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Effect of Weather Variables on the Temporal Dynamics of Fall Armyworm (Spodoptera frugiperda) in Maize in the Kymore Plateau, Central India






ABSTRACT
The fall armyworm (FAW), Spodoptera frugiperda J.E. Smith (Lepidoptera: Noctuidae), is an invasive pest causing substantial yield losses in maize. Its widespread abundance has adversely impacted maize production in India, affecting agro-industries and contributing to major economic losses. This study examined FAW population dynamics and their association with weather variables during the kharif and rabi seasons. Monitoring continued from the pest’s first appearance until harvest. Larval populations were higher in kharif (2.35 larvae/plant) than in rabi (1.40 larvae/plant), with the early vegetative stage being the most vulnerable. Correlation analysis indicated that maximum and minimum temperatures and wind speed strongly influenced population dynamics during kharif, while morning and evening relative humidity were key drivers during rabi. These results provide valuable insights for developing season- and weather-based management strategies to mitigate FAW impact on maize.	
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1. INTRODUCTION
Maize (Zea mays L.), widely known as the “Queen of Cereals,” is a major global crop due to its high production potential (Parihar et al., 2011). In India, maize serves multiple purposes—human food, cattle and poultry feed, raw material for food processing, and industrial extraction of starch, dextrose, corn syrup, and oil (Mallapur et al., 2018). Nutritionally, it contains about 72% starch, 10% protein, and 4% fat, contributing 365 Kcal/100 g (Ranum et al., 2014). Globally, maize is cultivated on 208.23 million ha, producing 1126.32 mmt with an average yield of 5.96 mt/ha (FAOSTAT, 2023). India ranks among the major producers, with 10.74 million ha under maize, producing 34.55 mmt and achieving a productivity of 3.54 mt/ha in 2023 (FAOSTAT, 2023). In Madhya Pradesh, maize occupied 1.40 million ha with 4.61 mmt production and 3.29 mt/ha productivity (Anonymous, 2023). Specifically, Jabalpur district recorded 0.28 million ha, 813.68 thousand tonnes production, and 2,843 kg/ha productivity during 2022–23 (Anonymous, 2022).
Maize yields are constrained by factors such as limited hybrid adoption, imbalanced fertilizer use, inadequate irrigation, and particularly insect pests and diseases. More than 141 insect pests attack maize throughout its growth stages (Reddy & Trivedi, 2008). Among them, FAW, S. frugiperda, is a highly destructive polyphagous pest infesting over 353 plant species across 76 families (Montezano et al., 2018). Native to the Americas, it causes serious damage to maize, sorghum, beans, and cotton (Day et al., 2017). First reported in India on maize in Karnataka (Sharanabasappa et al., 2018), FAW was later documented in Madhya Pradesh (Vishwakarma et al., 2020).
Yield losses due to FAW range from 21–53% globally (Day et al., 2017), with Indian estimates at 33–36% and 32.97% in Madhya Pradesh (Balla et al., 2019; Patidar et al., 2022). The larvae feed on leaves, whorls, cobs, and husks, sometimes leading to total crop loss. Early instars scrape leaf surfaces, while later instars cause defoliation and characteristic windowing symptoms (Goergen et al., 2016). Pest population dynamics are strongly shaped by environmental factors (Becker, 1974; Mitchell, 1979). Rainy conditions affect egg and larval survival, while predators suppress populations during dry seasons (Varella et al., 2015). Hence, studying seasonal variation and weather–pest interactions is essential for designing sustainable management strategies. The present investigation therefore focused on FAW seasonal fluctuations and correlations with weather parameters in the Kymore Plateau region of central India.

2. MATERIALS AND METHODS
The study was conducted at the Research Farm of the Biocontrol Research & Production Centre, Department of Entomology, College of Agriculture, JNKVV, Jabalpur, during kharif and rabi (2023–24 and 2024–25). Maize variety JM-218 was grown in 5 m × 15 m plots with 60 cm × 30 cm spacing, following standard agronomic practices except insecticide use. FAW larval counts were recorded twice weekly from 20 randomly selected plants, starting at pest appearance and continuing until harvest. Destructive sampling was used following Hardke et al. (2011).
Weather data for the study period were obtained from the Department of Agrometeorology, College of Agricultural Engineering (CoAE), JNKVV, Jabalpur. Correlation and regression analyses of FAW larval populations with weather parameters—maximum and minimum temperature, relative humidity, sunshine hours, rainfall, rainy days, wind speed, evaporation, and crop age—were performed as per Sharma (2011) using MS-Excel 2019.

