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ABSTRACT  
Pea (Pisum sativum) is unique among vegetable crop for its economic and agronomic values. Powdery mildew is a drastic disease of pea 
repress the yield badly every year. Fifteen pea varieties/lines were sown to assess the impact environmental variables (maximum air 
temperature, minimum air temperature, relative humidity, rainfall and wind speed) with disease incidence. Maximum air temperature, 
minimum air temperature, relative humidity and wind speed exhibited strong positive correlation with the disease incidence. Weak positive 
correlation was observed between the rainfall and the disease incidence of all fifteen pea varieties/lines. Among fifteen varieties/lines, four 
varieties/ lines (Meteor Faisalabad, Sprinter, GRW-45 and PF-450) disease incidence expressed strong correlation with environmental 
variables (maximum air temperature, minimum air temperature, relative humidity and wind speed) were selected for the regression analysis. 
Maximum temperature 18.5 oC to 20 oC and minimum air temperature 4 oC to 6oC favored the disease development. Relative humidity at 71 
to 76 % inclined the disease incidence while very weak impact of rain fall on disease incidence was noticed. Wind speed 5.5 to 7 Kmh-1 
increased the disease incidence significantly. 
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INTRODUCTION 

 
Pea (Pisum sativum) belongs to the family “Fabaceae” is an important vegetable crop grown for the green 

pods and immature seed. Pea is unique among the vegetables due to its dietary importance, it is a rich source of 
carbohydrates (14.45 g/100g), proteins (5.42 g/100g), vitamins (45.84mg/100g), fats and the minerals (418.12 
mg/100g) [14]. Not only for its dietary importance, it is a crop of agronomic value and also grown to improve 
the soil fertility for successive planting in the field.  It is a crop of cold regions, more than eighty five countries 
in the world are the pea producers. Annually, more than 17.430.767 tons of pea were produced on 2297.767 
thousand hectares around the globe [4]. China, India, USA., France and Algeria are the major pea producing 
countries. Pakistan is at the 10th position among the pea producing countries with more than 114.033 thousand 
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tons production on 17.687 hectares area of sowing [4], however, the yield is quite low as compared to the other 
developed countries of the world. 

Diseases lowers approximately 14 % crop yield in the world annually [2]. Pea’s yield is considerably 
reduced by a number of disease like Downy mildew, Powdery mildew, Wilt, and leaf spots. Powdery mildew of 
pea is caused by Erysiphe pisi is a devastating pathogen which lowers 25-50% yield of annually [10,17]. It 
affects all the green parts of pea plants. Firstly, small, diffuse spots on leaflets and stipules usually appears on 
the lowest part of the plant. These lesions grow and became white to pale grey powdery areas that later coalesce 
and completely cover plant surfaces [8]. 

A-biotic environmental factors are crucial for the disease establishment and the progression [9,11]. A-
virulent pathogen may fails to establish the infection on a susceptible host without the optimal environmental 
conditions like temperature and humidity [12]. Impact of a-biotic environmental factors on disease incidence 
and severity is vital for the development of disease forecasting strategies. However, a little is known about the 
effects of temperature, relative humidity and wind speed on disease incidence of powdery mildew of pea under 
field conditions. Considering the above facts, present study was designed to assess the effect of environmental 
factors (temperature, relative humidity, wind speed and rainfall) on disease incidence of powdery mildew which 
will be judiciously helpful to forecast the disease management practices in field conditions. 

 
MATERIALS AND METHODS  

 
Certified seeds of fifteen pea varieties were taken from the vegetable section, Ayub Agricultural Research 

Institute (AARI), Faisalabad. To avoid from any soil borne infection, seeds were dressed by Dynesty @ 2ml Kg-

1 for 10 minutes and air dried. Seeds were sown in experimental area of Department of Plant Pathology, 
University of Agriculture, Faisalabad by keeping row to row and plant to plant distance 75 cm and 10 cm 
respectively. Augmented design was followed with two repeats having ten plants in each. All the recommended 
agronomic practices were adopted. Disease infection was relied upon the natural inoculum. Disease incidence 
data was recorded on appearing the first symptom on the leave by using the following formula at weekly 
intervals: 

Disease Incidence (%) = Infected Plants/unit area  X100      
Total No. of Plants/unit area [6]  
 
Mini metrological observatory was installed 200 meters away from the experimental site. Maximum and 

minimum temperatures (Centigrade), relative humidity (%age), rainfall (mm) and wind speed (km/h) was 
measured on daily basis and weekly average was calculated.  Disease incidence data of all fifteen varieties was 
correlated with environmental factor by Pearson’s correlation method using SAS software(Inc., 2011-2012). 
Varieties (Meteor Faisalabad, Sprinter, GRW-45 and PF-450) exhibited strong correlation with environmental 
factors were used for regression analysis to forecast the disease incidence. Graphical approaches were made 
through Microsoft excel v.2103 computer simulated software [18].  

