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ABSTRACT

Rice blast, caused by Pyricularia oryzae, continues to be one of the most devastating diseases of rice and poses a significant threat to crop productivity in the Kuttanad lowland ecosystem of Kerala.  To understand the spatial pattern of disease occurrence and its association with microclimatic variables, a field survey was conducted during the Rabi season of 2024–2025 across twenty-one major rice-growing locations. Disease incidence (DI) and Percent Disease Index (PDI) were recorded from randomly selected 1 m2 quadrants in each field. Substantial spatial variation was observed among locations, with DI ranging from 14.57% to 69.49% and PDI from 10.53% to 64.41%. Higher disease range was seen in Kaduthuruthy, Kainakary, Pulinkunnu and Thekkekara, whereas Kadapra, Niranam and Nedumpuram exhibited the lowest levels.
Correlation analysis revealed that relative humidity and dew point temperature were the most influential weather parameters, showing strong positive relationships with DI and PDI. These moisture-associated variables appear crucial for the processes of conidial germination, appressorium formation and host penetration. Maximum temperature showed a significant negative correlation, suggesting that elevated daytime temperatures suppress disease development, likely by reducing leaf wetness duration and interfering with pathogen activity. Although rainfall did not exhibit a significant statistical correlation with disease incidence and severity, descriptive observations indicated higher blast severity under moderate rainfall ranges (40–60 mm), while very low and excessive rainfall were less conducive for infection. This suggests that rainfall acts mainly as a moisture-supporting factor, and its influence becomes evident only when accompanied by favourable humidity and temperature.
The study highlights that the humid microclimate of the Kuttanad tract, characterised by high relative humidity, favourable dew point and moderate temperatures, creates highly conducive environments for blast epidemics during the Rabi season.
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1. INTRODUCTION 	

Rice (Oryza sativa L.) is one of the world’s most important cereal crops and the principal staple food for a large segment of the global population (Aravind et al., 2022). Its cultivation is concentrated in Asia, particularly in Southeast Asia, where it forms the major dietary component. India ranks first in rice-growing area (437.89 lakh ha) and second in production (112.91 million tonnes), with a major share of its population depending on it as a primary calorie source (GOI, 2019).
In Kerala, rice is cultivated under diverse agro-ecological conditions, with Kuttanad being a unique low-lying rice ecosystem. Spanning 1,26,931 ha (3.27% of the state’s area), it contributes about 36.5% of Kerala’s total rice production. Cultivation mainly occurs during the Puncha season (October–March), with a second crop raised in some areas during April–October (Aiyappanpillai and Mathew, 2024). Despite its importance, rice production faces major challenges from biotic and abiotic stresses, of which fungal diseases are the most destructive. 
Rice blast, caused by Magnaporthe oryzae (T. T. Hebert) M. E. Barr (anamorph: P. oryzae), belonging to the family Magnaporthaceae, is recognized as the most destructive disease affecting rice worldwide and is responsible for annual yield losses estimated at 10–30% (Amoghavarsha et al., 2022). The pathogen displays remarkable adaptability to a wide range of environmental conditions and occurs across irrigated, rainfed and deep-water rice ecosystems (Surapu et al., 2017). Conidia serve as the primary inoculum, infecting host tissues and causing leaf, nodal, neck and panicle blast (Kato, 2001). Disease development is strongly regulated by weather conditions such as temperature, relative humidity, rainfall and leaf wetness duration (Hamer et al., 1988), making blast particularly difficult to manage under highly dynamic microclimatic environments such as Kuttanad.

Given the established dependence of blast epidemiology on microclimatic variables, a clear understanding of weather-disease interactions is essential for accurate disease forecasting and strategic deployment of management interventions. Therefore, the present study aimed to investigate the weather-driven variability in rice blast severity across major rice-growing locations in the Kuttanad tract and to identify key microclimatic factors governing epidemic development.

2. material and methods 

2.1 Survey period and locations
A survey was conducted during Rabi season 2024–2025, across the major rice-growing areas of the Kuttanad tract (Agro-Ecological Unit - AEU–04), encompassing districts of Alappuzha, Kottayam and Pathanamthitta in Kerala. A total of twenty-one representative locations were selected for disease assessment, including twelve sites in Alappuzha, six in Kottayam and three in Pathanamthitta. The meteorological variables employed in this study represent weekly mean values, from the week immediately preceding the survey visit to each location.

