


Influence of Abiotic Factors on the Population Dynamics of Rice Leaf Folder (Cnaphalocrocis medinalis) in the Varanasi Ecosystem


ABSTRACT
[bookmark: _Hlk211344944]A field investigation was conducted during the 2022 and 2023 kharif seasons at the Agricultural Research Farm of Banaras Hindu University, Varanasi, to examine the seasonal incidence of rice leaf folder, Cnaphalocrocis medinalis, and its association with selected weather variables. Rice leaf damage was assessed weekly on ten randomly selected hills in an unprotected 100 m² plot planted with the variety Swarna Sub1. The percentage of damaged leaves was recorded from the onset of infestation until crop maturity. Weekly observations were examined in relation to rainfall, maximum and minimum temperatures, and morning and evening relative humidity. During 2022, recorded leaf damage after infestation appeared ranged from 2.5% to 17.5%, with the highest incidence observed during the 37th Standard Meteorological Week. During 2023, leaf damage ranged from 3.0% to 17.5%, reaching its maximum during the 41st Standard Meteorological Week. Morning relative humidity showed positive correlations of 0.50 in both seasons, while evening relative humidity showed positive correlations of 0.55 in 2022 and 0.60 in 2023. Maximum temperature, minimum temperature and rainfall showed weak negative correlations with leaf-folder damage. The observed seasonal pattern indicated that infestation increased during the middle part of the crop season and declined as the crop approached maturity. Within the conditions of this study, relative humidity showed the strongest positive association with rice leaf-folder damage, although further replicated and multi-location studies are required to evaluate its predictive value.
Keywords: Leaf folder, Relative Humidity, Temperature, Rainfall	Comment by Infotech27: Add the scientific name of your pest, as well as the term “Population dynamic”, to the keywords.
INTRODUCTION 
The world's most important cereal crop and the main source of energy for millions of people is rice (Oryza sativa L.). With 60% of the world's population living in Asia, the region produces and consumes more than 90% of the world's rice. Consequently, Asia is referred to as the world's "Rice Bowl" (Kakde and Patel, 2018). More than 350 beneficial arthropod species and 250 insect pests have been identified in the rice environment of Asia (Ali et al., 2020). Twenty insect pest species out of more than 100 in India are deemed economically significant due to the significant harm they cause to rice production (Heinrichs et al., 2017, Ali et al., 2020). Among the various threats to rice productivity, damage by various types of insect-pests is considered significant, as it can cause large-scale reduction in both the quality and quantity of rice. Worldwide, around 52 per cent of the rice production is lost yearly due to biotic agents, of which 21 per cent is attributed to insect-pests (Yarasi et al., 2008), Out of which, the lepidopteran pests are the main class of pests causing significant yield loss to rice crop. Cnaphalocrocis medinalis Guenee (Pyralidae: Lepidoptera) is the most widespread and important species of leaf folder. It is a predominant and one of the most destructive pests affecting rice ecosystems in Asia, resulting in yield loss up to 30 to 80 per cent under epidemic conditions (Raveeshkumar, 2015).
The Indian subcontinent has seen widespread outbreaks of several insect pests of rice over the past 20 years, with the most common being the rice leaf folder (Cnaphalocrocis medicinalis) (Kumar et al., 2023), which significantly reduces yield in China, India, and other Asian nations (Fahad et al., 2021). On average, rice output losses might reach 20 to 30 per cent (Sharma et al., and Raju 2018), and during epidemics, they can reach up to 80 per cent (Sachin et al., 2023).
