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Abstract
Brinjal (Solanum melongena L.), commonly known as eggplant or aubergine, is a widely cultivated vegetable crop in India and across the world, but its productivity is often limited by fungal and bacterial diseases, among which Alternaria leaf spot caused by Alternaria spp. is a major concern. The present study was conducted during Rabi seasons 2021–22 and 2022–23 at the Experimental Field, College of Agriculture, Gwalior, to assess the influence of meteorological parameters on the development of Alternaria leaf spot disease of brinjal (Solanum melongena L.). The experiment consisted of five different sowing dates. Observations on disease intensity and corresponding weather parameters namely temperature, relative humidity and rainfallwere recorded weekly. The susceptible variety BR-112 was used for the study. Results revealed that Alternaria leaf spot first appeared in early January and gradually increased until the first week of March. Correlation analysis indicated a positive and significant relationship between disease intensity and both maximum (r = 0.6266**) and minimum temperature (r = 0.7986**), while morning (r = -0.5101**) and noon relative humidity (r = -0.5187**) showed a significant negative correlation. Rainfall exhibited a negative but non-significant correlation (r = –0.2285) with disease intensity. The findings suggest that higher temperatures favour the development of Alternaria leaf spot in brinjal, whereas increased relative humidity and rainfall tend to suppress its progression.
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Introduction
Brinjal (Solanum melongena L.), also known as eggplant, aubergine or garden egg, is a widely cultivated solanaceous vegetable of significant economic importance, particularly in tropical and subtropical regions. In India, brinjal ranks among the major vegetable crops, extensively grown across diverse agro-climatic zones, except in high-altitude regions. Its high nutritional value, culinary versatility and economic significance make it an essential crop for small and large-scale farmers alike. However, the productivity of brinjal is severely constrained by a wide range of biotic stresses, including bacterial, viral and fungal pathogens, which often lead to substantial yield losses. Intensification of brinjal cultivation, coupled with monoculture practices, has exacerbated the incidence and severity of these diseases, posing a major challenge to sustainable production.Among the fungal pathogens, species of Alternaria, particularly Alternaria solani and Alternaria alternata are recognized as the most destructive, causing leaf spot, fruit rot and damping-off, thereby reducing both yield and marketable quality. Alternaria leaf spot typically manifests during the seedling or early vegetative stages as small, dark-brown, sunken lesions that gradually enlarge, forming characteristic concentric rings. Infected tissues later turn olivaceous-brown due to abundant sporulation, facilitating secondary infections. As the disease progresses, lesions coalesce and extend to fruits, leading to rotting, premature senescence and substantial post-harvest losses (Bochalyaet al., 2012).
The disease incidence is strongly influenced by environmental factors, particularly temperature, relative humidity, and rainfall. Warm and humid conditions favor rapid pathogen proliferation, while unseasonal rainfall during flowering and fruiting stages further exacerbates disease severity, adversely impacting fruit set, seed development and overall yield (Sandipan et al., 2014). Epidemiological studies indicate that under conducive conditions, Alternaria leaf spot can lead to yield reductions ranging from 25% to 40% with corresponding seed yield losses of 20–30% (Balai and Ahir, 2013).Given the increasing prevalence, adaptability and destructive potential of Alternaria leaf spot in brinjal, there is an urgent need for detailed studies on its epidemiology. Understanding the relationship between disease development and prevailing meteorological parameters is crucial for devising effective disease forecasting, integrated disease management strategies and minimizing economic losses. Several researchers from different regions have also documented the influence of weather parameters on disease development over time (Sangeetha and Siddaramaiah, 2007; Devi and Chanu, 2012). Among the meteorological factors, the presence of Alternaria spores in the atmosphere, along with temperature and relative humidity, showed a strong correlation with disease progression and severity.The present investigation aims to elucidate these relationships, providing valuable insights for sustainable brinjal cultivation and improved crop protection.
Method and Material
An experiment was laid out at experimental field on five different dates of sowing started from 21 Nov, 28 Nov, 05 Dec, 12 Dec and 19 Dec during 2021-22 and 2022-23. The meteorological parameters data on temperature, relative humidity (RH) and rainfall were also recorded separately at weekly interval during crop season in year 2021-22 and 2022-23 from the Meteorological Department of College of Agriculture, Gwalior. Symptoms appeared on plant from fruit formation stage. Progressively development on disease was recorded at weekly interval, there after correlation studies were carried out in between disease development on individual metrological parameters. The symptoms on individual fruit were recorded (rating scale) on plants randomly selected and tagged and then correlation between disease and corresponding meteorological parameters were workout. A susceptible brinjal variety “BR-112” was sown in the field for study. Recommended doses of fertilizers and cultural practices were used and irrigation were applied whenever required.The data on disease development were recorded weekly and observation on the development of diseases is recorded starting from initial fruiting stage during the season. The linear relationship of disease development with environmental factors was calculated by Karl Pearson linear correlation coefficient.
The percent disease intensity is calculated by formula.

