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ABSTRACT 
 

The study was conducted in the Department of Plant pathology, Faculty of 

Agricultural Sciences and Technology, Bahauddin Zakariya University, Multan, 

Pakistan during the year 2012-2015. Stepwise regression model was developed  

for the devastating pathosystem; bacterial leaf blight of rice caused by 

Xanthomonas oryzae pv. Oryzae. Three highly susceptible rice cultivars 

(Basmati Super, IRRI-24 and TN-1) were tested based on the seasonal dataset 

of disease severity and environmental variables. As the climatic conditions 

greatly influence the disease developments so datasets for the environmental 

parameters i.e. maximum and minimum daily temperature of air, relative 

humidity of morning and evening, rainfall, wind speed and daily sunshine 

hours were collected and analyzed by correlation for stepwise linear regression 

model. Stepwise regression analysis was performed to indicate potentially 

useful predictor variables and to rule out the incompetent parameters. Step 

wise regression analysis proved that the wind speed and relative humidity in 

the morning was the most significant (P >0.0001) influential environmental 

variable for the development of disease. The performance of this model was 

calculated based on the coefficient of determination (r
2
) and showed 97 percent 

variability in disease development. 
 

KEYWORDS: Oryza sativa L.; Epidemiology; Regression; Correlation; 

Environmental variables; BLB, Pakistan. 

 

INTRODUCTION 
 

Rice (Oryza sativa L.) is the best cereal crop of Pakistan after wheat which is 
cultivated on an area 4.2 million hectares with total production of 10.01 
million tonnes (2). In Pakistan, average production of rice is very low as 
compared to the other developed countries due to various factors which 
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included the poor cultural practices, pest infestation and a number of 
diseases (31). 
 
Many fungal, viral and bacterial diseases are responsible for heavy yield 
losses of rice crop in Pakistan. Among those diseases, bacterial leaf blight 
(BLB) disease of rice caused by Xanthomonas oryzae pv. oryzae is one of 
the most serious pathosystem of rice in Asian realm. The disease spreads 
more rapidly in moonsoon period from June-to-September. The bacteria 
produces the vascular bundle wilts in rice nursery which is recognized as 
Kresek (sound of dead leaves), which at later stages develops into leaf blight 
phase of the disease (24). The disease has the potential to become a most 
holistic problem of rice and could cause the heavy yield losses as much as 
70 percent in South Asia (1). No sufficient data are available regarding the 
diversity of the pathogen, changing climatic conditions and its effective 
control measures (22). It is generally assumed that bacterial leaf blight of rice 
is more destructive in Asia due to heavy rains of monsoon season. 
 
Study of plant disease epidemiology totally deals with the pathogen 
population as well as the host plants when present in a specific 
environmental condition normally called a plant disease classic triangle (25). 
It is, therefore, necessary to study all the epidemiological factors which 
generally lead to the epidemic of disease. For the proper disease 
management, a reliable disease forecasting system could be a milestone to 
avoid the heavy losses due to diversity of pathosystems prevailing in the 
nature (28). Mathematical modeling of diseases of crop plants has attracted 
very much interests of the phytopathologists, as temporal model of epidemics 
was first described by Van Der Plank (34, 35). Afterwards the foundation of 
plant disease modeling was laid (5, 23). Simply, the reality and brevity of 
main procedures to put forward the hypothesis and its verification with 
coherence and consequences, is called a model. 
 
Stepwise regression model development techniques have been used 
extensively by the plant pathologists to describe the relationship of climatic 
factors with the disease intensity and severity and many successful 
regression models have been developed previously (7, 14).  Modeling in 
epidemiology deals with the main attributes of the disease development and 
focuses the strategies for tactical disease management (20). A 
comprehensive knowledge and detailed information regarding the pathogen, 
host and environmental parameters is necessary to make possible to 
accurately forecast the disease and avoid heavy losses by arranging the 
plant protection measures. So far, no systematic study has been conducted 
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on the epidemiology of disease. The present research was conducted to 
develop the meteorological stepwise regression model to forecast the 
bacterial leaf blight disease of rice.  
 

