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ABSTRACT

Kenyan Agriculture has faced a lot of challenges caused by various invasive insect crop pest. This has threatened
the efforts of the Kenyan government in actualizing Sustainable Developments Goals (SDGs) towards agriculture.
Invasion of insect pest in sub-Saharan Africa, particularly on the cereals crops is one of the major threat to their
effective utilization. Although several methods have been utilized towards the control of these pests, optimum
utilization is still a challenge. This is because Integrated Pest Management (IPM) strategies have been
underexplored by the farmers. A survey was conducted in Bondo Sub-County, Siaya county, Kenya, among the
maize farmers using questionnaire to assess farmers’ awareness of the effects of Fall Armyworm (FAW), control
strategies practiced in its management on maize yield. Among 62 respondents spread across the entire Sub-
County, 9.7% of the respondents first learnt about FAW in the media (Radio, TV, internet and newspapers) and
56.5% learnt about FAW when their farms got invaded. 37.1% of respondents use insecticides in controlling FAW
in their farms, 12% apply biological control strategies while 21 % use both chemical insecticides and biological
control methods. However, approximately 29% of farmers are not sure of effective control strategies of FAW in
farms. From the survey, it was established that the average bags of maize (50kg) produced per acre in Bondo
sub-county when there is no invasion of fall army worm is 40 bags. However, when farms are invaded the average
bags that can be produced in a single planting season is 17 bags. A paired t test statistical analysis was used to
establish if there was a significant difference in the average no of bags of maize produced before and after FAW
invasions. At alpha = 0.05, t score was found to be 9.604 with a corresponding p-value < 0.001. The result was
found to be significant at p < 0.05. From this study, it was established that there is need to sensitize farmers about
FAW management since it has adverse effect overall crop yield. It is therefore imperative for the Kenya
Government and the development partners to prioritize farmer sensitization about FAW management strategies
and best farming practices which are eco-friendly.
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I. INTRODUCTION

A healthy, inclusive and sustainable food systems are key to achieving the world’s development goals.
Development in agriculture is a powerful tool that will end extreme poverty, increase shared prosperity and feed
the rapidly increasing world’s population projected at 10 billion by 2050 [World bank]. Humans, livestock and
poultry use maize for food and other applications include bread making, corn syrups, corn flakes and corn oil
[Khan et al, 2022].

Food and Agriculture Organization statistics (FAOSTAT) data shows that in the last decade the world
produced approximately 1,036 billion tonnes of maize [Dragomir et al, 2022]. In Eastern and Southern Africa,
maize is considered staple food to millions of people. However, the yield level is lowest in global ranking and the
major setback behind this low production record are the insect pests [Ampofo, 1988].

Several insects have been reported to cause major losses in maize yield including the Fall Armyworm
(FAW)- which is currently a major challenge in maize production. The estimated FAW infestation rate in Kenya
is 47% translating to 1381kg/Ha maize yield loss. Due to high potential losses caused by FAW, a range of control
methods have been proposed for practice by farmers [De Groote, et al, 2020]. However, the effect of FAW still
remains a major challenge to maize farmers.
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FAW is a native of Western Hemisphere and due to its broad host range and long-distance migration
capability, FAW spread to Eastern Hemisphere over a remarkably short period of time initially in West Aftrica
and later to Eastern and Southern Africa [Nagoshi et al, 2020].

In North Sumatra, FAW increase production cost by 4.2 % and reducing production cost by 26.6%
wherein labour records the highest cost of production and rainfall and wind speed factors positively and negatively
influence development of FAW [Girsang et al, 2020].

FAW is considered a serious polyphagous and destructive pest of maize, therefore, global maize
production is still at risk [Bakry and Abdel, 2023]. Invasion of FAW in the Old World has potentially threatened
food security and incomes of millions of small holder farmers [Chisonga et al, 2023]. FAW larvae feed on all
developmental stages of maize growth; ears, tassels, silks and young leaf whorls leading to massive losses in grain
yields [Omar, H. 2023].

