



AUTOREGRESSION PREDICTION MODEL FOR GRAPE ANTHRACNOSE 

ABSTRACT

Grapevine (Vitis vinifera L.) is an economically important fruit crop, but its production is severely affected by anthracnose caused by Colletotrichum gloeosporioides, commonly known as bird’s eye spot. The present investigation was conducted at the Horticultural Farm, University of Agricultural Sciences, Raichur, during the Kharif seasons of 2024 and 2025 to study disease progression and to develop a prediction model for grape anthracnose in the susceptible cultivar Thompson Seedless. Disease severity was recorded at weekly intervals using a 0-4 rating scale and expressed as Per cent Disease Index (PDI). Simultaneously, weekly weather data were collected from the Main Agricultural Research Station, Raichur.Anthracnose appeared during the 27th and 24th standard meteorological weeks in 2024 and 2025, respectively, and gradually increased to 100 per cent severity by the end of the season. Observed PDI ranged from 8.50 to 100.00 per cent in 2024 and from 7.13 to 100.00 per cent in 2025. A first-order autoregressive model was developed to predict disease progression, which showed close agreement between observed and predicted PDI values, particularly during the mid-season period. The developed models exhibited high autocorrelation coefficients (R = 0.953 in 2024 and R = 0.891 in 2025), indicating a strong temporal relationship in disease development. The study demonstrates that an autoregressive approach can effectively describe the progression pattern of grape anthracnose under field conditions.
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Introduction

Grapevine (Vitis vinifera L.) is one of the most economically important fruit crops in the world, cultivated extensively for fresh consumption, raisin production and wine making. Globally, grapes are grown over an area of about 7.1 million hectares with a production of approximately 77.7 million tonnes and an average productivity of 10.9 t ha⁻¹ (Anon., 2024). The crop is widely distributed across temperate, subtropical and tropical regions, with major grape-producing countries including China, Italy, France, Spain, the United States, Turkey and India (Anon., 2025). In India, viticulture is predominantly oriented towards table grape production, with varieties such as Thompson Seedless and Sharad Seedless occupying a major share. Nearly 85 per cent of the total grape-growing area (179.63 thousand ha) lies in tropical regions, contributing about 3904.29 thousand tonnes with an average productivity of 21.74 t ha⁻¹. Maharashtra, Karnataka, Telangana and Tamil Nadu are the principal grape-growing states, while Karnataka alone accounts for 47.12 thousand hectares with a production of 1224.67 thousand tonnes and productivity of 25.99 t ha⁻¹ (Anon., 2024). The high productivity achieved in these regions underscores the economic importance of grape cultivation in the country’s horticultural sector. However, the sustainability and profitability of grape production are severely constrained by several biotic stresses, among which fungal diseases are the most destructive. Major diseases affecting grapevine include downy mildew (Plasmopara viticola), powdery mildew (Erysiphe necator), anthracnose (Colletotrichum gloeosporioides) and Botrytis bunch rot (Botrytis cinerea). Among these, anthracnose, commonly referred to as bird’s-eye spot, is particularly destructive under warm and humid environmental conditions, leading to severe yield reduction and deterioration of fruit quality (Kummuang et al., 1996). The disease affects multiple plant parts and can significantly impair vine growth and productivity when conditions favour pathogen development.


Anthracnose has a long historical record and global distribution. Early descriptions of symptoms date back to classical observations by Pliny, while the disease was scientifically characterized by Burrill (1886) in the United States. Its spread across continents has largely been attributed to the movement of infected planting material. In India, grape anthracnose was first reported from the Pune region in 1903 (Butler, 1905), and since then it has become endemic in all major grape-growing areas including Maharashtra, Karnataka, Andhra Pradesh, Tamil Nadu, Punjab, Haryana and parts of northern India (Agrios, 2005; Thind et al., 2004). The pathogen primarily infects young, actively growing tissues such as leaves, shoots, tendrils and developing berries, causing characteristic lesions that lead to defoliation, reduced photosynthetic capacity, weakening of vines and poor fruit set. The economic impact of anthracnose is substantial and varies with cultivar susceptibility and prevailing environmental conditions. International reports have documented yield losses ranging from 83 to 100 per cent in Chilean vineyards (Anderson, 1956) and up to 80 per cent in Russian grape-growing regions (Winkler, 1965). In India, losses of 15-20 per cent have been reported in Punjab and Haryana (Bedi et al., 1969), while reductions ranging from 10 to 46.5 per cent have been observed in Punjab (Jindal and Bhavani, 2002). In Maharashtra, yield losses typically range between 15 and 30 per cent (Deshmukh, 2006), and similar productivity declines have been documented in Karnataka (Jamadar and Lingaraju, 2011). These findings highlight the persistent threat posed by anthracnose to grape production across diverse agro-climatic regions. Disease development in grape anthracnose is closely influenced by environmental factors such as temperature, relative humidity and rainfall, which govern pathogen survival, sporulation, dispersal and infection processes. Understanding the temporal dynamics of disease progression and the role of weather variables is therefore essential for developing reliable forecasting systems. Epidemiological studies provide insights into inoculum build-up, infection cycles and disease spread, which form the basis for constructing predictive models. Such models are valuable tools for anticipating disease outbreaks and optimizing management strategies, particularly in regions where favourable weather conditions frequently trigger epidemics.

