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INTRODUCTION 

Maize (Zea mays L.), is one of the important cereal 

crops which stands first concerning production (1,141 

million tonnes) in the World, grown in an area of 196.35 

m.ha with a productivity of 5813 kg/ha. It is cultivated 

mainly in USA, China, Brazil, Argentina, Ukraine and 

India. In India, it is grown over an area of around 9.86 

million hectares with a production of 31.51 million 

tonnes and a productivity of 3195 kg/h which is far be-

low world average productivity (Anonymous, 2021). 

Predominant maize-growing states in India are Karna-
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taka, Madhya Pradesh, Maharashtra, Tamil Nadu and 

West Bengal. Among these, Tamil Nadu occupies an 

area of 0.44 million hectares with production of 4.04 

million tonnes and a productivity of 6702 kg/ha above 

national and global average yield (Anonymous, 2021). 

Ariyalur, Perambalur, Dindigul, Pudukkottai, Namakkal 

and Coimbatore are the major Maize-growing districts 

of Tamil Nadu. It is an important crop not only in terms 

of acreage but also in context to its versatility for adop-

tion under a wide range of soil, biodiversity and agro-

climatic conditions.  

There are four major maize pests such are spotted 

stem borer [Chilo partellus (Swinhoe)], pink stem borer 

(Sesamia inferens Walker), shoot fly (Atherigona spp.) 

and the recent invasive pest fall armyworm [Spodoptera 

frugiperda (J. E. Smith)]. Fall armyworm (FAW) 

Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noc-

tuidae), is an invasive alien pest that attacks mainly 

maize crop. This polyphagous pest damages around 80 

species, such as rice, maize, sorghum, beans, cotton 

and many more. They mainly feed on leaf whorls, tas-

sels, ears and cobs of maize, resulting in yield loss. 

According to the recent studies, fall armyworm can 

cause yield losses ranging from 8.3 to 20.6 million 

tonnes of maize per year in the absence of manage-

ment practices. It is native to America and first reported 

in West Africa in late 2016 as invasive pest (Goergen et 

al., 2016) and later in Sub-Saharan Africa. It was first 

reported on maize in India from Shivamogga district 

(Karnataka) during May-June 2018 (Kalleshwaraswamy 

et al., 2018). The occurrence of this pest in the Indian 

sub-continent has thrown a challenge to maize produc-

tion due to its rigorous feeding behaviour on foliage and 

cob, leading to decreased yield levels and increased 

cost of cultivation for maize growers in the country.  

Fall armyworm (Spodoptera frugiperda) is one of the 

most important defoliators, which can cause vigorous 

leaf damage leaving only midrib (Anjorin et al., 2022). 

The abiotic factors such as temperature, rainfall, solar 

radiation, sunshine hours, humidity, cloud cover etc., 

influence crop production, directly affecting plant physi-

ology, transpiration causing freezing injury, heat stress, 

water and nutrient uptake etc. and indirectly by means 

creating a favourable environment for pest and disease 

occurrence (Rodziewicz et al., 2014; Pandey et al., 

2017; Khalid et al., 2019). The fall armyworm exhibits 

continuous generational activity throughout the year in 

tropical and subtropical climates (Prasanna et al., 

2018), So the FAW larvae experience various weather 

patterns in the subtropical climate of India. Hence, the 

study was conducted to study the relationship between 

weather patterns and FAW damage in maize production.  

MATERIALS AND METHODS 

The field experiments were conducted during the Sum-

mer 2022 (February to May 2022) and Rainy season 

2022 (August 2022 to December 2022) at Agro Climate 

Research Centre, Tamil Nadu Agricultural University, 

Coimbatore. The experiments were conducted so that 

the cropping period must coincide with all the weather 

patterns such as rainy period, dry and hot weather, hot 

and humid, and cooler weather, so that various weather 

patterns' impact on the FAW infestation can be examined. 