FAW belong to class Insecta in the the genus Spodoptera now classified as Spodoptera frugiperda. The
genus Spodoptera comprises of close to 31 species distributed in six continents. About 15 of these species are
pests of numerous cultivated plants. FAW undergo four stages of life cycle consisting of eggs, larva, pupa and
moth (adult). The life cycle is completed within 4 weeks [Kenis et al, 2022]. Crop development and abiotic factors
such temperature and relative humidity also affects the development of FAW [Ahmad and Ibrahim, 2021].

Sustainable Agriculture is one of the developmental agenda of the Kenyan government as documented
in its key Strategic Plans; vision 2030 and Sustainable Development Goals (SDGs). However, this premier
national dream cannot be fully realized if farmers are not empowered with adequate information pertaining the
global threats of invasive crop pests.

Despite the national and global concerns to contain the spread of FAW infestation and improve food
production and security, control methods are limited to regular weeding, intercropping and chemical application
[Ansa et al, 2021]. The use of chemicals in farms has been associated with poisoning cases that affects the
environment [Rijal, S., 2019]. Adoption of Integrated Pest Management strategies (IPM) incorporating the use of
biological control, host plant resistance, cultural control and safe pesticides has not been fully applied in Bondo
Sub-county.

II. MATERIALS AND METHODS
Study site
This study was conducted in Bondo Sub-county, Kenya. Bondo sub-county has a total coverage of 1328 km?.
577.2 km? is land surface and 751 km? is covered with water of Lake Victoria.
The sub-county lies between latitude 0°26” and 0°90° South of the equator and from longitude 33’58’E and
34°35°W.

FIG. 1. MAP OF BONDO SUB-COUNTY AND NEIGHBOURING DISTRICTS
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Study design
A cross-sectional study was conducted on maize growing farmers within Bondo Sub-county that were considered
the study population.

Sampling and data collection

Based on the pilot study that was conducted in Usigu, Nyong’oma and Maranda villages, approximately 74
farmers could turn up for awareness outreach about FAW. From this data, it was concluded that there are
approximately 74 active maize farmers in Bondo sub-county.

To calculate the sample size, Slovin’s formula was used:

_ N
n _
1 + Ne A2
Where:
. N=74
i e =0.05 (margin of error for 95% confidence level)

The sample size (n) was calculated to be 62 farmers.
A total of 62 farmers were randomly sampled across the three administrative divisions of
Bondo sub-county; Usigu division, Maranda division and Nyang’oma division. A structured questionnaire,
observation and interviews were used to gather data from the farmers.
Data management and analysis

Raw data from individual farmers collected through questionnaire were entered into Microsoft excel spreadsheet
program to create a database. The data were then transferred to SPSS version 20 for subsequent analysis. The data
were summarized using the descriptive statistics.

A paired t-test was used to analyze the comparison between the average bags of maize produced before and after
FAW invasion. In all the cases, a 95% confidence interval (CI) and p>0.05 were set for significance.

III.  RESULTS

a) Farmers awareness

The findings show that farmers' awareness of Fall Armyworm (FAW) was largely influenced by direct experience
with the pest. The majority of respondents, 56.5% (35 respondents), reported becoming aware of FAW when it
invaded their farms. This was followed by respondents who obtained awareness from all three sources—fellow
farmers, media channels, and personal experience—at 27.4% (17 respondents). Media channels accounted for
9.7% (6 respondents), while fellow farmers accounted for only 6.5% (4 respondents). These findings suggest that
direct exposure to FAW was the major driver of awareness, indicating that many farmers may have had limited
prior awareness before experiencing the invasion. This highlights the importance of strengthening proactive
awareness and extension programmes so that farmers receive information on FAW identification, prevention, and
management before outbreaks occur.

Table 1: Farmers awareness about FAW

Sources of awareness Frequency  [Percent Valid Percent  |Cumulative Percent
Fellow Farmer 4 6.5 6.5 6.5
Media Channels 6 9.7 9.7 16.1
'When FAW invaded my farm 35 56.5 56.5 72.6
From all the three Sources 17 27.4 27.4 100.0
Total 62 100.0 100.0
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b) FAW Control Strategies Practiced by farmers

The findings indicate that insecticides were the most commonly reported strategy for controlling Fall Armyworm
(FAW), accounting for 37.1% (23 respondents). Biological control was reported by 12.9% (8 respondents), while
21.0% (13 respondents) reported using both insecticides and biological control. Notably, 29.0% (18 respondents)
were not sure about the appropriate control strategy. These findings suggest that chemical control remains the
predominant approach to FAW management, while the relatively high proportion of respondents who were
uncertain about control strategies indicates a need for increased farmer training and awareness on effective and
integrated FAW management practices.