In recent times, the insect-pest scenario in rice has changed and the major factors that have contributed towards these changes are extensive cultivation of high-yielding varieties, intensified continuous rice cultivation providing constant niches for pest multiplication, imbalanced use of fertilizers and non-judicious use of insecticides resulting in pest resistance, resurgence and outbreaks of minor pests (Boopathi et al., 2018, Bisen et al., 2019). It is thought that weather parameters have a significant impact on the proliferation of pests (Singh et al 2009). The outbreak of the insect population is significantly influenced by climatic conditions, including temperature, precipitation, and relative humidity (Heong et al., 2007, Siswanto et al., 2008). Climate factors are widely acknowledged as key determinants influencing both the abundance and geographical distribution of insect populations. Leaf folder population dynamics are therefore susceptible to change based on the dynamic conditions of their surroundings, much like those of any other species (Khaliq et al., 2014). To accurately predict insect populations, key variables that affect the pest scenario due to environmental conditions must be quantified. Consistent monitoring of pest populations in the field is crucial for evaluating the presence of insect pests in relation to various environmental factors, including rainfall, relative humidity, temperature, wind direction, and the duration of sunlight. Such observations also provide insights into how these factors influence fluctuations in pest populations, affecting their survival, development, reproductive capacity, and interactions within the tritrophic system of host plants, pests, and natural enemies (Yang et al 2024). The interaction between weather conditions and the population trends of insect pests and their natural enemies provides valuable insight into pest occurrence patterns, including timing and population levels. Understanding this relationship can support effective pest forecasting and guide timely, informed decisions for insect pest management Giri et al 2024. Thus, the present investigation was undertaken to determine the effect of prevailing weather factors on the infestation Leaf folder.
MATERIAL AND METHODS
Field experiment was conducted during the kharif 2022 and Kharif 2023 at Agricultural Research Farm, B.H.U, Varanasi having the geographical location lying between 24° 56’ N to 25° 35’ N Latitude and 82° 14’ E to 83° 24’ E Longitude and the elevation is 82m above the mean sea level, almost in the center of the Indo-Gangetic belt.  A bulk plot of 100 m2 was raised to study the population dynamics of the yellow stem borer. Swarna sub1 variety of rice was used as an experimental crop for this study. It is grown in irrigated and medium upland conditions for moderately high yield and has the special feature of good grain quality. The insect pest population was recorded in this unprotected plot at 7-day intervals at Standard Meteorological Week (SMW) from the occurrence of infestation and continued up to maturity. 
The incidence of insect pests was recorded on 10 randomly selected rice hills during the crop growth period. Simultaneously, weather data were obtained from the meteorological observatory located at the Agricultural Research Farm, Institute of Agricultural Sciences, B.H.U., Varanasi. The collected data on pest incidence were correlated with prevailing weather parameters by employing the correlation coefficient method to understand the relationship between pest dynamics and meteorological variables.
For recording the infestation of the rice leaf folder, weekly observations were taken from ten randomly selected plants. In each plant, the total number of leaves and the number of leaves infested by the leaf folder were counted. The extent of damage caused by the leaf folder was expressed in terms of per cent leaf damage, which was calculated using the following formula