2.2 Sampling Procedure and Assessment of Blast Incidence and Severity
In each field, disease observations were recorded from randomly selected 1 m² quadrats. Plants exhibiting characteristic symptoms of leaf blast were examined and the total number of infected and healthy plants within each quadrat was counted.  Disease incidence was calculated using the following formula (Rajput and Bartaria, 1995; Greer and Webster, 2001)

                                                    Total number of infected plants × 100


Disease Incidence (%) =Total number of plants observed


Disease severity was assessed based on the Standard Evaluation System (SES) for rice developed by the International Rice Research Institute (IRRI, 2002), using the 0–9 scale. Percent Disease Index (PDI) was computed according to Wheeler (1969), using the formula: 

Sum of the scores


× 100

PDI = 	Number of observations x highest number in rating scale



The severity rating scale used for disease scoring is presented in Table 1.

Table 1: Rating scale (0–9) for blast disease in rice 
	Scale
	Affected leaf area 

	0
	No lesions observed

	1
	Small brown speaks of pin point size

	2
	Small roundish to slightly elongated about 1 -2 mm in diameter

	3
	Same as in scale 2, but on upper leaves also

	4
	Less than 4%

	5
	4-10%

	6
	11-25%

	7
	26-50%

	8
	51-75 %

	9
	more than 75%



2.3 Weather Data

The meteorological variables used for analysis consisted of weekly mean values of rainfall, relative humidity, dew point temperature, maximum temperature and minimum temperature. These values represent the weather conditions recorded during the week immediately preceding the survey at each respective location. Weather data were obtained from the nearest automatic weather recording stations associated with the regional monitoring network. 

2.4 Statistical Analysis

Pearson’s correlation coefficient (r) was calculated to determine the relationships between microclimatic factors and disease parameters (DI and PDI). Significance levels were tested at 0.001, 0.01 and 0.05 probability levels (two-tailed). The correlation matrix is presented in Table 3.

3. results and discussion

3.1 Nature of rice blast symptoms across surveyed locations


a. Small isolated lesions with whitish centres and narrow brown borders.

b. Spindle-shaped lesions with greyish centres and reddish-brown margins. 

c. Elongated streak-like lesions with irregular margins and progressive bleaching. 

d. Advanced infection with coalesced lesions causing leaf blight. 

e. Brown to dark brown discoloration at the neck region.
 
f. Severe neck infection exhibiting complete neck blackening and girdling.
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Plate 1. Rice Blast Symptom Variations in Surveyed Fields

Across the surveyed locations of Alappuzha, Kottayam and Pathanamthitta, the characteristic leaf blast symptoms of P. oryzae were consistently observed, although the severity and lesion morphology varied considerably among fields. Typical symptoms appeared as spindle-shaped lesions with grey or whitish centres surrounded by necrotic brown margins. In locations experiencing high disease pressure, including Kainakary, Thakazhy, Purakkad, Thekkekara, Vechoor and Kaduthuruthy, lesions coalesced rapidly, resulting in extensive blighting, leaf necrosis and premature drying of foliage. In moderately affected fields such as Moncompu, Nedumudy, Pulinkunnu and Kumarakom, lesions were more discrete and scattered on upper leaves, with limited merging. Low-disease areas in Pathanamthitta district (Kadapra, Niranam and Nedumpuram) exhibited only initial infection stages, presenting as minute brown pinpoint lesions confined to lower leaves. 

[bookmark: _Hlk211867020]Neck blast was also observed in a few severely affected sites, though at lower frequencies than leaf blast. Infected panicles displayed partial to complete blackening and shrivelling of the neck region, leading to poorly filled grains or sterility, and in extreme cases, peduncle collapse resulting in unexerted or broken panicles.