By providing staggered sowing windows, three different 

growing environments (GE) were created for the maize 

crop in both seasons. During the summer season sow-

ing for the first growing environment (GE1) was carried 

out on 17th Feb 2022 (7th SMW), for the second growing 

environment (GE2), sowing was taken out on 4th March 

2022 (9th SMW) and for the third growing environment 

(GE3), it was carried out on 19th March 2022 (12th 

SMW). Similarly, during the rainy season, sowings 

were done on 24th Aug 2022(34th SMW), 12th Sept 2022 

(37th SMW) and 26th Sept 2022 respectively. This 

helped to create different environmental conditions to 

facilitate the prevalence or diminution of Fall Armyworm 

damage.  

The abundance of FAW adult and larval infestation sig-

nificantly varied with crop phenology, with infestation 

being high at the vegetative and reproductive stages of 

the crop, and low at the maturity stage (Niassy et al., 

2021). Quantifying pest load in the case of maize fall 

armyworm is very difficult, time-consuming and not ac-

curate to assess the exact damage caused to the plant. 

The only first and second instar larvae will be predomi-

nant during the initial 20 to 25 days of the sown crop 

(VE to V3 stage), later instar larvae start to move to-

wards whorl and hide there and cause damage to every 

emerging leave from the whorl up to V14 stage of the 

crop. During the V5 to R3 (Milking) crop period, all the 

stages of the fall armyworm, i.e., egg, larvae and adult, 

can be seen in correspondence with the weather. The 

early first and second instar larvae are usually higher in 

number, less damaging and easily perishable in nature 

during unpleasant weather. Later, 4th to 6th instar lar-

vae cause heavy damage even in lesser numbers. The 

study used per cent leaf damage in this connection, 

which seems more reliable in finding weather and fall 

armyworm relation. 

Agrometeorological observatory data like rainfall (RF), 

maximum temperature (Tmax), minimum temperature 

(Tmin), morning relative humidity (RH I), after relative 

humidity (RH II), solar radiation (SR), afternoon cloud 

cover (CC II) etc., recorded daily at 7.30 am IST and 

2.30 pm IST were collected from the Agro Climate Re-

search Centre, Tamil Nadu Agricultural University, Co-

imbatore. 

 

Fall Armyworm damage assessment 

Assessment of leaf damage (defoliation by FAW) 

caused by Fall armyworm were calculated from ran-
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domly selected 25 plants in a zig-zag manner at weekly 

interval during the cropping period. The data were rec-

orded from 10 to 60 days after sowing (DAS) using the 

Davis 0 to 9 whorl and furl method (Table 1) and Wil-

liams whole plant assessment method (Toepfer et al., 

2021). Davis scale provided weekly dynamic damage 

assessment of fresh whorl of the leaves, which is more 

suitable and realistic in studying weather and the insect 

relationship.  

 

Per cent leaf damage (%) 

The per cent damage of plant leaves was calculated as 

a percentage ratio of the total sum of the scores meas-

ured to the multiplied value of the total number of plants 

observed and the maximum score assigned for the 

method (Eq. 1). It is expressed in percentage. In the 

Davis and Williams method (1992), the maximum  

assigned score for leaf damage is 9. 

 

Statistical analysis 

Correlation and multiple regression studies were car-

ried out using SPSS software for leaf damage against 

the weather variables. Here lead time concept, was 

used to understand the association or interrelation be-

tween per cent leaf damage and varying intervals of 

weather variables. The three days lead time (LT3) 

means the data on agrometeorological variables col-

lected at prior to three days interval were regressed 

against the per cent leaf damage values collected on 

the corresponding days and similarly seven days lead 

time (LT7) means the previous seven days weather 

data collected were regressed against the per cent leaf 

damage values collected. Lead time concept was first 

introduced by Venkatesh et al., to predict grape diseas-

es. It was adopted by Balikai and Venkatesh (2019) to 

predict sorghum pests; and Mahesh and Venkatesh 

(2019) to study the pod borer damage in soybean.  

RESULTS AND DISCUSSION 

Correlation with weather variables 

The correlation analysis performed between weekly per 

Score Seven-day ratings (Davis et al.)   

