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Deciphering weather disease interactions and epidemiological drivers of early blight in tomato (Lycopersicum esculentum L.) Caused by Alternaria solani




ABSTRACT 
The present investigation was undertaken to assess the relationship between weather parameters and the development of early blight disease in tomato during the Rabi seasons of 2022–23 and 2023–24. The disease incidence was first observed on 5th February (90 days after transplanting), progressed rapidly from early to late March, and declined by the first week of April. Correlation analysis indicated that maximum temperature had a significant positive association with percent disease intensity, whereas relative humidity (both maximum and minimum) and rainfall exhibited positive but statistically non-significant relationships during both years of study. Multiple regression analysis revealed that the combined influence of temperature, relative humidity, and rainfall played a significant role in disease progression. The coefficient of determination (R²) ranged from 85.54% to 89.90% in 2022–23 and from 64.15% to 73.23% in 2023–24, suggesting that a substantial proportion of disease variability was explained by these environmental factors. Overall, the findings highlight the importance of meteorological parameters in predicting early blight dynamics and support the development of effective disease forecasting and management strategies.
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INTRODUCTION
Early blight of tomato caused by Alternaria solani is a serious and widely prevalent disease in tropical and sub-tropical regions. The pathogen survives in infected plant debris and soil, remaining viable for one or more years, thereby serving as a primary source of inoculum. It is both air-borne and soil-inhabiting, facilitating rapid dissemination under favorable environmental conditions. The disease development is highly influenced by weather parameters. High temperature, high relative humidity, prolonged leaf wetness due to dew and frequent rainfall create ideal conditions for infection and disease progression. Dense crop canopy and crowded plantation further enhance humidity around plants, promoting pathogen establishment and spread. Plants are more susceptible during the fruiting stage, leading to severe infection and yield loss.
The pathogen infects multiple plant parts including leaves, stems, petioles and fruits. Initial symptoms appear as small, dark brown spots on older leaves, which enlarge and develop characteristic concentric rings, giving a “bull’s-eye” appearance. Severe infection results in yellowing, defoliation, drying of twigs and premature fruit drop.
Additionally, the pathogen produces toxins such as alternaric acid, zinniol, altersolanol and macrosporin, which intensify disease severity. The wide host range, variability among pathogenic isolates and prolonged active disease cycle further complicate its epidemiology and management. The interaction between host, pathogen and environment plays a crucial role in the epidemiology of early blight of tomato, making it a challenging disease to predict and manage effectively.
MATERIALS AND METHODS:
The present investigation was carried out at the Department of Plant Pathology, College of Agriculture, Bikaner, and Agricultural Research Station, Sriganganagar, Swami Keshwanand Rajasthan Agricultural University, Bikaner, during Rabi seasons of 2022–23 and 2023–24. To study the effect of different tomato varieties on early blight disease, field experiments were conducted in a Randomized Block Design (RBD) with three replications.
Three tomato varieties, namely Deshi Cherry Tomato, Arka Saurabh and Azad Tomato-4, were used in the study. Seeds were sown in the nursery at a fortnight interval starting from 8th August 2022. Thirty-five-day-old seedlings were transplanted into the main field at a spacing of 60 cm × 40 cm. Each experimental plot measured 3.0 × 2.8 m². Irrigation was provided as per crop requirements.
Disease observations were recorded from the first appearance of early blight symptoms up to crop maturity at weekly intervals. The per cent disease intensity (PDI) was calculated using a 0–5 disease rating scale as described by (McKinney et al.,1923).
The following rating scale was used for Early blight disease of tomato:
	Scale
	Description

	0 
	No symptoms on the leaf, fruit 

	1 
	0-5% leaf area infected and covered by spots, no spot-on petioles and branches, fruits 

	2 
	5.1-20% leaf area infected and covered by spots, some spots on petioles, branches, fruits 

	3 
	20.1-40% leaf area infected and covered by spots, spots also seen on petioles, branches, fruits 

	4 
	40.1-70% leaf area infected and covered by spots, spots also seen on petioles, branches, fruits 

	5 
	>70% leaf area infected and covered by spots, spots also seen on petioles, branches, fruits 


List 1- Scaling of Symptoms of blight disease of tomato
Per cent disease intensity of the each plot was calculated by following formula (Wheeler,1969).

