


Influence of Weather Parameters on Sugarcane Wilt (Fusarium sacchari) Disease Under Field Conditions

Abstract
            	Sugarcane wilt disease, caused by Fusarium sacchari, is a major constraint in sugarcane production, with its incidence strongly influenced by weather parameters. This study aimed to evaluate the role of climatic factors in disease progression under field conditions during the 2023–24 cropping season. Meteorological data, including maximum and minimum temperatures, relative humidity, rainfall and sunshine hours, were collected from Agro Meteorological Advisory Services, RPCAU, Pusa. Disease incidence was recorded fortnightly and statistical analyses, including correlation and multiple linear regression (MLR), were employed to assess the impact of weather factors. Results indicated that disease incidence varied from 0.60% to 26.60% during the study period, with peak incidence (26.60%) recorded in the second fortnight of July 2023. This period was characterized by high relative humidity (84.40% morning, 62.60% evening), elevated minimum temperatures (25.90°C) and substantial rainfall (82.60 mm). Correlation analysis revealed that minimum temperature (r = 0.720) and relative humidity at 14:00 hours (r = 0.560) were significantly associated with disease incidence. The MLR model explained 87.8% (R² = 0.878) of disease variability, highlighting the crucial role of these factors in disease progression. The findings suggest that environmental conditions during the rainy season significantly favour F. sacchari infection. Therefore, timely disease monitoring and predictive modelling based on weather trends can enhance disease management strategies in sugarcane cultivation. 	Comment by Almamy SIRIMA Adama: It's important to specify the location of this observation.
	Comment by Almamy SIRIMA Adama: The knowledge of the study area would provide a better understanding of meteorological parameters.
	Comment by Almamy SIRIMA Adama: The conditions of the study need to be clarified: is it in an experimental station or in a producer's field?
	Comment by Almamy SIRIMA Adama: In the methodology section, you have obtained the incidence of the disease by calculating it. It is necessary to indicate the device used and the number of plants selected.
	Comment by Almamy SIRIMA Adama: The results indicated that the incidence of the disease varied from 0.60% to 26.60% during the study period. The highest incidence rate (26.60%) was recorded during the second half of July 2023.	Comment by Almamy SIRIMA Adama: Please also present the maximum temperatures obtained during the study period. 	Comment by Almamy SIRIMA Adama: This element must be mentioned in the brief presentation of the methodology used. 
	Comment by Almamy SIRIMA Adama: Replace with “Incidence of the disease” because there is a slight difference between these terms.
	Comment by Almamy SIRIMA Adama: The results
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Introduction
            	Sugarcane (Saccharum officinarum L.) is a vital commercial crop cultivated in tropical and subtropical regions for sugar, ethanol, and bioenergy production. Sugarcane thrives in tropical regions with warm, humid conditions, optimal at 28–32 °C. Growth slows below 20 °C and ceases above 45 °C, while temperatures below 5 °C make cultivation unsuitable. The crop requires 75–120 cm of annual rainfall and a growing season of 10–18 months. Ideal relative humidity ranges from 70–85% during growth and 55–75% during ripening, while levels below 50% hinder development (Shukla et al., 2017). Globally, it covers approximately 26.34 million hectares, yielding 1,859.39 million tons annually, with Brazil and India being the top producers (FAO, 2022). In India, sugarcane cultivation spans 5.15 million hectares, supporting millions of farmers and contributing significantly to the economy (Ram & Hemaprabha, 2020).	Comment by Almamy SIRIMA Adama: Author?
            	Despite its economic importance, sugarcane is highly susceptible to various diseases, with over 55 reported in India (Rao et al., 2002). Among them, wilt disease, primarily caused by Fusarium sacchari, has emerged as a major constraint to production, leading to significant yield losses. In Bihar, the incidence of wilt varies widely, affecting up to 80% of sugarcane fields in some factory zones (Minnatullah et al., 2021, 2022). Abiotic factors play a crucial role in the incidence and severity of sugarcane wilt disease by influencing both the host plant and the pathogen. Temperature is a key determinant, as high temperatures above 35 °C promote pathogen growth and spore germination, while lower temperatures (<20 °C) can slow plant defence responses, making sugarcane more susceptible (Viswanathan & Rao, 2011). Soil moisture also significantly affects wilt severity; drought stress weakens plant vigour and predisposes it to infection, whereas excessive soil moisture creates favourable conditions for fungal survival and spread (Minnatullah et al., 2022). Additionally, soil type and pH influence disease dynamics, with heavy, poorly drained soils and extreme pH levels enhancing pathogen persistence (Rao et al., 2002). Furthermore, relative humidity plays a role, as high humidity levels promote fungal sporulation and dissemination, while extremely low humidity can stress the plant, making it more vulnerable to infection (Rott et al., 2000). These abiotic factors collectively contribute to the initiation, progression, and overall impact of sugarcane wilt disease in affected regions.	Comment by Almamy SIRIMA Adama: Author?	Comment by Almamy SIRIMA Adama: Minnatullah et al., 2021; Minnatullah et al., 2022.	Comment by Almamy SIRIMA Adama: are crucial in the incidence and severity of	Comment by Almamy SIRIMA Adama: is an important factor,	Comment by Almamy SIRIMA Adama: Absent in the bibliographic reference section

