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Prevalence, effects and management of fall army
worm in the Nkoranza South Municipality, Bono

East region of Ghana

Shaibu Abdul Bariw?!, Solace Kudadze®! and William Adzawla*

Abstract: Fall Army Worm (FAW) emerged in Ghana in 2017 as a major threat to
maize production in the country. Considering that maize is the staple crop of the
country, any major shock in its prodcution can have negative consequences on the
food security of the entire country. Therefore, this study analysed the prevalence of
FAW, control strategies and its effect on output in a highly infested areaq, the
Nkoranza South Municipality of Bono East region. A total of 200 farmers who
cultivated maize in the 2018 production season were selected using multistage
sampling procedure. The data was analysed using descriptive statistics and
Kendall’s coefficient of concordance. From the result, FAW prevalence is as high as
79.5%. A total of 96.3% of farmers who experienced FAW had at least half of their
farms infested. There is a significant output gap among infested farms and non-
infested farms of about 17%. The strategies adopted to control FAW were chemicals
(pesticides), neem extract, detergents, hand picking and burning of affected farm
areas. The study concluded that among the control strategies, burning affected
farm areas leads to higher output. However, to achieve a higher output, a combi-
nation of neem extracts with the burning of affected farm areas is recommended.
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PUBLIC INTEREST STATEMENT

Improving crop production is important in
ensuring food security of every Ghanaian.
However, a number of challenges including pests
and diseases has limited this goal. One major
pest with high devastating effect is fall army-
worm. This pest has become a major threat to
maize production in Ghana during the 2017
cropping season. It is one pest that can lead to
zero output. As such, research on fall armyworm
is crucial. In this current research, the authors
unravel the prevalence, impacts and manage-
ment strategies of fall armyworm in one of the
high risk areas to the pest. The understanding
from this study is that fall armyworm is highly
prevalent in the area and pose as a major threat
to maize production. The management strate-
gies adopted by the farmers, including burning of
affected farmland areas and use of neem
extracts, had shown positive outcomes. We
therefore advocate for the use of combined fall
armyworm mitigation strategies.
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Research into the cost benefit of each control strategy and their combination is also
recommended for future scholars.

Subjects: Development Studies; Sustainable Development; Rural Development

Keywords: control strategies; fall army worm; output; prevalence

1. Introduction

The role of agriculture in Ghana’s development dates back to pre-independence. Its roles include
employment creation, inputs for industries, contribution to household incomes and Gross Domestic
Product (GDP), foreign earning from export that is essential for the country’s trade balance, and
most fundamentally, ensuring the food security of the country. The first food crop relevant for
Ghana’s food security is maize. Nearly, almost every farming household in Ghana produces maize.

Agriculture, for that matter maize production in Ghana is largely by smallholder farmers. These
small-scale producers account for a substantial volume (over 70%) of maize production in the
country especially in the Brong Ahafo, Ashanti, Eastern, Northern, Upper East, and Upper West
regions of the country (Amanor, 2009; Ministry of Food and Agriculture [MoFA], 2017). However,
there are productivity/yield gaps in maize and other crops cultivated in the country. For instance, in
2016, the average maize yield obtained was 1.99 Mt/ha as against a potential yield of 5.5 Mt/haq,
giving as high as about 64% shortfall in yield (MoFA, 2017). . Meanwhile, general maize productivity
in the country has remained comparatively constant both in terms of area harvested and volume;
despite the use of new technologies. For instance, the average production between 2011 and 2013
was 1,799.47 Mt while output recorded in 2014-2016 was 1,727.48 Mt (MoFA, 2017). The impor-
tance of maize is not only limited to Ghana as it is described as the “queen of cereals” globally
(Shah et al., 2016, p. 2), especially due to its yield and nutritional composition. For Huma et al.
(2019), maize is the “oldest and powerful” crop known for its fodder, food and medicinal benefits
across the globe.

In addition to human consumption in both developed and developing countries, maize is used
for animal feed and industrial raw material (Macauley & Ramadijita, 2015). Maize serves as feed for
livestock either in seed or fodder forms in most developed countries and about 80% of maize is
consumed as food in developing countries. The per capita consumption of maize in Ghana is 45 kg/
year, as such the most consumed food crop in the country. In terms of nutrition, evidence provided
in Shah et al. (2016) shows that per a 100 g of edible portion of maize, there is 71.88 g of
carbohydrate, 8.84 g of protein, 4.57 g of fat, 2.33 g of ash, 10.23 g of moisture and milligrams
of other essential nutrients. These demonstrates the relevance of maize in ensuring food and
nutritional security of Ghana.

Although there has been a general increase in maize productivity in recent years primarily due to
increase in area of land put under cultivation, increase access to improved seeds, fertilizers and
improved technology through enhanced extension service, the increase in production are still
below potential yield (MoFA, 2017). This shortfall can be attributed to a number of factors and
require the efforts of all stakeholders in order to significantly reduce the gap (MoFA, 2017) and
address food security challenges in West Africa (Scheiterle & Birner, 2018). Amidst the production
shortfalls, Ghana has over the years introduced a number of policies in the agricultural sector
towards improvement in the sector. For instance, Agricultural Sector Rehabilitation Programme
and Medium-Term Agricultural Development Programme (MTADP) in 1980s-90s, Food and
Agriculture Sector Development Policy (FASDEP) in 2002, Subsidised Fertiliser Policy (SFP) in 2008,
Block farm programme in 2009, National Food Buffer Stock Company (NAFCO) in 2010, and the
more recent Planting for Food and Jobs (PFJ) program in 2017. Despite these, it still remained a
fact that agricultural yield of most staple crops remain lower than expected. This raised important
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question on what needs to be done in complement or differently. Unfortunately for Ghana, there
was Fall Armyworm (FAW) outbreak in 2017.