The weekly incidence data of the leaf folder were subjected to simple correlation analysis, wherein leaf folder infestation was considered as the dependent variable, while weather parameters, namely maximum and minimum temperature, morning and evening relative humidity, and rainfall, were treated as independent variables. In addition, rice leaf folder populations were monitored daily throughout the rice-growing season (August–November) during the years 2022 and 2023, along with simultaneous recording of meteorological observations.
RESULTS AND DISCUSSION
The data presented in Table 1 revealed that in Kharif 2022, Leaf folder infestation damage per cent ranged from 2.5 to 17.5 per cent, which began as 3.98 per cent damaged leaves per hill in the first week of August (31st SMW) to 17.50 per cent damaged leaves per hill in the second week of September (37th SMW). The rice leaf folder infestation began and reached its peak infestation after that, the percentage of damaged leaves steadily decreased, eventually reaching less than the percentage damage caused at the beginning when the crop reached maturity. 
Table 1. Influence of abiotic factors on the rice leaf folder infestation during Kharif 2022
	SMW
	Rainfall
	Max temp
	Min temp
	Morning RH
	Evening RH
	LF damage

	27
	0.2
	34.9
	24.7
	84
	50
	0

	28
	0
	37
	25.5
	73
	48
	0

	29
	155.2
	34.7
	24.3
	81
	64
	0

	30
	255.4
	33.6
	23.2
	89
	67
	3

	31
	90
	34
	22.3
	91
	50
	3.98

	32
	20.6
	32.4
	23.7
	87
	54
	5.7

	33
	47
	33.5
	22.5
	85
	60
	5.9

	34
	139.8
	37.9
	22.5
	91
	68
	7,7

	35
	40.6
	32.4
	22.8
	91
	66
	7.8

	36
	63.4
	32.9
	22.6
	92
	68
	8.5

	37
	31.8
	31.6
	22.4
	91
	72
	17.5

	38
	84.6
	33.1
	21.5
	92
	77
	17

	39
	7
	33.6
	21.9
	91
	82
	15

	40
	24.8
	32.9
	20.6
	93
	70
	11.9

	41
	2.6
	32.3
	20.5
	94
	66
	11

	42
	0
	32
	16.8
	87
	52
	9.6

	43
	0
	32.1
	15.4
	86
	46
	9

	44
	0
	31.7
	14.1
	92
	46
	7

	45
	0
	30.4
	12.9
	95
	55
	6

	46
	0
	28.3
	11.1
	91
	40
	7

	47
	0
	26.9
	9
	94
	42
	3

	48
	0
	26.8
	9.6
	94
	40
	2.5




SMW = Standard Meteorological Week, Max temp = Maximum temperature, Min temp = Minimum temperature, RH =Relative Humidity, LF =Leaf Folder
In Kharif 2023, rice leaf folder kharif infestations ranged from 3 to 17.5 per cent, which began as 3.00 per cent damaged leaves per hill in the last week of July (30th SMW) to 17.5 per cent damaged leaves per hill in the second week of October (41st SMW) (Table 2). The rice leaf folder infestation began and reached its peak, after the infestation gradually decreased and reached zero levels at the harvesting stage of the crop (Figure 2). The incidence of the leaf folder was slightly higher during the second-year trial, which could be attributed to seasonal differences between years. 
Similarly, Sharma et al 2024 observed that rice leaf folder infestations ranged from 1.90% damaged leaves per hill in the first week of August to 11.60% in the third week of September and reported that the infestation started in early August, increased progressively, and reached its peak in mid to late September. Thereafter, the percentage of damaged leaves gradually declined, eventually dropping to zero as the crop approached maturity.
Table 2. Influence of abiotic factors on the rice leaf folder infestation during Kharif 2023
	SMW
	Rainfall
	Max
temp
	Min
temp
	Morning RH
	Evening RH
	LF damage