Materials and Methods	Comment by Almamy SIRIMA Adama: The materials used have not been described.
	            The monthly meteorological data from June 2023 to February 2024 were collected from the Agro Meteorological Advisory Services, RPCAU, Pusa depicted in table 1. Weather factors such as minimum and maximum temperature (ºC), morning and evening relative humidity (%), rainfall (mm), and bright sunshine hours were correlated with disease incidence. Correlation and regression analysis were conducted on disease incidence and weather parameters. Based on this analysis, the influence of weather parameters on the severity of wilt disease was observed.	Comment by Almamy SIRIMA Adama: Did you also assess the incidence of the disease during the same period? If yes, please specify.
Table 1. Role of weather parameters on the development of sugarcane wilt disease caused by Fusarium sacchari	Comment by Almamy SIRIMA Adama: Table 1 is not in its correct place:
1. This table was not announced in the text.
2. This table shows a result, not a methodology.
	Fortnightly observations
	Disease incidence
	Temperature (C)
	Relative humidity (%)
	Rainfall (mm)
	Bright sunshine (hr)

	
	
	Maximum
	Minimum
	Morning
	Evening
	
	

	June-I
	0.88 (5.38)
	40.20
	23.80
	71.60
	34.20
	0.00
	9.60

	June-II
	1.20 (6.29)
	36.20
	25.30
	86.20
	56.90
	92.60
	4.90

	July-I
	24.30 (29.53)
	32.60
	24.90
	93.20
	78.50
	63.60
	2.20

	July-II
	26.60 (31.04)
	35.00
	25.90
	84.40
	62.60
	82.60
	7.40

	August-I
	22.50 (28.31)
	31.80
	24.60
	94.30
	79.60
	388.50
	2.60

	August-II
	23.60 (29.07)
	32.50
	24.70
	92.50
	74.80
	144.40
	3.60

	September-I
	25.50 (30.32)
	33.70
	24.80
	92.80
	75.00
	99.00
	4.40

	September-II
	22.10 (28.04)
	31.70
	24.00
	95.20
	78.70
	335.60
	4.10

	October-I
	17.20 (24.50)
	32.40
	24.40
	94.20
	71.10
	38.40
	5.80

	October-II
	12.90 (21.04)
	31.30
	19.50
	94.30
	56.60
	1.20
	8.60

	November-I
	6.80 (15.11)
	30.20
	17.40
	96.40
	53.60
	0.00
	4.50

	November-II
	3.80 (11.24)
	29.30
	15.10
	93.20
	51.60
	0.00
	5.80

	December-I
	2.60 (9.28)
	25.70
	13.60
	96.80
	58.40
	4.60
	3.70

	December-II
	1.60 (7.27)
	24.10
	10.30
	96.70
	59.50
	0.00
	4.90

	January-I
	0.70 (4.80)
	19.00
	9.80
	97.90
	70.60
	105.60
	0.80

	January-II
	0.60 (4.44)
	16.10
	8.00
	97.50
	76.00
	70.30
	0.90


            
Disease incidence	Comment by Almamy SIRIMA Adama: Before calculating the incidence, explain how you collected the data.
Disease incidence (%) =   × 100
Statistical measures 	Comment by Almamy SIRIMA Adama: Statistical analysis
	            To establish the relationship between weather parameters and the incidence of disease, as well as to develop a forecasting system, the collected data was analyzed using various statistical techniques, which are outlined below:
Descriptive Statistics
	            Basic statistical measures such as mean, standard deviation, and range were employed to understand the variations in weather factors and their influence on pest and disease incidence.
Correlation Analysis
	            Correlation analysis was conducted to assess the degree of association between two variables. In this study, Karl Pearson’s correlation coefficient was used to determine the relationship between pest incidence and various weather parameters, including: Minimum temperature, Maximum temperature, Morning relative humidity, Evening relative humidity, Rainfall and Sunshine hours.
            The correlation coefficient (R) was computed using the formula:	Comment by Almamy SIRIMA Adama: Did you use any analysis software? If yes, please specify which one.
R = 
Significance Testing of Correlation Coefficient
	            To evaluate the statistical significance of the correlation coefficient, a t-test was applied. The null hypothesis was formulated as: H0: 𝜌 = 0 against alternative hypothesis H1: 𝜌≠ 0.	Comment by Almamy SIRIMA Adama: Give a caption to 𝜌,
What is the meaning of your null hypothesis here?
            The test statistic was calculated using:
t = 
Where,