Table 2. FAW Control Strategies Practiced bz farmers

trol Strategi . .

(Control Strategies Frequency Percent Valid Percent |Cumulative Percent

Insecticides 23 37.1 37.1 37.1

Biological Control 8 12.9 12.9 50.0

Not Sure 18 29.0 29.0 79.0
13 21.0 21.0 100.0

Both Insecticides &

Biological Control

Total 62 100.0 100.0

¢) Effects of FAW invasion on maize yield.

A paired-samples t-test was conducted to determine whether there was a significant difference in the average
number of bags before and after FAW invasion. The results showed a statistically significant difference between
the two periods, #(61) =9.738, p <0.001. The mean difference was 7.968 bags (95% CI: 6.332-9.604), indicating
that the average number of bags was approximately 8 bags higher before FAW invasion than after the invasion.
Therefore, FAW invasion was associated with a significant reduction in the average number of bags
produced/harvested. Since p < 0.001, the null hypothesis was rejected.

Table 3. Paired Samples Test

Pair 1 95% Confidence
Interval of the
Std. Difference
Std. Error LowerUpper Sig.
Mean Deviation | Mean t df [(2tailed)
Average Bags before 7.968 6.443 818 6.332 9.604| 9.738| 61 <.001
and after FAW invasion

IV.  DISCUSSION

Farmers awareness

The study established that 100% of farmers in Bondo sub-county are aware of FAW. In a study
conducted in Zambia, 91% of farmers correctly identified fall armyworm, and reported it as the most important
maize pest during 2016/2017 cropping season, affecting nearly half of cultivated area ( Kansiime et al, 2019).
Equally, in a separate study performed in Uganda, FAW was ranked as the most important insect pest by the
majority of farmers from all the agro-ecologies (Odong et al, 2024). Farmers obtain relevant information about
FAW from sources like training workshops and agricultural retail stores (Zhang and Peng, 2024).

This survey found out that 9.7% of the farmers received information about FAW invasion and
management from different media that is, television adverts, newspapers, and social media such as Facebook.
However, 27.4% received information from all the three sources.

In a separate study in Rwanda, the results indicate that exposure to the campaign channels (whether
singly or in combination) is significantly correlated with improved knowledge of using cultural methods (rather
than pesticides) as the first resort for managing FAW (Tambo ef a/, 2023). Further studies suggest that increasing

DOI: 10.9790/2380-1910013238 www.iosrjournal.org 35 | Page



An Assessment of Farmers’ Awareness of the Effects of Fall Armyworm Larvae ..

public awareness among the farmers facilitates timely management of FAW with focus on Integrated Pest
Management (IPM) strategies like the combined use of chemical pesticides, biopesticides, biological control,
cultural and physical methods [Rijal S. 2019].

This study established that information about FAW invasion and management obtained from peers
during the meetings and agricultural workshops accounted for 6.5% of the sample size. Our results corroborate
with the findings of a study which was carried out in Kakamega County, revealing how interpersonal
communication channels like peers and agro dealers play a very crucial role in disseminating information about
FAW management strategies [Chipango L. 2022].

It is believed that public education has a big effect on the effective management of FAW (Zhang and
Peng, 2024). However, this survey brought to our understanding the divide in the association between social
media and farmers’ knowledge of invasive agricultural pests in Bondo Sub-County since 29% of respondents
recorded lack of knowledge of appropriate methods of FAW management in farms. This has also been
demonstrated by 56.5% of farmers who got to learn more about FAW when their farms got invaded by FAW.

Control Strategies

The study found that majority of the farmers use pesticides in FAW management practices (37.1%) while
a few apply biological and other methods. This conforms with the studies of Makale et al, 2022, which reported
predominant use of pesticides in FAW eradication in the regions of Botswana. The frequent use of chemical
insecticides are associated with significant risks in human health, animal health, and environmental safety
(Bezuidenhout and Nunkumar, 2017).

