
Biological control of fall armyworm, Spodoptera
frugiperda Smith (Lepidoptera: Noctuidae) in maize
using Metarhabditis rainai (Nematoda: Rhabditidae)
in the field
Joseph Adomako 

Council for Scientific and Industrial Research
Kofi Frimpong-Anin 

Council for Scientific and Industrial Research
Ernestina Narveh Awarikabey 

Council for Scientific and Industrial Research
Bismark Abugri 

Council for Scientific and Industrial Research
edward Ofori Attah 

Council for Scientific and Industrial Research
Patrick Obeng 

Council for Scientific and Industrial Research
Yaw Danso 

Council for Scientific and Industrial Research

Research Article

Keywords: Entomopathogenic nematodes, biological control activity, biopesticides, Zea mays

Posted Date: June 4th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-9619981/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

Page 1/14

https://doi.org/10.21203/rs.3.rs-9619981/v1
https://doi.org/10.21203/rs.3.rs-9619981/v1
https://doi.org/10.21203/rs.3.rs-9619981/v1
https://creativecommons.org/licenses/by/4.0/


Abstract
Background Key to the sustainable management of fall armyworm, Spodoptera frugiperda Smith
(Lepidoptera: Noctuidae) in maize is the incorporation of biocontrol options into integrated pest
management programs. Demonstrating entomopathogenic nematode field efficacy would yield ultimate
acceptance by farmers. Treatments tested in six replications in the open field were: (T1) No application
control, (T2) Bypel, (T3) Cypermethrin and (T4) Metarhabditis rainai entomopathogenic nematodes.

Results Metarhabditis rainai was in close performance with Cypermethrin and Bypel on fall armyworm
larvae mortality, foliage damage severity and cob damage severity. Cypermethrin was (13%; 14.7%),
(85%; 92%), and (4%; 7%) higher over the Bypel, Untreated control, and M. rainai in experiments one and
two, respectively, in grain yield. Metarhabditis rainai performed creditably in reducing fall armyworm
damage on maize, resulting in high grain yield.

Conclusion Metarhabditis rainai performed creditably against the tested commercial insecticides in the
field in managing fall armyworm damage to scale up maize yield. Field demonstrations of M. rainai
entomopathogenic nematodes to manage fall armyworm damage in maize production is important for
their use as candidate biocontrol agents.

Background
Maize (Zea mays L.) is predicted to be the crop with the largest production volume globally by the year
2025 (CYMMIT and IITA, 2010). In Africa, maize ranks first in economic importance ahead of wheat and
rice. It is penciled to spearhead the attainment of food security and the reduction of poverty among rural
folks on the continent (AUC 2006). In Ghana, a greater percentage of maize produced goes into local
food consumption. An increase in maize productivity would boost food and nutrition security in Ghana
(MoFA 2017; MiDA 2010). This is because the livestock and poultry sub-sectors, which are major
sources of protein for the citizenry, rely on the maize value chain (MiDA, 2010). Despite the undisputed
importance of maize to the Ghanaian economy, the fall armyworm (FAW), Spodoptera frugiperda (J.E.
Smith) (Lepidoptera: Noctuidae) outbreak destroyed 34,247 ha of maize farms across the country in
2017/18 farming seasons alone. This translated into about 128 million USD (Fugar 2019; MoFA 2017).
The FAW larvae feed on young maize foliage and could record a 45% yield loss if unmanaged (Day et al.
2017). Synthetic insecticides are applied profusely to manage the FAW damage, initially led by the
central government in 2018 in Ghana. This has resulted in an upsurge in pesticide usage nationwide.
However, the widespread use of synthetic pesticides impacts negatively on man, non-target organisms,
and their environment (Herrero-Hernandez et al. 2017). Key to sustainable management of FAW damage
in maize is the Integrated Pest Management (IPM) approach (Day et al. 2017). The European Union (EC
2009) particularly encourages and applauds IPM because it keeps probable biotic stresses beneath the
economic injury threshold. This is made possible due to sequences of prevention, monitoring, and
intervention principles, which reduce as much as possible the application of even approved synthetic
pesticides (Aschemann-Witzel and Zielke 2017; EU 2018).
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Entomopathogenic nematodes (EPNs) are recognized pathogens of soil-dwelling insects. They are
responsible for several biological goods and services and also fit well into IPM programs (Campos-
Herrera et al. 2021; Lewis et al. 2015) to manage insect pests. EPNs occur naturally in spotted
distribution in agricultural soils where they locate appropriate insect hosts (Stock 2015) and kill them
between 48 and 72 hours. Demonstrating EPNs' field efficacy against FAW in maize would provide
satisfactory evidence that would lead to ultimate farmer acceptance. The objective of the study was to
assess the efficacy of Metarhabditis rainai (Carta and Osbrink 2005; Sudhaus 2011; Danso et al. 2024)
(Nematoda: Rhabditinae: Rhabditoidea) applied on maize under FAW infestation in the open field.