r = Correlation coefficient
n = Number of observations



Multiple Linear Regression (MLR) Model
            To establish the fundamental relationship between dependent and independent variables, multiple regression analysis was performed. The following statistical model was used to examine the impact of weather variables on disease incidence:
Y= a +b1x1+ b2x2+ b3x3+ b4x4+ b5x5+b6x6+ei 
Where,
Y = Dependent variable (Disease incidence) 
a= Pure constant
b1= Regression coefficient for maximum temperature (X1) 
b2= Regression coefficient for minimum temperature (X2) 
b3=Regression coefficient for RH at 7 hrs. (X3) 	Comment by Almamy SIRIMA Adama: These elements must be clearly indicated in the methodology.
b4=Regression coefficient for RH at 14 hrs. (X4) 
b5= Regression coefficient for rainfall (X5) 
b6=Regression coefficient for sunshine (X6) 
ei - Random error  
Coefficient of Determination (R²)
            The goodness of fit of the regression equation was assessed using the coefficient of determination (R2). This statistic represents the proportion of variation in the dependent variable (Y) that is explained by the independent variables (X2, X3....Xp). It is calculated as:
R2=   
            The value of R2 ranges from 0 to 1, indicating the strength of the model in explaining variations in disease incidence.
Results
	            The results of these analysis are organized into two main sections. The first section examines the behaviour of climate factors in relation to wilt disease in sugarcane. The second section focuses on correlation analysis and Multiple Linear Regression (MLR) models developed to forecast wilt disease incidence in sugarcane depicted in table 2 & 3 respectively.
[bookmark: _Hlk174691589]            The data (Table 1, Fig. 1) indicates that disease incidence varied from 0.60% to 26.60% throughout the study period. The highest incidence (26.60%) was observed during the second fortnight of July, followed by 25.50% in the first fortnight of September and 24.30% in the first fortnight of July. Specifically, the peak incidence of 26.60% occurred during the second fortnight of July 2023, when the weather parameters were as follows: maximum temperature of 35.00 °C, minimum temperature of 25.90 °C, relative humidity of 84.40% in the morning and 62.60% in the afternoon, rainfall of 82.60 mm, and sunshine hours of 7.40. The disease was most prevalent during the rainy season (July to October), with a noticeable decline in incidence following this period. This trend suggests that wilt disease, caused by Fusarium sacchari, is strongly influenced by the weather conditions prevalent during the rainy season.	Comment by Almamy SIRIMA Adama: Why are some values in parentheses in the column Disease incidence?	Comment by Almamy SIRIMA Adama: The same result cannot be presented in both a table and a figure in parallel.
            The correlation analysis of weather factors and disease incidence, as summarized in Table 2, and figure 2, shows that minimum temperature and relative humidity at 14:00 hours are significantly and positively correlated with disease incidence, with correlation coefficients of 0.720 and 0.560, respectively. Conversely, maximum temperature, relative humidity at 07:00 hours, rainfall, and sunshine hours have positive but non-significant correlations, with coefficients of 0.463, 0.064, 0.481, and 0.055, respectively. In addition, multiple linear regression analysis was performed using disease incidence as the dependent variable and climatic factors as independent variables (Table 3). The results indicated that the combined influence of all-weather parameters explained 87.8% of the variation in disease incidence (R² = 0.878). This analysis highlights that minimum temperature and relative humidity at 14:00 hours are particularly important weather factors for the development of the disease.
Table 2. Correlation matrix of weather parameters on wilt disease of sugarcane
	Incidence (y)
	Number of observations
	Weather data