MATERIALS AND METHODS 
 
The present research was conducted in the Department of Plant Pathology, 
Faculty of Agricultural Sciences and Technology, Bahauddin Zakariya 
University, Multan (30.268 ˚N and 71.495 ˚E, 122 m altitude from sea level) in 
rice cropping during the year 2012-15.    

 
The experiment was performed each year on three highly susceptible rice 
cultivars (Basmati super local susceptible check, IRRI-24 and TN-1 
international susceptible check), obtained from National Agriculture Research 
Centre (NARC), Islamabad. Rice seedling nursery was established with the 
seeds of each variety in three sub plots of 1 ft

2
 on raised beds. Forty days old 

plants of each variety were transplanted into the field in RCBD with a total of 
210 plants in three replicates (70 plants per replication) at 9˝ plant-to-plant 
and row-to-row distance. The plants of each variety were assessed for the 
development of disease and regression model. The plants were fertilized with 
recommended doses of NPK (145-65-60 Kg/ha) whereas normal cultural 
practices were adopted to maintain a healthy crop stand. 
 

Assessment of disease severity 
 

Various studies on the assessment of BLB in the field have been reported so 
far yet a standard assessment mechanism for BLB is the decimal scale which 
is commonly adopted by the phytopathologists and breeders throughout the 
Asia (3). BLB decimal scale showed a score ranging from 0-to-9. Six ratings 
of disease incidence or disease severity are documented for field evaluation 
along these lines: i.e. 0 = no infection; 1 = < 1%; 3 = 1-5%; 5 = 6-25%; 7 = 
26-50%; and 9 = 51-100% leaf areas spoiled. Disease severity of BLB was 
estimated using the formula described (6) below: 
 
                                           Sum of all scores of individual plants/variety                 100 
Disease Severity index = ————————————————————— x ———————— 

                                                        Total No. of plants observed                      Maximum scale 
 

BLB disease severity was observed and recorded with onset of initial 
symptoms of the disease with an interval of ten days and averaged. 
 

Area under disease progress curve: Campbell and Madden (5) described 
the initial disease level, the rate of disease progress and maximum level of 
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disease as contributing parameters in mathematical modeling. Area under 
disease progress curve was determined by trapezoidal assimilation of 
percent disease severity over time taking into consideration the total crop 
duration evaluated (21). AUDPC ethics may be referenced as measure of 
epidemic development and used in regression and variance analysis (15).           
 
                         n-1 

AUDPC = ∑ [(xi+xi+1)/2] (ti+1-ti) 
                         i =1       

 

Model development 
 

For the correlation and development of regression model, dataset regarding 
the disease severity of three years of three rice cultivars from June to 
November and the dataset regarding environmental parameters i.e. 
maximum and minimum daily temperature of air, relative humidity of morning 
and evening, rainfall, wind speed and daily sunshine hours were collected at 
Meteorological Station, Faculty of Agricultural Sciences and Technology, 
Bahauddin Zakariya University, Multan on daily basis during the crop season 
and averaged for analysis. Environmental variables which were affecting the 
disease severity significantly were determined by the stepwise regression 
analysis and identified. Environmental variables were set as independent 
variables and the disease severity of the bacterial leaf blight served as the 
dependent variable. 
 

Statistical analysis: The collected datasets were statistically analyzed by 
subjecting them to analysis of variance (ANOVA). The disease severity and 
meteorological datasets were used to develop disease regression model. The 
correlation of disease severity with the climatic factors was determined. The 
step wise regression analysis was conducted to identify the significantly 
responsive variable using SAS (Statistical analysis system, Version.9.2, SAS 
Institute, Cary, NC). 
 

