a high stomatal density and stomatal index. There are some significant 

genotypic effects of stomatal frequency on penetration by powdery mildew pathogens 

(Lima et al., 2010). 

Chattopadhyay et al. ( 2011) Evaluated 30 lines of mulberry with contrasting 

susceptibilities to powdery mildew (15 resistant and 15 susceptible), susceptible 

genotypes showed significant more stomatal index, stomatal area and less trichome 

density. Whereas, resistant group was distinguished by 17.4 % lower stomatal density, 

12.5% smaller stomatal index per unit leaf area, 20.0 % greater trichome density and 

18.0% higher stomatal area compared with the susceptible group. Trichome density was 

negatively correlated with disease severity index and with the accumulative area under 

disease progression curves (AUPDC). 

Georgiev et al. (2013) found positive relation between the degree of pubescence 

and resistance to powdery mildew under natural conditions.  



2.8. BIOCHEMICAL CHARACTERS FOR DISEASE RESISTANCE  

Involvement of phenolic compounds in many aspects of plant parasite 

relationship other than plant protection has been reported by Friend in 1979. The role of 

phenolics in the resistance mechanisms in plants has been reviewed by several workers 

(Allen, 1959; Richard and Roger 1994; Lattanzio, 2006; Agrios, 2005; Gogoi, 2001). 

Concentration of phenolic compounds was usually higher in resistant genotypes than in 

susceptible genotypes of different crop plants (Arora and Wagle, 1985 and  Saini et al., 

1988). 

Garg and  Mandahar (1975) observed that okra leaves infected with powdery 

mildew (E. cichoracearum) had higher reducing sugars content than healthy leaves. 

Helal et al. (1978) reported that the resistance to E. cichoracearum in the cucumber 

variety Poinsettia was due to a high concentration of phenols which hindered infection 

and a low concentration of sugars prevented establishment of the pathogen in the host 

tissues. 

Guleria et al. (1997) reported the post-infection decrease the reducing sugar 

content in the leaves of both resistant (DPP68 and JP71) and susceptible cultivars 

(Bonneville and Lincoln) of pea against powdery mildew. 

Sridhan and Parashar (1984) found higher content of total phenols, O-dihydric 

phenols, P, K, Zn, and Cu but lower of N, Mn, and Fe in the foliage of resistant and 

moderately resistant varieties of pea compared to susceptible. Parashar and Sindhan 

(1986) noted higher content of total phenols and Orthodihydro-phenols and lower of 

total sugars and reducing sugars in stem and leaf of powdery mildew of resistant 

varieties of pea than susceptible. 

Kalia and Sharma (1988) found higher levels of phenolics and phenol oxidising 

enzymes in resistant cultivars of pea (P 185 and P 6583) than susceptible cultivars, the 

correlation between the biochemical parameters and disease index were also high.  

Gawande et al. (2002) carried out biochemical study on reducing, non-reducing 

and total sugars and total phenols before and after powdery mildew infection in seven 

mungbean genotypes found that resistant genotypes had higher total phenols before and 

after infection. The total phenols were positively correlated with resistance. Whereas, 

sugars were negatively associated with disease resistance. 



Avtar et al. (2003) observed higher levels of total phenols in resistant genotypes 

(NLM and HM 350) than susceptible (T8 and HM 65) fenugreek genotypes before and 

after the appearance of powdery mildew (E. polygoni) in artificially inoculated and 

natural environments.  

Dakshayani et al. (2005) reported that the susceptible genotypes Chinamung, 

Pusa Baisakhi and TM-98-50 recorded higher levels of sugars compared to the            

TARM-18.  

Muhammad  and Ali (2014) found that incidence of powdery mildew in pea 

induces changes in reducing sugars, non-reducing sugars, total sugars powdery mildew 

resistant and susceptibility of  peas genotypes. 

2.9  MANAGEMENT OF DISEASE  

2.9.1 Systemic Acquired Resistance (SAR) and Powdery Mildew 

disease Management  

Systemic acquired resistance (SAR) is a mechanism of induced defence that 

confers long lasting protection against a broad spectrum of microorganisms. SAR 

requires the signal molecule salicylic acid (SA) and is associated with accumulation of 

pathogenesis-related proteins, which are thought to contribute to resistance. It is well 

established that resistance to pathogens and the production of some PR proteins in 

plants can be induced by SA or acetylsalicylic acid, even in the absence of pathogenic 

organisms. 

Application of salicylic acid on mungbean was found to increase pod number 

and grain yield (Singh and Kaur, 1980). 

Besser et al. (2000) stated that salicyclic acid and it is synthetic mimics            

2,6-dichloroisonictonic acid (DCINA) and benzothiadiazole (BTH)  protect barley 

against powdery mildew. 