Methods

Study location and experimental setup
Open field experiments were conducted in the major and minor seasons of the year 2024 at the CSIR -
Crops Research Institute (01 ° 28′ N 06 ° 41′ W), Fumesua - Kumasi, Ghana. Some relevant agro-climatic
characteristics of the experimental site in the Ejisu district of the Ashanti region of Ghana have been
recorded in Table 1. The experimental fields were manually cleared with hoes and cutlasses. The cleared
biomass was removed to reveal the soil surface. Maize (Zea mays L.) cv. Abontem was planted at three
seeds per hill and thinned to two after seedling emergence. The planting distance was 1 m x 0.5 m
between rows and intra rows, respectively. Each plot measured 25 m2 with a plot interval space of 3 m,
wide enough to avoid treatment contamination from neighbouring plots. There were four roles, two each
as test and border rows. The number of hills per row was 10, making a total of 40 hills per plot. Each
experiment was set up in RCBD fashion with six replications. Treatments were applied four weeks after
seedling emergence (WAE). Treatments applied were: T1 = Cypermethrin (Pyrethroid contact insecticide)
as positive control, T2 = Bypel (Pierisrapae granulosis Virus 10,000 PIB/mg + Bacillus thuringiensis 16,000
UI/mg), T3 = Metarhabditis rainai (EPNs), and T4 = No application as negative control. Fall armyworm
natural infestation (≥ 75% infested plants on each plot) was allowed before the application of the
treatments.
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Table 1
Agro-climatic characteristics of the experimental site in the Ashanti region of Ghana

Region District Agro

ecology

Soil type Average
annual air
temperature

Rainfall

regime

Rainfall

information

Ashanti Ejisu Forest
savannah

transition

Ferric Acrisol;
Asuansi series;
Upper top soil: 5
cm greyish brown
sandy loam;
Topsoil: dark
brown gritty clay
loam.

21–31 oC Bimodal Major
season
rainfall:

March-mid
August.

Minor
season
rainfall:

September-
November

peak:
October.

Average
annual
rainfall:

1184 mm.

Source: Adu, Asiamah (1992)

Soil sampling for indigenous entomopathogenic nematodes
Soil sampling was done in plantation crop farms across five regions of the middle belt of Ghana –
Ashanti, Bono East, Bono, Ahafo, and Western North. All the sampling regions experience a bimodal
rainfall pattern. Some geophysical characteristics of the sampling locations have been presented in
Table 2. For an acre (4000 m2) field, the four corners were determined, and sampling was done
diagonally using the traverse soil sampling method. Five soil sub-samples were picked at 20 cm depth
and composited, weighing 1000 g using a garden hand trowel. The samples were kept in an insulated
cool box to keep them hydrated after the removal of all debris and other foreign materials. Those that
seemed very dry were moistened with spray water to ensure the movement of nematodes.

Nematodes’ culturing, multiplication and quantification
Each composite sample was processed in triplicate (3x) (Wiesel et al. 2015). To recover EPNs
(Metarhabditis rainai) (Danso et al. 2024) from the soil samples, the insect baiting (Tarasco et al., 2020)
and modified White trap (Bedding and Akhurst, 1975) methods were applied. Five 4th instar FAW,
Spodoptera frugiperda (Lepidoptera: Noctuidae) larvae were applied to 250 ml of soil in plastic
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containers. Small holes in the cover of the container provided maximum aeration and prevented the FAW
larvae from escaping. The container was turned upside-down 3x to ensure the mixing of the soil and
insect baits. The set-ups were kept in a dark room (27 ± 2°C) for the FAW larvae infection as displayed
(Fig. 2A).

After 72 hours, the set-ups were checked daily for FAW larvae cadavers. The cadavers were rinsed in
distilled water (dH2O) to remove adhering soil particles and sanitized with 0.1% sodium hypochlorite
(NaOCl) to prevent other opportunistic microbes from growing on the cadaver. Five disinfected cadavers
were placed on each White trap set-up and kept in a dark room at 27 ± 2°C for 21 days to obtain infective
juveniles (IJs) from the cadavers. The placement of the cadavers was done in such a way that they did
not touch each other. The modified White trap is made up of a 14 cm diameter Petri dish and an inverted
8.5 cm diameter one wrapped with a kitchen paper towel as exhibited (Fig. 2B). Distilled water was
applied to the bigger Petri dish to get the paper towel wet and to facilitate the transfer and collection of
the emerging EPNs. The EPN collection was done every other day until the 14th day when the emergence
was thought to have ceased (Bhat et al. 2018; 2019). The nematode suspensions were stored in flat-
bottom beakers at 15°C for not more than 7 days (Bhat et al. 2020) after assessment and quantification.