RESULTS AND DISCUSSION 
 

Response to disease severity and area under disease progress curve 
 

The data (Table 1) indicated that varieties gave highly susceptible response 
to disease in the field with maximum disease severity of 68.08 percent on 
TN-1 followed by IRRI-24 (66.71%) against minimum disease severity was 
recorded on Basmati Super (65.05%). Maximum area under disease 
progress curve was calculated on cultivar TN-1 (Table 1). 
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Table 1. Response of rice genotypes to BLB of rice, disease severity and area under 

disease progress curve. 
 

Genotype Disease 

severity (%) 

AUDPC* Scale for 

infection 

rate 

Response 

R/MR/S/HS** 

Plant  

infection (%) 

Basmati super 65.05 ab 661.96 9 HS 100 a 

IR-24 66.71 a 681.33 9 HS 100 a 

TN-1 68.08 a 697.56 9 HS 100 a 

*AUDPC is abbreviation of area under disease progress curve,  
**R = Resistant, MR = Moderately resistant, S = Susceptible, HS = Highly susceptible. 
 

Correlation of environmental variables with disease severity 
 

The data showed significant effect of minimum temperature, relative humidity 
of evening, rainfall, wind speed and sunshine hours on the disease 
development in the field while temperature maximum remained irresponsive 
(Table 2).   
 

Table 2. Correlation between disease severity of three varieties and climatic factors. 
 

Variety 

Environmental variables 

Tempera

ture Max 

(°C) 

Temperature 

Min (°C) 

RH-M 

(%) 

RH-E 

(%) 

Rainfall 

(mm) 

Wind 

Speed 

(Km/h) 

Sun 

Shine 

(h) 

Basmati 
super 

-0.454 
0.039 

-0.628 
0.002* 

-0.073 
0.753 

-0.561 
0.008* 

-0.786 
0.000* 

-0.923 
0.000* 

-0.706 
0.000* 

IR-24 
-0.437 
0.048 

-0.589 
0.005* 

-0.076 
0.743 

-0.593 
0.005* 

0.725 
0.000* 

-0.924 
0.000* 

-0.672 
0.001* 

TN-1 
-0.396 
0.075 

-0.551 
0.010* 

-0.091 
0.693 

-0.595 
0.004* 

-0.703 
0.000* 

-0.921 
0.000* 

-0.635 
0.002* 

*Significant at P < 0.05, *RH-M= Relative humidity morning, RH-E= *Relative humidity evening 

 

Step wise regression model for BLB  
 

The environmental data of each rice cropping season from June to 
November 2012-to-2014 indicated that except maximum temperature all 
climatic parameters contributed to disease development during whole 
cropping season. All stepwise regression model parameters were significant 
at P < 0.05. The coefficient of determination (r

2
) of 0.97 proved the 

significance of overall regression prediction model accuracy (Table 3 and 4). 
 

Model summary with input variables 
 

The normal probability plots are commonly suggested to evaluate the 
integrity of fit to a hypothesized distribution and are normally used as an 
informal means of assessing the non-normality of a set of data. The normal 
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probability plot showed maximum number of data points around the reference 
line whereas the only six data points deviated from the reference line 
affecting the normal distribution of data which could be the cause of an error 
in regression model. The model was further evaluated with the comparison of 
predicted and observed data. It showed (R

2
) of 97 percent (Table 5). With 

respect to comparative importance of climatic factors, wind speed had 
evidenced the highest percentile contribution (84%) followed by relative 
humidity of morning (74%), rainfall (11%) and temperature minimum (7%) 
towards the disease development. Based on Mallow’s (Cp) values model 4 
and 5 had the best combination of input variables (Table 5). 
 

Table 3. Analysis of variance for step wise regression model for BLB of rice during 

2012-2015. 
 

 *Significant at P < 0.05,  DF= Degree of freedom, SS= Sum of square, MS=  Mean square 
 

Table 4. Coefficient estimates of two year datasets of stepwise regression model for 

BLB of rice during 2012-2015. 
 