3.2 Spatial Variation in Disease Incidence and Severity

[bookmark: _Hlk211867033]Table 2. Variation of disease incidence and Percent Disease Index (PDI) in survey locations.
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	Disease Incidence (%)
	Percent Disease Index (PDI) (%)

	Karumady
	43.27
	36.47

	Thakazhy
	51.79
	47.87

	Purakkad
	54.17
	51.38

	Moncompu
	28.25
	25.78

	Champakulam
	42.31
	36.86

	Kainakary 
	[bookmark: _Hlk214207831]63.49
	[bookmark: _Hlk214207851]59.09

	Nedumudy
	51.67
	48.79

	Ambalappuzha
	32.11
	31.78

	Pallathuruthy
	30.91
	27.63

	Kanjippadam
	35.29
	33.41

	Pulinkunnu
	31.83
	30.53

	Thekkekara
	46.90
	38.11

	Kallara 
	23.40
	22.87

	Kumarakom 
	28.57
	26.15

	Kaduthuruthy
	[bookmark: _Hlk214207724]66.42
	[bookmark: _Hlk214207635]64.41

	Vaikom 
	45.45
	36.85

	Vechoor
	54.00
	42.27

	Thalayazham
	35.56
	30.58

	Kadapra 
	14.57
	10.53

	Niranam  
	17.35
	14.70

	Nedumpuram
	18.60
	16.67



Marked variability in disease severity was recorded across locations (Table 2). Disease incidence (DI) ranged from 14.57% to 66.42%, with the lowest levels recorded at Kadapra (14.57%), followed by Niranam (17.35%) and Nedumpuram (18.60%). The highest DI was observed at Kaduthuruthy (66.42%), followed by Kainakary (63.49%) and Purakkad (54.17%). Locations such as Karumady, Thakazhy, Thekkekara, Vaikom and Vechoor also exhibited comparatively high DI (>40%), indicating widespread conducive conditions across multiple pockets of the region.

The Percent Disease Index (PDI) showed a comparable trend, ranging from 10.53% to 64.41%, with the highest severity recorded at Kaduthuruthy (64.41%), followed by Kainakary (59.09%) and Purakkad (51.38%). Kadapra (10.53%), Niranam (14.70%) and Nedumpuram (16.67%) displayed the lowest severity values. These patterns demonstrate uneven spatial distribution of blast intensity, likely influenced by micro-environmental factors such as field hydrology, air moisture profiles, and crop management practices.

3.3 Influence of Weather Parameters on Disease Severity

Table 3. Weekly weather parameters corresponding to the survey period at each sampled location.

	Location 
	Rainfall (mm)
	Relative Humidity (%)
	Dew point
(°C)
	Temperature
max (°C)
	Temperature
min (°C)