Considering the high economic value of grapes and the recurring losses caused by anthracnose, there is a clear need for quantitative approaches to predict disease occurrence and progression. Development of predictive models based on disease intensity and weather parameters can support timely decision-making and reduce reliance on calendar-based fungicide applications. Therefore, the present investigation was undertaken to develop and validate a predictive model for grape anthracnose under field conditions, with the aim of improving disease forecasting and enhancing sustainable disease management strategies.

Material and Methods


The study was conducted in an established grape vineyard at the Horticultural Farm, University of Agricultural Sciences (UAS), Raichur, during the Kharif seasons of 2024 and 2025. Back pruning was carried out on 15 April 2024 and 20 March 2025. The experiment was conducted on Thompson Seedless, a grape cultivar highly susceptible to anthracnose. Disease severity was assessed on individual leaves at weekly intervals corresponding to standard meteorological weeks using a 0-4 disease rating scale proposed by Chatta (1992). Based on the recorded scores, Per cent Disease Index (PDI) was calculated. Simultaneously, weekly meteorological data comprising maximum andminimum temperature (°C), rainfall (mm), morning and evening relative humidity (%) and wind speed (km h⁻¹) were obtained from the Main Agricultural Research Station (MARS), UAS, Raichur.
List 1 : Disease severity categories and their descriptions
	Category
	Numerical value
	Description

	I
	0
	Healthy foliage or leaf spots in traces

	II
	1
	Up to 10 per cent leaf area covered with anthracnose lesions

	III
	2
	10.1-25 per cent leaf area covered with slight twig infection i.e., 1-3 cankers per twig

	IV
	3
	25.1-50 per cent leaf area covered with heavy twig infection i.e., 4-10 cankers per twig

	V
	4
	Above 50 per cent leaf area covered with very heavy twig infection i.e., above 10 cankers per twig and heavy berry infection


Per cent disease intensity (PDI) was recorded by using formula:
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Prediction model for grape anthracnose
To analyse disease progression over time, anthracnose development was related to disease intensity of the previous week using a first-order autoregressive model expressed as
Yt+1 = aYt+ et+1
Where,

Yt+1 = predicted PDI at time t+1

Yt = observed PDI at time 't'

t = time of interval in seven days

a = a parameter

et+1 = error associated with the model at time t+1

The value of 'a' was obtained with the help of following formula
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Results and Discussion 

The severity of grape anthracnose, measured as Percent Disease Index (PDI), increased gradually in both study seasons, indicating a clear pattern of disease buildup over time. During Kharif 2024, the disease started at 8.50 per cent in the 27th standard meteorological week and steadily increased to 100 per cent by the 39th standard meteorological week. In Kharif 2025, a similar trend was observed, with disease intensity rising from 7.13 per cent in the 24th standard meteorological week to 100 per cent by the 35th standard meteorological week. This consistent increase suggests that once the disease was established in the field, it progressed rapidly under favourable environmental conditions.
 
The first order autoregressive model was able to follow this trend closely. In 2024, predicted PDI values ranged from 9.55 Per cent to 105.09 Per cent and in 2025 from 8.00 Per cent to 106.24 Per cent. The predictions matched the observed values well during most weeks, especially in the middle of the season when disease development was at its peak. The smallest differences between observed and predicted values occurred around 31st and 33rd standard meteorological weeks in both years, showing that the model performed best during the active phase of disease spread (Table 1; Fig. 1 and 2).

Using the observed PDI values, season-specific first-order autoregressive models were developed. For Kharif 2024, the model was expressed as

Yt+i= 1.124 Yt
With auto correlation coefficient, R=0.953


Similarly, for Kharif 2025, the autoregressive relationship was represented 
 Yt+i= 1.123 Yt
with an autocorrelation coefficient of 0.891, reflecting a consistent but slightly reduced temporal association compared to the previous season.

