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ABSTRACT
Maize production is an important enterprise in Ghana, providing livelihood for thousands of 
people. It is challenged by fall armyworm infestation causing destruction to many cultivated 
lands in production enclaves and threatening food security. Effective control, however, requires 
information on the actual pest infestation as well as the effect of climate factors on infestation 
in these enclaves. The study assessed the incidence, prevalence and severity of fall armyworm 
infestation on maize farms in two major maize enclaves (Ejura and Ejisu) in Ghana. Data was 
taken on the presence, infestation levels and damage of fall armyworms as well as the climatic 
conditions in each district. Data collection was done by sampling 50 maize plants each on 40 
maize farms in both districts and assessing them for the incidence, larval prevalence, leaf 
damage and severity. Results showed varying infestation in both districts (p < 0.0001) with 
Ejisu having a higher prevalence (0.10 ± 0.04 larvae per plant) than Ejura (0.05 ± 0.03 larvae per 
plant) in the minor season at seedling stage. At the vegetative stage, Ejisu recorded a higher 
prevalence in both seasons. A low severity was recorded at the seedling stage in both districts 
for all seasons which, however, varied among seasons at vegetative stage. Climatic variables 
including rainfall, temperature, relative humidity and wind were found to significantly impact 
infestation in both districts. The study thus, showed fall armyworm infestation to be a major 
challenge to maize production in both districts confirming it as a major constraint to maize 
production in the region.

1.  Introduction

Maize (Zea mays L.), known for its important bene-
fits is described as the “queen of cereals” (Huma 
et  al., 2019). It is believed to have been transformed 
from a wild grass into a food source by Native 
Americans, although it originated about 7000 years 
ago from central Mexico (Sharon et  al., 2020). It is 
one of the most cultivated food crops worldwide 
with 63% of its production from China, Brazil and 
the USA. In Ghana, maize is the most consumed 
staple food with a per capita consumption of 45 kg/
year. It accounts for over 50–60% of the total cereal 
production of the country occupying over one mil-
lion hectares of land (Ragasa et  al., 2014; Obour 
et  al., 2022). Maize grows well in almost every part 
of the country thriving well in forest, northern 
savannah, coastal savannah and transitional zones 

(Wongnaa et  al., 2019). It is principally grown in the 
Ashanti, Eastern and Brong Ahafo regions with pro-
duction from these areas accounting for 70–80% of 
total maize production in Ghana (Darfour & 
Rosentrater, 2016).

Despite the economic benefits of maize production 
such as ensuring food security and providing liveli-
hoods for people, Ghana records one of the lowest 
yields in the world (Ragasa et  al., 2014). Reports by 
Wongnaa et al. (2019) and Ragasa et al. (2014) revealed 
maize yield in Ghana to be growing by only 1.1% per 
annum with current yield ranging between 1.73 to 
1.92 metric ton/ha. This is somewhat attributed to the 
lack of access of farmers to the required resources 
needed for increasing productivity as larger propor-
tion of maize farmers are smallholder farmers. Given 
this, many interventions have been put in place by 
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both governmental and non-governmental agencies in 
the last decade to help improve maize production and 
increase yield (Obour et  al., 2022). Regardless of these 
efforts, production is faced with pest infestation with 
an important one being fall armyworm.

The first invasion of the fall armyworm (FAW) in 
Africa occurred in January 2016 in Nigeria (Jing et  al., 
2021). This later spread to other countries invading 
Ghana in April 2016. By the end of 2017, it was 
reported to have invaded over 38 African countries 
(Sharon et  al., 2020). The FAW, scientifically known as 
Spodoptera frugiperda, is a lepidopteran insect belong-
ing to the family Noctuidae (Regier et  al., 2017). It 
originated from the Americas causing devastating 
impacts on a variety of food crops including rice, sor-
ghum, maize and sugarcane with being its main host 
(Manjula et  al., 2019). The invasion and survival of the 
insect involves a complex interplay of factors such as 
dispersal patterns, reproductive behaviour and inter-
actions with natural enemies. FAWs are strong 
migrants having the ability to fly over long distances 
to food sources before oviposition (Li et  al., 2023). 
Female adults lay eggs in clusters on host plants 
which hatch into larvae that undergoes six instars. 
These larvae voraciously feed on foliage, leading to 
substantial crop damage (Deshmukh et  al., 2021). 
Their rapid reproductive range is facilitated by favour-
able climatic conditions and the diversity of their 
host plants contributing to their invasive and survival 
success. For instance, a temperature around 30 °C is 
optimal for its development and while any increase 
in temperature increases their feeding and foraging 
habits (Du Plessis et  al., 2020). This results in its 
all-year round survival in the African continent as cli-
matic conditions are conducive for their growth as 
well the availability of host plants (Ahmed-Seid, 2022).

The impact of FAW infestations in different African 
countries was thus, reported by Sagar et  al. (2020). In 
Malawi, infestation has been shown to lead to greater 
economic losses. Tanzania was reported to experience 
a yield loss of 3.2 million tonnes, while Uganda and 
Ethiopia faced staggering losses of 13.91 million and 
30.54 million tonnes respectively. In Kenya, FAW 
affected over 250,000 hectares of agricultural land, 
accounting for 11% of the total maize cultivation area 
in the country. Similarly, Zambia suffered 40% produc-
tion losses respectively. The incidence of FAW infesta-
tion in Ghana greatly impacts maize production and 
it resulted in the destruction of large hectares of cul-
tivated maize lands and loss of about US$177 million 
worth of maize highlighting the urgent need for its 
effective management (MoFA, 2023). Since then, farm-
ers have used various means in controlling them but 

efforts have not yielded great results. However, for 
effective strategies for management to be put in 
place, information on the actual infestation of the 
pest in an area is essential. Also, the influence of 
changes in climatic conditions on the infestation is 
essential in the management of the pest. In view of 
this, the study investigated the incidence, prevalence 
and severity of fall armyworm infestation as well as 
the effect of climatic variables on infestation in two 
major maize growing areas; Ejura-Sekyedumase and 
Ejisu-Juabeng in Ghana to inform decisions towards 
interventions for sustainable management.

2.  Materials and methods

2.1.  Study area

The study was carried out in the Ejisu-Juabeng district 
and the Ejura-Sekyedumase district in the Ashanti 
Region of Ghana (Figure 1). The Ejura-Sekyedumase 
district is located at the northern part of the Ashanti 
Region and lies between longitude 1.5° W and 1.39° W 
and latitudes 7.9° N and 7.3° N (Obour et  al., 2022). It 
covers about 7.3% of the estimated land cover of the 
Ashanti Region with a population of about 121.765 in 
year 2020 (MoFA, 2023). The district lies within the 
Guinea Savanna and the transitional semi-deciduous 
forest zones and experiences a mean temperature of 
21 °C to 30 °C monthly. It has a bimodal rainfall pattern 
with the major season between March and August 
and minor season between September to November. 
Its flat and undulating topography as well as climatic 
conditions and soil profile makes is suitable for farm-
ing. Soils have a deep profile, are well aerated and 
have a moderate amount of nutrients (Obour et  al., 
2022). Maize production is the main agricultural activ-
ity, accounting for about 41% of the total area culti-
vated (Cossar et  al., 2016). The Ejisu-Juabeng district 
lies in the central part of the region and covers an 
estimated area of 637.4 km2 (Appiah et  al., 2015). It, 
also, has a bimodal rainfall pattern with a wet equato-
rial climate. Its major rain season spans from March to 
July while the minor season last from September to 
November. Its temperature ranges between 20 °C in 
August and 32 °C in March. The distribution of rainfall 
allows for agriculture and cultivation of many cash and 
food crops (MoFA, 2023).

