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Effect of Environmental Conditions on the Development of Anthracnose of Chilli



ABSTRACT
Chilli (Capsicum annuum L.) anthracnose is an important disease that can adversely affect chilli production, and its development is influenced by prevailing environmental conditions. The present study was conducted to assess the influence of temperature, relative humidity and rainfall on the severity of anthracnose disease of chilli during the Kharif seasons of 2023–24 and 2024–25. Disease severity was recorded at regular intervals in relation to minimum temperature, maximum temperature, average temperature, relative humidity and rainfall. The observations revealed considerable variation in disease severity during the crop season. In 2023–24, disease severity increased from 9.00% on 30 July to a maximum of 36.75% on 28 September. In 2024–25, disease severity increased from 7.25% on 30 July to a maximum of 40.12% on 10 October. The maximum disease severity in both years occurred during a period characterised by moderate average temperature, relatively high relative humidity and appreciable rainfall. Subsequently, disease severity declined with the progressive reduction in temperature during November, December and January. By 14 January, disease severity decreased to 7.50% in 2023–24 and 6.37% in 2024–25. The study indicated that favourable environmental conditions, particularly moderate temperature accompanied by high relative humidity and rainfall, were associated with increased severity of chilli anthracnose. The period from late September to October appeared to be particularly favourable for disease development under the conditions of the present study. These findings may be useful for disease monitoring and timely management of chilli anthracnose.
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INTRODUCTION 
Chilli (Capsicum annuum L.) is one of the most important vegetable and spice crops cultivated extensively in tropical and subtropical regions of the world. It is valued for its pungency, colour, flavour and nutritional properties and occupies an important place in the agricultural economy of India. India is one of the major producers and exporters of chilli, and the crop provides an important source of income and employment to a large number of farming communities. Despite its economic importance, chilli production is adversely affected by several biotic and abiotic stresses. Among the biotic constraints, fungal diseases constitute a major limitation to successful chilli cultivation. Anthracnose and fruit rot are among the most destructive diseases of chilli, particularly under warm and humid environmental conditions. The disease can affect different plant parts, including leaves, stems, twigs and fruits, and may cause a considerable reduction in both yield and quality of the produce. Chilli is the fourth most significant crop grown worldwide and is a member of the Solanaceae family (Kiran et al., 2020).
Capsicum possesses various medicinal and nutritional values. It is interesting to note that fresh green chilli fruits contain more vitamin C than citrus fruits, while red chilli fruits have a higher vitamin A content than carrots (Than et al., 2008). Recent investigations have documented cultural, morphological and pathogenic variability among Colletotrichum capsici isolates associated with chilli anthracnose, indicating heterogeneity among pathogen populations from different agro-climatic settings (Jojy et al., 2024).Recent studies have also shown that anthracnose of Capsicum can involve diverse Colletotrichum species and isolates that differ in pathogenicity and virulence across production regions (Noor & Zakaria, 2024; Shin et al., 2025; Saha & Tayung, 2026).However, under the field conditions represented by the present study, the seasonal association of anthracnose severity with temperature, relative humidity and rainfall requires direct assessment across consecutive crop seasons.
Therefore, the objective of this study was to assess the association of atmospheric temperature, relative humidity and rainfall with the severity of chilli anthracnose during the Kharif seasons of 2023–24 and 2024–25.
Materials and Methods
The influence of atmospheric temperature, relative humidity and rainfall on the severity of anthracnose disease of chilli was studied during the Kharif seasons of 2023–24 and 2024–25. Disease severity was recorded at regular intervals in relation to minimum temperature, maximum temperature, average temperature, relative humidity and rainfall. The observations revealed considerable variation in disease severity with changes in environmental conditions during both years.
Experimental Site, Design and Disease Conditions
The experiment was conducted in a highly sick plot measuring 3 × 2 m², with a known history of anthracnose disease of chilli. The naturally occurring disease presence in the sick plot was utilised to study the relationship between environmental conditions and disease development. Chilli plants were maintained under field conditions and observations on disease severity were recorded at regular intervals during the crop season. The experiment was conducted at the Student Research Farm, Pili Kothi, Jaunpur, Uttar Pradesh, during two consecutive Kharif seasons, 2023–24 and 2024–25. The experimental site was selected in a disease-prone field having a known history of chilli anthracnose disease. The experiment was conducted in a randomised block design (RBD) with four replications. Chilli plants were maintained under natural field conditions to study the severity of anthracnose disease.
Recording of Environmental Factors
The environmental factors considered in the present study were minimum temperature, maximum temperature, average temperature, relative humidity and rainfall. The observations were recorded at regular intervals during the crop season. The average relative humidity (%) and rainfall (mm) were also recorded for the corresponding observation periods. Minimum and maximum atmospheric temperatures were recorded and the average temperature was calculated from the minimum and maximum temperatures using the following formula:

