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Monitoring of the Seasonal occurrence of fall armyworm Populations in Zea mays L. of Nagaland


.
ABSTRACT 

	Background: Maize is the second most important crop next to rice, and is grown in all the districts of Nagaland. It is affected by many abiotic and biotic stresses. Among those constraints, insect pests are the most limiting factor in the successful cultivation of maize starting from germination to harvesting. 
Aim: The study aimed to correlate leaf infestation percentage and the number of larvae infested with the weather parameters in maize.
Methodology: A Randomised Block Design was adopted. The study was conducted at the Department of Entomology, SAS, Nagaland University, Medziphema campus, Nagaland, from May to September during 2022 and 2023. Maize variety BIO-9637 Maharaja was used to observe the incidence of the pest. The readings were taken in a zig-zag pattern, in the form of a “W” pattern in the field. The population per plant were expressed as the mean of three replications. Each replication of data was the mean of data obtained from 10 plants. The data obtained were subjected to ANOVA. Larval count and per cent leaf damage were recorded once a week during the crop period. 

Results: The incidence of fall armyworm (FAW) infestation was first recorded in 24th SMW at 1.22 larvae/10 plants during 2022 and 1.32 larvae/10 plants during 2023. Initial leaf damage was recorded at 5.32% during 2022 and 5.78% during 2023. The infestation increased steadily, reaching its peak at 83.86% on 28th SMW (2022) and 80.25% on 27th SMW (2023). Correlation analysis revealed that in both years, leaf damage and larval incidence were positively and significantly associated with maximum (r=0.759* and 0.850* respectively) and minimum temperatures (r=0.664* and 0.832* respectively), while relative humidity exerted a negative influence. Rainfall showed little effect.

Conclusion: FAW incidence in maize is strongly temperature-dependent, with humidity exerting a significant negative effect, and rainfall having minimal influence. Management strategies should be proactive during periods of high temperature and low humidity, with interventions timed within the short window between pest establishment and peak damage.
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1. INTRODUCTION 

Maize (Zea mays L.) is one of the most essential cultivated crops and one of the most versatile crops, which can be grown under varied agro-climatic conditions, and the third most important grain crop widely cultivated throughout the world after rice and wheat. Well known as the “Queen of cereals”, it has wider adaptability and the highest genetic yield potential among cereal crops. “India ranks 4th in area and 7th in production, representing around 4 per cent of world maize area and 2 per cent of total production” (DACNET, 2020). “During 2018-19 in India, the maize area reached 9.2 million ha in area producing 27.8 million MT with a productivity of 2965 kg/ha” (IIMR, 2021). “Among Indian states, Madhya Pradesh and Karnataka have the highest area under maize (15% each), followed by Maharashtra, Rajasthan, Uttar Pradesh and others. After Karnataka and Madhya Pradesh, Bihar is the highest maize producer in India. Utilisation pattern of Maize as the demand for maize is growing globally due to its multiple uses, such as food (9.53%), feed (49.60%), industrial use (23.51%) and ethanol (14.07%) during 2014-15. Maize consumption in India has increased at an annual growth rate of 2.93 per cent over the last seven years, from 16.65 million tonnes in 2007-2008 to 19.1 million tonnes in 2013-14” (USDA, 2014).

“In India, maize is principally grown in two seasons, rainy (kharif) and winter (rabi). Kharif maize represents around 83 per cent of the maize area in India, while rabi maize corresponds to 17 per cent maize area. Over 70 per cent of kharif maize area is grown under rainfed conditions with the prevalence of many biotic and abiotic stresses. The stress-prone ecology contributes towards lower productivity of kharif maize (2706 kg/ha) as compared to rabi maize (4436 kg/ha), which is predominantly grown under an assured ecosystem” (IIMR 2021).