2.2.  Farm selection

The survey was caried out in 10 farming communi-
ties (5 from each district) which were extensively 
known for maize cultivation (Table 1). A total of 40 
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farms were selected from each district with the num-
ber of farms per community ranging from 5 to 10 
depending on the extent of farming activities in the 
community. One acre sized farms were selected with 
farmers’ consent.

2.3.  Data collection

Data were collected on the incidence of FAW infesta-
tion, prevalence of FAW larvae leaf damage and 
severity of FAW infestation on farms. This was done 
at both the seedling stage (3-4 weeks after germina-
tion) and the vegetative stage (6–8 weeks after ger-
mination) during both the minor season (September 
2020 to December 2020) and major season (April 
2021 to August 2021) of maize cultivation. Where 
farms were close in proximity, the first farm was 
selected and at least five farm lands were skipped 
before sampling the next field. On each field, 10 
plants each were selected at 5 locations using the 
W-sampling model as described by Prasanna et  al. 
(2018) and observed for infestation. The incidence of 
FAW was confirmed by the presence of fecal pellets 
and frass on the leaves of maize and fall armyworm 
larvae was identified by a Y-shaped mark on the dor-
sal surface of the head and four dots arranged in a 
square pattern on the last abdominal segment (Singh 
et  al., 2023). This was conducted between September 
2020 and June 2021.

2.3.1.  Incidence of FAW infestation and leaf 
damage
Incidence of FAW infestation was defined in this 
study as the presence of fall armyworm infestation 
of farms surveyed. Where there is an incidence of 
infestation of FAW, the level of leaf damage was 
assessed. This was estimated by expressing the num-
ber of damaged leaves as a percentage of the total 
number of leaves per plant surveyed. This was 
graded as: 0 = no damaged leaf on plants, 1-20% = 
low leaf damage, 21-49% = moderate leaf damage 
and 50-100% for severe leaf damage. This is deter-
mined at the community and district level.

 

Leaf damage %

Total number of damaged leaves

Total number 

( )

=
oof leave per plant

×100
 

2.3.2.  Prevalence of FAW larvae on farms

Prevalence of FAW larvae on farms was determined at 
the community and district level. It was determined 
by the number of larvae counted on plants per the 
number of plants sampled (Baudron et  al., 2019).

 

Prevalence

Total number of larvae counted

Total number of p

=

llants observed
×100

Figure 1. Map of ejisu-Juabeng and ejura-Sekyedumase districts showing study communities.
(insert: Maps showing the location of the Ashanti region of ghana and study districts).
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2.3.3.  Severity of FAW infestation

The severity of FAW infestation on farms was done 
by visually rating the damage caused to leaves using 
the Davis and Williams (1992) scale of 0 – 9 (Plate 1). 
This scale represents different levels of damage with 
9 representing the highest damage score and 0 rep-
resenting no damage. The damage score of farms at 
the community and district level were calculated 
using the mode of the scores recorded per plant. A 

score of 0 – 4, 5 – 7 and 8–9 indicated a low, medium 
and high severity respectively.

2.4.  Acquisition of climate data

Climate variables namely; surface air temperature, 
wind speed and direction and relative humidity 
were obtained on the monthly timescale in 2020 
and 2021 from the European Centre for 
Medium-Range Weather Forecasts Reanalysis Fifth 
Generation (ERA5; Hersbach et  al., 2020). These 
global observations were done by ERA5 with model 
data to produce a consistent dataset based on 
physical laws (Copernicus Climate Change Service 
(C3S), 2017), which were quality controlled to pro-
duce daily hourly estimates of climate variables 
globally at a 0.25° ×0.25° horizontal grid resolution. 
Therefore, for each study area, the nearest neigh-
bour interpolation method was used to extract the 
variables from the gridded resolution using their 
coordinates. Additionally, monthly rainfall was 
extracted from the Climate Hazards Group Infrared 

Table 1. number of farms selected per community in 
districts.

district Community
number of 

farms total

ejisu donyinah 10
deduako 8
donaso 8
essienimpong 6
onwe 8 40

ejura tetetowa 10
danyame 10
drobong 7
nkrampo 5
Yaabraso 8 40

Plate 1. Visual rating scales for screening leaf damage by FAW (Prasanna et  al., 2018).
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Precipitation combined with Station data (CHIRPS; 

Peterson et  al., 2013) from 2020 and 2021. CHIRPS 

combined global climatology, in-situ rainfall obser-

vations and satellite estimates were used to pro-

duce precipitation with timesteps ranging from 

daily to seasonal (Funk et  al., 2015) at a finer spatial 

resolution of 0.05° ×0.05°.

2.5.  Data analyses

Data were analysed using SPSS version 27. The stan-

dard error of mean (SEM) was calculated for percent-

age leaf damage and prevalence of FAW infestation 

in communities and districts. ANOVA was used to 

test for the differences in percentage leaf damage, 

prevalence and severity between communities, sea-

sons and districts at each growing stage while Tukey 

test was used to separate means at district level. 

Pearson correlation analysis was done to determine 

the relationship between prevalence, severity and 

leaf damage as well as determine their association 

with the various climate variables. Linear regression 

analyses were also performed to predict the influ-

ence of climatic variables on infestation of fall 

armyworm.

3.  Results

3.1.  Incidence of fall armyworm infestation and 
leaf damage

FAW infestation was recorded across all maize farms 
surveyed in both Ejisu and Ejura Districts, causing 
significant damage to maize farms. Percentage leaf 
damage on plants was consistently higher during the 
major season compared to the minor season at every 
growth stage observed.

During the seedling stage, in particular, the con-
trast was stark between the districts: the minor sea-
son showed a significantly (p < 0.001, df = 2) higher 
percentage leaf damage in Ejisu (66.1 ± 16.3) com-
pared to Ejura (29.8 ± 12.4). Moreover, leaf damage 
differed significantly across seasons and among vari-
ous communities (p < 0.001). In the Ejisu District, 
every community experienced over 20% leaf dam-
age, with each one reporting severe leaf damage 
(50-100%) (Table 2). The Onwe community stood out, 
registering the highest percentage damage 
(70.6 ± 14.3) across farms, while Donaso reported the 
least (59.5 ± 26.0). Interestingly, Donaso had the larg-
est proportion of farms with moderate leaf damage 
(37.5%), contrasting with Essienimpong, which had 
no farms exhibiting this level of damage. All farms in 
Essienimpong uniformly experienced severe leaf 
damage, with all leaves of plants sampled being 
damaged. Conversely, in the Ejura District, Yaabraso 

Table 2. level of leaf damage caused by FAW at seedling stage.

district Season Community

Percentage of farms at each level of damage (%)

Mean % 
damage ± semno damage low(1-20%)