3. RESULT AND DISCUSSION

3.1 Population dynamics of FAW during kharif: 
During the kharif seasons of 2023–24 and 2024–25, the mean FAW larval populations on maize were 2.28 and 2.41 larvae per plant, respectively, with a pooled mean of 2.35 larvae per plant. In 2023–24, infestation began at the VE stage (0.42 larva/plant), peaked at 4.28 larvae/plant during V6 (24 days after germination), followed by a secondary peak of 3.89 larvae/plant at R1 (73 days), and declined to 0.74 larvae/plant at R6. In 2024–25, initial incidence was slightly higher (0.64 larva/plant at VE), with a first peak of 4.53 larvae/plant at V4 (17 days), a second peak of 3.74 larvae/plant at R1, and a decline to 0.36 larvae/plant at R6. Pooled data showed a consistent trend, with 0.53 larva/plant at VE, a maximum of 4.03 larvae/plant at V6, and a second peak of 3.82 larvae/plant at R1, tapering to 0.55 larva/plant by R6 (108 days) (Table 1).
These results agree with earlier reports by Day et al. (2017), Deole and Paul (2018), and Reddy et al. (2020), who documented FAW infestations across growth stages, with higher incidence in kharif. Pradeep (2021) also reported larval densities of 0–3.05 larvae/plant during V1–V6, while Patil et al. (2024) noted a peak of 4.05 larvae/plant, both comparable to the present findings. Similarly, Anandhi et al. (2020b) observed lower populations in rabi than kharif. The influence of crop phenology has been well established: Beserra et al. (2002) and Murúa et al. (2006) showed higher larval populations during vegetative stages, a trend corroborated by Wyckhuys and O’Neil (2006), Prasanna et al. (2018), and Jaramillo et al. (2019).

3.2 Correlation analysis between independent variable and FAW larval population during kharif season
Correlation analysis revealed that FAW larval populations were significantly and positively associated with maximum temperature (r = 0.664, 0.693, 0.726) and minimum temperature (r = 0.594, 0.684, 0.670) in 2023–24, 2024–25, and pooled data, respectively. Morning (r = –0.667, –0.794, –0.805) and evening relative humidity (r = –0.649, –0.738, –0.736) showed significant negative correlations across datasets. Wind speed was positively associated—non significant in 2023–24 (r = 0.484) but significant in 2024–25 (r = 0.615) and pooled analysis (r = 0.684). Evaporation showed a positive relationship, significant only in pooled data (r = 0.548). Rainy days and crop age were negatively correlated but non-significant. Rainfall showed a significant negative relationship in 2023–24 (r = –0.501) but not in subsequent years, while sunshine hours had a positive but non-significant correlation (Table 2). Multiple regression analysis indicated that independent factors explained 95%, 96%, and 97% of variation in FAW populations (Table 3).
These results corroborate earlier findings: Murúa et al. (2006) and Shylesha et al. (2018) identified temperature and wind speed as key drivers, while Fonseca Medrano et al. (2019) emphasized minimum temperature. Kumar et al. (2020), Anandhi et al. (2020a), Paul and Deole (2020), and Nimbekar et al. (2020) confirmed the positive role of temperature, whereas Sunitha et al. (2021) highlighted wind speed. Pradeep (2021) and Pragya (2022) similarly identified temperature and wind speed as critical, with relative humidity exerting a suppressive effect.

3.3 Population dynamics of FAW during rabi: 
In the rabi seasons of 2023–24 and 2024–25, mean FAW larval populations were 1.36 and 1.45 larvae per plant, respectively, with a pooled mean of 1.40. In 2023–24, infestation started at VE (0.25 larva/plant), reached a first peak of 3.00 larvae/plant at V8 (31 days), followed by 2.12 larvae/plant at R1 (73 days), and declined to 0.30 larva/plant at R6. In 2024–25, initial infestation (0.43 larva/plant at VE) rose to 2.60 larvae/plant at V4 (17 days), peaked again at 2.34 larvae/plant at R1, and decreased to 0.46 larva/plant at R6. Pooled data reflected a similar trend, with 0.34 larva/plant at VE, a maximum of 2.63 at V6 (31 days), and 2.23 at R1, before tapering to 0.38 at R6 (108 days) (Table 1).
Seasonal differences were consistent with Reddy et al. (2020), who reported higher incidence in kharif (9.71%) than rabi (3.54%). Comparable trends were noted by Pradeep (2021), who recorded 0–3.05 larvae/plant during V1–V6, and by Anandhi et al. (2020b), who observed 0.99–3.66 larvae/plant in kharif compared to 0.90–2.90 in rabi.