According to MoFA (2017), about 14,247 ha of cultivated land was destroyed by the fall army-
worm outbreak which could possibly account for the wide gap between the potential maize yield
and the actual yield for 2017. FAW is a Lepidopteran that feeds on the leaf of grasses such as
maize. While the feeding stage (larvae) of the worm can take up to 21 days to develop into pupae,
the pupae is able to produce up to 1,500 eggs that develop into larvae. Barros et al. (2010) also
revealed that while the larvae causes crop damage, the adult FAW can fly to far distance to spread
the worm. The migratory characteristic imply that the virus is not isolated to a particular geogra-
phical location. Therefore, within a short period, FAW can substantially multiply with significant
destructive impacts. FAW is a major threat to maize production in Ghana considering the insatiable
feeding mechanism of the worm (Banson et al., 2019) and unique capability to cause extensive
harm across numerous crops (Pasanna et al., 2018). As indicated by the distribution commissioned
by the Department for International Development, signs demonstrate that if there are no control
strategies, the emergence of FAW in Africa can possibly cause maize yield to decline in a range
from 8.3 to 20.6 million tons per annum in only 12 maize growing nations (Day et al., 2017).
Baudron et al. (2019) estimated that the impact of FAW on maize yield is between 32 and 48% in
Eastern Zimbabwe. A perception data for Ghana shows that there is a potential loss in maize
output between 22 and 67%, an average loss of 45%, with an estimated economic loss of about
138-419 million dollars (Day et al,, 2017).

FAW has the potential to directly lead to capital costs, through the rise in labour demand and
the kind of skills needed to manage the pest. In addition to direct output losses, FAW decreases
the capacity of agricultural lands to counter other shocks such as climate/environmental shocks.
Financially, FAW increases the cost of production due to costs of managing the pest, cost of
technology and its application, and its implications on household income; further deteriorating the
poverty levels of the resource poor smallholder farmers. The impacts can also be a destruction of
households’ social and physical resource and assets (Ibrahim, 2018).

In 2018, over 20,000 hectares of farms were destroyed by FAW in Ghana, leading to a loss of
over 64 USDmillion (Fugar, 2019). Initial reactions to the pest in Ghana highlight potentials for
negative human and environmental health consequences due to chemical usage (Day et al., 2017).
As a pest, farmers have to adopt some control measures. Day et al. (2017) established that the
preferred control measure for FAW is joint pest control methods, which involves a mixture of
preventive measures. This is grounded on the view that continuous applications of chemical
pesticides have serious health implications on the resource poor farmers who have no ability to
purchase the appropriate protective clothing to use during chemical application, environmental
consequence such as killing of beneficial insects like bee and also natural enemies of the army-
worm, and the pest developing resistance to the pesticides. Among the botanicals tested for FAW
control, Azadirata indica, Schinnus molle and Phytolacca dodecandra resulted in the greatest
proportion of larval destruction of over 95% after application (Silva et al., 2015). Baudron et al.
(2019) also indicated that the impacts of FAW can be reduced through zero tillage and frequent
weeding of the farm.

In Ghana, one of the most FAW affected areas is the Nkoranza South district. This has significant
negative effects on the farming households of the district. As a new pest to Ghana’s agriculture
therefore, identifying effective control measures have become a major concern to the stakeholders
especially MoFA. A number of control methods have since been used by farmers in their quest to
control FAW on their farms. However, concerns remain unresolved following the emergence of
FAW, concerns that warrant empirical research to unravel the complexities of the FAW menace
and provide effective policy recommendations to MoFA and other stakeholders. Along this line, this
study sought to analyse the prevalence of FAW, its effects on maize production, the control
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Figure 1.

Map of Ghana and tudy area
showing the rate of FAW infes-
tation. Source: Adapted from
Fugar (2019).

measures adopted by farmers and the challenges in controlling FAW in the Nkoranza South
Municipality.

2. Methodology

2.1. Study area

The study was conducted in Nkoranza South Municipality in the Bono East region of Ghana. It is
located within longitudes 1°10"W and 1°55"W and latitudes 7°20”N and 7°55"N. The total land
area of the Municipality is 923 square kilometres and lies within the transitional zone or wet semi-
equatorial region, with a mean annual rainfall between 800 and 1200 mm and average tempera-
ture of 26°C (Ghana Statistical Service [GSS], 2014). Agriculture employs 66.6% of the economically
active population of the Municipality. The major crops cultivated include maize, yam, rice, ground-
nut and vegetables (GSS, 2014). An assessment made by Fugar (2019) shows that Nkoranza South
Municipality and Nkoranza North Municipality are very high-risk areas to FAW (Figure 1).

2.2. Sampling procedure and data collection

The study used a multistage sampling procedure in selecting the farmers for the study. In the first
stage, Nkoranza South municipality was purposively selected due to high maize production and its
high risk to FAW. In the second stage, a simple random sampling was used to select five commu-
nities engaged in maize production. The communities selected include Bonsu, Akumsa—Dumanse,
Ayerede, Bonte and Koforidua. This involved the lottery method.