Moderate 
(21-49%) High (50-100%)

ejisu Minor onwe 0 0 12.5 87.5 70.6 ± 14.3
donaso 0 0 37.5 62.5 59.5 ± 26.0
donyinah 0 0 10 90 70.2 ± 12.4
deduako 0 0 25 75 66.7 ± 14.7
essienimpong 0 0 0 100 61.4 ± 9.3

66.1 ± 16.3a

Major onwe 0 0 0 100 71.6 ± 9.3
donaso 0 12.5 25 62.5 66.6 ± 29.6
donyinah 0 0 0 100 78.6 ± 11.1
deduako 0 0 12.5 87.5 62.4 ± 11.6
essienimpong 0 0 16.7 83.3 69.4 ± 12.4

70.1 ± 16.0a

ejura Minor tetetowa 0 10 90 0 28.1 ± 5.6
danyame 0 60 40 0 24.5 ± 6.5
Yaabraso 0 37.5 25 37.5 36.1 ± 25.6
drobong 0 0 100 0 33.2 ± 4.4
nkrampo 0 40 60 0 28.3 ± 10.9

29.8 ± 12.4b

Major tetetowa 0 0 40 60 60.9 ± 19.4
danyame 0 0 30 80 64.8 ± 17.4
Yaabraso 0 0 0 100 58.5 ± 8.1
drobong 0 0 14.3 85.7 65.7 ± 11.5
nkrampo 0 0 20 80 63.9 ± 18.3

62.6 ± 14.2a

NB: Minor season- September to December 2020, Major season- April to August 2021.
Values within the same column with the same alphabet as superscript are not significantly different at the 0.05 confidence level based on Tukey’s 
HSD test.
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had the largest mean percentage leaf damage 
(36.1 ± 25.6), whereas Danyame reported the least 
(24.5 ± 6.5). All communities, except Yaabraso, 
recorded less than 50% leaf damage, with Yaabraso 
reporting severe damage on 37.5% of its farms. Only 
the Drobong community had all farms experiencing 
moderate percentage leaf damage (Table 2).

During the major season, Ejisu consistently 
recorded a higher average percentage of leaf dam-
age (70.1 ± 16.0) compared to Ejura (62.6 ± 14.2). 
Within Ejisu, the Donyinah community rrecorded the 
most extensive leaf damage (78.6 ± 11.1), while 
Deduako recorded the least (62.4 ± 11.6) among its 
farms. All communities in Ejisu had over 20% leaf 
damage, except for Donaso, where only 12.5% of its 
farms experienced low leaf damage ranging from 1 
– 20%. Conversely, in Ejura, a different trend emerged 
as all communities recorded either moderate or high 
levels of leaf damage across their farms. Specifically, 
Yaabraso stood out with all of its farms reporting 
high levels of leaf damage. Among these communi-
ties, Drobong documented the largest percentage of 
leaf damage (65.7 ± 11.5), while Yaabraso reported 
the least (58.5 ± 8.1) (Table 2).

At the vegetative stage, Ejisu still recorded a 
larger percentage of leaf damage in both the minor 
(58.9 ± 22.8) and major seasons (63.5 ± 18.8) com-
pared to Ejura (16.1 ± 10.3 and 46.5 ± 12.1). Statistical 
analysis still showed a significant variation in 

percentage leaf damage between the two districts 
and among communities (p < 0.001). In the minor 
season, Onwe in the EJisu District recorded the 
highest percentage leaf damage (78.0 ± 8.9), while 
Deduako had the least (50.2 ± 21.4). On the other 
hand, within Ejura, Yaabraso had the highest per-
centage damage (31.8 ± 13.2), while Tetetowa 
recorded the least (11.4 ± 3.4). Remarkably, while 
Ejisu had only two of its communities (Donyinah 
and Essienimpong) recording 1 – 20% leaf damage, 
Ejura had all its communities recording 1 – 20% leaf 
damage with only Yaabraso having farms with both 
moderate and severe leaf damage on farms (Table 3).

In the major season, all communities in both dis-
tricts recorded more than 20% leaf damage. In Ejisu, 
Onwe had the worst damage (78.5 ± 5.5), where every 
farm suffered a high level of damage. On the other 
hand, Donyinah reported the least with Ejisu 
(48.1 ± 18.9). In Ejura, Drobong recorded the largest 
percentage leaf damage (56.4 ± 12.5), while Tetetowa 
reported the least (36.8 ± 11.0) (Table 3).

3.2.  Prevalence of FAW larvae on farms

Generally, prevalence of FAW larvae in both districts 
was higher in the major season compared to the 
minor season across all growth stages. A significant 
difference in larval prevalence was observed between 
growth stages in both districts during both the 

Table 3. level of leaf damage caused by FAW at vegetative stage.

district Season Community

Percentage of farms at each level of damage (%)

Mean % 
damage ± semno damage low(1-20%)

Moderate 
(21-49%) High (50-100%)

ejisu Minor onwe 0 0 0 100 78.0 ± 8.9
donaso 0 0 25 75 63.2 ± 26.3
donyinah 0 10 50 40 45.5 ± 24.1
deduako 0 0 50 50 50.2 ± 21.4
essienimpong 0 33.3 0 66.7 62.1 ± 23.7

58.9 ± 23.8a

Major onwe 0 0 0 100 78.5 ± 5.5
donaso 0 0 37.5 62.5 58.5 ± 20.6
donyinah 0 0 50 50 48.1 ± 18.9
deduako 0 0 0 100 66.7 ± 11.9
essienimpong 0 0 16.7 83.3 71.8 ± 21.9

63.5 ± 18.8a

ejura Minor tetetowa 0 100 0 0 11.4 ± 3.4
danyame 0 100 0 0 10.3 ± 3.4
Yaabraso 0 25 62.5 12.5 31.8 ± 13.2
drobong 0 85.7 14.3 0 13.3 ± 6.3
nkrampo 0 100 0 0 15.8 ± 3.3

16.1 ± 10.3c

Major tetetowa 0 0 90 10 36.8 ± 11.0
danyame 0 0 70 30 41.4 ± 9.6
Yaabraso 0 0 37.5 62.5 54.5 ± 8.0
drobong 0 0 42.9 57.1 56.4 ± 12.5
nkrampo 0 0 40 60 48.8 ± 8.2

46.5 ± 12.1d

NB: Minor season- September to December 2020, Major season- April to August 2021.
Values within the same column with the same alphabet as superscript are not significantly different at the 0.05 confidence level based on Tukey’s 
HSD test.
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minor (p = 0.030 for Ejisu, p = 0.001 for Ejura) and 
major seasons (p = 0.726 for Ejisu, p = 0.000 for Ejura). 
During the minor season, Ejisu reported a higher 
mean prevalence of FAW at the seedling stage 
(0.1 ± 0.04 larvae per plant sampled) compared to 
the vegetative stage (0.09 ± 0.02 larvae per plant 
sampled). In Ejura however, the prevalence during 
the seedling stage (0.05 ± 0.03) was almost the same 
as that recorded at the vegetative stage (0.05 ± 0.04). 
On the other hand, both districts exhibited high 
prevalence during the vegetative stage in the major 
season signifying a consistent pattern across the dis-
tricts (Table 4).