	
	
	Temperature 0C
	Relative Humidity (%)
	Rainfall (X5)
	Sunshine Hrs (X6)

	
	
	Maximum (X1)
	Minimum (X2)
	7.00 Hrs (X3)
	14.00 Hrs (X4)
	
	

	Wilt
	16
	0.463
	0.720**
	0.064
	0.560*
	0.481
	0.055


* & ** - Significant at 5% & 1% probability

Table 3. Multiple linear regression (MLR) models for weather parameters on wilt disease incidence in sugarcane
	Incidence (y)
	Number of observations
	Pure constant (a)
	Weather data
	R2
	Adjusted R2

	
	
	
	Temperature 0C
	Relative Humidity (%)
	Rainfall (X5)
	Sunshine
Hrs (X6)
	
	

	
	
	
	Maximum (X1)
	Minimum (X2)
	7.00 Hrs (X3)
	14.00 Hrs (X4)
	
	
	
	

	Wilt
	16
	-97.80
	0.490
	0.380
	0.328
	0.821
	-0.007
	2.354
	0.878
	0.937



Multiple Linear Regression (MLR) equation


Figure 1. Fortnight wilt disease incidence on sugarcane during period 2023-24
	Comment by Almamy SIRIMA Adama: According to page 2 (Materials and Methods), the February 2024 period is missing.
Figure 2. Effect of climatic factors on the incidence of wilt on sugarcane	Comment by Almamy SIRIMA Adama: The figure needs to be presented more clearly because the correlation between the parameters and the incidence is not apparent.
Discussion
	            The data reveals that disease incidence ranged from 0.60% to 26.60% over the study period. The peak incidence of 26.60% was recorded during the second fortnight of July 2023, coinciding with maximum and minimum temperatures of 35.0 °C and 25.90 °C, respectively, morning and afternoon relative humidity levels of 84.40% and 62.60%, rainfall of 82.60 mm, and 7.40 sunshine hours. This peak was observed in the rainy season (July to October), after which a significant decline in incidence was noted. This pattern indicates that wilt disease, caused by Fusarium sacchari, is highly influenced by weather conditions prevalent during the rainy season.	Comment by Almamy SIRIMA Adama: This result was not discussed. You presented the results again.
            Correlation analysis reveals a significant positive correlation between disease incidence and minimum temperature and relative humidity at 14:00 hours, with correlation coefficients of 0.720 and 0.560, respectively. In contrast, maximum temperature, relative humidity at 07:00 hours, rainfall, and sunshine hours showed positive but non-significant correlations, with coefficients of 0.463, 0.064, 0.481, and 0.055, respectively. Furthermore, multiple linear regression analysis indicates that weather parameters collectively accounted for 87.8% of the variation in disease incidence (R² = 0.878). This analysis underscores the importance of minimum temperature and relative humidity at 14:00 hours as critical factors influencing disease development, highlighting their role in managing and predicting wilt disease. This finding is supported by Irshad et al. (2023), who found that wilt incidence in sugarcane was significantly influenced by climate factors, including relative humidity above 85%, temperatures between 26 °C and 30 °C, and rainfall. Their analysis showed that weather parameters explained 87.8% of the variation in disease incidence (R² = 0.969). Similar findings were reported by Minnatullah et al. (2020), Paswan et al. (2018) and Mehra and Sahu et al. (2015), who also observed that climatic factors such as relative humidity, temperature, and rainfall significantly impact wilt incidence.	Comment by Almamy SIRIMA Adama: Can you explain why you didn't take (or present) the results at sunset? Since you are looking for factors and periods that would promote the development of the disease.
Conclusion
	             The study underscores the critical role of weather parameters in the development of sugarcane wilt disease caused by Fusarium sacchari, particularly during the rainy season. The significant associations between minimum temperature, afternoon relative humidity, and disease incidence highlight the need for climate-based predictive modeling. By integrating meteorological data with disease forecasting, it becomes possible to implement proactive and timely management strategies to reduce the impact of wilt disease on sugarcane yields. These findings also stress the importance of monitoring weather trends for early detection and intervention. Future research should focus on refining prediction models to improve accuracy and exploring the development of resistant sugarcane genotypes. Such efforts will be crucial for enhancing sustainable disease management in sugarcane farming, ensuring better crop resilience and productivity under varying climatic conditions. These steps are vital for minimizing the economic losses caused by wilt disease in sugarcane cultivation.
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