 
RESULTS AND DISCUSSION 

 
Significant positive correlation between disease incidence of all fifteen varieties and environmental factors 

i.e. maximum and minimum temperatures, relative humidity and wind was seen except the rainfall (Table1). All 
the fifteen experimental pea varieties (juna-555, F-16, No. 267, KQP-6173, Siddique, Winner, Green Arrow, 
Simla Green, 2001-40, Meteor, Sprinter, 2001-60, PF-450 and Samarina Zard) exhibited strong positive 
correlation with maximum temperature. Disease incidence of nine varieties (Juna-555, F-16, No. 267, Winner, 
Simla Green, Meteor, Sprinter, GRW-45 and PF-450) showed significant correlation and six varieties (KQP-
6173, Siddique, Green Arrow, 2001-40, 2001-60 and Samarina Zard) expressed non-significant correlation with 
minimum temperature. Twelve varieties (Juna-555, F-16, Siddique, Winner, Simla Green, 2001-40, Meteor, 
Sprinter, 2001-60, PF-450 and Samarina Zard) expressed strong significant correlation with relative humidity 
while three varieties/lines (No. 267, KQP-6173 and Green Arrow) showed non-significant results. Two varieties 
(Green Arrow and Sprinter) expressed negative weak correlation with rainfall and others (juna-555, F-16, No. 
267, KQP-6173, Siddique, Winner, Simla Green, 2001-40, Meteor, 2001-60, PF-450 and Samarina Zard) 
exhibited weak positive correlation. Strong positive correlation between wind speed and the disease incidence of 
Juna-555, F-16, KQP-6173, Siddique, Green Arrow, Simla Green, 2001-40, Meteor, Sprinter, 2001-60, PF-450 
and Samarina Zard varieties was noticed. No. 267 and Winner expressed moderate correlation with wind (Table 
1).  

Out of fifteen pea varieties/lines, the disease incidence of four varieties/lines (Meteor Faisalabad, Sprinter, 
GRW-45 and PF-450) exhibited a strong correlation with environmental factor (maximum and minimum air 
temperature, humidity, rainfall and wind speed) were selected for the regression analysis.  
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Maximum air temperature played a significant role in the disease development. Relationship between 
disease incidence and maximum air temperature was explained by simple linear regression model. Significant 
positive correlation was seen among all varieties. With the increase in maximum air temperature, disease 
incidence increased significantly. Maximum disease incidence was recorded at 18.5 to 20oC maximum air 
temperature (Fig 1).  

Strong positive correlation was seen between the disease incidence of all four varieties with minimum air 
temperature. Simple linear relationship was seen between the minimum temperature and the disease incidence. 
Disease incidence increased with the increase of minimum temperature. Minimum air temperature 4 oC to 5 oC 
favored disease incidence among all varieties (Meteor Faisalabad, Sprinter, GRW-45 and PF-450) significantly 
(Fig 2). 

Linear trend was seen between disease incidence and relative humidity. Positive correlation was observed 
between disease incidence and relative humidity among all four varieties. As relative humidity increased, 
increase in disease incidence was noticed. Maximum disease incidence was noted at 71 to 76 % relative 
humidity (Fig 3). Weak relationships between disease incidence and rainfall was observed. With the increase of 
the rainfall no significant increase in disease incidence was seen by all the varieties/lines (Fig 4). Strong positive 
interaction was noted between the disease incidence and linear positive increasing trend between disease 
incidence and wind speed was observed. As wind speed increased, disease incidence in all four varieties 
(Meteor Faisalabad, Sprinter, GRW-45 and PF-450) enhanced. Maximum disease incidence was seen at 5.5 to 7 
Kmh-1wind speed (Fig 5).  