At the seedling stage, Ejisu recorded a higher 
mean prevalence (0.10 ± 0.04) in the minor season 
compared to Ejura (0.05 ± 0.03). This varied within 
districts, ranging from 0.04 ± 0.08 in Deduako to 
0.15 ± 0.10 in Onwe in Ejisu, and from 0.02 ± 0.02 in 
Tetetowa to 0.10 ± 0.11 in Drobong in Ejura. In the 
major season, however, the mean prevalence was 
contrary, being higher in Ejura (0.23 ± 0.02) than in 
Ejisu (0.17 ± 0.02). Tetetowa recorded the highest 
prevalence (0.27 ± 0.08) in Ejura, while Yaabraso 
reported the least (0.21 ± 0.06). In Ejisu, Donyinah 
(0.19 ± 0.11) recorded the highest prevalence, 
whereas Onwe recorded the least (0.2 ± 0.07). An 
analysis of variance, showed prevalence to vary sig-
nificantly between seasons (p < 0.001). However, 

there was no significant difference in prevalence 
concerning districts (p = 0.781) and communities 
(p = 0.274) (Table 4).

At the vegetative stage, Ejisu consistently showed 
a higher prevalence of larvae compared to Ejura in 
both seasons. In the minor season, Donyinah, the 
Ejisu District reported the lowest prevalence 
(0.06 ± 0.08), while Deduako had the highest 
(0.1 ± 0.09). In the Ejura district, Tetetowa recorded 
the least prevalence (0.01 ± 0.02), while both Drobong 
and Yaabraso recorded the highest (0.10 ± 0.08). In 
the major season, Essienimpong had the highest 
FAW prevalence in the Ejisu district, whereas Onwe 
had the least (0.25 ± 0.07). On the other hand, 
Tetetowa maintained the lowest prevalence 
(0.26 ± 0.07), while Drobong exhibited the highest 
(0.35 ± 0.09) in Ejura (Table 4). Prevalence of FAW at 
the vegetative stage significantly differed between 
seasons (p < 0.001). However, there was no significant 
variance in prevalence regarding districts (p = 0.347) 
or communities (p = 0.740).

3.3.  Severity of FAW damage infestation

Severity of FAW infestation in the districts was higher 
during the major season compared to the minor sea-
son, which was observed across both seedling and 
vegetative stages. Notably, this difference in severity 
was statistically significant solely among growth 
stages during the minor and major seasons at Ejisu 
(p < 0.001). In Ejura, however, there was no significant 
variation in severity between growth stages for both 
minor (p = 0.094) and major (p = 0.268) seasons.

At the seedling stage, both districts recorded a 
low severity of infestation, though the individual 
scores differed between the minor and major sea-
sons (1 and 3 respectively) (Table 5). In the minor 
season, all communities in Ejisu reported the same 
severity (score 1) on their farms. Conversely, severity 
varied among communities in Ejura, with Danyame 
and Yaabraso recording the highest scores (3), while 
the rest recorded the least (1). During the major sea-
son, communities within both districts reported vary-
ing scores, yet an overall, low severity (score 3) was 
recorded at district level. Donaso reported the high-
est score (4), whereas Deduako and Onwe recorded 
the least (2) in Ejisu. In Ejura, Tetetowa reported the 
highest score (4), while Drobong recorded the least 
(2). Upon analysis, a significant difference in severity 
was observed among seasons (p < 0.001). However, 
no significant variations were found among districts 
(p = 0.41) and communities (p = 0.208).

Table 4. Prevalence of FAW larvae.

Stage district Community

Prevalence (means ± sem)

Minor Major

Seedling ejisu onwe 0.15 ± 0.10 0.2 ± 0.07
donaso 0.10 ± 0.11 0.16 ± 0.12
donyinah 0.12 ± 0.13 0.19 ± 0.11
deduako 0.04 ± 0.08 0.14 ± 0.06
essienimpong 0.10 ± 0.11 0.16 ± 0.05

0.1 ± 0.04d 0.17 ± 0.02c

ejura tetetowa 0.02 ± 0.02 0.27 ± 0.08
danyame 0.05 ± 0.05 0.22 ± 0.08
Yaabraso 0.06 ± 0.05 0.21 ± 0.06
drobong 0.10 ± 0.11 0.21 ± 0.10
nkrampo 0.04 ± 0.05 0.23 ± 0.05

0.05 ± 0.03d 0.23 ± 0.02b

Vegetative ejisu onwe 0.08 ± 0.09 0.25 ± 0.07
donaso 0.11 ± 0.14 0.28 ± 0.12
donyinah 0.06 ± 0.08 0.34 ± 0.14
deduako 0.1 ± 0.09 0.31 ± 0.07
essienimpong 0.08 ± 0.09 0.36 ± 0.11

0.09 ± 0.02d 0.31 ± 0.04a

ejura tetetowa 0.01 ± 0.02 0.26 ± 0.07
danyame 0.03 ± 0.04 0.32 ± 0.10
Yaabraso 0.1 ± 0.08 0.29 ± 0.05
drobong 0.1 ± 0.08 0.35 ± 0.09
nkrampo 0.02 ± 0.02 0.26 ± 0.08

0.05 ± 0.04d 0.30 ± 0.04a

NB: Minor season- September to December 2020, Major season- April 
to August 2021.
Values within the same column with the same alphabet as super-
script are not significantly different at the 0.05 confidence level based 
on Tukey’s HSD test.
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During the vegetative stage, both districts exhib-
ited a lower severity during the minor season com-
pared to the major season (Table 5). This trend 
persisted consistently across all communities in both 
districts. In Ejisu, Deduako and Donyinah communi-
ties recorded the highest severity score (4), while 
Onwe and Donaso had the lowest (1) in the minor 
season. In Ejura, all communities, except Danyame, 
reported a severity score of 3. Severity during the 
major season increased across all communities and 
in both districts. In Ejisu, Donyinah had the highest 
score (6), while Essienimpong had the least (3). 
Similarly, in Ejura, all communities had a severity 
score of 5, except Tetetowa and Nkrampo, which 
recorded a score of 3. There was no significant vari-
ance in severity between districts (p = 0.155). However, 
severity among seasons (p < 0.001) and among com-
munities different significantly (p = 0.012).

3.4.  Association between climatic factors and 
FAW infestation

A correlational analysis showed a significant relation-
ship among infestation parameters; leaf damage, 
prevalence and severity (Table 6). Prevalence posi-
tively and significantly correlated with leaf damage 
(r=.539, p<.01) and severity (r=.358, p<.01). Thus, an 
increase in prevalence resulted in significantly 
increased leaf damage and severity of infestation on 
the farms. It was, also, shown that leaf damage was 

significantly associated with severity (r=.148, p<.01) 
suggesting an increase in the leaf damage of FAW 
infestation on maize farms to result in an increase in 
the severity of infestation.

With regards to the association between infesta-
tion and climatic factors, results showed varying 
effects for infestation parameters (Table 6). Prevalence 
exhibited associations with various climatic elements 
such as rainfall, temperature, wind direction, wind 
speed, and relative humidity. Specifically, prevalence 
showed a significantly positive correlation with rain-
fall during both the month of data collection (r = 
.269, p < .01) and the preceding month (r = .194, p 
< .01). This suggests that as rainfall increased, the 
prevalence of larvae on farms also increased. 
Remarkably, while rainfall was shown to have a pos-
itive influence on prevalence, only rainfall from the 
month before data collection had a significant asso-
ciation with prevalence (r = .504, p < .01).