Kardy et al. (2011) reported that KHPO4 and Salicyclic acid proved to be best 

inducer treatments, in increasing yield components over control on alfalfa plants against 

fungal diseases.  



Salicyclic acid and acetyl salicyclic acid at 50ppm was most effective  in 

reducing the powdery mildew incidence (6.10% & 7.55%) and recorded maximum 

blackgram pod yield and minimum disease as compared to test fungicide and untreated 

control (Parthasarathy and Jaiganesh, 2015).  

2.9.2. Effect of Growth Regulator and Anti-Transparent on Powdery 

Mildew Disease Management 

Glenn et al. (2001) conducted an experiment during 1997 to 1999 found that the 

kaolin-based particle film reduced the incidence and severity of apple (Malus domestica 

Borkh.) diseases. Antitransparent flims reduced the incidence of powdery mildew on 

wheat and barley (Ziv and Frederiksen, 1983, 1986).  

Application of cycocel @ 500ppm resulted in reduction of plant height, 

increased dry matter production, leaf area index, net assimilation rate and number of 

flowers per plant in soybean (Singh and Sarkar, 1976). 

Hill (2004) conducted an experiment to find the effects of plant growth regulator 

on powdery mildew severity on Phlox paniculata ‘Blue Boy’ and Rudbeckia hirta 

‘Indian Summer’ during Spring 2004, in which the Cycocel (chlormequat) 4000 mg·L-1 

showed significantly lower powdery mildew severity.   

Lalancette et al. (2005) found that application of kaolin significantly delayed 

fruit maturation, increased fruit size, increased fruit number and yield on young trees. 

Nofal et al. (2006) reported that Alphonso and Seddek varieties naturally 

infected by powdery mildew, kaolin applied at 15 days intervals effectively controlled 

Odium mangiferae on blossom clusters and fruit set. Kshirsagar et al. (2008) found that 

the effect of growth regulator i.e. cycocel @ 25, 50, 75, 100, 125, 150, 175 ppm and 

observed that there was increase in number of nodules and number of lateral branches 

in greengram plant.  

2.9.3 Effect of Fungicides and Powdery Mildew Disease Management  

Das and Naraian (1990) found that spraying with Bavistin, Topsin M, 

Karathane, derosal and Wettable sulphur significantly controlled the powdery mildew 

of greengram. A single spray of 0.4 per Sulphex gave highest cost benefit ratio of 3.3. 



Rathore and Rathore (1995) conducted a field trial to control powdery mildew          

(E. polygoni) of fenugreek using fungicides and host resistance. Triadimefon (0.1%) 

and Sulphur dust (25 kg/ha) were most effective against the disease and recorded 

significantly increased yields over the control plots. 

Singh and Singh (1983) observed reduction in powdery mildew in pea when 

sprayed with neem oil at 2 per cent concentration. Rettinasasababady et al., (2000) 

stated that neem oil is used to control the powdery mildew disease with 74.50 per cent. 

Moharam and Ali (2014) showed that neem oil was most effective against powdery 

mildew disease in okra with decrease in the disease severity up to 29.92% resulting in 

improved plant growth and yield.  

The efficacy of Sulphur (Kumulus S) and Mycobutanil (nova 40W) fungicides 

for control of powdery mildew in field pea two locations in Manitoba in 1994 and 1995. 

Both fungicides were effective in reducing disease severity and increasing seed yield 

and seed weight of the susceptible cultivar Radley (Warkentin et al., 1996). 

Bhardwaj and Shayam (1993) found that Wettable sulphur as Sulphex and 

Carbendazim as Bavistin in combination with NPK fertilizers resulted maximum pod 

yield. Sulphur was superior to carbendazim in controlling of  E. polygoni in pea spray 

when at seven days interval resulted better control than at 15 days intervals. 

Khunti et al. (2002) reported that fungicides Hexaconzole and Tridemorph 

were most effective in reducing powdery mildew of mungbean. Sulphur, Propioconzole 

and Carbendizam were found to be moderately effective management of powdery 

mildew and cercospora leaf spot of mungbean by some systemic fungicides.  

A field experiment was conducted (2007-2010) to investigate the efficacy of six 

fungicides, Tridemefon, Fenarimirol, Flusilazole, Penconzole, Wettable sulphur and 

Dinocap and control against powdery mildew. Among them, Flusilazole was found 

most effective in reducing the disease (6.26%) and followed by Wettable sulphur 

(14.20%) (Sharma et al., 2012). 