                             Sum of all numerical ratings
PDI = 	                                                                                                           × 100
                       Total number of leaves examined × Maximum rating

	S.No.
	PDI Range
	Reaction

	1. 
	0% to 20% 
	Resistant 

	2. 
	21% to 35% 
	Moderately resistant 

	3. 
	36% to 45% 
	Moderately susceptible 

	4. 
	46% to 70% 
	Susceptible 

	5. 
	More than 70% 
	Highly susceptible 


List 2-  Per cent disease intensity Range
Effect of weather factors on early blight disease progression
The effect of environmental factors viz., temperature (maximum and minimum), relative humidity (morning and evening) and rainfall were correlated with the per cent disease intensity of early blight of tomato at experimental area of the Department of Plant Pathology, COA, Sriganganagar, in Rabi, 2022-23 and 2023-24 starting from its first appearance and till the maturity of crop at weekly interval. Regression equation and correlation matrix was worked out based on the recorded data by adopting statistical analysis procedures (Gomez and Gomez, 1984). Weekly meteorological data on temperature, relative humidity and rainfall were taken from the Department of Agricultural meteorology, ARS, Sriganganagar and were correlated with disease development during experimentation periods.  
[bookmark: _Hlk226295077]RESULTS AND DISCUSSION 
Epidemiological studies of early blight of tomato on disease developments 
The effect of weather parameters viz., Temperature [maximum (X1), minimum (X2)], Relative humidity [maximum (X3), minimum (X4)], Rainfall (X5), on the progression of early blight disease of tomato studied in Rabi 2022-23 and 2023-24 (Table 1, 5; fig-1 and 2).
The disease first appeared on February 5th (i.e., 90 days after transplanting), became more conspicuous from the first week of March to the last week of March and declined by the first week of April. Correlation coefficients of per cent disease intensity with weather parameters were worked out and regression equation were formulated. 
Correlation analysis of per cent disease intensity with weather parameters showed that maximum temperature was significantly positive correlated while relative humidity (maximum, minimum) and Rainfall was non-significant but positive correlated with the disease intensity during both the years (2022-23 and 2023-24) (Table- 2 and 6)
A multiple correlation between the dependent variable (disease intensity) and a group of other five independent variables (weather parameters) was responsible for the disease development in both the cropping years Rabi 2022-23 and 2023-24. The coefficients of multiple determinations (R2) were 85.54, 89.90 and 88.44 per cent in Rabi 2022- 23 and 66.05, 73.23 and 64.15 per cent in Rabi 2023-24 which means that 64.15 to 89.90 per cent disease intensity was depend on the weather parameters taken into consideration during both the cropping years (Table 3, 4 and 7, 8). 


[bookmark: Table:_4.2_Incidence_of_Early_blight_of_]Table: 1 Intensity of Early blight of tomato in relation to weekly weather parameters (Rabi 2022-23)
	
Date of observation
	Temperature
(°C)
	Relative
Humidity (%)
	Rainfall
(mm)
	Per cent disease intensity (%)

	
	MAX
	MIN
	MOR
	EVG
	
	Deshi Cherry
tomato
	Arka Saurabh
	Azad Tomato -4

	
	X1
	X2
	X3
	X4
	X5
	
	
	