Environmental factors (biotic, abiotic), susceptible host and virulent pathogen are the essential component 
for the disease progression (Agrios, 2005a). Pathogen direly needs the optimum environmental conditions like 
temperature (maximum and minimum), relative humidity, rainfall and wind speed for its normal biological 
processes [12]. Fungi are the heterotrophic organisms, need the suitable substrate for their survival [3]. Erysiphe 
pisi is an obligate pathogen [16] requires the living substrate for its growth and the multiplication, however, a 
diverse mechanism is involved for the successful infection. For the pathogenicity, the virulent genes needs 
optimal conditions for their expression to breach the structural barrier and to overcome on defense system [13].   

From the present study, we observed that maximum disease incidence was observed at 18.5 oC to 20 oC 
maximum air temperature reflects the optimal condition for the pathogen’s proliferation. The pea mildew 
conidia may germinates upto 30 oC, however, maximum conidial germination was recorded at 20-20 oC.  From 
the above results, it can be predicted that the 18oC to 20 oC is optimum maximum temperature for conidial 
germination and appresorial formation. Minimum air temperature 4oC to 5oC was found ideal for pathogen’s 
virulence, below this temperature, disease incidence decreased which reflects that as temperature decreased 
below the optimal point, the rate of chemical processes in fungal cells began to decline. 

[7] reported that the conidia could germinate in temperatures ranging from 5 oC to 25 oC with an optimum 
at 18±2 oC; Germination can occur in relative humidity as low as 50% and increases with the increasing of 
relative humidity. [15], demonstrated that powdery mildew thrives well at 16-28oC but temperature for conidial 
germination is 20-24oC. On the other hand, conidia of Erysiphe pisi not only germinate without water but can do 
so in completely dry environment, however, tolerance to dry condition is reduced with rise in temperature. The 
spores of Erysiphe pisi doesn’t need high moisture contents as it already have the enough moisture for the 
germination. However, high relative humidity favors the spore attachment to the leaf’s surface. Rain damages 
the conidiophores therefore less spread and dissemination of conidia occurs [16]. 

 
Table 1: Correlation of Environmental Conditions with Powdery Mildew of Pea 

 Max Temp. Min Temp. RH Rain Wind 
Juna-555 0.910** 0.712* 0.924** 0.241 0.770* 

0.002 0.048 0.001 0.566 0.025 
F-16 0.914** 0.870** 0.794* 0.263 0.860** 

0.001 0.005 0.019 0.528 0.006 
No. 267 0.781* 0.756* 0.473 0.102 0.508 

0.022 0.030 0.237 0.811 0.199 
KQP-6173 0.885** 0.584 0.658 0.182 0.761* 

0.003 0.129 0.076 0.666 0.028 
Siddique 0.892** 0.623 0.797* 0.251 0.727* 

0.003 0.099 0.018 0.548 0.041 
Winner 0.928** 0.712* 0.877** 0.141 0.674 

0.001 0.047 0.004 0.738 0.067 
Green Arrow 0.807** 0.611 0.581 -0.211 0.719* 

0.016 0.108 0.131 0.616 0.045 
Simla Green 0.930** 0.736* 0.950** 0.107 0.765* 

0.001 0.037 0.000 0.800 0.027 
2001-40 0.933** 0.689 0.884** 0.215 0.764* 

0.001 0.059 0.004 0.610 0.027 
Meteor Faisalabad 0.980** 0.850** 0.799* 0.001 0.882** 

0.000 0.008 0.017 0.998 0.004 
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Sprinter 0.972** 0.839** 0.764* -0.078 0.886** 
0.000 0.009 0.027 0.854 0.003 

2001-60 0.801** 0.662 0.745* 0.316 0.837** 
0.017 0.074 0.034 0.445 0.009 

GRW-45 0.958** 0.774* 0.850** 0.164 0.769* 
0.000 0.024 0.007 0.698 0.026 

PF-450 0.943** 0.781* 0.918** 0.240 0.788* 
0.000 0.022 0.001 0.568 0.020 

Samarina Zard 0.841** 0.602 0.852** 0.379 0.727* 
0.009 0.115 0.007 0.354 0.041 

Upper values indicated pearson’s correlation coefficient. 
Lower values indicated level of significance at 5% probability. 
** = Highly Significant; * = Significant; No Sign = Non Significant 
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Fig. 1: Relationship between maximum temperature and disease incidence (%). 
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Fig. 2: Relationship between minimum temperature and disease incidence (%). 
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Fig. 3: Relationship of relative humidity with disease incidence (%). 
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Fig. 4: Relationship between rainfall and disease incidence (%). 
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Fig. 5: Relationship of wind speed with disease incidence (%). 
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