	Karumady
	60.19
	87.58
	23.97
	31.25
	22.8

	Thakazhy
	41.60
	87.26
	23.95
	31.39
	20.04

	Purakkad
	60.19
	87.58
	23.98
	31.26
	21.81

	Moncompu
	2.69
	79.78
	22.85
	31.92
	23.17

	Champakulam
	18.60
	82.71
	22.50
	31.54
	20.54

	Kainakary 
	54.10
	85.33
	24.41
	34.17
	22.77

	Nedumudy
	17.50
	82.59
	22.56
	30.86
	20.76

	Ambalappuzha
	31.20
	80.62
	23.61
	34.44
	22.89

	Pallathuruthy
	27.19
	81.26
	23.80
	34.72
	23.37

	Kanjippadam
	31.20
	80.62
	23.60
	34.42
	22.89

	Pulinkunnu
	1.60
	88.81
	23.66
	31.27
	22.56

	Thekkekara
	80.90
	88.23
	23.67
	30.75
	22.8

	Kallara 
	82.80
	80.01
	22.55
	32.51
	21.91

	Kumarakom 
	14.40
	83.15
	23.00
	32.13
	22.28

	Kaduthuruthy
	46.72
	88.19
	24.27
	32.31
	23.14

	Vaikom 
	72.8
	81.39
	22.98
	32.34
	22.35

	Vechoor
	35.3
	88.19
	24.26
	29.99
	22.59

	Thalayazham
	11.36
	88.19
	24.25
	30.24
	22.39

	Kadapra 
	6.89
	73.72
	20.13
	33.33
	23.45

	Niranam  
	19.66
	69.10
	19.35
	35.68
	23.33

	Nedumpuram
	16.67
	18.60
	18.72
	33.52
	23.52
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The associated weather data (Table 2) reveals that, the surveyed locations exhibited considerable variation in rainfall, humidity, and temperature conditions. Rainfall ranged from very low levels of 1.60 mm in Pulinkunnu and 2.69 mm in Moncompu to high levels above 80 mm in Thekkekara and Kallara, indicating heterogeneous moisture availability across sites. Relative humidity was generally high, exceeding 80% in most locations, with the highest values (>88%) recorded in Pulinkunnu, Kaduthuruthy, Vechoor, and Thalayazham, while Niranam and Kadapra showed comparatively lower humidity (69.10% and 73.72%, respectively). The consistently high humidity across locations, even in areas with minimal rainfall, suggests that atmospheric moisture in Kuttanad is largely governed by its hydrological setting rather than by precipitation alone.

Dew point temperatures remained predominantly within 22–24°C, indicating consistently moist atmospheric conditions, except for Kadapra and Niranam, which recorded comparatively lower dew points around 19–20°C. Maximum temperatures ranged between approximately 30°C and 36°C, with Niranam exhibiting the highest (35.68°C), while Vechoor recorded the lowest maximum value (29.99°C). Minimum temperatures varied between 20°C and 24°C, with Thakazhy showing the lowest (20.04°C) and Nedumpuram the highest minimum temperature (23.52°C). Overall, the region showed predominantly humid, warm, and moisture-rich weather conditions, with several hotspots presenting elevated dew point and humidity levels favorable for the persistence and development of moisture-dependent biological processes and plant diseases.

Table 4. Correlation Matrix of Rice Blast and Weather Variables.

	
	Disease incidence
	PDI
	Rainfall
	Relative Humidity
	Temperature Max
	Temperature Min
	Dew point

	Disease incidence
	1
	
	
	
	
	
	

	PDI
	0.981***
	1
	
	
	
	
	

	Rainfall
	0.314
	0.331
	1
	
	
	
	

	Relative Humidity
	0.746***
	0.72***
	0.259
	1
	
	
	

	Temperature Max
	-0.736***
	-0.687***
	-0.187
	-0.811***
	1
	
	

	Temperature Min
	-0.389
	-0.399
	-0.085
	-0.366
	0.413
	1
	

	Dew point
	0.723***
	0.718***
	0.264
	0.906***
	-0.594**
	-0.245
	1


*** Correlation is significant at 0.001 level (two tailed) 
** Correlation is significant at 0.01 level (two tailed)
* Correlation is significant at 0.05 level (two tailed)

The Pearson’s correlation analysis (Table 4) revealed strong and significant associations among the disease parameters and selected weather variables. Disease incidence exhibited a highly significant and positive correlation with PDI (r = 0.981***), indicating a strong agreement and reliability between the two disease assessment indices. Both DI and PDI showed strong and highly significant positive correlations with relative humidity (r = 0.746*** and r = 0.720***, respectively) and dew point (r = 0.723*** and r = 0.718***, respectively), suggesting that humid atmospheric conditions were highly conducive for disease initiation and progression. Conversely, maximum temperature demonstrated a highly significant negative correlation with DI (r = –0.736***) and PDI (r = –0.687***), implying that elevated daytime temperatures may restrict pathogen activity and disease expression. In addition, relative humidity showed a strong negative correlation with maximum temperature (r = –0.811***), reflecting the natural inverse relationship between atmospheric moisture and heat. Rainfall displayed a weak and non-significant positive correlation with both disease parameters, indicating that rainfall alone may not serve as a key determinant unless accompanied by sustained humid microclimatic conditions. Overall, relative humidity and dew point emerged as the most influential weather factors favoring disease development, while higher daytime temperatures appeared to act as a suppressing factor.