Disease Severity Assessment 
Per cent disease index was calculated using a 0–5 scale for anthracnose of chilli (Mayee & Datar, 1986) as shown in Table-1.
Table-1: Disease rating scale of anthracnose disease of chilli
	Scale
	Description

	0
	No Disease

	1
	1-10%

	2
	11-25%

	3
	25-50%

	4
	50-75%

	5
	Above 75%



The percentage disease severity was calculated according to the formula given by McKinney (1923).
Disease severity of chilli anthracnose was assessed at regular intervals during crop growth. Disease severity was recorded on representative plants from each experimental plot using the adopted disease rating scale. The disease severity was expressed as per cent disease severity using the following formula:

The observations were recorded on 30 July, 11 August, 23 August, 4 September, 16 September, 28 September, 10 October, 22 October, 3 November, 15 November, 27 November, 9 December, 21 December, 2 January and 14 January during the respective seasons.
Relationship between Environmental Factors and Disease Severity
The relationship between environmental factors and disease severity was studied by comparing the disease severity recorded at different observation dates with the corresponding minimum temperature, maximum temperature, average temperature, relative humidity and rainfall. The data obtained during both crop seasons were subjected to statistical analysis. The significance of differences among observations was assessed at the 5 per cent level of significance. The critical difference (CD) at 5% was calculated wherever applicable.
Results and Discussion
The data are presented in Table 2 and the corresponding bar graphs (Fig. 1 and Fig. 2). During the initial observation on 30 July, the average temperature was 31.50°C in both 2023–24 and 2024–25, while relative humidity was 78 and 88 per cent, respectively. The corresponding disease severity was 9.00 and 7.25 per cent. On 11 August, the average temperature was 29.50°C in 2023–24 and 30.25°C in 2024–25, with relative humidity of 80 and 82 per cent, respectively. Disease severity increased slightly to 10.12 and 8.25 per cent, respectively.
A gradual increase in disease severity was observed during August and September. On 23 August, the disease severity reached 13.50 per cent in 2023–24 and 14.12 per cent in 2024–25. At this time, the average temperature was 30.00 and 29.00°C, while relative humidity was 75 and 78 per cent, respectively. On 4 September, disease severity further increased to 18.00 and 19.00 per cent in the two respective years. The average temperature was 32.00°C in 2023–24 and 29.50°C in 2024–25, accompanied by relative humidity of 80 and 81 per cent.
Disease severity increased markedly during mid to late September. On 16 September, disease severity was 29.50 per cent during 2023–24 and 23.00 per cent during 2024–25. The average temperature was 29.25 and 28.00°C and relative humidity was 85 and 90 per cent, respectively. On 28 September, disease severity reached 36.75 per cent in 2023–24 and 34.00 per cent in 2024–25. During this observation, average temperature was 28.25 and 28.00°C and relative humidity was 90 and 83 per cent, respectively.
The highest disease severity was recorded during October. On 10 October, disease severity was 31.00 per cent in 2023–24 and increased to 40.12 per cent in 2024–25. The average temperature during this period was 27.50 and 27.00°C, while relative humidity was 80 and 92 per cent, respectively. Thus, in 2024–25, the highest disease severity recorded in the entire observation period coincided with comparatively high relative humidity (92%) and moderate average temperature (27.00°C).
On 22 October, disease severity declined to 22.25 per cent in 2023–24 but remained comparatively high at 31.50 per cent in 2024–25. The average temperature was 27.00 and 26.00°C and relative humidity was 70 and 80 per cent, respectively. Rainfall was 12.00 and 7.00 mm, respectively. These observations indicate that disease severity remained higher in 2024–25 despite a comparatively lower average temperature.
From November onwards, a progressive decline in disease severity was observed in both years. On 3 November, disease severity was 18.00 and 27.25 per cent, respectively, when average temperature was 25.00 and 24.00°C and relative humidity was 65 per cent in both years. On 15 November, disease severity declined to 14.00 and 24.00°C and relative humidity was 65 per cent in both years. On 15 November, disease severity declined to 14.00 and 21.50 per cent, with average temperature of 23.00 and 23.25°C and relative humidity of 55 per cent.
Table- 2. Effect of Temperature, Relative humidity and Rainfall on Disease severity 2023-24 and 2024-25.
	S No.
	Date of observations
	Temp. Minimum (°C)
	Temp. Maximum (°C)
	Ave. Temperature (°C)
	Ave. Relative humidity (%)
	Ave. Rainfall (mm)
	Ave. disease severity