0 No visible damage  

1 Pinholes and circular lesions present on whorl leaves  

2 Pinholes, small circular lesions present on whorl leaves  

3 
Pinholes, small circular lesions and a few small elongated (rectangular-shaped) 

lesions of up to 1.3 cm (1/2") in length present on whorl and furl leaves 
 

4 
Small elongated lesions present on whorl leaves and a few mid-sized elongated 

lesions of 1.3 to 2.5 cm (1/2-1") in length on whorl and/or furl leaves 
 

5 
Small elongated lesions and several mid-sized elongated lesions present on whorl 

and furl leaves 
 

6 
Small and mid-sized elongated lesions plus a few large elongated lesions of great-

er than 2.5 cm (1") in length present on whorl and/or furl leaves 
 

7 
Many small and mid-sized elongated lesions present on whorl leaves plus several 

large elongated lesions present on the furl leaves 
 

8 
Many small and mid-sized elongated lesions present on whorl leaves plus many 

large elongated lesions present on the furl leaves 
 

9 

Many elongated lesions of all sizes on most whorl and furl leaves plus a few uni-

form to irregular shaped holes (basement membrane consumed) eaten from the 

base of whorl and/or furl leaves 

 

Table 1. Original and simplified Davis 0 to 9 whorl and furl damage scale for the Fall armyworm (leaf whorl and furl  

assessed) 
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cent leaf damage (PLD) caused by Fall Armyworm and 

the previous week's weather variables is given in Table 

2. To facilitate the incidence and better understanding 

of weather variables, maize was grown in three growing 

environments (GE1, GE2 and GE3) created by fifteen 

days interval sowing during summer and rainy seasons. 

Irrespective of growing environments, weather varia-

bles showed negative correlation (Tmax: r = -0.57, -

0.81*, -0.31; SSH: -0.30, -0.48, -0.39; daily mean tem-

perature -0.49, -0.23, -0.30; and solar radiation -0.48, -

0.94*, -0.40) during summer season whereas variables 

(i.e Tmax =0.62*, 0.41, 0.33, SSH = 0.09, 0.68*, 0.24 

Tmean = 0.29, 0.32, 0.44 and SR=0.13, 0 .67*, 0.26) 

showed positive correlation with PLD. The minimum 

temperature (Tmin) was having positive correlation 

(0.78*, 0.36, 0.21) in all summer growing environments 

but in rainy season, it had a negative correlation in GE1 

(-0.67*) and GE3 (-0.34) except GE2 (0.16) which had a 

positive correlation. The morning (Relative Humidity - 

RHI) and afternoon (Relative Humidity - RHII) relative 

humidity were found to be positively correlated with the 

per cent leaf damage in both summer and rainy sea-

sons across all growing environments except in rainy 

season GE1 (RHI = -0.13, RHII = 0.66*). 

The rainfall (RF) exhibited a positive correlation (0.06, 

0.54, 0.53) during the summer season and a negative 

correlation (-0.64*, -0.10, -0.02) in the rainy season 

under all growing environments (GE).  Afternoon cloud 

cover (CCII) showed a positive correlation among both 

the seasons and growing environments except in GE3 (-

0.17). Wind speed was found to be negatively correlat-

ed in both summer and rainy except for the GE3 sum-

mer season. 

 

Temporal variation of per cent leaf damage with 

maximum temperature, sunshine hours and rainfall  

The correlation studies between per cent leaf damage 

and some weather variables may not show a significant 

correlation even though short-term variation in such 

weather variables greatly impacts the leaf damage. The 

temporal variation of weekly per cent leaf damage 

throughout the cropping period were analysed graph-

ically for varying previous week weather parameters 

like weekly average maximum temperature, summer 

sunshine hours, and rainfall for rainy season growing 

environments. 

The sharp rise in the per cent leaf damage (PLD) value 

during the summer season from 30.6 % to 67.4 % in 

  SUMMER SEASON RAINY SEASON 

  GE1 GE2 GE3 GE1 GE2 GE3 

Tmax -0.57 -0.81* -0.31 0.62* 0.41 0.33 

Tmin 0.76* 0.36 0.21 -0.67 0.16 -0.34 

RH I 0.78* 0.35 0.04 -0.13 0.66 0.26 

RH II 0.55 0.84** 0.48 -0.66 0.58 0.64* 

WS -0.76* -0.10 0.06 -0.11 -0.85* -0.75* 

SSH -0.30 -0.48 -0.39 0.09 0.68* 0.24 

Tmean -0.49 -0.23 -0.30 0.29 0.32 0.44 

SR -0.48 -0.94** -0.40 0.13 0.67* 0.26 

CCII 0.20 0.62 0.33 0.12 0.58 -0.17 

RF 0.06 0.54 0.53 -0.64* -0.10 -0.02 

Table 2. Correlation between per cent leaf damage and previous week weather variables in maize grown under different 

growing environments (GE1, GE2, GE3) and seasons 

CCs significant at 5% level*, CCs significant at 1% level** 

  