Finally, simple random was used to select 40 maize farmers from each selected community,
giving a total sample size of 200.

The data was collected using questionnaire that was administered using face-to-face interviews.
The data was collected in 2018 but on 2017 production information. The data collected was on a
wide range of indicators including the socio-economic, inputs and output of maize, and informa-
tion on FAW.

2.3. Data analysis

The data was analysed using descriptive statistic and Kendall’s coefficient of concordance. The
mean values and percentage of the responses were computed and discussed. The Kendall’s
coefficient of concordance was used to analyse the challenges confronting the use of chemicals
in the control of FAW. This is a nonparametric statistical approach employed to estimate the
strength as well as direction of relationship that exist between two or more variables. The variables
are ranked from the most important to the least important using an ordinal scale (Hajkowicz,
2007). It is the standardisation of the statistic of the Friedman test and can be used to evaluate

FAW risk 29-07-2019

Nkoranza South
Municipality
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agreements among variables. Kendall’'s W ranges from 0 (no agreement) to 1 (complete agree-
ment) from:

125

DR

where n is the number of objects, p the number of judges, T is a correction factor for tied ranks and
S is the sum of squares statistic over the row sums of ranks. The key rational for employing this
approach is to establish the summation of the ranks assigned to each ranked parameter that is the
constraints confronted by farmers and then evaluate the variability of this sum. The variability
among these sums will be at maximum, provided the rankings are in perfect agreement. The
challenges are ordered from outmost important to the least important using numerals 1, 2, 3, 4, 5,
6 and 7. Thus, coefficient of concordance (W), which estimates the level of concordance was
calculated using the aggregate rank score. The estimated W in this study ensured that the
challenges limiting the control of FAW are identified and prioritize. Thus, policy makers are able
to determine which challenges to address immediately in order to reduce the impact of FAW on
most of the farmers.

3. Results and discussion

3.1. Descriptive statistics

The descriptive statistics of the respondents is shown in Table 1. The result shows that the mean
age of the farmers is 41.5 years, while the youngest and oldest farmers were 21 and 82 years,
respectively. An observation from the data shows that the majority of the farmers have ages
within 40-50 years. These imply that the farmers are in their mid-active working period and may
be working assiduously to maintain a decent future. As such, the farmers may put much invest-
ment in terms of capital and human efforts in maize production. The average household size
among the sampled farmers is 6.5. Thus, there are about six to seven persons in the household of
almost all the selected farmers. While some farmers reside alone in their household, others have
as high as 16 members. Although some of the farmers had no formal education, others had up to
university degrees. On the average however, a farmer in the district had completed primary
education. There is a high experience in maize cultivation by the farmers as the average farmer
had been into maize production for almost 19 years and the most experienced farmer had
cultivated maize for 60 years. Nonetheless, there are some few farmers who had cultivated
maize for the first time. The high experience in maize cultivation can be a potential asset in the
maize industry as such experience farmers are not only able to increase production or productivity

Table 1. Descriptive statistics of respondents

Variable Mean® Std. Dev. Min Max
Age 41.5 12.4 21 82
Household size 6.5 2.9 1 16
Years of education 6.3 33 ‘ 0 15
Years in maize 18.8 11.2 1 60
farming

Maize farm size 5.2 3.8 1 30
Maize output 249 213 3 160
Fertilizer usage 14.0 8.6 2 60
Family labour usage 0.20¢ 0.4 0 1
Hired labour 0.11¢ 0.31 0 1
Access to extension 0.2¢ 0.4 0 1
Sex of farmer 0.8° 0.4 0 1

%Indicates proportion of ones against zeros in dummy variables
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but also, they are able to easily detect anomalies such as new pests in maize production. The
majority (80%) of the respondents are males while 20% are females. Considering the importance
of extension service in crop production especially in responding to a devastating pest infestation
such as FAW, it is surprising that only 20% of the farmers had access to extension services in the
district.

The use of both family labour and hired labour is very low among the farmers. While 20% of the
farmers had used family labour, only 11% had used hired labour. The implication is that majority of
the farmers engage in most of their farm activities without external labour. Again, this is due to the
production of maize for subsistence purposes; as a result, the farmers may not be willing to incur
much labour cost in their productions. On the average, a farmer had cultivated 5.2 acres of maize
with @ minimum and maximum acreage of 1 and 30, respectively. The use of fertilizer is high
among the farmers since the average farmer had used 14 bags (50 kg per bag), 2.7 bags/acre, of
fertilizer for maize production. The data established that the average farmer had 24.9 bags (100 kg
per bag), from their farms. Juxtaposing this with the average farm size, it can be concluded that
the average farmer had obtained 4.79 bags (479 kg) of maize from an acre farm. Scheiterle and
Birner (2018) estimated that high experience in farming and use of herbicides increases the
probability of a farmer having yield above average (1.5 MT/ha).

3.2. FAW infestation and level of infestation

Table 2 shows the level of FAW infestation among the sampled farmers. This shows that 79.5% of
the selected farmers had experienced FAW on their farms in the 2018 production season. This
suggests that about four in every five sampled farmers have had FAW infestation in the production
season. Although this is high, it is not surprising because the worm have very high reproductive
rate and thus able to infest more farms within a short period. The national record shows that over
20,000 hectares of farms were destroyed by FAW in Ghana in 2018 (Fugar, 2019). Outside Ghana,
De Groote et al. (2020) found that about 83% of farmers in Kenya have had their farms been
infected with FAW in the 2018 production season. The findings in this study is contrary to that of
Tambo et al. (2019) where they estimated that only a little over one-third of the farmers in Ghana
and Zambia had experienced FAW.