	
	
	2023-24
	2024-25
	2023-24
	2024-25
	2023-24
	2024-25
	2023-24
	2024-25
	2023-24
	2024-25
	2023-24
	2024-25

	1
	30 Jul
	28.00
	28.50
	35.00
	34.50
	31.50
	31.50
	78
	88
	22.50
	17.50
	9.00
	7.25

	2
	11 Aug
	26.50
	27.00
	32.50
	33.50
	29.50
	30.25
	80
	82
	20.00
	18.00
	10.12
	8.25

	3
	23 Aug
	27.00
	25.50
	33.00
	32.50
	30.00
	29.00
	75
	78
	16.00
	18.00
	13.50
	14.12

	4
	4 Sept
	28.00
	26.00
	36.00
	33.00
	32.00
	29.50
	80
	81
	14.00
	17.00
	18.00
	19.00

	5
	16 Sept
	26.00
	24.50
	32.50
	31.50
	29.25
	28.00
	85
	90
	20.00
	12.00
	29.50
	23.00

	6
	28 Sept
	25.00
	25.50
	31.50
	30.50
	28.25
	28.00
	90
	83
	22.00
	21.50
	36.75
	34.00

	7
	10 Oct
	24.00
	24.00
	31.00
	30.00
	27.50
	27.00
	80
	92
	26.00
	18.00
	31.00
	40.12

	8
	22 Oct
	24.00
	20.00
	30.00
	32.00
	27.00
	26.00
	70
	80
	12.00
	7.00
	22.25
	31.50

	9
	3 Nov
	18.00
	17.00
	32.00
	31.00
	25.00
	24.00
	65
	65
	0.00
	0.00
	18.00
	27.25

	10
	15 Nov
	16.00
	15.50
	30.00
	31.00
	23.00
	23.25
	55
	55
	0.00
	0.00
	14.00
	21.50

	11
	27 Nov
	12.00
	11.00
	26.50
	25.00
	19.25
	18.00
	50
	45
	0.00
	0.00
	13.00
	19.12

	12
	9 Dec
	10.00
	10.50
	24.00
	23.50
	17.00
	17.00
	45
	50
	0.00
	2.00
	11.00
	15.25

	13
	21 Dec
	9.00
	8.00
	23.00
	23.00
	16.00
	15.50
	45
	64
	0.00
	0.00
	8.25
	11.00

	14
	2 Jan
	7.50
	7.50
	21.00
	20.00
	14.25
	13.75
	60
	50
	6.00
	0.00
	11.25
	8.25

	15
	14 Jan
	7.00
	6.50
	20.00
	19.00
	13.50
	12.75
	58
	45
	0.20
	0.00
	7.50
	6.37

	
	CD at 5%
	
	
	
	
	
	
	
	
	
	
	1.579
	1.683





Fig. 1. Effect of Temperature, Relative humidity and Rainfall on Disease severity 2023-24.