	27
	36.6
	34
	26.4
	84
	50
	0

	28
	57.2
	37.8
	26.2
	73
	48
	0

	29
	17.6
	35.9
	29.4
	81
	64
	0

	30
	9
	35.7
	24.9
	89
	67
	3

	31
	39.8
	34.6
	23
	91
	50
	4.6

	32
	72.6
	31.8
	23.3
	87
	54
	5.2

	33
	29
	34.3
	23.5
	85
	60
	6.1

	34
	7.2
	32.6
	25.2
	91
	68
	7.9

	35
	1
	34.5
	25.7
	91
	66
	8.5

	36
	63.4
	32.9
	22.6
	92
	68
	9.4

	37
	31.8
	31.6
	22.4
	91
	72
	11

	38
	84.6
	33.1
	21.5
	92
	77
	11.9

	39
	7
	33.6
	21.9
	91
	82
	16.8

	40
	24.8
	32.9
	20.6
	93
	70
	17

	41
	2.6
	32.3
	20.5
	94
	66
	17.5

	42
	0
	32
	16.8
	87
	52
	11

	43
	0
	32.1
	15.4
	86
	46
	7

	44
	0
	31.7
	14.1
	92
	46
	6

	45
	0
	30.4
	12.9
	95
	55
	5.2

	46
	0
	28.3
	11.1
	91
	40
	7

	47
	0
	26.9
	9
	94
	42
	3

	48
	0
	26.8
	9.6
	94
	50
	0


SMW = Standard Meteorological Week, Max temp = Maximum temperature, Min temp = Minimum temperature, RH =Relative Humidity, LF =Leaf Folder
Research on the rice leaf folder, C. medinalis, has previously shown that leaf folder activity peaked between August and September and then decreased starting in October (Vanitha et al 2015) and peak infestation is observed at 37th SMW after starting in the 31st SMW (Nirala et al 2015, Sharma et al., 2024). Rasul et al 2019 findings revealed that the highest population of C. medinalis occurred during the fourth week of September. Maximum damage was also noted during the tillering stage by Shyamrao and Raghuraman 2019. C. medinalis activity started in the second week of August and remained low to moderate during the tillering stage, according to Chatterjee et al 2021. October saw an upsurge in the infestation, which peaked at the end of the month. Balasubramani et al. (2000) reported that the incidence of leaf folder in rice was very common in September and October. Ahmad et al 2010 revealed that the incidence of leaf folder larvae on rice leaves commenced in 27 SMW with 0.33 larvae 10 hills-1 and reached its maximum with 19 larvae 10 hills-1 in 36th SMW.
The correlation coefficient study conducted during Kharif 2022 and Kharif 2023 revealed that maximum temperature (r = –0.05) and minimum temperature (r = –0.05) in Kharif 2022, as well as maximum temperature (r = –0.07) and minimum temperature (r = –0.04) in Kharif 2023, exhibited negative but non-significant relationships with rice leaf folder (Cnaphalocrocis medinalis) damage. In contrast, morning relative humidity (r = 0.50) and evening relative humidity (r = 0.55) in Kharif 2022, along with morning relative humidity (r = 0.50) and evening relative humidity (r = 0.60) in Kharif 2023, were significantly and positively associated with leaf folder incidence. Rainfall showed a non-significant negative relationship with infestation in both years (r = –0.25 in Kharif 2022 and r = –0.05 in Kharif 2023). Thus, the increase in leaf folder infestation was mainly attributed to higher morning and evening relative humidity levels, while rainfall and temperature played a relatively minor role.
Fig. 1. Fluctuation of rice leaf folder infestation during kharif 2022 (from 27 to 48 SMW). 
Fig. 2. Fluctuation of rice leaf folder infestation during kharif 2023 (from 27 to 48 SMW). 



Table 3: Correlation coefficient between the incidence of leaf folder and abiotic factors during Kharif 2022, 2023.
	Insect pest
	Weather parameter

	Leaf folder
	Rainfall
	Maximum temperature
	Minimum temperature
	Morning
relative humidity
	Evening
relative humidity