Dinesh et al. (2009) noted that Azadiractin was found to be the best botanical 

which recorded least disease incidence of 25.78 per cent which was on par with NSKE 

(27.56%) followed by lantana leaf extract (35.11%) followed by turmeric leaf extract 

(37.78%).   



Jayasekhar and Ebenezar (2016) revealed that maximum reduction of disease 

incidence was recorded in Wettable sulphur 0.25% (15.80%) followed by Carbendazim 

0.1% (58.91%) and castor oil 1% with Ampelomyces quisqualis (48.53%) on 

blackgram. 

 

 

 



Chapter V 

SUMMARY AND CONCULSIONS 

Powdery mildew disease causing considerable loss annually and is major 

menace to urdbean. Considering the importance of urdbean crop and negative impact 

of powdery mildew disease the present investigation “Studies on powdery mildew 

disease of urdbean (Vigna mungo (L.) Hepper)” was envisaged to evolve a holistic, 

eco-friendly and cost effective control measures during 2015-16 in the Agricultural 

College, Bapatla, Guntur district, Andhra Pradesh. 

A roving survey was undertaken on the incidence and severity of powdery 

mildew disease during rabi 2015-16 in Guntur district of Andhra Pradesh. Disease 

incidence and severity of powdery mildew were surveyed in villages of Tadikonda, 

Veticherukuru, Pedanandipadu and Kakumanu  mandals of Guntur district. Incidence    

was ranged from of 13.69% (Pedanandipadu mandal) to 87.01  % (Tadikonda mandal) 

incidence & severity were ranged from 11.61(Kakumanu mandal) to 88.08% 

(Tadikonda mandal), respectively. 

Correlation studies with weather parameters and crop age on powdery mildew 
disease severity revealed that positive correlation of disease was recorded with crop age 
and maximum temperature. Multiple regression analysis yielded seven distinct 
equations with R2 values ranging from 0.991 to 0.412 (P < 0.05). However, the best fit 
equation was obtained in maximum temperature, wind speed, RH (8.30 am), Minimum 
temperature as independent  variables showed 86.6  per cent role of tested independent 
variables on powdery mildew severity. 

    During kharif, forty seven genotypes including check screened against 

powdery mildew diseases under field conditions with LBG 623 as susceptible check 

showed varied per cent severity. Out of 47 genotypes, KUP-1 was immune, two 

genotypes KUP-30 and KUP-40 were highly resistant, and ten were moderately 

resistant respectively to powdery mildew, whereas, the rest of the genotypes were 

moderately susceptible to highly susceptible. In rabi, out of eleven genotypes, RUP-6 

and RUP-9 were highy resistant against to powdery mildew disease, RUP-7 moderately 

resistant, RUP-4 moderately susceptible, other seven genotypes were highly 

susceptible. 



Among selected blackgram genotypes, significantly highest leaf thickness was 

observed in highly resistant genotypes KUP-34 (201.4 µm), KUP-40 (191.3 µm). 

Highly susceptible genotype LBG-623 (107.3 µm) which showed lowest leaf thickness 

which was on par with one susceptible genotype KUP-37 (118.6 µm). Significantly 

lowest stomatal frequency was observed in highly resistant genotypes KUP-34 

(88.64/mm2), KUP-40 (99.24/mm2). Highly susceptible genotype LBG-623 

(193.94/mm2) and one susceptible genotype KUP-37 (184.85/mm2) were found to have 

highest stomatal frequency. Significantly higher trichome density was observed in 

highly resistant genotypes KUP-34 (62.33), KUP-40 (59.11) and were on a par with 

each other. The highly susceptible genotype LBG-623 (19.33) was found to possess 

significantly lowest trichome density.  

Significantly higher phenol content was observed in highly resistant genotypes 

KUP-34 (0.912 mg/100 mg) and KUP-40 (0.861 mg/100 mg) and one moderately 

resistant genotype KUP-12 (0.678 mg/100 mg). Highly susceptible genotype LBG-623 

recorded the lowest total phenol content (0.299 mg/100 mg). 

Significantly lowest sugar content was observed in highly resistant genotypes 

KUP-34 (4.48 mg/100 mg) KUP-40 (4.62 mg/100 mg) and were on a par. Highest total 

sugar content was observed in highly susceptible genotype LBG-623 (7.39 mg/100 

mg). Highly resistant genotypes KUP-34 (2.39 mg/100 mg) and KUP-40 (2.36 mg/100 

mg) showed lowest reducing sugars and there on a par. Highly resistant genotypes 

KUP-34 (1.96 mg/100 mg), KUP-40 (2.26 mg/100 mg) showed observed to have 

lowest non reducing sugars, they did not differ significantly in their non-reducing sugar 

content. 