Table 1: FAW larval incidence on maize across kharif and rabi seasons 
(2023–24, 2024–25, and pooled)
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	Crop age (Days after germination)
	Kharif
	Rabi

	
	
	Mean larval population per plant

	
	
	I
	II
	III
	I
	II
	III

	VE
	3
	0.42
	0.64
	0.53
	0.25
	0.43
	0.34

	V2
	10
	1.96
	2.05
	2.01
	1.29
	1.52
	1.41

	V4
	17
	3.41
	4.53
	3.97
	2.17
	2.60
	2.39

	V6
	24
	4.28
	3.78
	4.03
	2.56
	2.42
	2.49

	V8
	31
	3.26
	4.12
	3.69
	3.00
	2.25
	2.63

	V10
	38
	2.52
	3.80
	3.16
	1.50
	1.38
	1.44

	V12
	45
	2.17
	2.27
	2.22
	1.32
	1.25
	1.29

	V14
	52
	1.74
	1.68
	1.71
	1.18
	0.93
	1.06

	V16
	59
	1.31
	1.18
	1.25
	0.48
	0.56
	0.52

	VT
	66
	2.12
	2.26
	2.19
	1.28
	1.72
	1.50

	R1
	73
	3.89
	3.74
	3.82
	2.12
	2.34
	2.23

	R2
	80
	3.37
	3.20
	3.29
	1.54
	1.88
	1.71

	R3
	87
	2.60
	2.75
	2.68
	1.68
	1.46
	1.57

	R4
	94
	1.78
	1.40
	1.59
	0.58
	1.15
	0.87

	R5
	101
	0.98
	0.78
	0.88
	0.44
	0.84
	0.64

	R6
	108
	0.74
	0.36
	0.55
	0.30
	0.46
	0.38

	Mean
	-
	2.28
	2.41
	2.35
	1.36
	1.45
	1.40

	SD
	
	1.10
	1.30
	1.18
	0.80
	0.69
	0.73


I = First season (2023-24), II = Second season (2024-25), III= Pooled, VE = Vegetative Emergence stage, V2, V4, V6, V8, V10, V12, V14 and V16 = 2, 4, 6, 8, 10, 12,14 and 16 leaf stage, respectively, VT = Vegetative tasseling stage, R1, R2, R3, R4, R5 and R6 = 1st, 2nd, 3rd, 4th, 5th and 6th reproductive stage, respectively. SD= Standard deviation
 
3.4 Correlation analysis between independent variable and FAW larval population during rabi season
During the rabi seasons, the FAW larval population on maize showed a significant positive correlation with morning relative humidity (r = 0.519, 0.540, and 0.569) and evening relative humidity (r = 0.585, 0.580, and 0.630) in 2023–24, 2024–25, and pooled data, respectively. Conversely, maximum temperature (r = –0.688, –0.540, and –0.622) and minimum temperature (r = –0.606, –0.530, and –0.591) were significantly and negatively associated with larval populations across both years and pooled data. Wind speed was positively but non-significantly correlated in 2023–24, turned significantly negative in 2024–25 (r = –0.500), and remained negative though non-significant in the pooled analysis. Other parameters such as crop age, sunshine, rainfall, and evaporation showed non-significant negative associations, while the number of rainy days exhibited seasonal variation—positive but non-significant in 2024–25, and negative in 2023–24 and pooled data (Table 2).
Multiple regression analysis indicated that the independent variables together explained 84, 98, and 91% of the variation in FAW larval population during 2023–24, 2024–25, and pooled data, respectively (Table 3).
These results align with earlier findings. Thengade (2021) emphasized the role of relative humidity in increasing FAW abundance and identified maximum temperature as a suppressive factor. Similarly, Nivetha et al. (2022) reported positive effects of relative humidity but negative effects of maximum and minimum temperatures. Raman et al. (2024) further confirmed that evening relative humidity favoured FAW populations, whereas minimum temperature, sunshine duration, and rainfall suppressed them.