“Maize is the second most important crop next to rice and is grown in all the districts of Nagaland, where it is cultivated in an area of 69070 ha, producing around 136900 MT” (DES, 2019). “Maize is affected by many abiotic and biotic stresses. Among those constraints, insect pests are the most limiting factor in the successful cultivation of maize starting from germination to harvesting. Estimates of crop losses due to insect pests in India are 18 per cent” (Dhaliwal et al., 2015). Sarup et al. (1987) listed 130 insect species damaging maize, while Mathur (1991) reported that about 250 species of insect and mite pests have been reported damaging this crop, out of which only half a dozen are of economic importance, which threatens to limit the production of this crop. “Several known and unknown factors might play a significant role in establishing the prevalence and domination of a specific pest or pest complex. Knowing the peak period of pest infestations may allow pest management measures to be performed more efficiently, reducing the use of highly toxic chemicals in the field” (Alam et al., 2024; Ojumoola et al., 2022).   

“Globally, the fall armyworm (FAW) Spodoptera frugiperda was first reported in early 2016 in West Africa (Nigeria, São Tomé and Príncipe)” (Goergen et al, 2016), followed by confirmation across central (Cock et al., 2017; Nagoshi et al., 2017), southern (Jacobs et al., 2018) and eastern (Otim et al., 218) sub-Saharan Africa, the Middle East (FAO, 2019a), and India (Ganiger et al., 2018; Sharanabasappa et al., 2018). As of September 2021, over 70 African and Asian nations have reported FAW (Czepak et al., 2019). “In January 2020, FAW was trapped in Australia’s special biosecurity zone in the Torres Strait islands of Saibai and Erub, and confirmed on 3 February 2020, and on mainland Australia in Bamaga on 18 February 2020” (FAO, 2020). “FAW   damages maize throughout its growth stages:   leaf scraping and pinhole symptoms during the early vegetative stage; windowing and skeletonisation during late vegetative growth; and cob boring and kernel feeding during reproductive stages” (Gadekar et al., 2025). 
“Within India, the attack of this invasive pest was reported recently for the first time in during 2018 infesting maize crop in the research fields of maize at the University of Agricultural and Horticultural Sciences, Shimoga, Karnataka” (Ganiger et al., 2018) “and spread quickly to many other states” (Singh, 2019), “including northeast India which was first reported during late March 2019 in Lunglei district of Mizoram and West Tripura district of Tripura state. Subsequently, it was detected causing massive outbreaks during April in Mizoram state and Nagaland state and later during early May in Meghalaya, Manipur, Sikkim and Arunachal Pradesh” (Firake et al., 2019). 

Though S. frugiperda consists of two genetically-distinct host-adapted strains, i.e., so-called “rice-strain” and “corn-strain” (Dumas et al., 2015), “the pest primarily inflicts economically-relevant damage in maize, sorghum, cotton and soybean crops” (Hardke et al., 2015). 
“Polyphagous insects such as FAW exhibit variable growth, development and reproduction depending on host plant consumption during the larval stage. For invasive FAW populations, maize is thought to be a highly suitable host crop as compared with millet, rice or tobacco” (Barros et al., 2010). “As a cutworm, plant losses could be as high as 55 per cent, with seedling losses up to 60 per cent, and yields of 64-day-old plants could be reduced by 34 per cent due to this pest” (Oerke, 2006).
Keeping in view the severe infestation habits and considering the importance of this pest, it was felt necessary to learn about this pest regarding its incidence and infestation nature in Nagaland's agro-climatic conditions.

2. methodology 

The investigation was conducted in a Randomised Block Design in the experimental farm (25° 45’ 43” N latitude and 93° 53’ 04” E longitude; 310 m above MSL), Department of Entomology, SAS, Nagaland University, Medziphema campus, from June 2022 to October 2022 and 2023. Maize variety BIO-9637 Maharaja was subjected to line sowing (60 cm x 30 cm spacing) in 30 individual plots of size 4.4 m X 3.8 m, out of which 3 control plots were dedicated to study the incidence of fall army worm. The population per plant were expressed as the mean of three replications. Each replication of data was the mean of data obtained from 10 plants. 
Larval count and per cent leaf damage were recorded once a week during the crop period. The per cent leaf infestation was calculated by visually assessing any damage to plants attacked by S. frugiperda on a scale of 1-9 (Davis and Williams 1992):
I=  / NZ) x 100 %
 where,
I= intensity of leaf damage
Z = Highest score (9)
N= number of plants observed
n= number of plants that have a “v” value
v = the value (score) of crop damage based on the criteria in Table 1 and Figure 1
Table 1. Leaf damage visual scoring on a 0-9 scale (Davis and Williams, 1992)