Fig. 2. Effect of Temperature, Relative humidity and Rainfall on Disease severity 2024-25.
A further reduction in disease severity was observed towards the end of November and December. On 27 November, disease severity was 13.00 per cent in 2023–24 and 19.12 per cent in 2024–25, when average temperature declined to 19.25 and 18.00°C and relative humidity to 50 and 45 per cent, respectively. On 9 December, disease severity decreased further to 11.00 and 15.25 per cent. By 21 December, it declined to 8.25 and 11.00 per cent, respectively.
During January, the lowest disease severity was recorded. On 2 January, disease severity was 11.25 and 8.25 per cent, while on 14 January it declined to 7.50 and 6.37 per cent in 2023–24 and 2024–25, respectively. At the final observation, average temperature was only 13.50 and 12.75°C and relative humidity was 58 and 45 per cent, respectively. The overall pattern therefore showed that disease severity increased from July to September/October and subsequently declined with the fall in temperature and relative humidity.
The data also indicated that rainfall occurred mainly during the early and peak disease-development period. Rainfall varied from 12.00 to 26.00 mm during several observations in September and October in 2023–24, whereas comparatively lower rainfall values were recorded during several corresponding observations in 2024–25. The relationship between rainfall and disease severity was therefore not consistently proportional, suggesting that relative humidity and temperature, together with rainfall, may jointly influence disease development.
The present observations clearly demonstrate the importance of prevailing weather conditions in the development and progression of anthracnose disease of chilli. Disease severity increased progressively from the beginning of observations in late July and reached comparatively high levels during September and October. This period was characterised by moderate average temperatures and relatively high atmospheric humidity. The highest disease severity of 36.75 per cent in 2023–24 was recorded on 28 September, when the average temperature was 28.25°C and relative humidity was 90 per cent. Similarly, the highest disease severity of 40.12 per cent in 2024–25 was recorded on 10 October, when the average temperature was 27.00°C and relative humidity reached 92 per cent.
The occurrence of maximum disease severity under relatively high humidity suggests an important role of moisture in disease development. Higher relative humidity can provide favourable conditions for infection and disease progression. In the present study, relative humidity increased to 85–90 per cent during September in 2023–24 and to 90–92 per cent during September–October in 2024–25. Correspondingly, disease severity increased substantially during this period. Therefore, the observations suggest that high atmospheric humidity, in combination with moderate temperature, favoured the development and progression of anthracnose disease.
Temperature also appeared to influence disease development. During July and August, average temperature remained relatively high, ranging from 29.50 to 32.00°C, but disease severity was comparatively low, ranging from 7.25 to 14.12 per cent. As the average temperature declined towards approximately 27–29°C during September and October, disease severity increased considerably. This indicates that extremely high temperature alone did not correspond to maximum disease severity in the present observations. Rather, disease severity was comparatively greater when moderate temperature prevailed together with high relative humidity.
An important observation was recorded on 10 October 2024–25, when the average temperature was 27.00°C and relative humidity was 92 per cent. At this time, disease severity reached 40.12 per cent, which was the maximum value recorded during the entire study period. In contrast, during the initial observation on 30 July, although the average temperature was 31.50°C, disease severity was only 7.25 per cent in 2024–25. This comparison indicates that temperature alone cannot explain disease development and that humidity and other environmental conditions also contributed to disease progression.
Rainfall also showed an apparent association with disease development, particularly during the period when disease severity increased. In 2023–24, rainfall values of 20.00, 22.00 and 26.00 mm were recorded on 16 September, 28 September and 10 October, respectively, while disease severity was 29.50, 36.75 and 31.00 per cent. In 2024–25, rainfall during these observations was 12.00, 21.50 and 18.00 mm, respectively, with corresponding disease severity of 23.00, 34.00 and 40.12 per cent. Thus, rainfall alone did not show a simple direct relationship with disease severity; however, rainfall may have contributed indirectly by maintaining favourable moisture conditions.
After October, disease severity gradually declined as temperature and relative humidity decreased. On 27 November, the average temperature decreased to 19.25°C in 2023–24 and 18.00°C in 2024–25, with relative humidity of 50 and 45 per cent, respectively. Disease severity was consequently reduced to 13.00 and 19.12 per cent. By 14 January, when the average temperature was 13.50 and 12.75°C and relative humidity was 58 and 45 per cent, disease severity declined to 7.50 and 6.37 per cent. This consistent decline in disease severity with decreasing temperature and humidity supports the view that environmental conditions strongly affected disease progression during the study period.
The year-to-year comparison further revealed that disease severity was generally higher during several observations in 2024–25 than in 2023–24, particularly from October onwards. For example, disease severity on 10 October was 31.00 per cent in 2023–24 compared with 40.12 per cent in 2024–25, while on 22 October it was 22.25 and 31.50 per cent, respectively. Similarly, on 3 November it was 18.00 and 27.25 per cent, and on 15 November it was 14.00 and 21.50 per cent, respectively. These differences indicate that variation in weather conditions between the two seasons may have influenced disease expression. Overall, the present study indicates that anthracnose disease severity was not governed by a single environmental factor. Rather, disease development appeared to be associated with the combined influence of temperature, relative humidity and rainfall. The disease increased under conditions of moderate temperature and relatively high humidity and declined as temperature and humidity decreased during late winter. Among the recorded weather variables, high relative humidity during September–October appeared particularly favourable for greater disease severity.