The tail-end predictions for Kharif 2024 and 2025 were overestimated and hence deemed non admissible. Such discrepancies are expected because linear autoregressive models assume proportional change between successive observations and do not adequately represent the asymptotic behaviour of sigmoidal disease progress curves. Similar limitations of autoregressive approaches in plant disease forecasting have been documented by Aswathanarayana and Nargund (2007).
The results are in accordance with Amaresh and Nargund (2002) who reported that, the predicted sunflower rust disease varied from 0.00 to 60.93 and 0.00 to 63.41 PDI during 1998-99 and 1999-2000, respectively. Aswathanarayana and Nargund (2007) reported that, the auto regression is one of the important epidemiological tools in prediction of disease during Kharif 2002 and rabi 2002-03 of powdery mildew disease on grapes resulted in equation of Yt+1 = 1.2890 Yt with R = 0.997 in late Kharif and Yt+1 = 1.3401 Yt with R = 0.994 in rabi 2002-03. Venugopalan and Rawal (2011) reported that, in grapes, removal of 13 outliers enhanced model performance, with the comprehensive equation (Y = -86.87 + 8.62 Tmax - 0.98 Tmin - 1.4 RH1 + 0.64 RH2 + 6.9 WS - 8.6 Evap + 0.07 RF - 0.08 Rd - 0.6 BSS - 9.2 VPD) explaining 93.3 per cent of variability in anthracnose incidence. A reduced model (Y = 5.2 + 5.95 WS - 8.1 VPD) still accounted for 80.1 per cent, underscoring wind speed and vapor pressure deficit as dominant predictors. The refined model [Y = -130.14 + 2.01RH1 + 1.17RH2] highlighted morning and evening relative humidity as the key factors influencing disease occurrence. Regression models were developed for disease forecasting, including one considering maximum temperature, RH2, rainfall and spore count [D = 16.93 - 3.6TX +1.4RH2 + 1.0RF + 1.6SpTr] and a simplified model using only RH2 and spore numbers [D = -1.4 + 2.6RH2 + 2.0S, R² = 0.59] aiding timely disease management (Jamadar, 2007). Vineeth et al. (2021) developed a weather-based regression model (y = 8.32 + 0.95x) to predict powdery mildew of chilli on cv. Byadagi Kaddi and reported a strong association between disease severity and meteorological factors (R² = 0.9166). Ji et al. (2021) developed a mechanistic model for grape ripe rot that accurately predicted infection events and seasonal disease progress, showing strong agreement between observed and predicted incidence (ρ = 0.878; CCC = 0.975). Ashwini et al. (2022) developed first-order autoregressive models to predict powdery mildew of bhendi, reporting equations Y = 7.90 + 0.86X (R = 0.91) for rabi 2019-20 and Y = 7.579 + 0.849X (R = 0.902) for rabi 2020-21.
Conclusion

The autoregressive model predicted grape anthracnose progression effectively in both years of the study. The observed and predicted PDI values for Kharif 2024 and 2025 closely matched, especially during the 31st and 33rd weeks, indicating the reliability of the model. The high autocorrelation coefficients recorded in 2024 (R = 0.953) and 2025 (R = 0.891) further confirm a strong and consistent pattern of disease development.
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Table 1. Observed and predicted anthracnose of Thompson Seedless during Kharif 2024 and 2025 using simple autoregression method

	Sl. No.
	Per cent disease index

	
	Kharif 2024
	Kharif 2025

	
	SMW
	Observed Yt
	Predicted Yt+1
	Difference Yt- Yt+1
	SMW
	Observed Yt
	Predicted Yt+1
	Difference Yt- Yt+1

	1
	27
	8.50
	-
	8.50
	24
	7.13
	-
	7.13

	2
	28
	13.63
	9.55
	4.07
	25
	12.25
	8.00
	4.25

	3
	29
	20.25
	15.31
	4.94
	26
	15.00
	13.75
	1.25

	4
	30
	24.75
	22.76
	1.99
	27
	26.63
	16.84
	9.78

	5
	31
	28.25
	27.82
	0.43
	28
	32.73
	29.89
	2.83

	6
	32
	39.63
	31.75
	7.87
	29
	52.85
	36.74
	16.11

	7
	33
	43.75
	44.54
	-0.79
	30
	61.38
	59.34
	2.04

	8
	34
	56.25
	49.17
	7.08
	31
	66.50
	68.91
	-2.41

	9
	35
	68.75
	63.22
	5.53
	32
	78.79
	74.66
	4.12

	10
	36
	82.13
	77.27
	4.85
	33
	89.33
	88.46
	0.87

	11
	37
	87.63
	92.31
	-4.68
	34
	94.63
	100.29
	-5.67

	12
	38
	93.50
	98.49
	-4.99
	35
	100.00
	106.24
	-6.24

	13
	39
	100.00
	105.09
	-5.09
	-
	-
	-
	-


Estimated values are not admissible: Since it crossed 100 per cent disease
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Fig. 1. Observed and predicted per cent disease index of grape anthracnose by first order auto regression model during Kharif2024
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Fig. 2. Observed and predicted per cent disease index of grape anthracnose by first order auto regression model during Kharif 2025
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