	Scale
	Description

	0
	No visible leaf damage

	1
	Only pinhole damage on leaves

	2
	Pinhole and shot hole damage to the leaf

	3
	Small elongated lesions (5–10 mm) on 1–3 leaves

	4
	Midsized lesions (10–30 mm) on 4–7 leaves

	5
	Large elongated lesions (>30 mm) or small portions eaten on 3–5 leaves

	6
	Elongated lesions (>30 mm) and large portions eaten on 3–5 leaves

	7
	Elongated lesions (>30 cm) and 50% of the leaf eaten

	8
	Elongated lesions (30 cm) and large portions eaten on 70% of leaves

	9
	Most leaves with long lesions and complete defoliation observed
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Figure 1. Leaf damage visual scoring on a 0-9 scale in the field


Data collected was entered and stored in a spreadsheet of Microsoft Excel and subjected to analysis of variance (ANOVA). Correlation between the number of larvae, moth catch and plant damage was calculated. The influence of weather factors on the population density of fall armyworm was analysed by a simple correlation study (Rahmathulla, 2012). Correlation coefficient (r) was calculated by using the formula as given by Fisher.
	r =
where, 
 r = Coefficient of correlation
N = number of observations
 x = mean number of pest infestations
 y = independent variables
 
The correlation coefficient was then tested for significance by “t” test with the following formula.
			t = 




3. results and discussion

The observation on the incidence of Spodoptera frugiperda as per cent leaf damage and number of larvae infested on the maize variety BIO-9637 Maharaja are presented in Table 2 and 3. The correlation coefficient (r) on the incidence of S. frugiperda in relation to these parameters, with that of the abiotic factors, was worked out by a simple correlation study and is presented in Table 4.

3.1. Incidence of fall armyworm as per cent leaf damage

The incidence of FAW as leaf damage started from 14-20 days after sowing (22nd SMW) on 24th standard meteorological week (SMW) in both the first and second year, where 5.32% and 5.78% leaf damage were recorded, respectively (Table 2). The maximum number of per cent leaf damage per plant (83.86%) was recorded on 28th SMW in the first year (2022), during which the maximum and minimum temperature (ºC) were 34.13 ºC, 24.49 ºC, the maximum and minimum relative humidity (%) were 90.00%, 68.86% and rainfall was 22.90 mm. Whereas in the second year (2023), the maximum number of per cent leaf damage per plant (80.25%) was recorded on 27th SMW when the maximum and minimum temperature (ºC) were 33.01 ºC, 25.13 ºC, maximum and minimum relative humidity (%) were 91.71%, 73.00% and rainfall was 4.40 mm. The maximum number of per cent leaf damage attained a peak at 40-45 days after sowing in both the first and second year. The current findings align with those of Vijaaakshaya et al. (2020) and Reddy et al. (2020a), who indicated that the incidence of S. frugiperda peaked during the second half of July (30-45 days post-sowing). Furthermore, the findings are corroborated by Ratnam et al. (2023), who indicated that the maximum percentage of infestation reached 85.48% in mid-July, i.e., 28th SMW.
Table 2. Incidence of fall armyworm as per cent leaf damage in relation to abiotic factors during kharif season, 2022-2023
	2022
	2023

	
	

	SWM
	Temperature
	Relative humidity
	Weekly Rainfall
	% leaf damage
	SWM
	Temperature
	Relative humidity
	Weekly Rainfall
	% leaf damage

	
	Max.
	Min.
	Max.
	Min.
	
	
	
	Max.
	Min.
	Max.
	Min.
	