Variable Parameter 

estimate 

Standard 

error 

Sum of 

square 

Variance 

of 

inflation 

F-Value T-Value P-Value 

Intercept -225.130 25.420 1507.173 --- 78.43 -8.86 0.000* 

Temp. Min 11.643 1.119 2077.384 2.50 108.11 -32.15 0.000* 

RH (M) 3.513 0.230 4457.022 3.24 231.94 15.23 0.000* 

RF 7.918 7.036 24.332 3.61 100.27 1.13 0.000* 

WS -22.196 0.690 19867 39.68 1033.86 10.40 0.000* 

Sunshine -22.484 2.355 1750.466 43.36 91.09 -9.54 0.000* 

*Significant at P < 0.05, RH (M)= Relative humidity morning, RF= Rainfall, WS = Wind speed. 

 

Table 5. Model summary with input variables. 
 

Mallow’s Cp is a measure of error in the best subset model. Adequate models have low Cp values which 
shows the mallows constant, WS = Wind speed, RH-M = Relative humidity morning, RF = Rain fall, Temp 
Min = Temperature minimum, Sun Sh = Sun Shine 

Source DF SS MS F-Value P-Value 

Regression 5 48671 9734.25 506.57 0.0001* 

Residual error 57 1095.32 19.21 ----- ----- 

Total   62   49767          ------           ------              ----- 

Step Input variable 
Number 

Vars In 

Partial 

R
2
 

Model 

R
2
 

C(p) F-Value Pr > F 

1 WS  1 0.849 0.849 327.033 343.00 0.0001* 

2 WS, RH-M 2 0.074 0.923 138.887 58.24 0.0001* 

3 WS, RH-M, RF 3 0.011 0.935 111.307 10.49 0.0001* 

4 
WS, RH-M, RF, 
Temp-Min 

4 0.007 0.942 93.199 7.98 0.0005 

5 
WS,RH-M, 
RF,Temp-
Min,SunSh 

5 0.035 0.978 5.271 91.09 0.0001* 
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Regression equation of full model 
 

The stepwise regression model was elaborated with the regression equation 
shown as under:   
 

y =   -225.1-22.19 X1 + 3.51 X2 + 7.92 X3 + 11.64 X4 – 22.48 X5 

Here X1 = Wind speed, X2 = Relative humidity (morning), X3 = Rainfall, 
X4 = Temperature minimum, X5 = Sunshine hours. 

 

Partial model after step wise regression analysis 
 

y =  -225.1-22.19 X1 + 3.51 X2 – 22.48 X3 
 

Here  X1 = Wind speed, X2 = Relative humidity (Morning), X3 = Sunshine hours 
 

The model developed as full showed 97 percent variability towards the 
advancement of disease. After stepwise regression analysis wind speed, 
relative humidity of morning and sunshine hours appeared to be the most 
contributing environmental variables for the disease development with R

2
 

value of 0.94. All stepwise regression model parameters were significant at P 
< 0.05 and the coefficient of determination proved the significance of overall 
regression prediction model accuracy.  
 

The normal probability plot (Fig. 1) and the residual versus fits (Fig. 2) best 
explained the stepwise regression model. The assessment of goodness for a 
hypothesized distribution is normally shown by a probability plot. 
 

 
Fig. 1:  Normal probability plot for regression model 
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Climatic conditions greatly influence the disease development in rice (26). 
Various studies of epidemiology in the past have shown that climatic 
variables like rain, temperature and humidity, as the major factors, influence 
the spread of disease. Temperature, rain and wind accelerate the disease 
development as temperature promotes favorable environment and also wind 
speed and rain splashes promotes the dispersal of inoculums (8, 13, 19). 
 