Preparation of treatments and application
The Metarhabditis rainai suspension was prepared at 1,028 IJs/mL and topped up with tap water for
application using a 2L Tecto hand-held manual pressure sprayer as shown (Fig. 1). The same spraying
equipment was used to deliver the other treatments after thorough washing (x3) with water on each
application occasion to avoid cross-contamination. Cypermethrin (Supra EC, ETG Inputs Ltd, India) and
Bypel were applied at 50 g a.i/L and 2.6 ml a.i/L, respectively. Treatments were applied twice, 2nd and
6th weeks after seedling emergence (WAE) at evening hours (16.00–18.00 h) to create a suitable
environmental condition for the nematodes to cause infection. All other recommended cultural practices
were followed except the crop protection actions. Each experiment was terminated at 12 WAE.

Data collection and analysis
Experiments one and two data sets were analyzed separately on the number of FAW larvae before and
after treatment application, foliar damage severity (scale 0–9), cob damage severity (scale 1–9), and
grain yield (t/ha) recorded at harvest time. The number of FAW larvae per plot was counted a day before
treatment application and post-application count after 72 h using a non-destructive sampling procedure.
The foliar damage rating scale (Prasanna et al., 2018) was used as follows: No visible leaf damage (0);
only pinhole foliage damage (1); pinhole and shot hole foliar damage (2); small elongated lesions (5–10
mm) on 1–3 leaves (3); midsized lesions (10–30 mm) on 4–7 leaves (4), large elongated lesions (> 30
mm) or small portion eaten on 3–5 leaves (5); elongated lesions (> 30 mm) and large portions eaten on
3–5 leaves (6); elongated lesions (> 30 cm) and 50% leaf eaten (7); elongated lesions (30 cm) and large
portion eaten on 70% of leaves (8) and complete defoliation (9). Cobs damage severity (Prasanna et al.
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2018) was rated as below: No damage to any ears (1); tip (< 3 cm) damage to 1–3 ears (2), tip damage
to 4–7 ears (3); tip damage to 7 and more ears and damage to 1–3 kernels below ear tips on 1 to 3 ears
(4); tip damage to 7 and more ears and damage to 1–3 kernels below tips of 4 to 6 ears (5); ear tip
damage 7–10 ears and damage to 1–4 kernels below tips of 7 to 10 ears (6); ear tip damage to 7–10
ears and damage to 4–6 kernels destroyed on 7–8 ears (7); ear tip damage to all ears and 4–6 kernels
destroyed on 7–8 ears (8) and ear tip damage to all ears and 5 or more kernels destroyed below tips of
9–10 ears (9).

The data were analyzed using MANOVA in GENSTAT (18). Cob and foliar damage scores were used as
response variables, and the number of treatments was a fixed factor. The number of FAW larvae and
grain yield per plot were also used as response variables. The grain yield values of one treatment over
the other in an experiment were converted to percentage (%) for readers' appreciation and presentation
as follows;

Significant means separation was done using LSD (5%).

Results
The number of FAW larvae pre-application was similar on all plots in the entire study. In both
experiments, Cypermethrin recorded the least (1, 2) FAW larvae 72 h post application. This was not
significantly (p = ≤ 0.05) different from those of the Bypel (3, 3) and Metarhabditis rainai (3, 3). The
untreated plots recorded the greatest FAW larvae (72, 83), which were significantly (p = ≤ 0.05) different
from those of the other treatments (Tables 3 and 4). On a scale of 0–9, the Untreated control recorded
the greatest (8.6, 8.1) in foliar damage severity, which was significantly different from those of the other
treatments. Metarhabditis rainai (2.6, 2.5) performance in foliar damage severity was not significantly
different from that of Bypel (2.3, 1.8) and Cypermethrin (1.8, 1.8). Bypel (2.7, 1.3); Cypermethrin (2.3, 1.3)
and Metarhabditis rainai (2.7, 1.9) were significantly similar in reducing cob damage on a scale of 1–9.
Untreated plots (7.8, 8.6) recorded the greatest cobs damage significantly. Cypermethrin (7.8, 9.5 t/ha)
recorded the highest grain yield. This was (13%, 15%); (85%, 92%) and (4%, 7%) higher over Bypel,
Untreated control, and Metarhabditis rainai in experiments one and two, respectively (Tables 3 and 4).