These synthetic chemicals used as crop protection mechanism has been associated with life threatening
acute and chronic toxicities that can most probably result in significant mortality cases (Christensen et al., 2009;
Kamrin, 1997). The adoption of eco-friendly methods of pest control in Bondo Sub-county is still low referenced
to our survey that recorded low numbers of farmers practicing biological control strategies.

Effects of FAW on maize yield and economy

According to the study, the results showed a statistically significant difference between the two periods,
#61)=9.738, p <0.001. This outcome proved that 7.968 bags (17.5 % ) of maize lost per ha during FAW invasion
was significant. Relative to this study, All participants (100 %) perceived it as the most destructive insect pest
affecting maize production at irrigation schemes in Limpopo province, South Africa (Pophi et al, 2026).

The infestation of FAW in maize is becoming a dangerous problem at present, and it may pose a threat to
the future maize crop worldwide as yield loss is due to massive damages in young leaves, whorls, maize cabs or
kernels that deprives maize of sufficient nutrition (Bakry and Abdel, 2023). Faw causes more damages to crops
during the larval stages and they are actively feeding during the night hours and spread rapidly during the period
of low humidity. [Ahmad and Ibrahim, 2021, Rijal S. 2019]. Regrettably, concerns are raised about little
information in the literature about the assessment of the fall armyworm, S. frugiperda, damage on maize plant
characteristics (growth characteristics and yield loss) in Egypt (Bakry and Abdel, 2023).

Study results published by EIAR, 2010 and EARO, 2001, revealed that infestation of maize by FAW lead
to complete losses of products that affected both crops producers and consumers rendering them to serious food
security problems in Ethiopia. Comparatively, our results (17.5 % yield loss per ha) reveals serious damages
caused by FAW that threatens food security in Bondo sub-county.

V. CONCLUSION

We established that FAW invasion was significantly associated with reduction in maize production even
though all the sampled farmers were aware of the presence of FAW. However, awareness was largely reactive
rather than preventive, since a significant majority of the farmers reported that they became aware of FAW when
their farms were invaded. This suggests that although general awareness of FAW exists among farmers, access
to timely and reliable information on identification, prevention and management remains inadequate
The findings of this study implicated insecticides as the most commonly used method of FAW management
among farmers, suggesting that chemical control remains dominant, while adoption and knowledge of integrated
and environmentally friendly approaches are still limited.

VI. RECOMMENDATIONS
Specific interventions targeting farmer sensitization and extension services are therefore necessary for
identification, prevention and management of FAW before outbreaks occur. Greater emphasis should be placed
on biological control and other sustainable management approaches which are eco-friendly because their current
adoption among farmers is relatively low.

DOI: 10.9790/2380-1910013238 www.iosrjournal.org 36 | Page



An Assessment of Farmers’ Awareness of the Effects of Fall Armyworm Larvae ..

ACKNOWLEDGEMENT
We are grateful to Bondo Technical Training Institute management for sponsoring this study. We are also
indebted to all the people who participated in this study in one way or the other.

Funding

This study received no funds apart from transport facilitation for fieldwork by the sponsoring institution.
Author Information

Affiliation

Ouko Emanuel, Ahomo Maricus , Mercy Ochieng, Ouku Faith, Shadrack Atego , Gabriel O. Ng’ong’a: Bondo
Technical Training Institute (BTTI) P.O Box 377-40601 Bondo, Kenya.

Contributions

Ouko Emanuel, Gabriel O. Ng’ong’a, Violet Atieno, Maricus Ahomo, Mary Mercy Ochieng’ conceptualized
the study, participated in its design and implementation, and wrote and reviewed the manuscript.

Ouko Emanuel and Gabriel O. Ng’ong’a took part in statistical analyses. All authors read and approved the final
draft of the manuscript.

Corresponding Author: Ouko Emanuel; Email; oukoemmanuel8@gmail.com

Consent of publication

The authors affirm that participants provided informed consent for the publication regarding their data.
Competing interests

The authors declare that they have no competing interest.