In contrast, a significantly negative correlation was 
observed between prevalence and wind direction 
(r = -.329 and r = -.258, p < .01 for the month of and 
month preceding data collection respectively). 
Moreover, wind speed in both the month of data 
collection and the previous month displayed a signif-
icant and positive correlation with prevalence. 
Essentially, a unit increase in wind speed during the 
month of data collection led to a 0.423 increase in 
prevalence, while the same increase in wind speed 
from the previous month resulted in a 0.422 increase 
in prevalence. Lastly, relative humidity showcased a 
negative yet significant association with prevalence, 
suggesting that an escalation in relative humidity led 
to a decrease in prevalence and vice versa (r = -.388 
and r = -.451, p < .01 for the month of data collection 
and the month prior to data collection respectively) 
(Table 6).

Table 6. Association between climatic factors and infesta-
tion of fall armyworms.

PVl SVt ld

1 PVl 1
2 SVt 0.539** 1
3 ld 0.358** 0.148** 1
4 rainfall (cm) 0.269** −0.066 0.257**
5 rainfall (pm) 0.194** −0.011 0.379**
6 temperature (cm) 0.048 0.148** 0.110*
7 temperature (pm) 0.504** 0.527** 0.085
8 Wind direction (cm) −0.329** −0.348** −0.159**
9 Wind direction (pm) −0.258** −0.377** 0.025
10 Wind speed (cm) 0.423** 0.359** 0.361**
11 Wind speed (pm) 0.422** 0.355** 0.189**
12 relative humidity (cm) −0.388** −0.396** −0.067**
13 relative humidity 

(pm)
−0.451** −0.442** −0.095**

**signifies statistical significance at 1% (0.01) confidence level, *signi-
fies statistical significance at 5% (0.05) confidence level. nB: 
cm = month of data collection, pm = month prior to data collection.

Table 5. Severity of FAW.

district Community

Severity (score)

Minor Major

Seedling ejisu onwe low (1) low (2)
donaso low (1) low (4)
donyinah low (1) low (3)
deduako low (1) low (2)
essienimpong low (1) low (3)

low (1) low (3)
ejura tetetowa low (1) low (4)

danyame low (3) low (3)
Yaabraso low (3) low (3)
drobong low (1) low (2)
nkrampo low (1) low (3)

low (1) low (3)
Vegetative ejisu onwe low (1) Medium (5)

donaso low (1) Medium (5)
donyinah low (4) Medium (6)
deduako low (4) Medium (5)
essienimpong low (3) low (3)

low (4) Medium (5)
ejura tetetowa low (3) low (3)

danyame low (1) Medium (5)
Yaabraso low (3) Medium (5)
drobong low (3) Medium (5)
nkrampo low (3) low (3)

low (3) Medium (5)

NB: Minor season- September to December 2020, Major season- April 
to August 2021.
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Leaf damage exhibited significant and positive 
relationships with several climatic factors. Specifically, 
it showed positive and significant associations with 
average rainfall during the month of data collection 
(r = .257, p < .01) and the previous month (r = .379, 
p < .01), as well as with temperature during the 
month of data collection (r = .110, p < .05). 
Additionally, there was a positive and significant cor-
relation with wind speed during both the month of 
data collection (r = .361, p < .01) and the preceding 
month (r = .189, p < .01). These findings imply that 
an increase in these climatic factors leads to a corre-
sponding increase in leaf damage caused by fall 
armyworms (Table 6). On the other hand, there 
existed significant negative relationships between 
leaf damage and certain wind-related factors. 
Precisely, there were negative relationships with wind 
direction during the month of data collection 
(r = -.159), wind speed of data collection month 
(r = -.067), and wind speed of month prior (r = -.095) 
(Table 6).

The severity of infestation showed clear correla-
tions with various climatic factors. Notably, it dis-
played positive and significant correlations with 
temperature (r = .148 and r = .527 at p < .01 for data 

collection and preceding month respectively) as well 
as with wind speed (r = .359 and r = .355, p < .01 
for data collection and preceding month). On the 
contrary, severity exhibited negative correlations with 
rainfall, wind direction, and relative humidity for 
both data collection and preceding months, although 
the correlation between severity and rainfall was not 
deemed significant. These findings imply that an 
increase in these parameters leads to a decrease in 
the severity of infestation caused by fall armyworm 
(Table 6).

3.5.  Climatic determinants of prevalence of FAW 
on farms

A linear regression analysis was done to predict the 
impact of climate variables on larval prevalence on 
farms (Table 7 and 8). Results indicated that all cli-
mate variables; rainfall, temperature, wind direction, 
wind speed, and relative humidity, recorded during 
both the month of data collection and the preceding 
month significantly influenced (p < 0.001) prevalence 
(Table 7). Specifically, the findings revealed that rain-
fall (OR: 0.001; 95% CI: 0.001, 0.002), temperature 
(OR: 0.09; 95% CI: 0.07, 0.1), wind direction (OR: 0.01; 
95% CI: 0.007, 0.011), and wind speed (OR: 0.01; 95% 
CI: 0.005, 0.009) recorded in the month of data col-
lection were more likely to increase prevalence. On 
the other hand, for climate variable recorded in the 
month preceding data collection (temperature, wind 
direction, wind speed, and relative humidity) were 
more likely found to increase prevalence. However, 
rainfall in the month before sampling was found to 
having a decreasing effect on prevalence.

The analysis revealed that 46% of the fluctuations 
in prevalence across districts, seasons, and growth 
stages could be explained by variations in rainfall, 

Table 7. Climate determinants of prevalence of FAW army-
worm on farms.
Variable odds ratio 95% Cl p-value

rainfall 0.001 0.001 – 0.002 <0.001
rainfall (pm) −0.001 −0.002 – −0.001 <0.001
temperature 0.085 0.069 – 0.102 <0.001
temperature (pm) 0.143 0.119 – 0.168 <0.001
Wind direction 0.009 0.007 – 0.011 <0.001
Wind direction 

(pm)
0.003 0.002 – 0.004 <0.001

Wind speed 0.007 0.005 – 0.009 <0.001
Wind speed (pm) 0.005 0.001 – 0.004 <0.001
relative humidity −0.004 −0.006 – −0.001 0.009
relative humidity 

(pm)
0.010 0.006 – 0.013 <0.001

nB: pm = previous month/month before data collection.

Table 8. Summarized results for multiple linear regression for prevalence of fall armyworm infestation.