In addition to the number of farmers whose farms were infested with FAW, Table 3 shows the
extent to which FAW had affected the farms. This revealed that more than half (54.7%) of the
farmers had all their farms affected by FAW while an additional 41.5% of the farmers had half of
their farms affected by FAW. The remaining 3.7% of the farmers had less than one-third of their
farms affected by FAW in the 2018 production season. This distribution showed that the extent of
FAW infestation in the area is very high, an observation that was also made by Fugar (2019).
Assefa and Ayalew (2019) explained that FAW is a major threat to maize production because of its

Response Frequency Percentage
Infestation

Farm not infested 41 20.5
Farm infested 159 79.5
Total 200 100.0
Extent of infestation

1/2 of farmland 66 41.5
1/4 of farmland 5 3.1
1/8 of farmland ‘ 1 0.6
Entire farmland 87 54.7
Total 159 100.0
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FAW Improved seed Own seed Total
infestation Freq. % Freq. % Freq. %
Farm not 3 7.3 38 92.7 41 100.0
infested
Farm infested 0 0.0 159 100.0 159 100.0
Total 3 1.5 197 98.5 200 100.0

rapid breeding and migration capabilities. It is important to note that the infection discussed in
this study does not account for the specific area of the plant that is infested. This is important to
state because Day et al. (2017) indicated that while FAW infestation of only maize leaves does not
lead to total yield loss, there is a complete loss if the growing point of the plant is attacked by the
worm. Therefore, it is possible that some of the farms that have recorded complete infestation in
this study may record some crop output during the season. In a related studies, Tanyi et al. (2020)
also found that FAW infestation level on maize farms ranged between 13 and 93% while Sharon et
al. (2020) found that there is high incidence and severity of FAW on maize yields of Uganda.

3.3. Seed type and FAW infestation

Table 3 shows the distribution of the farmers based on FAW infestation and the types of seed that
was cultivated by the farmers. This shows that all the farmers who cultivated their fields using
improved seeds had experienced no FAW infestation while among farmers who had used their own
seeds, 92.7% of them had their farms infested with FAW. This is generally to suggest that although
the use of improved seeds is low among the farmers, the use of improved seeds leads to zero FAW
infestation. This justify the need for the cultivation of improved maize seeds in the Municipality.

3.4. FAW infestation and maize output

Figure 2 is an analysis of the difference in mean output between farmers who had their farms
infested with FAW and those whose farms were not infested. The result shows that while the
farmers whose farms were infected had an average output of 23.85 bags (100 kg per bag), those
whose farms were not infested had an average output of 28.8 bags (100 kg per bag). This means
that there is 17.2% output gap between the infested farms and non-infested farms. A test of mean
differences shows that there is a statistically significant difference in the mean output values
between the two groups of farmers. In most cases, FAW infestation can lead to a zero farm output
if it is not contained at the early stages of development. In a related study, De Groote et al. (2020)
estimated that there is an output loss of 32% due to FAW infestation.

3.5. FAW mitigation strategies adopted by farmers

The mitigation strategies adopted by the farmers who experienced FAW infestation is shown in Table 4.
This shows that all the 159 farmers whose farms were infested with FAW had used chemicals (pesti-
cides) as a mitigation strategy to FAW. The use of pesticides is generally a recommended strategy by the
Ministry of Food and Agriculture (MoFA) in the control of FAW among maize farms. It is therefore not
surprising that all the farmers had adopted it. Contrary to this study, Tambo et al. (2019) and Kansiime et
al. (2019) respectively had estimated that only about 49% and 60% of farmers in their studies had used
pesticides in the control of FAW. Assefa and Ayalew (2019) expressed that although the control of FAW is
achievable through the use of chemicals, there are challenges to cost, environmental contamination
and the possibility of the resurgence of the worm. Assefa and Ayalew (2019) further stressed that the
timing in the application of chemicals is crucial to achieve the objective of controlling FAW. According to
the Plant Protection and Regulation Service Directorate of MoFA, the chemical brands that are suitable
for controlling FAW in Ghana includes Eradicot T, Ema Star 112EC, Control 5WDG, Ataka Super EC, Bypel
1, Agoo, Pyrinex Quick 256EC, Viper 46EC, Adepa, Super top, Thunder 145 OD O-TEQ, K-Optimal EC, Galil
300SC and Chemaprid. However, FAO (2018) cautioned against the use of hazardous chemicals such as
Methomyl, Cyfluthrin, Methyl parathion and Endosulfan in the management and control of FAW as this
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Strategy Yes No

Pesticides 159 100.0 0 0.0
Neem tree 13 8.2 146 91.8
Detergent (e.g. 96 60.4 63 39.6
Omo)

Hand picking 21 13.2 138 86.8
Burning affected 6 3.8 153 96.2
farm portion

was observed in many African countries. The choice of pesticides for FAW control in a given country
should be those that are most effective, lowest-risk, economical, accessible and easily used by small-
holders (without sophisticated machinery) (FAO, 2018).