	JAN. - 29
	19.39
	07.60
	85.00
	50.14
	0.00
	0.00
	0.00
	   0.00

	FEB. - 5
	20.60
	11.09
	83.86
	62.14
	0.00
	07.87
	08.44
	11.51

	FEB. – 12
	24.99
	12.97
	78.29
	54.43
	0.00
	10.10
	14.50
	18.60

	FEB. – 19
	27.27
	14.16
	82.71
	62.57
	0.00
	15.36
	16.10
	23.90

	FEB. – 26
	28.40
	14.27
	79.14
	57.29
	0.00
	22.60
	21.50
	31.30

	MAR. – 5
	27.56
	14.54
	76.29
	50.86
	0.00
	32.07
	38.00
	46.90

	MAR. – 12
	29.51
	15.57
	69.71
	44.29
	0.00
	33.49
	40.90
	50.90

	MAR. – 19
	30.73
	15.33
	73.57
	52.71
	0.00
	34.00
	43.90
	53.90

	MAR. – 26
	25.39
	14.90
	74.86
	69.00
	15.10
	28.00
	38.00
	46.80

	APR. - 2
	28.34
	16.53
	74.29
	68.14
	22.60
	18.00
	20.00
	27.00

	Average
	26.22
	13.70
	77.77
	57.16
	3.77
	20.15
	24.13
	31.08



Data Source – Agriculture Research Station, Sriganganagar 
X1 = Maximum temperature, X2 = Minimum temperature, X3 = Relative humidity (maximum), X4 = Relative humidity (minimum), X5 = Rainfall 
[bookmark: Table:_4.3_Correlation_matrix_for_early_]Table: 2 Correlation matrix for early blight of tomato in relation to weather parameters (Rabi 2022-23)
	Weather variables
	Correlation Matrix

	
	D. Cherry
	A. Saurabh
	Azad T.-4

	Temperature Maximum
	0.849
	0.833
	0.867

	Temperature Minimum
	0.798
	0.760
	0.800

	Relative Humidity Morning
	-0.839
	-0.859
	-0.854

	Relative Humidity Evening
	-0.210
	-0.299
	-0.247

	Rainfall
	0.055
	0.003
	0.025


X1 = Maximum temperature, X2 = Minimum temperature, X3 = Relative humidity (maximum), X4 = Relative humidity (minimum), X5 = Rainfall. 
[bookmark: Table:_4.4_Regression_coefficient_for_ea]

Table: 3 Regression coefficient for early blight of tomato in relation to weather parameters during Rabi 2022- 23
	Rabi 2022-23
	Weather parameters

	
	X1 (0C)
	X2 (0C)
	X3 (%)
	X4 (%)
	X5 (mm)

	Deshi Cherry t
	1.167
	-0.540
	-2.096
	0.525
	-0.689

	Arka Saurabh
	1.989
	-1.315
	-3.316
	0.834
	-1.110

	Azad Tomato-4
	1.383
	-1.261
	-2.947
	0.613
	-0.910


X1 = Maximum temperature, X2 = Minimum temperature, X3 = Relative humidity (maximum), X4 = Relative humidity (minimum), X5 = Rainfall 
[bookmark: Table:_4.5_Regression_equations_for_earl]Table: 4 Regression equations for early blight of tomato in relation to weather parameters under epiphytotic condition during Rabi 2022-23
	Varieties
	Equations
	R1
	R2

	Deshi cherry
	132.460 + 1.1673 X1 - 0.540 X2 - 2.096 X3
+ 0.525 X4 - 0.689 X5
	0.92
	0.85

	Arka Saurabh
	210.456 + 1.989 X1 - 1.315 X2 - 3.316 X3
+ 0.834 X4 - 1.110 X5
	0.94
	0.89

	Azad Tomat-4
	201.811 + 1.383 X1 - 1.261 X2 - 2.947 X3
+ 0.613 X4 - 0.910 X5
	0.94
	0.88


X1 = Maximum temperature, X2 = Minimum temperature, X3 = Relative humidity (maximum), X4 = Relative humidity (minimum), X5 = Rainfall 
[bookmark: Table:_4.6_Incidence_of_Early_blight_of_]

Table: 5 Intensity of Early blight of tomato in relation to weekly weather parameters (Rabi 2023-24)
	Date of observation
	Temperature (°C)
	Relative Humidity (%)
	Rainfall (mm)
	Per cent disease intensity (%)

	
	MAX
	MIN
	MOR
	EVG
	
	Deshi
Cherry tomato
	Arka Saurabh
	Azad
Tomato- 4

	
	X1
	X2
	X3
	X4
	X5
	
	
	