X 100
Treatment (a) yield − Treatment (b) yield

Treatment (a) yield
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Table 3
Treatments' effect on maize under fall armyworm infestation in experiment one

Treatment Larvae before
application

Larvae after
application

Foliar
damage
severity

(0–9)

Cobs
damage
severity

(1–9)

Grain
yield

t/ha

Bypel 79a 3b 2.3b 2.7b 6.8b

Negative
control

76a 72a 8.6a 7.8a 1.2a

Cypermethrin 82a 1b 1.8b 2.3b 7.8b

Metarhabditis
rainai

83a 3b 2.6b 2.7b 7.5b

LSD (5%) 7.9 2.2 0.8 0.9 1.1

CV 0.7 3.8 6.8 11.8 3.1

Figures with different letters show significance at p ≤ 0.05 for various treatments.

Table 4
Treatments’ effect on maize under fall armyworm infestation in experiment two

Treatment Larvae before
application

Larvae after
application

Foliar
damage
severity

(1–9)

Cobs
damage
severity

(0–9)

Grain
yield

t/ha

Bypel 85a 3b 1.8b 1.3b 8.1b

Negative
control

84a 83a 8.1a 8.6a 0.8a

Cypermethrin 84a 2b 1.8b 1.3b 9.5b

Metarhabditis
rainai

89a 3b 2.5b 1.9b 8.8b

LSD (5%) 3.6 3.5 0.7 0.7 1.1

CV 2.1 6.4 11.6 14.9 3.1

Figures with different letters show significance at p ≤ 0.05 for various treatments

Discussion
So far, EPNs being commercially produced as biocontrol agents of insect pests belong to the
Steinernematidae and Heterorhabditidae families. These nematodes live in symbiotic relationships with
Xenorhabdus and Photorhabdus bacteria, respectively (Koppenhofer et al. 2020), to cause infection in
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host insects. Apart from these two major groups, nematode species of the Rhabditidae family have also
demonstrated great potential for entomopathogenicity (Torres-Barragan et al. 2011; Park et al. 2012;
Tabassum et al. 2016). Ye et al. (2018) also demonstrated the ability of nematode species of the genera
Metarhabditis and Oscheius to cause infection in insects. In a similar study, Tabassum et al. (2016)
recorded up to 71% natural mortality of FAW larvae by endoparasitic nematodes belonging to the
Mermithidae family. Fallet et al. (2024) compared the efficacy of Rwandan indigenous EPNs
(Steinernema carpocapsae), commercial liquid EPNs, and contact insecticide Cypermethrin to manage
FAW infestation in maize. All three treatments reduced foliar damage, but the Steinernema carpocapsae
decreased FAW larvae presence by 50% and increased fresh cob yield by an additional ton/ha compared
to the untreated plots. In another field evaluation study, Steinernema carpocapsae sand mixed EPNs
applied @ 500 IJs per 5 g sand per plant to the whorl of sweet corn significantly curtailed FAW larval
population and foliar damage, leading to a significantly high cob yield (Ratnakala et al. 2023). That
performance was at par with that of the tested synthetic insecticide (Chlorantraniliprole 18.5 SC) as
reflected in our current study, where differences between the Metarhabditis rainai and Cypermethrin in
FAW damage parameters and grain yield did not record significance. Heterorhabditis indica did not
reduce FAW larvae population significantly compared to S. carpocapsae despite proving effective under
laboratory conditions (Ratnakala et al. 2023). In the current study, there was about an 8-fold increase in
grain yield recorded for Metarhabditis rainai over the untreated plots.

Conclusion
Metarhabditis rainai was in close performance with Cypermethrin and Bypel commercial insecticides on
FAW larvae mortality, foliar damage severity, and cobs damage severity. The beneficial nematode has
proven to be a promising entomopathogenic nematode candidate for FAW management in maize and
needs to be further explored. In the future, other populations of entomopathogenic nematodes should be
tested against fall armyworm on maize under similar conditions to enlarge their potential as biocontrol
agents and limit the over-reliance on synthetic insecticides. Future research should also optimize
application methods and also assess the impacts of such beneficial nematodes on other non-target
organisms in the immediate ecosystems.
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Table 2 is available in the Supplementary Files section.
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Figure 1

Manual pressure-spraying equipment used to deliver the entomopathogenic nematodes
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Figure 2

(A) Fall armyworm larvae applied to soil for infection by entomopathogenic nematodes; (B) Modified
White traps with infected FAW larvae cadavers to extract infective juveniles of entomopathogenic
nematodes

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

Table2.docx

Page 14/14

https://assets-eu.researchsquare.com/files/rs-9619981/v1/750c86cac94447221535bff3.docx