The second most used control strategy involved the application of detergents. The use of
detergent in FAW control is done by mixing the detergent with water and applying on the surface
of the plants. According to the farmers, this reduces the reproductive rate of the FAW, therefore,
able to control it effectively. Contrary, Tambo et al. (2019) estimated that only 0.8% of their
Ghanaian sample had used detergents as a control strategy to FAW while 3.51% of farmers
from Zambia had used detergents to control FAW. The use of neem tree extracts, hand picking
and burning of the affected farm areas is low among the farmers.

3.6 Output comparison based on FAW control strategy

Table 5 shows a comparison of the mean output of farmers who adopted each of the identified
FAW control strategies and those who did not adopt any of these strategies. Overall, the result
shows that farmers who have adopted any of the control strategies had higher output than those
who did not adopt any of the strategies. For instance, while farmers who regularly handpicked the
worms and destroy them had 27.05 bags (100 kg per bag) of maize output, those who did not
hand-picked had only 23.39 bags; a difference of 3.66 bags. Similarly, there is a difference of 5.78
bags between farmers who used neem extracts for controlling FAW and those who did not use the
extract. The highest output difference (13.15 bags) was obtained under burning of affected farm
portions while the lowest difference was obtained under the use of detergents (0.62 bags). The T-
test shows that there is no significant difference in the output levels between the users and non-
users of the various control strategies except burning of affected farm portions. The results also
show that while farmers who are able to identify farm areas that are affected by the FAW early
enough and had burned or destroyed such portions of the farms had 36.5 bags (100 kg per bag) of
maize compared to 23.35 bags of those who did not. This is because, burning the affected farm
areas increase the probability of reducing the reproduction and spread of the FAW to the entire
farm area. Therefore, such farmers are able to control the pest and obtain high yields on the
remaining farm lands. Generally, Tambo et al. (2019) estimated that the adoption of a FAW
management strategy leads to an increase in maize output and own maize consumption.

3.7. Combination of FAW control strategies and mean output

Farmers have adopted a combination of FAW control strategies discussed from Table 5. The
adoption of more than one strategy was aimed at achieving higher results in terms of the control
or management of the FAW and thus to obtain expected yields or output. Therefore, Table 6
provide the frequency of farmers who used a particular combination of strategies and the mean
output of these farmers. These figures are compared with the sample mean output of 23.85 bags
from the farmers whose farms were infested by the FAW. The result shows that pesticides and
detergents were used by 60.4% of the farmers. This is the only set of combination for the control
strategies that was adopted by over 50%. While 12.6% of the farmers have used pesticides along
with hand picking of the worm, 8.2% used pesticides alongside the use of neem extracts. The
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Table 5. Output comparison based on FAW control strategy

Strategy Group Obs. Mean Std. Err. Std. Dev. T-value
output

Pesticides Users 159 23.85 19.875 1.576 NA

Neem extract | Non-users 146 23.38 1.67 20.13 1.00
Users 13 29.15 4.57 16.47

Detergent Non-users 63 23.48 3.05 24.20 0.19
Users 96 24.09 1.69 16.57

Hand picking | Non-users 139 23.39 1.61 18.93 0.77
Users 20 27.05 5.78 25.87

Burning Non-users 153 23.35 1.60 19.78 1.60*

?;isrstsgrts Users 6 36.50 7.99 19.57

*Indicates significance at 10%.

Table 6. Combination of FAW control strategies and mean output

Strategy combination Frequency Percentage of 159 Mean output
Pesticides*Neem extract 13 8.2 29.15
Pesticides*Detergents 96 60.4 24.09
Pesticides*Hand picking 20 12.6 27.05
Pesticides*Burning 6 3.8 36.50
Neem extract*Detergents 6 3.8 26.50
Neem extract*Hand 2 1.3 18.00
picking

Neem extract*Burning 2 13 42.00
Detergents*Hand picking 14 8.8 31.79
Detergents*Burning 3 1.9 32.67
Hand picking*Burning 2 1.3 25.50
Pesticides*Neem 6 3.8 26.50
extract*Detergents

Pesticides*Neem 2 1.3 18.00
extract*Hand picking

Pesticides*Neem 2 13 42.00
extract*Burning

Pesticides*Detergent*® 14 8.8 31.79
Hand picking

Pesticides*Hand 2 13 25.50
picking*Burning

The mean output from the sample of farmers whose farms were infested was 23.85 bags.

farmers adopted only five triple combinations of the strategies. Among these, the combined use of
pesticides, detergents and hand picking recorded an adoption level of 8.8% while the others
recorded less than 5% adoption combination levels.

In terms of the impact on output, the result established that all the combinations except neem
extract together with hand picking, and pesticides together with neem extract and hand picking
recorded mean output levels higher than the 23.85 bags estimated from the sample. The highest
output was realised for farmers who used neem extract together with burning of infested farm
areas. These farmers recorded a mean output of 42 bags. Lima et al. (2010) observed from an
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Figure 2. FAW infestation and
maize output.

experiment that without weed control, neem extracts and deltamethrin sprays provided highest
outcomes. As explained by Lima et al. (2010), the use of tree extracts for pest control is not new
but exist prior to the introduction of synthetic insecticides.