Data Availability

Data for this study will be made available upon request.

REFERENCES

[1] https://www.worldbank.org/en/topic/agriculture/overview

[2]. Khan, Z., Sharawi, S. E., Khan, M. S., Xing, L. X., Ali, S., & Ahmed, N. (2022). Prevalence of insect pests on maize crop in
District Mansehra, Khyber Pakhtunkhwa, Pakistan. Brazilian Journal of Biology, 84, €259217. [3]. Dragomir, V., loan Sebastian,
B., Alina, B., Victor, P., Tanasa, L., & Horhocea, D. (2022). An overview of global maize market compared to Romanian production.
Romanian Agriculture Research, 39, 535-544.

[4]. Ampofo, J. K. O. (1988). Assessment of on-farm losses in maize production due to insect pests. International Journal of Tropical
Insect Science, 9(6), 687-690.

[5] De Groote, H., Kimenju, S. C., Munyua, B., Palmas, S., Kassie, M., & Bruce, A. (2020). Spread and impact of fall armyworm
(Spodoptera frugiperda JE Smith) in maize production areas of Kenya. Agriculture, ecosystems & environment, 292, 106804.

[6]. Nagoshi, R. N., Htain, N. N., Boughton, D., Zhang, L., Xiao, Y., Nagoshi, B. Y., & Mota-Sanchez, D. (2020). Southeastern Asia fall
armyworms are closely related to populations in Africa and India, consistent with common origin and recent migration. Scientific
Reports, 10(1), 1421.

[7]. Girsang, S. S., Nurzannah, S. E., Girsang, M. A., & Effendi, R. (2020, April). The distribution and impact of fall army worm
(Spodoptera frugiperda) on maize production in North Sumatera. In /[OP Conference Series: Earth and Environmental Science (Vol.
484, No. 1, p. 012099). IOP Publishing.

[8]. Bakry, M. M. S., & Abdel-Baky, N. F. (2023). Impact of the fall armyworm, Spodoptera frugiperda (Lepidoptera: Noctuidae)
infestation on maize growth characteristics and yield loss. Brazilian Journal of Biology, 84, €274602.

[9]. Chisonga, C., Chipabika, G., Sohati, P. H., & Harrison, R. D. (2023). Understanding the impact of fall armyworm (Spodoptera
frugiperda JE Smith) leaf damage on maize yields. PLoS One, 18(6), €0279138.

[10].  Omar, H. (2023). Damage symptoms, development, and reproductive performance of the fall armyworm, Spodoptera frugiperda (JE
Smith)(Lepidoptera: Noctuidae) on fodder maize and cob. Academia Biology, 1(1).

[11].  Kenis, M., Benelli, G., Biondi, A., Calatayud, P. A., Day, R., Desneux, N., ... & Wu, K. (2022). Invasiveness, biology, ecology, and
management of the fall armyworm, Spodoptera frugiperda.

[12].  Ahmad, S., & Ibrahim, M. A. (2021, July). Influence of Meteorological Factors on Population Dynamics of Fall Armyworm,
Spodoptera frugiperda, Lepidoptera: Noctuidae and its Varietal Susceptibility to FAW. In Proceedings of the Ist International
Electronic Conference on Entomology (pp. 1-15). s Note: MDPI stays neutral with regard to jurisdictional claims in published maps
and institutional affiliations..

[13]. Ansah, . G., Tampaa, F., & Tetteh, B. K. (2021). Farmers’ control strategies against fall armyworm and determinants of
implementation in two districts of the Upper West Region of Ghana. International Journal of Pest Management, 1-15.

[14].  Zhang, L., & Peng, Y. (2024). The role of information sources in farmers’ management of a worldwide alien agricultural pest,
Spodoptera frugiperda (Lepidoptera: Noctuidae). Biological Invasions, 115.

[15].  Chipango, L. (2022). Assessment of the Effectiveness of Communication Channels Disseminating Fall Armyworms Information in
Maize Production: a Case of Kakamega County, Kenya (Doctoral dissertation, University of Nairobi).