  
  

PLD 

(%) 

Tmax 

(°C) 

Tmin 

(°C) 

RH I 

(%) 

RH II 

(%) 

SSH 

(hours) 

Tmean 

(°C) 

SR 

cal/cm2/m2 

CCII 

(okta) 

RF 

(mm) 

  

Summer 

Season 

GE1 15.20 34.9 23.4 86.9 44.7 6.3 29.1 350.9 4.2 9.2 

GE2 36.83 32.9 23.7 85.6 56.4 4.1 28.3 274.6 4.8 10.2 

GE3 48.24 32.9 23.7 85.6 56.4 4.1 28.3 274.6 4.8 10.2 

  

Rainy Sea-

son 

GE1 13.89 31.8 22.5 84.0 51.3 6.1 27.2 272.1 5.0 2.5 

GE2 14.82 30.9 22.4 85.0 52.6 4.0 26.7 265.1 5.1 15.5 

GE3 11.33 30.5 22.5 86.6 62.7 5.5 26.5 262.9 4.8 32.5 

Table 3. The Maximum increase in weekly per cent leaf damage in maize grown under different growing environments 
and seasons  
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GE2 during 37 to 44 DAS and from 28.7 % to 76.9 in 

GE3 during 23 to 30 DAS can be noticed in Fig. 2 and 

Fig. 3 respectively. These sharp rises in PLD are ex-

plained due to the decrease in the previous week’s av-

erage maximum temperature to 33.0 °C from 35.4 °C 

(Fig. 2 and Fig. 3) and the sudden downfall in the previ-

ous week's average sunshine hours to 4.1 hours from 

7.9 hours (Fig. 5 and Fig. 6). In contrast, in summer 

season GE1 (Fig. 1) there was no increase in the leaf 

damage rather decreased at 58 DAS, despite a de-

crease in weekly average temperature and sunshine 

hours (Fig. 4) at 51 to 58 DAS, it may be due the de-

crease in the palatability of matured leaves by the fall 

armyworms. He et al. (2021) reported that the early 

phenological stages of maize proved the most suitable 

natural diet for FAW growth, development and repro-

duction. Also, it was mentioned that the palatability of 

matured leaves decreased by the FAW. 

Fig. 7, Fig. 8 and Fig. 9 showed temporal variation of 

the weekly per cent leaf damage with varying previous 

week rainfall during rainy season GE1, GE2 and GE3 

respectively. During the rainy season in GE1(Fig. 7), 

there was no much rainfall from 13 DAS to 48 DAS 

leading to higher 40.6 per cent leaf damage at 41 DAS 

than the GE2(Fig. 8), which was having maximum of 

28.3 % leaf damage at 41 DAS because of the 42.5 

mm previous week rainfall could be seen from the 

graph. Similarly, in rainy season GE3, the 80 mm rain-

fall from 20 DAS to 34 DAS led to a limit in leaf damage 

to 25.72 % at 41 DAS.  