The second highest mean output was recorded for the use of pesticides together with burning of
infested farm areas. Although the use of pesticides with detergents was high among the farmers,
the mean output is relatively lower compared to most of the less-adopted combined strategies.
Recalling from Figure 2, it can be concluded that the use of a combination of some strategies leads
to higher outputs than even farms that recorded no FAW infestation. For instance, the use of
pesticides together with neem extract produced an output of 0.30 bags over the output of farms
that were not infested. In their study, Sharon et al. (2020) also concluded that research to
integrate indigenous knowledge of pest control, biological control and plant breeding options is
needed to ensure effective FAW management.

3.8. Constraints to the use of chemicals in the control of FAW

The choice of a farmer to undertake any appropriate FAW control strategy has been limited by
some constraints. These constraints to chemical control were identified and the respondents asked
to rank them in terms of the severity of the challenge. A Kendall’s coefficient of concordance was
estimated to estimate the level of agreement in the rankings. The result as shown in Table 7
revealed that the estimated Kendall’s coefficient (W) is 0.972. Thus, there is a 97.2% agreement in
the ranking of the challenges by the individual farmers. The estimated Chi-square is statistically
significant, thus, the order of ranking of the challenges significantly represent the actual order of
severity of these challenges.

The ranking of the constraints involved assigning ‘1’ to most severe challenge and ‘7' to less
severe challenge. Meaning, the lower the mean value, the severe the challenge and the higher the
mean value, the lower the severity of the challenge. Most pressing constraint ranked among the
respondents was high cost of pesticides since it has the least mean rank value of 1.00. This high
cost for the pesticide was ascribed to the growing demand for the pesticides. The second most
pressing constraint ranked among the respondents was inadequate availability of pesticides, which
had a mean rank value of 2.06. This agreement was based on the fact that, the chemicals were not
available at the farming communities but mostly at the district capital which affects the access to
the chemicals on time. The third constraint ranked among the respondent was insufficient money
to purchase the chemical which had the mean value of 2.94. As smallholder farmers, one of the
major challenge for maize production is the lack of fund for investment in farm activities. This lack

30.00
25.00
20.00
15.00
10.00

5.00

No. of bags of maize harvested

0.00
FAW non-infested farms FAW infested farms

Type of farm
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Constraints Mean Rank
High cost of pesticides 1.00 1st
Inadequate availability of 2.06 2nd
chemicals

Insuficient money to purchase the 2.94 3rd
chemicals

Knowledge as to how to use 4.34 4th
chemicals

Detection of early signs of 4.66 5th
outbreak

Knowledge as to what infestation 6.14 6th
threshold to apply chemicals

Knowledge as to the growth stage 6.86 7th
of maize

W(6) = 0.972

Chi-squared = 1130.91***

Source: Field survey (2019).

of fund makes it difficult for the farmers to respond to emergencies or shocks such as FAW.
Observably, the first-three major challenges involve accessibility and availability. This means that
in order to increase the use of chemicals in addressing FAW, price incentives and decentralization
of chemical stores for the FAW pesticides must be instituted.

The other four challenges involve lack of knowledge in chemicals, morphology of maize and
FAW. While the fourth ranked challenge is the knowledge on how to use the chemicals for
controlling FAW, the fifth is the low ability of the farmers to detect the FAW at its early stage.
The low knowledge in the morphology of maize limits the ability of the farmers to effectively use
chemicals. This is because these farmers may fail to do the right things at the right time due to
their low knowledge.

4. Conclusion and recommendations

In addition to the numerous challenges such as climate change, FAW have become a major threat
to maize production in countries such as Ghana. Socioeconomic research in understanding the
impacts of FAW and its control strategies have become an emerging field of study. In this study,
the prevalence of FAW, control strategies and its effect on output were examined in one of the
most FAW infested areas of the country, the Nkoranza South Municipality were unfolded using 200
farmers.

This study concluded that there is a high prevalence of FAW in the district. There is also a
significant output gap between infested farms and non-infested farms of about 17%. These are
expected to trigger action from established institutions such as MoFA in ensuring that they are
able to provide more effective mitigation strategies in the future. Chemicals were used by every
farmer whose farm was affected by the FAW. The other strategies used by farmers were neem
extract, detergents, hand picking and burning of affected farm areas. Despite the 100% use of
chemicals, its use is not without challenges. The major challenge that affected farmers’ use of
chemicals in controlling FAW was the high cost of the chemicals. This is understandable consider-
ing that these farmers are smallholders whose capital investment in the farms are low. The study
also concludes that among sole mitigation strategies, burning affected farm areas gives the
highest impact on output. Nonetheless, a combination of some of the strategies produced a better
result in terms of output enhancement than simply relying on a single strategy. For instance,
combining neem extracts with burning of infested farm areas leads to significantly high output
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than the use of only single strategy. Therefore, farmers are encouraged to adopt more than one
strategy, especially the use of burning and neem extracts in controlling FAW. In addition to the
study of the impact of control strategies on output, there is the need to do a benefit cost analysis

to determine the economic feasibility of each FAW strategy.

Funding
The authors received no direct funding for this research.

Competing interests
The authors declares no competing interests.

Author details

Shaibu Abdul Bariw?

E-mail: abdulbariw5050@gmail.com

Solace Kudadze!

E-mail: kudadzesolace@yahoo.com

William Adzawla®

E-mail: adzawlawilliam@gmail.com

ORCID ID:

1 Department of Agricultural and Resource Economics,
University for Development Studies, Tamale, Ghana.

Citation information

Cite this article as: Prevalence, effects and management
of fall army worm in the Nkoranza South Municipality,
Bono East region of Ghana, Shaibu Abdul Bariw, Solace
Kudadze & William Adzawla, Cogent Food & Agriculture
(2020), 6: 1800239.