	

	24
	30.30
	23.27
	94.71
	73.57
	46.70
	5.32
	24
	30.16
	23.57
	93.14
	79.57
	107.20
	5.78

	25
	31.19
	23.41
	95.43
	74.57
	34.80
	25.22
	25
	30.19
	23.64
	91.71
	77.00
	63.20
	25.22

	26
	33.26
	24.89
	93.29
	67.57
	9.90
	77.32
	26
	34.13
	25.11
	91.43
	75.43
	25.00
	64.40

	27
	34.23
	24.70
	90.71
	65.71
	77.10
	70.25
	27
	34.01
	24.94
	89.71
	64.57
	59.60
	80.25

	28
	34.13
	24.49
	90.00
	68.86
	22.90
	83.86
	28
	33.01
	25.13
	91.71
	73.00
	4.40
	78.52

	29
	33.89
	24.46
	91.71
	75.00
	135.30
	60.91
	29
	33.37
	25.07
	93.57
	72.14
	41.50
	74.63

	30
	31.79
	23.17
	96.00
	69.71
	135.30
	69.09
	30
	34.03
	25.04
	93.14
	69.71
	123.60
	67.03

	31
	33.64
	23.86
	93.43
	67.57
	48.80
	60.33
	31
	34.21
	25.09
	92.14
	74.43
	112.30
	52.48

	32
	33.27
	23.89
	96.00
	71.43
	114.70
	32.00
	32
	32.31
	25.11
	91.14
	75.57
	73.20
	39.77



The correlation coefficient (r) of FAW with that of the abiotic factors (Table 4) showed that, in the first year (2022), per cent leaf damage had a significantly positive correlation with maximum (r=0.759*) and minimum temperature (r=0.664*). However, maximum relative humidity (r= -0.620), minimum relative humidity (r=-0.671*) and rainfall (r=-0.022) showed negative non-significant correlation. Similarly, it was observed in the second year (2023) that per cent of leaf damage had a positive and significant correlation with maximum (r=0.850*) and minimum temperature (r=0.832*). Maximum relative humidity (r=-0.243) and rainfall (r=-0.467) showed a negative non-significant correlation, while it was negatively significant with minimum relative humidity (r=-0.802*).
3.2. Incidence of fall armyworm as the number of larvae
Table 3 shows that the incidence of FAW as larvae was observed from the 24th SMW and continued till the 32nd standard week during both the first and second year. The number of larvae infesting per 10 plants on 24th SMW was recorded as 1.22 in the first year (2022) and 1.32 in the second year (2023). It gradually increased in the subsequent weeks, and the highest larval count per plant was recorded on 28th SMW (25.72) during the first year when the maximum and minimum temperature (ºC), maximum, minimum relative humidity (%) and rainfall (mm) were 34.13 ºC, 24.89 ºC, 90.00%, 68.86% and 22.90 mm, respectively. Whereas it was found highest on 27th standard week (22.75) during the second year, when the maximum and minimum temperature (ºC), maximum, minimum relative humidity (%) and rainfall (mm) were 34.01 ºC, 24.94 ºC, 89.71%, 64.57 % and 59.60 mm, respectively. This is similar to the findings of Reddy et al. (2020b), who reported that, in early sowing (June 15th), S. frugiperda incidence started at the 27th standard week and continued till the 35th standard week with peak incidence between the 27th to 28th standard week (0.54 larvae/plant).
The correlation coefficient (r) of FAW incidence as the number of larvae infested per plant with that of the abiotic factors (Table 4) showed that in the first year (2022), number of larvae per plant had positive significant correlation with maximum (r=0.751*). Minimum temperature showed a positive, non-significant correlation (r=0.590). However, maximum relative humidity (r=-0.743) had a negative significant correlation with larval number, while minimum relative humidity (r=-0.519) and rainfall (r=-0.011) showed a negative non-significant correlation. Our findings are in line with those of Kumar et al. (2020), who observed a significant positive correlation between the occurrence of S. frugiperda, specifically in terms of larval population, and maximum temperatures (r=0.7205). They also observed significant negative correlations with relative humidity (r=-0.6739) and rainfall (r=-0.8293) in the Perambalur district of Tamil Nadu. The findings of Paul and Deole (2020) further corroborated this, revealing a significant positive connection (0.586) between S. frugiperda and maximum temperature and Silva et al. (2016), who indicated that the development rate of fall armyworm is heavily influenced by temperature, with faster rates observed at higher temperatures. Furthermore, Raman et al. (2024) indicated that the larval population of the fall armyworm exhibited a significant positive correlation with maximum temperature, while the correlation with the number of rainy days was predominantly negative and significant, implying that an increase in rainy days correlates with a decrease in insect pests. However, our findings are in contradiction to those of Manoj et al (2024), who studied the population dynamics and incidence patterns across seasons in the maize crop ecosystem and reported a maximum incidence in the rainy season (0.58 larvae/plant), followed by winter (0.56 larvae/plant) and summer (0.53 larvae/plant) seasons.