Table 2: Correlation of independent variables (crop age and weather parameters) with FAW larval population in kharif and rabi maize
    
	Independent variables 
	X(n)
	Correlation coefficients (r) 

	
	
	Kharif
	Rabi

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

	Crop age (days) 
	X1
	-0.209
	-0.374
	-0.304
	-0.372
	-0.290
	-0.344

	Tmax (°C)
	X2
	0.664**
	0.693**
	0.726**
	-0.688**
	-0.540*
	-0.622*

	Tmin (°C)
	X3
	0.594*
	0.684**
	0.670**
	-0.606*
	-0.530*
	-0.591*

	RH morning (%)
	X4
	-0.677**
	-0.794**
	-0.805**
	0.519*
	0.540*
	0.569*

	RH evening (%)
	X5
	-0.649**
	-0.738**
	-0.736**
	0.585*
	0.580*
	0.630*

	Sunshine (hrs.)
	X6
	0.266
	0.390
	0.291
	-0.260
	-0.170
	-0.206

	Rainfall (mm)
	X7
	-0.501*
	-0.355
	-0.439
	-0.112
	0.160
	-0.066

	Rainy days (days)
	X8
	-0.392
	-0.238
	-0.316
	-0.091
	0.160
	-0.041

	Wind Speed (km/hr)
	X9
	0.484
	0.615*
	0.684**
	0.379
	-0.500*
	-0.054

	Evaporation (mm)
	X10
	0.374
	0.331
	0.548*
	-0.444
	-0.370
	-0.472


r = Correlation coefficient, * = Significant at 5%, ** = Significant at 1%, X= Independent variables 
Table 3: Regression analysis linking crop age and weather parameters with FAW larval population during kharif and rabi seasons
	Season
	Years
	Regression equation
	R2

	Kharif
	2023-24
	Ŷ= 9.31+ 0.01 X1- 0.20 X2 + 0.32 X3-0.04 X4 -0.07 X5 -0.04 X6 -0.003 X7 - 0.13 X8 + 0.25 X9 – 0.08 X10 
	0.95

	
	2024-25
	Ŷ= 13.82 - 0.01 X1 -0.27 X2 + 0.41 X3 -0.15 X4 - 0.05 X5 + 0.17 X6 - 0.01 X7 + 0.60 X8 + 0.13 X9 + 0.45 X10 
	0.96

	
	Pooled 
	Ŷ= 0.84 + 0.02 X1- 0.08 X2 + 0.23 X3 – 0.03 X4 - 0.04 X5 + 0.09 X6 - 0.01 X7 + 0.48 X8 + 0.39 X9 + 0.38 X10 
	0.97

	Rabi 
	2023-24
	Ŷ= -3.13+ 0.00 X1 + 0.03 X2 - 0.19 X3 + 0.03 X4 + 0.02 X5 -0.10 X6 -0.09 X7 + 0.27 X8 + 0.71 X9 + 0.43 X10 
	0.84

	
	2024-25
	Ŷ= -3.33 + 0.03 X1 -0.20 X2 - 0.05 X3 + 0.09 X4 + 0.06 X5 - 0.21 X6 - 0.20 X7 + 0.00 X8 - 0.20 X9 + 0.81 X10 
	0.98

	
	Pooled 
	[bookmark: _Hlk206782206]Ŷ= 10.51 + 0.05 X1- 0.13 X2 - 0.16 X3 – 0.17 X4 + 0.16 X5 + 0.34 X6 - 0.06 X7 + 0.01 X8 - 0.25 X9 - 0.38 X10 
	0.91


*Ŷ = Estimated larval population (Larvae/plant), R2= Coefficient of determination

4. CONCLUSION 
The present investigation confirmed that fall armyworm (FAW) persists on maize throughout both kharif and rabi seasons, infesting the crop across all growth stages. Two distinct infestation peaks were observed—one during the vegetative phase and another at the early reproductive stage—with the vegetative phase identified as the most susceptible. Infestation intensity was comparatively higher during kharif, reflecting greater pest pressure in the monsoon season. Weather factors played a significant role in shaping FAW dynamics: temperature and wind speed were the key determinants during kharif, while relative humidity had a predominant influence in rabi. These findings provide valuable insights for developing season-specific integrated pest management (IPM) strategies and forecasting models to minimize crop losses and promote sustainable maize cultivation.
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