References

Amanor, K. S. ( ). Global food chains, African small-
holders and World Bank governance. Journal of
Agrarian Change, 9(2), 247-262. https://doi.org/10.
1111/j.1471-0366.2009.00204.x

Assefa, F., & Ayalew, D. ( ). Status and control mea-
sures of fall armyworm (Spodoptera frugiperda)
infestations in maize fields in Ethiopia: A review.
Cogent Food & Agriculture, 5(1), 1641902. https://doi.
0rg/10.1080/23311932.2019.1641902

Banson, K. E., Asare, D. K., Dery, F. D., Boakye, K., Boniface,
A., Asamoah, M., & Awotwe, L. E. ( , July). Impact
of fall armyworm on farmer’s maize: Systemic
approach. Systemic Practice and Action Research, 33,
237264-. https://doi.org/10.1007/s11213-019-09489-
6

Barros, E. M., Torres, J. B., Ruberson, J. R., & Oliveira, M. D.
( ). Development of Spodoptera frugiperda on
different hosts and damage to reproductive struc-
tures in cotton. Entomologia Experimentalis Et
Applicata, 137(3), 237-245. https://doi.org/10.1111/].
1570-7458.2010.01058.x

Baudron, F., Zaman-Allah, M. A, Chaipaq, I, Chari, N., &
Chinwada, P. ( ). Understanding the factors
influencing fall armyworm (Spodoptera frugiperda J.
E. Smith) damage in African smallholder maize fields
and quantifying its impact on yield. A case study in
Eastern Zimbabwe. Crop Protection, 120, 141-150.
https://doi.org/10.1016/j.cropro.2019.01.028

Day, R., Abrahams, P., Bateman, M., Beale, T., Clottey, V.,
Cock, M., Colmenarez, Y., Corniani, N., Early, R.,
Godwin, J., Gomez, J., Moreno, P. G., Murphy, S. T.,
Oppong-Mensah, B., Phiri, N., Pratt, C., Silvestri, S., &
Witt, A. ( ). Fall armyworm: Impacts and impli-
cations for Africa. Outlooks on Pest Management, 28
(5), 196-201. https://doi.org/10.1564/v28_oct_02

De Groote, H., Kimenju, S. C., Munyua, B., Palmas, S.,
Kassie, M., & Bruce, A. ( ). Spread and impact of
fall armyworm (Spodoptera frugiperda J.E. Smith) in
maize production areas of Kenya. Agriculture,

Ecosystems & Environment, 292, 106804. https://doi.
0rg/10.1016/j.agee.2019.106804

FAO. ( ). Integrated management of the fall army-
worm on maize: A guide for farmer field schools in
Africa. Food and Agriculture Organiation. http://www.
grainsa.co.za/upload/FAO—FAW-Guide.pdf

Fugar, S. ( ). Fighting fall armyworm with early warning
systems in Ghana. Esoko. Retrieved February 27, 2020,
from https://esoko.com/fighting-fall-armyworm-
ghana/

eGSS ( ). District analytical analytical report: Nkoranza
South Municipality. Ghana Statistical Service, Accra.

Hajkowicz, S. ( ). A comparison of multiple criteria
analysis and unaided approaches to environmental
decision making. Environmental Science & Policy, 10(3),
177-184. https://doi.org/10.1016/j.envsci.2006.09.003

Huma, B., Hussain, M., Ning, C., & Yuesuo, Y. ( ).
Human benefits from maize. Scholar Journal of
Applied Sciences and Research, 2(2), 04-07. https://
innovationinfo.org/articles/SJASR/SJASR-2-213.pdf

Ibrahim, E. S. ( ). Review on effect of American fall
army worm and its management on maize as the
world. SeniorSeminar paper, Jimma University
Colledge of Agriculture and veterinary.https://www.
academia.edu/38084979/
Review_on_Effect_of_American_Fall_Army_Worm_a-
nd_Its_Management_on_Maize_as_the_World?
auto=download

JAICAF. (2008). The maize in Zambia and Malawi.
Japanese Association for International Collaboration
of Agriculture and Forestry. https://pdfs.seman-
ticscholar.org/4bd6/82a7de0c76a8-
b73538522e6f96f9c856494.pdf

Kansiime, M. K., Mugambi, I., Rwomushana, I., Nunda, W.,
Lamontagne-Godwin, J., Rware, H., Phiri, N. A,,
Chipabika, G., Ndlovu, M., & Day, R. ( ). Farmer
perception of fall armyworm (Spodoptera frugiderda
J.E. Smith) and farm-level management practices in
Zambia. Pest Management Science, 75(10), 2840-
2850. https://doi.org/10.1002/ps.5504

Lima, M. S,, Silva, P. S. L., Oliveira, O. F., Silva, K. M. B, &
Freitas, F. C. L. ( ). Corn yield response to weed
and fall armyworm controls. Planta Daninha, Vigosa-
MG, 28(1), 103-111.https://doi.org/10.1590/S0100-
83582010000100013

Macauley, H., & Ramadjita, T. ( ). Cereal crops:
Rice, maize, millet, sorghum, wheat. Feeding
Africa, 36.https://www.afdb.org/fileadmin/uploads/
afdb/Documents/Events/DakAgri2015/
Cereal_Crops-
_Rice__Maize__Millet__Sorghum__Wheat.pdf

Ministry of Food and Agriculture (MOFA). ( ). Ghana
maize strategy document and investment opportu-
nities for the private sector. Statistics, Research and
Information Directorate (SRID), Accra, Ghana.