Table 3. Incidence of fall armyworm as the number of larvae in relation to abiotic factors during the kharif season, 2022-2023
	2022
	2023

	
	

	SWM
	Temperature
	Relative humidity
	Weekly Rainfall
	No. of larvae/10 plants
	SWM
	Temperature
	Relative humidity
	Weekly Rainfall
	No. of larvae/10 plants

	
	Max.
	Min.
	Max.
	Min.
	
	
	
	Max.
	Min.
	Max.
	Min.
	
	

	24
	30.30
	23.27
	94.71
	73.57
	46.70
	1.22
	24
	30.16
	23.57
	93.14
	79.57
	107.20
	1.32

	25
	31.19
	23.41
	95.43
	74.57
	34.80
	6.40
	25
	30.19
	23.64
	91.71
	77.00
	63.20
	6.40

	26
	33.26
	24.89
	93.29
	67.57
	9.90
	14.65
	26
	34.13
	25.11
	91.43
	75.43
	25.00
	14.46

	27
	34.23
	24.70
	90.71
	65.71
	77.10
	16.99
	27
	34.01
	24.94
	89.71
	64.57
	59.60
	22.75

	28
	34.13
	24.49
	90.00
	68.86
	22.90
	25.72
	28
	33.01
	25.13
	91.71
	73.00
	4.40
	17.91

	29
	33.89
	24.46
	91.71
	75.00
	135.30
	17.30
	29
	33.37
	25.07
	93.57
	72.14
	41.50
	17.63

	30
	31.79
	23.17
	96.00
	69.71
	135.30
	16.20
	30
	34.03
	25.04
	93.14
	69.71
	123.60
	14.75

	31
	33.64
	23.86
	93.43
	67.57
	48.80
	15.27
	31
	34.21
	25.09
	92.14
	74.43
	112.30
	12.07

	32
	33.27
	23.89
	96.00
	71.43
	114.70
	6.00
	32
	32.31
	25.11
	91.14
	75.57
	73.20
	9.94



Table 4. Correlation coefficient (r) of FAW to weather parameters during kharif season, 2022-2023
	Weathers parameters
	2022
	2023

	
	% leaf damage
	No. of larvae/ 10 plants
	No. of adults
	% leaf damage
	No. of larvae/ 10 plants
	No. of adults

	Maximum Temperature (ºC)
	0.759*
	0.751*
	-0.674*
	0.850*
	0.805*
	-0.021

	Minimum Temperature (ºC)
	0.664*
	0.590
	-0.632*
	0.832*
	0.771*
	0.031

	Maximum RH (%)
	-0.620
	-0.743
	0.235
	-0.243
	-0.389
	-0.166

	Minimum RH (%)
	-0.671*
	-0.519
	0.348
	-0.802*
	-0.882*
	-0.009

	Rainfall (mm)
	-0.022
	-0.011
	-0.188
	-0.467
	-0.457
	-0.188


*Significant at 5% level
4. Conclusion

Our investigation concluded that Fall army worm (FAW) infestation began early (14-20 DAS), peaking around the 27th –28th SMW with more than 80 per cent leaf damage, confirming its destructive potential in maize. Both leaf damage and larval population were positively correlated with maximum and minimum temperatures, highlighting the pest’s preference for warmer conditions. Whereas, minimum relative humidity showed a significant negative correlation with FAW incidence, suggesting dry air conditions favouring infestation. The pest incidence declined after the 29th SMW as maize matured and weather conditions shifted, suggesting crop stage and environmental factors jointly regulate pest dynamics. It is evident that FAW incidence in maize is strongly temperature-dependent, with humidity exerting a significant negative effect, and rainfall having minimal influence. Management strategies should be proactive during periods of high temperature and low humidity, with interventions timed within the short window between pest establishment and peak damage.
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