Category Model r
Adjusted 

r2(%) F p-value

All −3.915 + 0.001 (rainfall) + 0.085 (temperature) + 0.009 (Wind direction) + 
0.007 (Wind speed) −0.004 (relative humidity)

0.46 44.8 52.77 <0.001

ejisu −4.090 + 0.003 (rainfall) + 0.130 (temperature) + 0.011 (Wind direction) + 
0.002 (Wind speed) – 0.023 (relative Humidity)

0.44 42.1 24.08 <0.001

ejura 2.573 + 0.003 (rainfall) – 0.071 (temperature) + 0.002 (Wind direction) + 0.079 
(Wind speed) – 0.020 (relative humidity)

0.64 62.5 53.90 <0.001

Minor season −3.712 + 0.001 (rainfall) + 0.121 (temperature) + 0.002 (Wind direction) + 
0.040 (Wind speed) – 0.001 (relative humidity)

0.11 7.9 3.71 0.003

Major season 1.184 + 0.001 (rainfall) – 0.039 (temperature) + 0.004 (Wind direction) −0.009 
(relative humidity)

0.27 25.1 14.35 <0.001

Seedling stage −3.205 + 0.000 (rainfall) + 0.079 (temperature) + 0.007 (Wind direction) 
– 0.012 (Wind speed) – 0.002 (relative humidity)

0.40 38.2 20.64 <0.001

Vegetative stage 0.798 + 0.003 (rainfall) + 0.008 (temperature) – 0.005 (Wind direction) – 0.005 
(Wind speed) – 0.001 (relative humidity)

0.64 62.4 53.8 <0.001

NB: Minor season- September to December 2020, Major season- April to August 2021.
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temperature, wind direction, wind speed, and relative 
humidity (Table 8). Examining individual districts, 
these climate factors accounted for 44% of the prev-
alence variation in Ejisu, while a higher proportion of 
variations (64%), was attributed to these climate fac-
tors in Ejura. Similarly, when considering the seasonal 
and growth stage variations, these variables 
accounted for 11% of the variation in prevalence 
during the minor season, 40% at the seedling stage, 
and 64% at the vegetative stage. In the major sea-
son, wind speed was the only variable that exhibited 
no influence on prevalence, while all the other fac-
tors collectively accounted for 27% of the variations 
observed.

3.6.  Climate determinants of leaf damage by fall 
armyworms on farms

Regression analysis showed that all climatic factors 
significantly predicted leaf damage caused by fall 
armyworms on farms with the exceptions of rainfall 
during and prior to the month of data collection and 
wind direction of month prior to data collection 
(Table 9). The analysis revealed a 1 °C unit increase in 
temperature in data collection and preceding month 

to increase leaf damage by 20.82 times and 20.37 
times respectively. Additionally, a unit increase in 
windspeed (1 ms−1) in month of data collection and 
preceding month increased leaf damage by 1.49 and 
0.99 times respectively. Furthermore, 1% increase in 
relative humidity recorded during and prior to the 
month of data collection increased leaf damage by 
2.67 and 3.08 times respectively. These findings 
emphasized the influential role of these climatic fac-
tors in escalating leaf damage by fall armyworms.

A multiple regression analysis attributed 53% of 
the variations in leaf damage across districts, sea-
sons, and growth stages to rainfall, temperature, 
wind direction, wind speed, and relative humidity 
(Table 10). However, considering individual districts, 
these climatic factors accounted for only 5% of the 
variations in leaf damage in Ejisu and 69% in Ejura. 
Furthermore, these climatic factors were responsible 
for 54% and 56% of the variations in leaf damage 
during the seedling and vegetative stages respectively.

3.7.  Climate determinants of severity of FAW 
infestation on farms

The severity of fall armyworm infestation was signifi-
cantly influenced by all climate factors analyzed, 
except rainfall (Table 11). Temperature (OR: 0.70; 95% 
CI: 0.429, 0.961), wind direction (OR: 0.086; 95% CI: 
0.429, 0.961), and wind speed (OR: 0.07; 95% CI: 
0.046, 0.096) during the month of data collection 
were identified as factors more likely to intensify 
severity of infestation. Conversely, relative humidity 
during the same period (OR: 0.04; 95% CI: -0.081, 
0.006) appear to less likely increase severity. While 
temperature, wind speed, and relative humidity in 
the month of data collection were found to be more 
likely to increase severity of infestation, wind 

Table 10. Summarized results for multiple linear regression for leaf damage by fall armyworms.

Category Model r2
Adjusted 

r2(%) F p-value

All −842.19 - 0.010 (rainfall) + 20.83 (temperature) + 0.526  
(Wind direction) + 1.493 (Wind speed) + 2.669 (relative humidity)

0.53 52.4 71.2 <0.001

ejisu −584.73 + 0.063 (rainfall) + 13.82 (temperature) + 0.797  
(Wind direction) + 1.114 (Wind speed) + 1.141 (relative Humidity)

0.05 1.9 1.61 0.161

ejura −516.95 + 0.356 (rainfall) + 16.20 (temperature) + 0.469  
(Wind direction) + 1.679 (Wind speed) – 0.345 (relative humidity)

0.69 67.4 66.85 <0.001

Minor season −1420.48 + 0.344 (rainfall) + 41.28 (temperature) + 0.752  
(Wind direction) + 22.16 (Wind speed) + 1.381 (relative humidity)

0.63 62.2 53.28 <0.001

Major season −29.443 – 0.209 (rainfall) + 5.012 (temperature) – 0.395  
(Wind direction) + 0.663 (relative humidity)

0.25 22.6 12.62 <0.001

Seedling stage −1134.05 + 0.151 (rainfall) + 27.82 (temperature) + 0.745  
(Wind direction) + 1.459 (Wind speed) + 3.118 (relative humidity)

0.54 52.4 33.07 <0.001

Vegetative stage −943.76 – 0.033 (rainfall) + 29.71 (temperature) – 0.435  
(Wind direction) + 1.011 (Wind speed) + 3.548 (relative humidity)

0.56 55.0 39.83 <0.001

NB: Minor season- September to December 2020, Major season- April to August 2021.

Table 9. Climate determinants of leaf damage on farms.
Variables odds ratio 95% Cl p-value

rainfall −0.010 −0.074 – 0.055 0.768
rainfall (pm) 0.064 −0.072 – 0.200 0.353
temperature 20.82 17.92 – 23.73 <0.001
temperature (pm) 20.37 14.91 – 25.84 <0.001
Wind direction 0.526 0.176 – 0.876 0.003
Wind direction 

(pm)
−0.157 −0.376 – 0.062 0.159

Wind speed 1.493 1.222 – 1.764 <0.001
Wind speed (pm) 0.989 0.740 – 1.237 <0.001
relative humidity 2.669 2.195 – 3.142 <0.001
relative humidity 

(pm)
3.076 2.311 – 3.841 <0.001

nB: pm: previous month/month before data collection.
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direction from the preceding month was less likely 
to increase severity levels.

Results presented in Table 12 revealed that all cli-
matic variables collectively explained 28% of the 
variations in infestation severity across districts, sea-
sons, and growth stages. However, regarding individ-
ual districts, these factors accounted for 46% of the 
variations in Ejisu, while it explained a slightly lower 
proportion of variations in severity (31%) in Ejura. 
Further insights emerged regarding specific growth 
stages: all climatic factors were responsible for 29% 
of the variations in the minor season, 42% at the 
seedling stage, and 32% at the vegetative stage. 
Notably, in the major season, rainfall, temperature, 
wind direction, and relative humidity jointly contrib-
uted to 16% of the variations in severity.