The strong and significant positive correlations observed between both DI and PDI with relative humidity and dew point indicate that sustained moisture availability plays a critical role in infection establishment and epidemic build-up. Relative humidity above 85% is critical for the onset and spread of rice blast (Ghatak et al., 2020). Such moisture-rich conditions are essential for successful conidial germination, appressorium formation and host penetration by P. oryzae (Ou, 1985; Prasad et al., 2019). Dew point, which reflects the atmospheric moisture necessary for surface wetness, also showed a strong association with DI and PDI. Dew formation during the night plays a pivotal role in initiating infection cycles of the blast pathogen (Reddy et al., 2019), reinforcing the fact that the presence of free moisture on the leaf surface is crucial for infection peg formation and subsequent penetration (Talbot, 2003). In contrast, maximum temperature exhibited a strong negative correlation with both DI and PDI, likely because temperatures above 30°C inhibit M. oryzae infection by shortening leaf wetness duration, accelerating cuticle drying and reducing sporulation potential. Chakraborty et al. (2014) also put forward that elevated daytime temperatures reduce the suitability of host surfaces for pathogen penetration, thereby suppressing disease development.

Although rainfall did not show a significant correlation with DI or PDI in the present study, the descriptive trend across locations indicated that blast severity was generally higher under moderate rainfall conditions (20–60 mm), while disease levels declined at both very low and very high rainfall ranges. The moderate rainfall can form thin moisture films that tend to persist on leaf surfaces, creating favourable conditions for conidial germination and penetration, whereas very heavy rainfall can disrupt spore deposition and wash away inoculum, limiting the chances of successful infection (Kato, 2001). Continuous or heavy rainfall may also wash away conidia from the leaf surface and limit their dispersal, while very low rainfall restricts humidity and leaf wetness required for the fungi (Kumar et al., 2018; Hossain et al., 2017). These patterns suggest that rainfall contributes to blast development primarily by modifying the microclimatic moisture environment, and becomes favourable only when aligned with conducive relative humidity and temperature. Thus, rainfall appears to function as a supportive moisture-enhancing factor rather than an independent determinant of epidemic build-up in the present dataset. Considering the hydrological features of the Kuttanad region, where low-lying fields naturally maintain a humid micro-environment, it becomes evident that relative humidity, dew point and favourable temperature regimes are the dominant drivers of epidemic risk, while higher daytime temperatures act as suppressive factors.

Fig. 1. Correlation of rice blast Disease incidence and PDI with key weather parameters 

[image: ]
The graphical comparison (Fig. 1) of disease incidence and PDI, with weather variables across the surveyed locations showed clear fluctuations in DI and PDI that visually aligned with changes in microclimatic conditions (Fig. 1). Peaks in disease incidence were generally observed in locations where relative humidity and dew point remained consistently high, while lower disease levels coincided with higher maximum temperatures and abrupt rainfall extremes. The chart also illustrated that moderate rainfall, rather than very high or very low rainfall, corresponded with relatively higher disease expression across several locations. Overall, the figure complements the correlation analysis by visually demonstrating that humidity-related parameters exerted a stronger influence on blast disease. Waterlogged acid sulphate soils can also create stressful growing conditions for rice, which can weaken plant health and make the crop more prone to disease. These soil conditions, together with the moist environment they maintain, may also influence levels of disease development in affected areas (Chandramohanan & Mohanan., 2012).

4. Conclusion

The present study demonstrates that the development and severity of rice blast disease in the Kuttanad region are strongly governed by the interplay of key microclimatic parameters, particularly relative humidity, dew point and temperature. Both DI and PDI showed significant positive associations with moisture-related variables, indicating that sustained atmospheric humidity and favourable dew point conditions create an environment highly conducive for successful infection and epidemic build-up of P. oryzae. In contrast, maximum temperature exhibited a significant negative influence on disease, suggesting that higher daytime temperatures suppress pathogen activity by reducing leaf wetness duration and disrupting infection processes. Although rainfall did not show a significant statistical correlation with DI or PDI, descriptive trends revealed that moderate rainfall favoured higher disease levels, whereas extremely low or excessive rainfall was less conducive for blast development. This highlights that rainfall functions mainly as a moisture-enhancing factor and contributes to disease onset only when accompanied by suitable humidity and temperature regimes. Overall, the findings emphasise that the humid, low-lying agroecosystem of Kuttanad inherently favours blast epidemics and that microclimatic parameters play a more influential role than rainfall alone in shaping disease risk. These insights can support the refinement of location-specific disease forecasting tools and guide timely deployment of management strategies, including cultural, biological and chemical interventions, for effective blast suppression under the climatic conditions of the region. 
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