	
Kharif 2022
	-0.25
	-0.05
	-0.007
	0.50
	0.55

	
Kharif 2023
	-0.05
	-0.07
	-0.04
	0.50
	0.60




These findings are consistent with earlier reports that warming conditions associated with global climate change influence insect pest abundance by altering host–pest and pest–environment interactions (Ali et al 2019). Sharma et al 2024 and Kumar et al 2023 also observed that relative humidity was positively correlated with rice leaf folder damage, while Shyamrao and Raghuraman 2019 recorded a significant positive correlation with relative humidity but a highly significant negative relationship with rainfall. Similarly, Rasul et al 2019 reported that average temperature had a negative effect on leaf folder populations, whereas relative humidity and rainfall positively influenced pest prevalence. Zainab et al 2017 further confirmed that rice leaf folder incidence was significantly and negatively correlated with temperature, but positively correlated with mean relative humidity and rainfall.
Relative humidity clearly emerged as the most important abiotic factor influencing rice leaf folder infestation in the present study. The strong positive correlation with evening RH is supported by Tiwari et al 2021who demonstrated that sustained high humidity enhances larval survival and feeding activity. Supawan et al 2018 also reported that relative humidity above 80 per cent creates favorable microhabitats for concealed larvae, thereby facilitating their survival and damage potential. Similarly, Chaudhary et al 2020 recorded significant positive correlations between humidity and leaf folder incidence in eastern Uttar Pradesh, further reinforcing the present results.
On the other hand, rainfall exhibited a weak and inconsistent relationship with leaf folder incidence. This may be explained by the fact that heavy rains can dislodge eggs and young larvae, thereby reducing establishment, as suggested by Jena et al 2017. Singh et al 2016 also reported no significant effect of rainfall on leaf folder abundance, indicating that rainfall alone is not a reliable predictor of pest dynamics.
Temperature showed no significant correlation with infestation in the current study, likely because the recorded maximum (26.8–37.9 °C) and minimum (9–25.5 °C) temperature ranges fell within the optimal developmental thresholds of C. medinalis (Zhang et al 2019). Therefore, fluctuations in this range did not limit pest development, explaining the weak correlation observed. Rasul et al 2019 observed that the average temperature negatively influenced the population of C. medinalis, whereas relative humidity had positively contributed to its prevalence. Overall, the present findings confirm that relative humidity, coupled with crop phenology, are the key determinants of rice leaf folder outbreaks under Kharif conditions. Similar conclusions were drawn by Mishra et al 2022, who highlighted the importance of evening humidity and crop growth stage in forecasting leaf folder outbreaks. These results underline the need to integrate relative humidity monitoring into pest surveillance and forecasting models for timely management interventions against C. medinalis.
Conclusions
Rice leaf-folder damage followed a distinct seasonal pattern during both kharif seasons. Infestation increased after its initial appearance, reached maximum levels during the middle to later crop period and subsequently declined toward maturity. Morning and evening relative humidity showed positive associations with leaf damage in both years, whereas temperature and rainfall displayed weak negative relationships. Among the weather variables examined, evening relative humidity had the strongest correlation with infestation. These findings suggest that humidity may be a useful supporting variable in local surveillance of rice leaf folder. However, the results are based on observations from one location and should not be interpreted as evidence of a direct causal relationship. Replicated studies incorporating crop stage, lagged weather effects and pest counts are needed before developing operational forecasting recommendations.
Limitations
The investigation was restricted to one rice variety, one location, two seasons and a single unprotected plot. Ten sampled hills represented subsamples rather than independent field replications. Leaf damage was measured, but larval or adult population density was not recorded. Simple correlations did not account for time-series dependence, interactions among weather variables, crop phenology or delayed weather effects. The analysis also did not evaluate yield loss or predictive accuracy. Consequently, the findings describe local seasonal associations and require confirmation through replicated, multi-location studies.
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LFD	0	0	0	3	4.5999999999999996	5.2	6.1	7.9	8.5	9.4	11	11.9	16.8	17	17.5	11	7	6	5.2	7	3	2.5	Rinfall	36.6	57.2	17.600000000000001	9	39.799999999999997	72.599999999999994	29	7.2	1	63.4	31.8	84.6	7	24.8	2.6	0	0	0	0	0	0	0	Max temp	34	37.799999999999997	35.9	35.700000000000003	34.6	31.8	34.299999999999997	32.6	34.5	32.9	31.6	33.1	33.6	32.9	32.299999999999997	32	32.1	31.7	30.4	28.3	26.9	26.8	Min temp	26.4	26.2	29.4	24.9	23	23.3	23.5	25.2	25.7	22.6	22.4	21.5	21.9	20.6	20.5	16.8	15.4	14.1	12.9	11.1	9	9.6	Morning RH	84	73	81	89	91	87	85	91	91	92	91	92	91	93	94	87	86	92	95	91	94	94	Evening RH	50	48	64	67	50	54	60	68	66	68	72	77	82	70	66	52	46	46	55	40	42	50	

Abiotic factors


Leaf folder damage