4.  Discussion

4.1.  Incidence and leaf damage by fall 
armyworm infestation

There was 100% incidence of FAW infestation on 
farms in both districts. This could be attributed to 

the constant food supply in the communities sur-
veyed as these areas are major farming areas and 
maize production enclaves and could host abun-
dant food supplies for fall armyworm to thrive. 
According to Paudel Timilsena et  al. (2022), all-year 
round supply of food enhances the survival of FAW 
explaining its incidence in the two districts sur-
veyed in this study. In addition, FAW feeds on a 
wide range of crops and as such, an absence of 
maize when the growing season is over does not 
break their cycle of development as they feed on 
other food crops and come back to maize plants 
when they become available (Acharya et  al., 2020). 
The higher percentage of damaged leaves in the 
major season compared to the minor season could 
be attributed to the different weather conditions in 
each season (Skendžić et  al., 2021). Weather condi-
tions have an effect on the growth of maize, with 
optimal climatic factors enhancing growth and 
serving the needs of FAW (Wang et  al., 2021). As 
such, maize grown in the major season might have 
been much fresher and more nutritious to FAW 
than those in the minor season. This assertion that 
FAW prefers fresher leaves is in line with work 
done by Manjula et  al. (2019) which reported FAW 
to prefer leaves in the whorl which are much 
fresher than the outer leaves. The differences in 
percentage leaf damage in both districts could 
also be attributed to the differences in weather 
conditions in these districts. From Obour et  al. 
(2022) and MoFA (2023), Ejisu and Ejura Districts 
are located in different ecological zones with dif-
ferences in climatic factors. These climatic condi-
tions could thus, affect the growth of maize as well 
as the extent of infestation in both districts. As 
such, there is a need for sustainable measures 
which are location and season-specific to be put in 
place to control FAW.

Table 11. Climate determinants of severity of fall armyworm 
infestation on farms.
Variables odds ratio 95% Cl p-value

rainfall 0.000 −0.006 – 0.006 0.914
rainfall (pm) 0.004 −0.006 – 0.014 0.396
temperature 0.695 0.429 – 0.961 <0.001
temperature (pm) 1.272 0.880 – 1.663 <0.001
Wind direction 0.086 0.054 – 0.118 <0.001
Wind direction 

(pm)
−0.017 −0.033 – −0.002 0.029

Wind speed 0.071 0.046 – 0.096 <0.001
Wind speed (pm) 0.026 0.008 – 0.044 0.004
relative humidity −0.037 −0.081 – 0.006 0.091
relative humidity 

(pm)
0.085 0.030 – 0.140 0.002

nB: pm = previous month/month before data collection.

Table 12. Summarized results for multiple linear regression for severity of fall armyworm infestation.
Category Model r2 Adjusted r2 F p-value

All −31.662 + 0.000 (rainfall) + 0.695 (temperature) + 0.086  
(Wind direction) + 0.071 (Wind speed) – 0.037 (relative humidity)

0.28 27.1 24.67 < 0.001

ejisu −24.99 – 0.019 (rainfall) + 0.513 (temperature) + 0.024  
(Wind direction) + 0.080 (Wind speed) + 0.118 (relative Humidity)

0.46 44.6 26.6 < 0.001

ejura 138.95 + 0.098 (rainfall) – 3.124 (temperature) – 0.002  
(Wind direction) + 1.351 (Wind speed) – 0.855 (relative humidity)

0.31 28.6 13.75 < 0.001

Minor season −40.52 – 0.001 (rainfall) + 1.647 (temperature) – 0.031  
(Wind direction) + 0.441 (Wind speed) + 0.047 (relative humidity)

0.29 27.1 12.82 < 0.001

Major season 43.67 – 0.026 (rainfall) – 1.388 (temperature) +0.093  
(Wind direction) – 0.237 (relative humidity)

0.16 14.0 7.49 < 0.001

Seedling stage 32.32 – 0.018 (rainfall) – 1.068 (temperature) + 0.053  
(Wind direction) + 0.603 (Wind speed) – 0.147 (relative humidity)

0.42 40.1 22.32 < 0.001

Vegetative stage −40.76 + 0.031 (rainfall) + 1.871 (temperature) – 0.060  
(Wind direction) – 0.032 (Wind speed) + 0.050 (relative humidity)

0.32 29.4 14.22 < 0.001

NB: Minor season- September to December 2020, Major season- April to August 2021.
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4.2.  Prevalence of FAW larvae

FAW larvae were prevalent in all communities at all 
stages and seasons. This may have resulted from a 
lack of appropriate management strategies for FAW 
allowing them to thrive in both growing seasons. 
This in in line with work done by Thiefilder et  al. 
(2018) which attributed the prevailing FAW problem 
in regions of the world to ineffective management 
strategies. Tham-Agyekum et  al. (2023) and Safo 
et  al. (2023) revealed chemical control to be the 
dominant control methods in both districts. However, 
a study by Sisay (2018) reported incidence of FAW 
resistance to chemical insecticides used against 
them, rendering the insecticides ineffective. 
Additionally, differences in prevalence in the two dis-
tricts could be attributed to the differences in chem-
ical insecticides used in communities under these 
districts. The prevalence of the insect larvae on farms 
could result from untreated or unburnt maize stub-
bles or residues on field from previous growing sea-
son leading to no breakage of the life cycle of FAW. 
This serves as places for diapause of FAW until con-
ditions are favourable to development. This is sup-
ported by Lungaju (2021) who asserts that larvae of 
FAW may diapause in stubbles, stems and other 
plant remains during unfavourable conditions such 
as dry or cold periods for months before pupating in 
appropriate conditions. This is, also, supported by 
Prasanna et  al. (2018) and thus suggests a need for 
effective control measures to be put in place.

4.3.  Severity of FAW infestation

The low to moderate severity of infestation observed 
in both districts could be due to the chemical insec-
ticides used, the frequency of application and the 
time of application as shown by Kansiime et  al. 
(2019) and Yang et al. (2021). Generally, farmers spray 
chemical insecticides at time intervals and S. fru-
giperda tends to feed more when there is no appli-
cation. As a result, the time of application is an 
important influencer of severity. This is because data 
collected within a period of no insecticide applica-
tion may record high severity as there is a higher 
feeding activity within that period and vice versa. 
Also, the stage of maize growth could also influence 
severity. According to Huber et  al. (2012) growth 
stages of plants influence their susceptibility to insect 
pest attack. Thus, young and rapidly growing plants 
are more susceptible to insect attack compared to 
older ones. This explains the differences in severity at 
the seedling and vegetative stages. Furthermore, a 

higher severity may suggest that the wrong type of 
insecticides is used for FAW control as well as its 
concentration and rate. It could also be attributed to 
applying the right insecticide at the wrong age of 
plant leading to inefficacy of insecticide (Midega 
et  al., 2018) pointing out to the need for control 
measures that is line farmers’ need and can be easily 
adopted into agronomical practices on farms

4.4.  Climatic determinants of fall armyworm 
infestation

Literatures have revealed the influence of climatic 
factors on insect activity and behaviour (Sentis et  al., 
2015; Skendžić et  al. 2021; Zhang et  al., 2020). As a 
result, a significant association between these cli-
matic factors and infestation parameters in the pres-
ent study suggests an influence of these factors on 
the activity and feeding habits of FAW. The positive 
association between temperature and infestation 
parameters; prevalence, leaf damage and severity are 
in line with the work of Deutsh et  al. (2018), which 
reports an increase in temperature to have the ten-
dency of increasing feeding rates of agricultural pests 
reducing crop yield and threatening food supplies. 
This result, also, supports work by Skendžić et  al. 
(2021) who indicated a rise in the temperature to 
increase consumption and herbivory in insects. Thus, 
an increase in temperature increases feeding rates of 
fall armyworms increasing the prevalence, damage 
caused and severity on maize farms.