	JAN. - 29
	18.96
	7.76
	80.29
	53.57
	1.20
	0.00
	0.00
	0.00

	FEB. - 5
	22.56
	9.27
	70.00
	52.43
	0.00
	8.12
	9.01
	7.18

	FEB. – 12
	25.19
	8.99
	79.00
	73.57
	0.00
	10.40
	15.06
	15.07

	FEB. – 19
	23.91
	10.87
	81.29
	75.86
	0.00
	12.92
	15.21
	16.80

	FEB. – 26
	22.21
	10.55
	78.13
	69.75
	0.00
	18.17
	16.51
	23.11

	MAR. – 5
	24.80
	10.80
	71.57
	62.43
	0.00
	30.01
	33.07
	35.43

	MAR. – 12
	27.90
	13.33
	66.86
	64.00
	0.00
	32.81
	35.29
	39.06

	MAR. – 19
	33.17
	14.99
	71.14
	53.71
	0.00
	36.09
	45.14
	44.79

	MAR. – 26
	32.63
	18.10
	72.86
	51.14
	6.00
	32.46
	34.82
	33.31

	APR. - 2
	34.56
	18.73
	56.29
	42.29
	0.00
	23.89
	28.99
	26.79

	Average
	26.59
	12.34
	72.74
	59.88
	0.72
	20.49
	23.31
	24.15



Data Source – Agriculture Research Station, Sriganganagar 
X1 = Maximum temperature, X2 = Minimum temperature, X3 = Relative humidity (maximum), X4 = Relative humidity (minimum), X5 = Rainfall 
[bookmark: Table:_4.7_Correlation_matrix_for_early_]
Table: 6 Correlation matrix for early blight of tomato in relation to weather parameters (Rabi 2023-24)
	Weather variables
	Correlation Matrix

	
	D. Cherry
	A. Saurabh
	Azad T.-4

	Temperature Maximum 
	0.768
	0.824
	0.730

	Temperature Minimum 
	0.730
	0.738
	0.660

	Relative Humidity Morning 
	-0.504
	-0.522
	-0.445

	Relative Humidity Evening 
	-0.202
	-0.226
	-0.096

	Rainfall 
	0.224
	0.170
	0.106


X1 = Maximum temperature, X2 = Minimum temperature, X3 = Relative humidity (maximum), X4 = Relative humidity (minimum), X5 = Rainfall 
[bookmark: Table:_4.8_Regression_coefficient_for_ea]Table: 7 Regression coefficient for early blight of tomato in relation to weather parameters under epiphytotic condition during Rabi 2023-24
	Rabi 2023-24
	Weather parameters

	
	X1 (0C)
	X2 (0C)
	X3 (%)
	X4 (%)
	X5 (mm)

	Deshi Cherry
	1.550
	0.159
	-0.542
	0.497
	1.109

	Arka Saurabh
	2.867
	- 0.944
	- 0.352
	0.410
	0.586

	Azad Tomato-4
	2.116
	0.181
	0.371
	0.600
	0.091


X1 = Maximum temperature, X2 = Minimum temperature, X3 = Relative humidity (maximum), X4 = Relative humidity (minimum), X5 = Rainfall 
[bookmark: Table:_4.9_Regression_equations_for_earl]
Table: 8 Regression equations for early blight of tomato in relation to weather parameters during Rabi 2023-24
	Varieties
	Equations
	R1
	R2

	Deshi cherry
	-13.831 + 1.550 X1 + 0.159 X2 - 0.542 X3 + 0.497 X4 + 1.109 X5
	0.81
	0.66

	Arka Saurabh
	-40.603 + 2.867 X1 - 0.944 X2 - 0.352 X3 + 0.410 X4 + 0.586 X5
	0.85
	0.73

	Azad Tomato-4
	-43.390 + 2.116 X1 + 0.181 X2 - 0.371 X3 + 0.600 X4 + 0.091 X5
	0.80
	0.64