Disease intensity (%) = × 100


Results and discussion:
The brinjal was planted in five different dates during Rabi 2021-22 and 2022-23 at weekly intervals and the observations on Alternaria leaf spot intensity were recorded at weekly intervals simultaneously the meteorological data were also recorded thereafter the correlation studies were carried out in between the individual meteorological parameter and the mean disease intensity. Atmospheric temperature, relative humidity and rainfall play an important role in the development of Alternaria leaf spot disease of brinjal. The Alternaria leaf spot was started appearing from the 1st of January which gradually increases up to the First week of March thereafter.The data summarized (Table-1) reveals that the maximum, minimum temperature (r= 0.6266**), (r=0.7986**) had positive and significant correlation with the development of Alternaria infection whereas relative humidity during morning (r -0.5101**) and noon (r -0.5187**) is negatively and significantly correlated with the development of Alternaria leaf spot. The correlation between rainfall (-0.2285) and disease intensity is negative and non-significant. The correlation coefficient (r) between disease intensity and maximum and minimum temperature were reveals that the disease intensity increases gradually and significantly with increase in maximum and minimum temperature, while the disease intensity decreases with increase in relative humidity during morning and noon. Similarly, disease intensity decreases with increase in rainfall. The study shows that maximum and minimum temperature favours the development of Alternaria leaf spot of brinjal. However, maximum and minimum relative humidity declined the disease intensity along with rainfall. The environmental factors play a significant role in the development of Alternaria leaf spot disease in brinjal. The Alternaria leaf spot started appearing from the 1st of January gradually increases up to first week of March thereafter. Alternaria leaf spot of brinjal showed a positive and significant correlation with maximum, minimum temperature (r=0.6266**), (r=0.7986**) respectively. Whereas, it showed negative and significant correlationwith maximum and minimum relative humidity (r= -0.5101**), (r= -0.5187**). The correlation with rainfall (-0.2285) was though negative but non-significant. 
	The study shows that maximum and minimum temperature favoured the development of alternaria leaf spot of brinjal. On the contrary, decrease in maximum and minimum relative humidity helped in development of alternaria leaf spot of brinjal. There was no much role of rainfall. No precise work on epidemiology of the following diseases has been done before however, Ghewande (1986) reported that temperature conditions ranging from 25°C to 29°C coupled with a relative humidity of about 87% were highly favorable for the onset and development of Alternaria leaf spot in groundnut caused by Alternaria alternata. These environmental conditions were found to enhance pathogen activity and disease intensity, indicating that both temperature and humidity play a crucial role in influencing the disease’s epidemiology. Patel and Patel (1991), Alternaria alternata–induced tomato rots occurring in open markets developed more rapidly under temperature conditions ranging from 25°C to 40°C combined with high relative humidity, which were identified as the most conducive environmental factors for disease progression.Singh and Majumdar (2000) demonstrated that Alternaria alternata was the causal agent of a severe rot disease affecting pomegranate. Their study revealed that the pathogen exhibited maximum activity and caused the greatest extent of rotting when the temperature was maintained around 25°C and the relative humidity reached approximately 90%. These environmental conditions were found to be highly favorable for pathogen growth, sporulation and subsequent infection, indicating that temperature and humidity play a crucial role in the progression and intensity of the disease.Similarly, Rajivkumar and Singh (1996) investigated the impact of weather factors on the development of Alternaria helianthi-induced leaf spot of sunflower under field conditions during the kharif seasons of 1990 and 1991. They found that temperatures between 27°C and 29°C and relative humidity levels of 78–80% were most favorable for disease development, while rainfall had little influence due to its irregular and uneven distribution in both years.According to Fagodiyaet al. (2022), early sowing of soybean predisposed plants to Alternaria alternata infection, resulting in higher disease severity and AUDPC values under conditions of elevated temperature, relative humidity, and rainfall, whereas delayed sowing reduced disease intensity and improved seed yield.Similarly, in brinjal, Alternaria leaf spot incidence has been closely associated with warm and humid conditions, where high temperature and humidity facilitated lesion formation and pathogen proliferation, leading to significant yield losses (Kaniyasseryet al., 2024). In Isabgol (Plantago ovata), disease intensity peaked under rainfall events, high relative humidity (89%)and moderate temperatures (~24.7 °C) with a positive correlation between disease progression and both rainfall and humidity (Bajayaet al., 2022). Cotton Alternaria blight (Alternaria macrospora) exhibited a comparable pattern, where disease intensity correlated positively with rainfall, rainy days and morning and evening relative humidity, while interactions with sunshine hours showed negative correlations, underscoring the complex role of weather variables in disease epidemiology (Veeresh et al., 2023). Collectively, these studies indicate that moisture availability, temperature fluctuations and relative humidity are critical determinants of Alternaria disease outbreaks. Monitoring and understanding these environmental factors can facilitate predictive disease forecasting and inform the adoption of cultural practices such as adjusted sowing dates and timely fungicidal applications, to mitigate yield losses across susceptible crops.Soni et al. (2023) reported that Alternaria leaf blight in tomato, caused by A. solani, is strongly influenced by temperature. Both maximum and minimum temperatures showed a significant positive correlation with disease development, while relative humidity exhibited a negative correlation. The disease progressed rapidly between 24–36°C (maximum) and 7–15°C (minimum), particularly during the 5th to 13th SMW. Regression analysis indicated that each 1°C rise in temperature increased disease severity, with weather factors explaining 61.15% of variation. These findings highlight temperature as a key factor promoting early blight severity in tomato.Pandey et al. (2019) observed that disease development was favored under conditions of moderate temperature and relative humidity. The highest disease intensity occurred during the second fortnight of November in both 2002–03 and 2003–04. During 2002–03, average maximum and minimum temperatures of 29.7°C and 13.6°C, along with relative humidities of 87.5% and 39.2%, respectively, were most conducive for disease progression. In 2003–04, similar trends were noted with average maximum and minimum temperatures of 34.0°C and 15.4°C and relative humidities of 73.3% and 45.2%. Rainfall in January, which raised humidity and lowered temperature, was found to suppress disease development. These findings indicate that moderate temperature and humidity conditions promote maximum disease incidence.