In field evaluation of different chemicals, two sprays of Myclobutanil           

@ 0.2 W.P, Wettable sulphur @ 0.3 W.P  at 35 and 45 DAS found superior as 

they recorded the lowest  severity at 55 DAS with 31.23% and 32.81% 

respectively. did not Significant increase in shoot length, number of primary branches 

per plant, number of pods per plant, 100 seed weight, seed yield was recorded with 

Myclobutanil spraying at 35 and 45 DAS followed by wettable sulphur. Highest cost 

benefit ratio was observed in Wettable sulphur (1.82) followed by Myclobutanil (1.17). 

 

 



 



 

 

 

 

 

 

 

 

 

Plate 3.6 Morphology of fungus powdery mildew caused by Erysiphe polygoni 
(10X & 40X) 
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Plate 3.5 Symptoms of powdery mildew disease under field conditions 

Healthy pod 



 

 

 

 

 

 

 

Plate3.4 View of field experiment on management of powdery mildew disease during 
rabi2015- 16 in urdbean 

 



 

 

 

 

 

 

 

 

 

Plate 3.2 View of field experiment on screening of powdery mildew disease in 
urdbean during kharif 2015 

 



 

 

 

 

 

 

 

 

Plate 3.3 View of field experiment on screening of powdery mildew disease in 
urdbean during rabi 2015-16 



 

 

 

 

Plate 3.7 Variation in stomatal frequency in powdery mildew disease resistant (KUP-
34) and susceptible (LBG-623) black gram genotypes (40X) 

 

 

 

 

Plate 3.8 Variation in trichome density in powdery mildew disease resistant (KUP-34) 
and susceptible (LBG-623) black gram genotypes (40X) 

KUP-34 LBG-623 

KUP-34 LBG-623 



 

 

 

 

 

 

 

Plate 3.1  View of field experiment on study of urdbean powdery mildew disease in 
relation to weather parameters during rabi 2015-2016 



 

 

 

Fig. 4.2 Powdery mildew incidence at 40 and 60 DAS in urdbean in Guntur 
district during rabi 2015-16 

 

 

 

 

Fig.4.3  Powdery mildew severity at 40 and 60 DAS in urdbean in Guntur district 
during rabi 2015-16 
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Table 4.9 Area under disease progress curve of urdbean selected genotypes during 
kharif, 2015 

 

 

 

Table 4.10  Area under disease progress curve of urdbean selected genotypes 
during rabi, 2015 
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Fig 4.15a Effect of regulator, anti-transpirant and fungicides on no. of branches 
during rabi 2015-16 in field 

 

 

 

 

Fig 4.15b Effect of regulator, anti-transpirant and fungicides on no. of pods per 
plant during rabi 2015-16 in field 
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Fig. 4.4 Powdery mildew severity in relation to weather parameters and crop age factors during rabi 2015-16 
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Fig.  4.17 Effect of treatments on 100 seed weight (g) during rabi, 2015-16 
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Figure 3.1 Representative layout for screening blackgram genotypes under field 
condition during kharif, 2015 
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                    T1     :  Cycocel@ 30 ppm 

                    T2     :  Salicyclic acid @ 50 ppm 

                    T3     :  Myclobutanil @ 0.2 % W.P 

                    T4     : Wettable sulphur @ 0.3%W.P 

                    T5     :  Neem oil @1000 ppm 

                    T6     :  Kaolin (6%)  

                    T7     :  Untreated control (Check) 

Fig. 4.1 Lay out of the field experiment on management of powdery mildew in 

urdbean 
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Fig. 4.7  Variation of leaf thickness (µm) in selected blackgram genotypes 
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Fig. 4.9  Variation of trichome density (5mm dia leaf disc) in selected blackgram 
genotypes  
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Fig. 4.13 Effect of growth regulator, anti-transparent and fungicides on urdbean 
against powdery mildew during rabi 2015-16 
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 Fig. 4.10  Variation in total phenols (mg/100 mg) on selected blackgram genotypes 

 

 

 

 

Fig.4.11 Variation in total sugars (mg/100 mg) on selected blackgram genotypes 
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Fig.4.12 Variation of reducing sugars (mg/100 mg) in selected blackgram 
genotypes  

 

 

 

Fig.4.13 Variation of non-reducing sugars (mg/100 mg) in selected blackgram 
genotypes  
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Fig. 4.16a  Effect of growth regulator, anti-transpirant and fungicides on seed yield (q/ha) 
during rabi 2015-16  

 

 

 

Fig. 4.16b Effect of growth regulator, anti-transpirant and fungicides on no. of seeds per 
pod during rabi 2015-16  
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 Fig. 4.8 Variation in stomatal frequency (no of stomata mm2) in selected 
blackgram genotypes  
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