[16]. Makale, F., Mugambi, 1., Kansiime, M. K., Yuka, 1., Abang, M., Lechina, B. S., ... & Rwomushana, 1. (2022). Fall armyworm in
Botswana: impacts, farmer management practices and implications for sustainable pest management. Pest Management Science,
78(3), 1060-1070.

[17].  Rijal, S. (2019). Highlights on appropriate management practices against fall army worm (Spodoptera Frugiperda) in the context of
Nepal. Environmental Contaminants Reviews, 2(2), 13-14.

[18]  Nyamutukwa, Shingirayi, Brighton M. Mvumi, and Peter Chinwada. "Sustainable management of fall armyworm, Spodoptera
frugiperda (JE Smith): challenges and proposed solutions from an African perspective." International Journal of Pest Management
70.4 (2024): 676-694.

[19]  Ragunathan, V., and B. J. Divakar. "Integrated pest management strategies." Molecular Biology of the Biological Control of Pests
and Diseases of Plants. CRC Press, 2020. 173-196.

DOI: 10.9790/2380-1910013238 www.iosrjournal.org 37 | Page


https://www.worldbank.org/en/topic/agriculture/overvie
https://www.worldbank.org/en/topic/agriculture/overview

An Assessment of Farmers’ Awareness of the Effects of Fall Armyworm Larvae ..

[20]

(21]

[22]

Kansiime, M.K., Mugambi, 1., Rwomushana, I., Nunda, W., Lamontagne-Godwin, J., Rware, H., Phiri, N.A., Chipabika, G., Ndlovu,
M. and Day, R. (2019), Farmer perception of fall armyworm (Spodoptera frugiderda J.E. Smith) and farm-level management
practices in Zambia. Pest. Manag. Sci., 75: 2840-2850. https://doi.org/10.1002/ps.5504

Odong TL, Obongo I, Ariong R, Adur SE, Adumo SA, Onen DO, Rwotonen BI and Otim MH (2024) Farmer perceptions, knowledge,
and management of fall armyworm in maize production in Uganda. Front. Insect Sci. 4:1345139. doi: 10.3389/finsc.2024.1345139
Ethiopian Agricultural Research Organization (EARO) (2001). Strategies and priorities for maize reasrch. November 14, 2001. Addis
Ababa, Ethiopia. Ethiopian Institute of Agricultural Research (EIAR), Ambo College (Ethiopia), International Livestock Research
Institute (ILRI), International Water Management Institute (IWMI), Association of Ethiopian Microfinance Institutions (AEMFTI),
Ministry of Agriculture and Rural Development (MoARD) (2010). Maize Value Chain Potential in Ethiopia: constraints and
opportunities for enhancing the system. International food policy research institute (IFPRI) publication. pp. 02-40

Bezuidenhout S, Nunkumar A (2017). Chemical control options for Fall armyworm in maize. Research & Technology bulletin 17/09.
PP. 01-03.

Christensen K, Harper B, Luukinen B, Buhl K, Stone D (2009). Chlorpyrifos Technical Fact Sheet; National Pesticide Information
Center, Oregon State University Extension Services

Kamrin MA (1997). Pesticide Profiles Toxicity, Environmental Impact, and Fate; Lewis Publishers: Boca Raton, FL. pp. 147-152.
Tambo, J. A., Uzayisenga, B., Mugambi, 1., Onyango, D. O., & Romney, D. (2023). Sustainable management of fall armyworm in
smallholder farming: The role of a multi-channel information campaign in Rwanda. Food and Energy Security, 12, e414.
https://doi.org/10.1002/fes3.414

Phophi D. Nethononda, Brett P. Hurley, Bernard Slippers, Moraka N. Makhura,

Smallholder farmers’ knowledge, perception and management of Spodoptera frugiperda (Lepidoptera: Noctuidae) on Zea mays at
irrigation schemes in Limpopo province, South Africa, Crop Protection, Volume 201, 2026, 107457, ISSN 0261-2194,

DOI: 10.9790/2380-1910013238 www.iosrjournal.org 38 | Page


https://doi.org/10.1002/ps.5504
https://doi.org/10.1002/fes3.414

	ABSTRACT
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	Study site
	Study design
	Sampling and data collection
	Data management and analysis

	IV. DISCUSSION
	V. CONCLUSION
	REFERENCES