 
 

Fig. 2: Residual vs fits plot for disease severity of BLB of rice 

 

A cyclone and cats and dogs rain promotes the epidemic of disease, hence 
reduce the crop yields (27). The moisture was also reported as the most 
promising factor especially the period of wetness for disease development 
(12). BLB has been found to be most prevalent in the areas having rainfall of 
more than 200mm in July and annual mean temperature of more than 24ºC 
(18). Therefore environment has been considered as the source of power in 
epidemic development (11, 29). In this stepwise regression model, wind 
speed, relative humidity of the morning, rainfall and temperature minimum 
appeared to be the main contributing environmental factors for the 
development of disease. Model showed that temperature maximum had no 
significant effect on the development of disease. The most important factors 
for the disease epidemics were the rainfall, relative humidity, temperature 
minimum and floods which found to be the favorable environmental factors 
for development of disease in the rice cropping season (9, 26, 32).  
 

A high correlation was found between the disease severity and rainfall in the 
month of July and August observed from 1947 to 1980 (33). The present 
results are in accordance with those of Goto et al. (10) who concluded that 
relatively high temperature in August to early September, rainfall, little 
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sunshine and strong winds during this time further developed the disease 
severity in the field. In present regression model wind speed proved to be the 
most influential climatic factor which favored the development of disease. 
Fujikawa et al. (9) also observed the highest correlation between the disease 
development and minimum temperature followed by rainfall and typhoons in 
rice growing season. The low temperature in the month of September 
seemed to be the most influential for the development of disease (37).  
 

The results demonstrated that high temperature with two to three continuous 
rainfalls during the tillering stage, low temperature with less sunshine hours 
and a greater degree of relative humidity of morning in mid summer, highly 
favoured the development of disease. Severe winds and typhoons in 
combination with above mentioned environmental conditions accelerated the 
disease development in rice cropping season. The literature review showed a 
clear relationship of disease development and meteorological factors, which 
are not only considered the important component but also the only key 
component in disease forecast. The weather forecast of the past and future 
both can be utilized to predict the disease epidemic progress. Disease 
forecasting is actually the indication or quantification of the development of 
disease when it surpasses the economic injury threshold. It is clear that 
environmental conditions possessed a crucial role in the development of 
BLB, so the disease forecasting model would be a signpost for the farmers in 
the proper management of disease. It is a misconception when we assume 
that a single method can demonstrate every aspect of the complex spatial 
pattern, and even answer all the questions (17). 
 

Taking into consideration the above discussion it is obvious that four 
environmental variables i.e. wind speed, relative humidity of the morning, 
rainfall and temperature minimum are more conducive parameters for BLB 
development in study area. During the current study, the model developed 
has not been validated through the separate datasets to determine the 
accuracy in BLB forecasting in changeable environmental conditions. Once, 
the model will be validated, it might be applied in different environmental 
conditions and hence could play a potential role in forecasting BLB 
development and aid in preparation of disease management tactics. Accurate 
forecasting of BLB of rice is requisite for valuable control of disease in field. 
Apart from epidemiological studies conducted in Japan, Phillipines and India, 
currently no BLB forecasting model is available for research and commercial 
use in Pakistan. Accuracy in BLB forecasting depends on validation studies 
which suggest the prediction of BLB in different environmental conditions. 
The BLB infection regression equation developed in the current research 
may be utilized to carry out further studies on BLB epidemiology. 
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CONCLUSION 
 

Stepwise regression model developed for the assessment of BLB of rice 
identified the wind speed, relative humidity of the morning and the rainfall as 
the most influential environmental variable for the development of disease. 
 

REFERENCES 
 

1. Anon. 2012. Annual report for 2012. International Rice Research 
Institute. (IRRI), Manila, Philippines. 

2. Anon. 2013. Pakistan Statistical Year Book. Federal Bur. Stat., 
Statistical Division. Karachi. Pakistan.  

3. Anon. 1980. Standard Evaluation System for Rice. International Rice 
Testing Program. (International Rice Research Institute). DDRI, Manila, 
Philippines. 