Similar findings were reported by Singh et al. (2023). In the 2021–22 season, disease emergence was noted during the 45th meteorological week of November 2021, characterised by moderate humidity (67.50%), a maximum temperature of 28.8°C, a minimum temperature of 12.8°C, zero rainfall, a wind speed of 1.80 km/h, 4.40 hours of sunshine, and total evaporation of 20.40 mm. The peak disease index (55.63%) was recorded during the 13th meteorological week of March 2022, under weather conditions conducive to pathogen growth. The maximum infection rate occurred during the 46th and 47th meteorological weeks of November 2021 and was recorded as 0.099. In the subsequent 2022–23 season, disease onset was observed during the 45th meteorological week of November 2022, with higher humidity (94.0%), a maximum temperature of 29.9°C, a minimum temperature of 16.3°C, no rainfall, a wind speed of 1.40 km/h, 4.40 hours of sunshine, and total evaporation of 16.80 mm. The highest disease index (58.74%) was recorded during the 13th meteorological week of March 2023, under favourable weather conditions, including high humidity (82.00%), a maximum temperature of 32.2°C, a minimum temperature of 16.7°C, 39.20 mm of rainfall, a wind speed of 4.60 km/h, 7.30 hours of sunshine, and total evaporation of 19.80 mm. The maximum infection rates recorded during the 46th and 47th meteorological weeks of November 2022 were 0.084 and 0.135, respectively. Singh et al. (2001) reported that the maximum disease incidence was recorded in the second fortnight of September 1995 and the first fortnight of October 1996, when the average temperature was about 28.4°C, with a corresponding average relative humidity of 76.0% and average rainfall of 92.5 mm in both crop seasons. Disease incidence increased up to the second fortnight of September in 1995 and the first fortnight of October in 1996. Minimum disease incidence was recorded in the second fortnight of July in both crop seasons, when higher temperatures prevailed along with lower relative humidity and rainfall. Pandey et al. (1997) reported that the optimal temperature for severe infection was 30°C, whereas disease incidence was lower at 20 and 35°C. Inoculated guavas that received 1–60 h of continuous free moisture developed lesions, but disease was minimal (0–7%) after 1–6 h of free moisture. Infection rates of uninjured, sand-injured and punctured fruits receiving 60 h of free moisture were 34, 70 and 100%, respectively. Disease incidence increased as inoculum density increased from 10 to 106 conidia/ml. Under field conditions, the development of anthracnose lesions was greater on punctured guavas than on uninjured or sand-injured fruits in both rainy and winter seasons. In general, the number of lesions was highest in sand-injured fruits, followed by punctured and uninjured fruits. During the rainy season, the number of lesions on injured and uninjured fruits was greater than that on similarly treated guavas in winter.
Summary and Conclusion
The present study was undertaken to assess the influence of atmospheric temperature, relative humidity and rainfall on the development and severity of anthracnose disease of chilli during the Kharif seasons of 2023–24 and 2024–25. Disease severity was recorded at regular intervals in relation to minimum temperature, maximum temperature, average temperature, relative humidity and rainfall.
The observations revealed considerable variation in disease severity during the crop season. During 2023–24, disease severity increased progressively from 9.00% on 30 July to 36.75% on 28 September. During this period, the average temperature ranged from 31.50°C to 28.25°C, relative humidity was 78–90%, and rainfall ranged from 22.50 to 22.00 mm. During 2024–25, disease severity increased from 7.25% on 30 July to a maximum of 40.12% on 10 October. At the time of maximum disease severity, the average temperature was 27.00°C, relative humidity was 92% and rainfall was 18.00 mm. After attaining maximum severity, disease severity declined gradually with the advancement of the season and reduction in temperature. On 14 January, disease severity was reduced to 7.50% in 2023–24 and 6.37% in 2024–25, when average temperatures were 13.50°C and 12.75°C, respectively.
The overall observations indicated that disease development was more pronounced during periods characterised by moderate temperature, high relative humidity and appreciable rainfall. In contrast, disease severity decreased during the cooler period of November to January. Thus, favourable environmental conditions during late September to October appeared to be associated with greater disease development.
Based on the observations recorded, it can be concluded that temperature, relative humidity and rainfall were associated with the seasonal development and severity of chilli anthracnose disease. The disease became progressively more severe during late September and early October, when temperature remained moderate and relative humidity was comparatively high. The maximum disease severity was 36.75% during 2023–24 on 28 September and 40.12% during 2024–25 on 10 October. These periods were characterised by relatively high relative humidity and appreciable rainfall.
The subsequent decline in disease severity with decreasing temperature during November, December and January suggests that cooler environmental conditions were less favourable for disease progression. Therefore, late September to October may be considered an important period for monitoring chilli anthracnose under the environmental conditions represented by this study. However, the study establishes an observational relationship rather than a statistically tested independent effect of each weather variable. Correlation and regression analysis would be required to quantify the individual contribution and statistical significance of temperature, relative humidity and rainfall.
Limitation
This study was based on field observations over two consecutive Kharif seasons at a single disease-prone experimental site. The analysis primarily describes seasonal associations between disease severity and recorded weather variables. Because the independent effects of temperature, relative humidity and rainfall were not quantified through correlation or regression analysis, the relative contribution and statistical significance of each environmental factor cannot be determined from the present results alone.
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Average temperature, humidity and rain fall on disease severity 2024-25