X1 = Maximum temperature, X2 = Minimum temperature, X3 = Relative humidity (maximum), X4 = Relative humidity (minimum), X5 = Rainfall 
Deshi cherry - Y = 132.460 + 1.1673 X1 - 0.540 X2 - 2.096 X3 + 0.525 X4 - 0.689 X5 
Arka Saurabh - Y = 210.456 + 1.989 X1 - 1.315 X2 - 3.316 X3 + 0.834 X4 - 1.110 X5 
Azad Tomat-4 - Y = 201.811 + 1.383 X1 - 1.261 X2 - 2.947 X3 + 0.613 X4 - 0.910 X5 
(For Rabi 2022-23) 
Deshi cherry - Y = -13.831 + 1.550 X1 + 0.159 X2 - 0.542 X3 + 0.497 X4 + 1.109 X5 
Arka Saurabh - Y = - 40.603 + 2.867 X1 - 0.944 X2 - 0.352 X3 + 0.410 X4 + 0.586 X5 
Azad Tomat-4 - Y = - 43.390 + 2.116 X1 + 0.181 X2 - 0.371 X3 + 0.600 X4 + 0.091 X5 
(For Rabi 2023-24) 

Where; Y= Disease intensity, X1= Maximum temperature (ºC), X2= Minimum temperature (ºC), X3= Relative humidity [maximum (%)], X4= Relative humidity [minimum (%)], X5=Rainfall (mm) 
The analysis of all the five independent variables individually and in combinations reported that every weather factor played a major role in early blight disease development in tomato. 
DISCUSSION
Field trials were conducted to evaluate the impact of various treatments, including fungicides, cow by-products, plant extracts and bioagents, on early blight disease severity at the experimental site of the Department of Plant Pathology, COA, ARS, Sriganganagar, during the Rabi seasons of 2022-23 and 2023-24. These treatments were administered to three different tomato varieties: Deshi Cherry (moderately resistant), Arka Saurabh (moderately susceptible), and Azad Tomato-4 (susceptible). The Deshi Cherry variety exhibited the lowest average disease intensity at 20.15%, whereas the Azad Tomato-4 variety displayed a relatively higher disease intensity at 31.08%. Notably, maximum disease intensity occurred at a maximum temperature of 30.7˚C and a minimum temperature of 11.1˚C, with morning relative humidity (RH) at 83.9% and evening RH at 62.1% across all three varieties. Temperature (both maximum and minimum) showed a significant positive correlation with disease intensity, while relative humidity (morning and evening) displayed a significant negative correlation. Although rainfall showed a non-significant but positive correlation with disease progression in all three varieties, the regression equations indicated that temperature and RH (both morning and evening) collectively influenced 64.15% to 89.90% of disease development across the different tomato varieties. 
Similarly, weather parameters contribute 77 per cent towards early blight disease intensity, with maximum and minimum temperature showing significant positive correlation and relative humidity showing negative correlation with disease appearance (Champawat and Sharma, 2009). The per cent disease intensity progressed at a linear rate throughout the cropping season and showed a negative correlation with relative humidity (morning and evening) and a positive correlation with maximum temperature (Roopa, 2012). The present findings are also in agreement with earlier reports indicating that temperature had a significant positive correlation with disease severity in potato early blight (Ganie et al., 2015).
Weather factors such as temperature, humidity, and rainfall play a significant role in the development of early blight of tomato, with disease intensity positively correlated with maximum and minimum temperature and negatively correlated with maximum relative humidity, while rainfall showed a non-significant positive correlation (Rani et al., 2015). Similar findings have also been reported by other researchers (Sahu et al., 2015; Chothani et al., 2017; Kumar and Barnwal, 2017).
CONCLUSION
Correlation analysis of per cent disease intensity with weather parameters showed that maximum temperature was significantly positive correlated while relative humidity (maximum, minimum) and Rainfall was non-significant but positive correlated with the disease Intensity.
[bookmark: _GoBack]
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Figure – 1: Progression of Early blight disease of Tomato in relation to weather parameters during Rabi 2022-23


[image: ]
 Figure – 2:  Progression of Early blight disease of Tomato in relation to weather parameters during Rabi 2023-24
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