4. Anon.  2002. Version 8.00 SAS Institute Inc; Cary, North Carolina. USA. 
5. Campbell, C.L. and L.V. Madden. 1990. Introduction to Plant Disease 

Epidemiology. Wiley, USA. 
6. Chaudhary, R.C. 1996. Internationalization of elite germplasm for 

farmers: Collaborative mechanisms to enhance evaluation of rice 
genetic resources. In: New Approaches for Improved Use of Plant 
Genetic Resources, Fukuyi. Japan; Pp, 26. 

7. Coakley, S. M., L.R. McDainel and G. Shanner. 1985. Model for 
predicting severity of Septoria tritici blotch on winter wheat. Phytopathol. 
75: 1245-1251.  

8. DeVallavieille-Pope, C., L. Huber and G. Leconte Mand. 1995. 
Comparative effects of temperature and interrupted wet periods on 
germination, penetration and infection of Puccinia recondite f.sp. tritici 
and P. striiformis urediniospores on wheat seedlings. Phytopathol. 85: 
409–415. 

9. Fujikawa, T., Z. Okadome and T. Utsunomiya. 1957. Relationship 
between the climatic conditions and occurrence of bacterial leaf blight 
of rice. Pl. Proct, 12: 148-150. 

10. Goto, K., Y. Inoue, R. Fukatsu and K. Ohata. 1955. Field outbreak and 
fluctuation of severity of bacterial leaf blight of rice plant. Bulletion, 
Tokai-Kinki Agriculture Experimental Station, 2, 53-68. 

11. Hardwick, N.V. 1998. Disease forecasting, In: The Epidemiology of 
Plant Diseases p, 207–230. Gareth Jones D(ed) Kluwer Academic 
Publishers, Dordrecht, the Netherlands. 

12.  Huber, L. T. and J. Gillespie. 1992. Modelling leaf wetness in relation to 
plant disease epidemiology. Annu Rev Phytopathol. 30: 553–577. 

13. Ingold, C.T. 1971. Fungus Spores: Their Liberation and Dispersal. 
Clarendon Press, Oxford. 



Bacterial leaf blight of rice based on meteorological factors       

J. Agric. Res., 2016, 54(4) 

717 

14. Jacobi, W.R., C.E. Mian and N.T. Powell. 1983. Influence of 
temperature and rainfall on the development of tobacco black shank. 
Phytopathol. 73: 139-143.  

15. Jeger, M.J. and S.L.H. Viljanen-Rollinson. 2001. The use of the area 
under the disease-progress curve (AUDPC) to assess quantitative 
disease resistance in crop cultivars. Theor Appl Genet, 102: 32–40. 

16. Johnson, R.A. and D.W. Wichern. 1982. Applied Multivariative 
Statistical Analysis. Englewood Cliffs, NJ: Prentice- Hall, Pp. 152-156.   

17. Kotliar, N. and J. Wiens. 1990. Multiple scales of patchiness and patch 
structure: A hierarchical framework for the study of heterogeneity. 
Oikos. 59: 253-260. 

18. Kuwazuka, K. 1942. Bacterial leaf blight disease of rice. Nogyo. 741: 
64-73. 

19. Lacey, J. 1996. Spore dispersal – its role in ecology and disease: The 
British contribution to fungal aerobiology. Mycol. Res, 100: 641–660. 

20. Maanen, A.V. and X.M. Xu. 2003. Modelling plant disease epidemics. 
Eur J Pl Pathol, 109: 669-682.  

21. Madden, L.V., G. Hughes and V.D. Bosch. 2007. The study of plant 
disease epidemics. American Phytopathological Society, St. Paul. MN.  

22. Mannan, S., S.A. Malik, I. Ahmed, J.I. Mirza and M.A. Akhtar. 2009. 
Studies on virulence reaction of local isolates of the Xanthomonas 
oryzae pv. oryzae. Pak J Bot. 41: 391-402. 