Rainfall, also, impacts insect populations and 
activities (Skendžić et  al., 2021). Unlike temperature, 
the overall impact of rainfall on insect pest species 
and their interactions with host plants is difficult to 
assess (Schneider et  al., 2022). This is because while 
dry climate provides a suitable environmental condi-
tion for development of herbivorous insects, it can 
limit the availability of food for these insects 
(Schneider et  al., 2022; Skendžić et  al., 2021). Thus, 
even though heavy rainfall can threaten the survival 
of insects, it can be optimal for plant growth. Heavy 
rainfall has been observed to limit the migration of 
some insects (Chen et  al., 2019). This could explain 
the negative correlation of rainfall and severity in 
this study as movement of fall armyworms to maize 
farms may be hindered. The negative correlation 
could also, be explained by the decreasing effects of 
rainfall on temperature, reducing the feeding activi-
ties of FAW. Additionally, very dry seasons and 
drought can indirectly affect herbivorous insects by 
limiting availability of food during their development 
(Schneider et  al., 2022). On the other hand, an 
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increase in rainfall provides optimal rain needed by 
plants to grow thereby providing food for insect to 
feed on. This explains the positive association 
between rainfall and insect infestation. A study by 
Niassy et  al. (2021) showed FAW infestation to 
increase at the peak of rainfall in Kenya, Rwanda, 
Ethiopia and Uganda while it decreased when rainfall 
subsided.

Wind is an important climate variable which plays 
a significant role in the movement patterns of 
insects influencing their infestation in a particular 
area. It modifies the behaviour of insects by limiting 
or increasing their access to food (Leonard et  al., 
2016). Wind increases their susceptibility to cuticle 
desiccation and the same time alters the suitability 
of plants to insects by increasing thickness of cuti-
cles in plants and secretion phenolics to decrease 
feeding by larval lepidopterans (Mann et  al., 2008; 
McArthur et  al., 2010, Leonard et  al., 2016). Reports 
from Khaliq et  al. (2014) and Ludwig et  al. (2018) 
indicate wind to affect insect dispersal by transport-
ing odours of specific plants downwind, which serve 
as attractive stimuli for herbivorous insects. As indi-
cated by Beyaert and Hilker (2014), moth basically 
depend on olfaction to track odour plumes and 
locate their host. However, the transportation of 
these odour plumes is influenced by both wind 
direction and wind speed suggesting the impact of 
wind on FAW infestation.

FAW as strong migratory insects are carried by 
wind currents over long distances. Thus, favourable 
winds with optimal direction and speed can facilitate 
their migration into new areas and areas with abun-
dant food supply and vice versa (Westbrook et  al., 
2019). Wu et  al. (2021) reports long range-migratory 
flights of FAW to be affected by air streams such as 
direction and wind at high altitudes where they fly. 
The positive association between wind direction and 
infestation variables could, thus, be explained as the 
transport of insects towards food sources when direc-
tion is towards these food sources while a negative 
association suggests the opposite. Prevailing winds, 
also, may blow insects from infested fields to unin-
fected crops leading to invasion of and prevalence in 
these regions. Additionally, wind direction can influ-
ence the local dispersal of FAW within a field. For 
instance, if wind consistently blows from one side of 
the field to the other, it may affect the distribution of 
FAW, causing higher prevalence and leaf damage on 
plants located in the path of the prevailing wind.

Wind speed is important in the infestation of 
insects as it aids in their dispersal over longer dis-
tances. Strong winds may carry the moths or young 

larvae across fields or even between different regions, 
contributing to the rapid spread of infestation and 
can lead to a concentration of feeding in areas with 
food sources. This explains the positive association 
between wind speed and infestation parameters. Qi 
et  al. (2021) reports wind speed above 10 m/s to be 
suitable carrier airflow which enabled the FAW to 
complete a long-distance migration across the seas 
in Australia. The effect of windspeed on the infesta-
tion of FAW in farms is similar to findings of Shao 
et  al. (2020) which reported wind speed to have a 
major impact on the population density and inci-
dence rates of Culcula panterinaria. This is, also, cor-
roborated by Ali et  al. (2020) who revealed wind 
speed to favour the increase in population of insect 
pests of cotton. Additionally, wind speed was shown 
in the study to have an effect on egg count. Thus, an 
optimal wind speed might positively impact the 
hatching of fall armyworm eggs resulting in high 
prevalence, leaf damage and severity on farms.

Relative humidity, also, plays significant role in the 
infestation of FAW on farms. It is reported to influ-
ence the life cycle and reproductive behavior of 
insect pests of maize such as FAW (Zulfiqar et  al., 
2010). Higher humidity levels (above 70-80%) create 
a favorable environment for the survival and repro-
duction of S. frugiperda (He et  al., 2021). Warm and 
humid conditions are conducive to the rapid devel-
opment and spread of FAW populations. Thus, the 
positive association between relative humidity and 
FAW prevalence suggests an increase in relative 
humidity to optimal levels to potentially lead to 
higher prevalence FAW in maize farms. On the other 
hand, the negative association between relative 
humidity and prevalence could be explained as, a 
decrease in the relative humidity below optimal lev-
els resulting in a decreasing effect of the population 
of FAW on farms. Relative humidity also affects the 
feeding behavior of insects. A study by Contreras 
et  al. (2013) revealed the survival of the hawkmoth, 
Manduca sexta to increase with higher humidities 
while foraging maximized at lower humidities. Thus, 
the activity and voracity of FAW larvae could be 
influenced by relative humidity. An increased humid-
ity level may promote faster larval growth, leading to 
more extensive leaf damage within a shorter period. 
The severity of FAW infestation in maize farms can 
therefore escalate under favorable humidity 
conditions.

Thus, climatic factors potentially impact FAW 
infestation in the two districts. As such, there is a 
need for climate smart technologies which would 
help relay information stakeholders and farmers 
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potential changes in the climate prompting them on 
the necessary actions to take to reduce FAW 
infestation.

Conclusion

The study investigated the incidence, prevalence 
and severity of fall armyworm infestation in two 
districts in the Ashanti Region of Ghana as well as 
the influence of climatic factors on infestation. The 
study concludes that there is an incidence of fall 
armyworm infestation in both districts. Prevalence 
and severity of fall armyworm varied among dis-
tricts and growth stages and was higher in the 
major season than the minor season. Climatic fac-
tors including rainfall, temperature, relative humid-
ity, wind speed and wind direction had a significant 
influence on fall armyworm infestation at district, 
growth and seasonal levels. Given this infestation 
across district and the influence of climatic condi-
tions on infestation, effective management strate-
gies that is tailored towards the needs and climatic 
factors of both districts have to be put in place to 
reduce infestation.
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