Pasanna, B. M., Huesing, J. E., Eddy, R., & Peschke, V. M.
( ). Fall armyworm in Africa: A guide for inte-
grated pest management. CIMMYT. USAID.

Scheiterle, L., & Birner, R. ( ). Assessment of Ghana’s
comparative advantage in maize production and the
role of fertilizers. Sustainability, 10(11), 2013-2015.
https://doi.org/10.3390/su10114181

Shah, T. R., Prasad, K., & Kumar, P. ( ). Maize—A
potential source of human nutrition and health: A

Page 12 of 13


https://doi.org/10.1111/j.1471-0366.2009.00204.x
https://doi.org/10.1111/j.1471-0366.2009.00204.x
https://doi.org/10.1080/23311932.2019.1641902
https://doi.org/10.1080/23311932.2019.1641902
https://doi.org/10.1007/s11213-019-09489-6
https://doi.org/10.1007/s11213-019-09489-6
https://doi.org/10.1111/j.1570-7458.2010.01058.x
https://doi.org/10.1111/j.1570-7458.2010.01058.x
https://doi.org/10.1016/j.cropro.2019.01.028
https://doi.org/10.1564/v28_oct_02
https://doi.org/10.1016/j.agee.2019.106804
https://doi.org/10.1016/j.agee.2019.106804
http://www.grainsa.co.za/upload/FAO%2014FAW-Guide.pdf
http://www.grainsa.co.za/upload/FAO%2014FAW-Guide.pdf
https://esoko.com/fighting-fall-armyworm-ghana/
https://esoko.com/fighting-fall-armyworm-ghana/
https://doi.org/10.1016/j.envsci.2006.09.003
https://doi.org/10.1002/ps.5504
https://doi.org/10.3390/su10114181

Bariw et al., Cogent Food & Agriculture (2020), 6: 1800239
https://doi.org/10.1080/23311932.2020.1800239

review. Cogent Food & Agriculture, 2(1), 1166995.
https://doi.org/10.1080/23311932.2016.1166995

Sharon, B., Michael, M., & Bwayo, M. F. ( ). Severity
and prevalence of the destructive fall armyworm on
maize in Uganda: A case of Bulambuli district. African
Journal of Agricultural Research, 16(6), 777-784.
https://d0i.10.5897/AJAR2019.14670

Silva, M. S., Broglio, S. M. F., Trindade, R. C. P., Ferrreira, E.
S., Gomes, 1. B., & Micheletti, L. B. ( ). Toxicity and
application of neem in fall armyworm. Comunicata
Scientiae, 6(3), 359-364. https://doi.org/10.14295/cs.
v6i3.808

Tambo, J. A., Day, R. K., Lamontagne-Godwin, J., Silvestri,
S., Beseh, P. K., Oppong-Mensah, B., Phiri, N. A, &
Matimelo, M. ( ). Tackling fall armyworm

cogent--0a

You are free to:

¥ cogent--food & agriculture

(Spodoptera frugiperda) outbreak in Africa: An ana-
lysis of farmers’ control actions. International Journal
of Pest Management, 66(4), 1-13. https://doi.org/10.
1080/09670874.2019.1646942

Tanyi, C. B. T., Nkongho, R. N., Okolle, J. N., Tening, A.
S., & Ngosong, C. ( ). Effect of intercropping
beans with maize and botanical extract on fall
armyworm (Spodoptera frugiperda) infestation.
International Journal of Agronomy, 2020, 1-7.
https://doi.org/10.1155/2020/4618190

Varma, P. (2016). Enhancing rice productivity and food
security: A study of the adoption of the system of rice
intensification (SRI) in selected states of India. Centre
for Management in Agriculture Indian Institute of
Management Ahmedabad.

© 2020 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.

Share — copy and redistribute the material in any medium or format.
Adapt — remix, transform, and build upon the material for any purpose, even commercially.
The licensor cannot revoke these freedoms as long as you follow the license terms.

Under the following terms:

®

No additional restrictions

Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.
You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Cogent Food & Agriculture (ISSN: ) is published by Cogent OA, part of Taylor & Francis Group.

Publishing with Cogent OA ensures:
«  Immediate, universal access to your article on publication

»  High visibility and discoverability via the Cogent OA website as well as Taylor & Francis Online

+  Download and citation statistics for your article

*  Rapid online publication

«  Input from, and dialog with, expert editors and editorial boards

+  Retention of full copyright of your article

*  Guaranteed legacy preservation of your article

«  Discounts and waivers for authors in developing regions

Submit your manuscript to a Cogent OA journal at www.CogentOA.com

Page 13 of 13


https://doi.org/10.1080/23311932.2016.1166995
https://doi.10.5897/AJAR2019.14670
https://doi.org/10.14295/cs.v6i3.808
https://doi.org/10.14295/cs.v6i3.808
https://doi.org/10.1080/09670874.2019.1646942
https://doi.org/10.1080/09670874.2019.1646942
https://doi.org/10.1155/2020/4618190
https://www.researchgate.net/publication/343391191