23.  McCartney, H.A. 1997. The influence of environment on the 
development and control of disease. In: Environmentally Safe 
Approaches to Crop Disease Control (pp, 3–31) Rechcigl, J., (ed). CRC 
Press, Bocan Ratan, Florida, USA. 

24. Mew, T. W., 1987. Current status and future prospects of research on 
bacterial blight of rice. Ann. Rev. Phytopathol., 25: 359-382 

25.  Minogue, K.P. and W.E. Fry. 1983a. Model for the spread of disease. 
Model description. Phytopathol, 73:1168-1172. 

26. Muko, H., T. Kusaba, M. Watanabe and H. Tabai. 1957. Several factors 
related to the occurrence of bacterial leaf blight disease of rice. Pl Prot. 
Japan, 4:7-8. 

27. Muralidharan, K. and G. Venkatarao. 1979. Bacterial blight 
(Xanthomonas campestris pv. oryzae) on rice in Nellore district, Andhra 
Pradesh, India. Ind Phytopathol. 32:483–485. 

28. Myers, R.H. 1990. Classical and modern regression analysis with 
applications. PWS-KENT Publishing Company, Boston, USA. Pp. 488. 

29. Rabbinge, R, and L. Bastiaans. 1989. Combination models, crop growth 
and pests and diseases. In: Rabbinge, R., S.A. Ward, H.H. van Laar 



S. A. H. Naqvi et al.  

J. Agric. Res., 2016, 54(4) 

718 

(eds) Simulation and System Management in Crop Protection p. 217–
240. Pudoc, Wageningen, the Netherlands. 

30. Reddy, A.P.K., J.C. Katyal, D.I. Rouse and D.R. Mackenzie. 1979a. 
Relationship between nitrogen fertilization, bacterial leaf blight severity 
and yield of rice. Phytopathol, 69: 970–973. 

31. Shafaullaha, M.A., N.A. Khan and Y. Mehmood. 2011. Effect of 
epidemiological factors on the incidence of paddy blast disease. Pak J 
Phytopathol. 23: 108-111. 

32. Soga, N. 1918. On the bacterial leaf blight disease of rice in Kumamoto 
prefecture. Byochugai Zassi, 5: 543-549. 

33. Srivastava, D.N. 1967. Epidemiology and control of bacterial blight of 
rice in India. Proc. Rice Diseases and their Control by Growing 
Resistant Varieties and other Measures, p.11-18. Agriculture Forestry 
and Fishries Research Council. 

34. Van der Plank, J.E. 1960. Analysis of epidemics. In: Plant Pathology: 
An Advance Treatise, Vol. 3, p. 229–289. Horsfall J.G and E.B. Cowling 
(eds) Academic Press, New York, USA.  

35. Van der Plank, J.E. 1963. Plant Diseases: Epidemics and Control. (p, 
344), Academic Press, New York, London.p. 344. 

36. Walters, K.F.A. and N.V. Hardwick. 2000. Principles of pest and 
disease management in crop protection. In: Pest and Disease 
Management Handbook. P. 1–18. Alford, D.V., (ed) Blackwell Science, 
Oxford. 

37. Yoshimura, S. 1959. Bacterial leaf blight disease of rice in Japan. Pl 
Prot. 13: 395-399. 

38. Zadoks, J.C. and R. D. Shein. 1979. Epidemiology and Plant Disease 
Management. Oxford University Press, New York, p. 247-264. 

 
Received: June 24, 2014        Accepted: August 12, 2016 

                                                         
          *** 

CONTRIBUTION OF AUTHORS: 

 
Syed Atif Hasan Naqvi  : Planned and conducted the research  

Rashida Perveen  : Performed statistical analysis  

Ummad-Ud-Din Umar  : Planned and conducted the research 

Ateeq Ur Rehman  : Planned and conducted the research 

Sobia Chohan : Performed statistical analysis  

Syed Hasnain Abbas : Critically reviewed manuscript.  

 