  

Favourable weather parameters causing greater 

leaf damage during the summer and rainy season 

The highest weekly per cent leaf damage occurred dur-

ing the cropping period in all the growing environments 

of both summer and rainy seasons with respect their 

previous average weekly weather parameters are tabu-

lated in Table. 3. The maximum weekly leaf damage of 

48.24 % at 30 DAS and 36.83 % at 44 DAS occurred in 

the summer season GE3 and GE2, respectively. The 

associated weekly weather parameters causing the 

highest leaf damage were viz., Tmax (32.9℃), Tmin 

(23.7℃), RH I (85.6%), RH II (56.4%), SSH (4.1), 

Tmean (28.3℃), SR (274.6 cal/cm2/m2), afternoon cloud 

Fig. 2. Temporal variation of per cent leaf damage vs 

Maximum Temperature during summer season in GE2 
Fig. 1. Temporal variation of per cent leaf damage vs 

Maximum Temperature during summer season in GE1 

Fig. 4. Temporal variation of per cent leaf damage vs 

Sunshine hours during summer season in GE1 

Fig. 3 .Temporal variation of per cent leaf damage vs 

maximum temperature during the summer season in GE3 
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cover 4.8 okta and weekly RF (10.2mm) during the 

summer season.  

He et al. (2019) reported that the growth and develop-

ment of FAW were higher when the mean temperature 

was 19–30 °C and reached its peak at 29 °C. Its pres-

ence decreased when the mean temperature was >30 °

C.  Prasad et al. (2022) reported that temperatures be-

tween 27 and 30°C are favourable for S. frugiperda 

development, survival and reproduction and have high-

er mortality levels above 35°C and below 15 °C. 

The activity of insects (development, feeding behav-

iour, oviposition, emergence from pupae etc.) is highly 

weather sensitive and dynamic. Changes in any one 

weather variable may alter the insect activity, so above-

mentioned favourable weather variables only as a com-

bined effect may cause greater leaf damage. During 

rainy season growing environments weather parame-

ters like cloud cover, solar radiation and sunshine 

hours were similar to the above-mentioned summer 

season favourable parameters. Still, they could not 

cause higher leaf damage because of the lesser maxi-

mum temperature and mean temperature parameters. 

 

Regression models 

The regression models were developed for the per cent 

leaf damage collected in weekly intervals during the 

summer and rainy seasons separately against the three

-days lagged (LT3) and seven-days lagged (LT7) aver-

age weekly variables (Table 4). Among the models de-

veloped during the rainy season LT7 model have a 

higher R2 (0.65) than the LT3 (0.57) and the combined 

Fig. 6. Temporal variation of per cent leaf damage vs 

Sunshine hours during the summer season in GE3 

Fig. 5. Temporal variation of per cent leaf damage vs sun-

shine hours during the summer season in GE2 

Fig. 8. Temporal variation of per cent leaf damage vs rain-

fall during the rainy season in GE2 

Fig. 7. Temporal variation of per cent leaf damage vs rain-

fall during the rainy season in GE1 

Fig. 9. Temporal variation of per cent leaf damage vs 

rainfall during the rainy season in GE3 
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model of LT3 and LT7 (0.56). Similarly, in the summer 

season models, also LT7 model had a greater R2 (0.76) 

than the LT3 (0.68) and combined model of LT3 and LT7 

(0.70). This indicated that variability in the per cent leaf 

damage caused by fall armyworm was more explained 

by the seven days lagged weather variables than the 

three days lagged variables. 

Conclusion 

The present study concluded that Fall Armyworm is a 

destructive pest which caused vigorous leaf damage in 

maize crop during favourable weather conditions. The 

results obtained from field trials concluded that maxi-

mum temperature of 32.9 °C, minimum temperature of 

23.7 °C, morning relative humidity of 85.6 %, relative 

afternoon humidity of 56.4 %, sunshine hours of 4.1, 

mean temperature of 28.3 °C, solar radiation 274.6 cal/

cm2/m2, afternoon cloud cover 4.8 okta and weekly total 

rainfall of 10.2 mm were found very conducive (that 

means hot and humid with partly cloudy afternoon) for 

the vigorous leaf damage. Prior identifying/forewarning 

this kind of weekly weather patterns may help advise 

the farming community to take necessary precautions. 

The regression models indicated that seven days 

lagged weather variables were found more promising in 

predicting leaf damage than three days lagged varia-

bles. The maximum temperature, sunshine hours and 

solar radiation had negatively related in summer and 

positively related in the rainy season. This indicated 

that insect seek a favourable temperature range to 

cause greater damage. Similarly, higher rainfall during 

the rainy season limited damage, whereas smaller rain-

fall act as an additive for fall armyworm damage in 

summer. 
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