Table-1: Percent disease intensity of on Alternaria leaf spot of brinjal at different dates of severity.
	Date of
Observation
	Temperature ºC
	Relative humidity %
	
Rainfall
     (mm)
X5
	
% Disease intensity
Y1

	
	Max
X1
	Min
X2
	Mor.
X3
	Eve.
X4
	
	

	01.01.2022
	20.9
	05.8
	96.5
	57.8
	030.6
	6.75

	08.01.2022
	18.8
	8.0
	94.1
	69.4
	009.0
	8.50

	15.01.2022
	14.4
	5.3
	97.8
	59.4
	000.0
	10.00

	22.01.2022
	18.6
	6.3
	95.0
	56.0
	005.4
	22.75

	29.01.2022
	25.1
	6.7
	90.3
	53.4
	000.0
	13.75

	05.02.2022
	23.5
	7.4
	89.7
	56.2
	000.0
	9.50

	12.02.2022
	26.0
	7.6
	88.1
	42.5
	000.0
	12.75

	19.02.2022
	28.6
	9.9
	87.4
	49.0
	000.0
	11.50

	26.02.2022
	27.7
	11.1
	82.5
	55.1
	000.0
	13.45

	05.03.2022
	29.9
	13.3
	83.0
	47.0
	000.0
	22.5

	01.01.2023
	17.9
	3.5
	95.7
	73.4
	000.0
	4.25

	08.01.2023
	24.1
	6.7
	93.7
	53.8
	000.0
	9.00

	15.01.2023
	20.2
	2.8
	86.2
	56.4
	000.0
	6.75

	22.01.2023
	20.2
	9.8
	91.5
	63.7
	013.0
	16.50

	29.01.2023
	21.9
	7.8
	89.8
	46.5
	002.0
	14.50

	05.02.2023
	28.6
	9.6
	84.5
	37.2
	000.0
	12.75

	12.02.2023
	27.4
	10.3
	83.0
	52.1
	000.0
	19.00

	19.02.2023
	31.7
	12.6
	87.0
	41.8
	000.0
	21.50

	26.02.2023
	32.7
	13.2
	85.2
	43.1
	000.0
	26.75

	05.03.2023
	30.9
	13.9
	84.5
	48.1
	000.0
	31.25



Table-2: Correlation coefficient equation between Alternaria leaf spot intensity and weather parameters.
	S.No.
	Meteorological variables
	Correlation Coefficient

	1
	Maximum Temp. (0C), X1
	0.6266**

	2
	Minimum Temp. (0C) , X2
	0.7986**

	3
	Maximum Humidity (%), X3
	-0.5101**

	4
	Minimum Humidity (%), X4
	-0.5187**

	5
	Rainfall (mm), X5
	-0.2285


  Note: *Significance at 5 %, ** significance at 1 %.


Fig-01: Association between maximum and minimum temperature and percent disease intensity

Fig-02: Association between Maximum and minimumrelative humidity and percent disease intensity

Fig-03: Association between rainfall (mm) and percent disease intensity








Conclusion: 

Atmospheric temperature, relative humidity, and rainfall play key roles in the development of Alternaria leaf spot in brinjal (Solanum melongena L.). The study identified 21st November (first transplanting date) as the most suitable date for planting, as it recorded the lowest disease intensity (6.75%), indicating a practical cultural management strategy. Analysis of meteorological parameters revealed that maximum and minimum temperatures were positively and significantly correlated with disease intensity, demonstrating that higher temperatures favor pathogen development. In contrast, relative humidity during morning and noon showed a negative and significant correlation, suggesting that elevated humidity may inhibit disease progression. Rainfall exhibited a negative but non-significant correlation, indicating a minimal influence on disease development. Overall, temperature emerged as the primary environmental factor promoting Alternaria leaf spot, whereas relative humidity and rainfall exerted a moderating or inhibitory effect. These findings underscore the importance of monitoring key environmental parameters and optimizing transplanting dates to predict disease outbreaks and implement effective management strategies.
Recommendation:

Molecular evaluation of the Alternaria alternata will help to identify the variation within the causal agent of the disease. It also enhances the selection and recognition of suitable resistant brinjal genotypes. Resistant source may be useful in the breeding programme for the identification of high yielding and disease resistance genotypes.
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