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ABSTRACT 
Objectives: To evaluate the field efficacy of Urtica dioica-based botanical insecticide, Adamfo Pa, 
for managing fall armyworm (FAW) across the Forest and Transitional Ecological zones of Ghana, 
with the broader goal of expanding biopesticide options within integrated pest management 
strategies. 
Methodology and Results: Maize plots were treated with three doses of Adamfo Pa – 300, 400, 500 
mL/100L water), Bypel® (Bacillus thuringiensis)  and water as controls, at weekly and bi-weekly 
intervals. FAW larval survival, incidence, maize leaf damage and yield were evaluated. The 500 
mL/100 Adamfo Pa performed comparably to Bypel®, with both treatments showing significantly 
lower larval survival rates, FAW incidence, and leaf damage scores than the lower doses of Adamfo 
Pa and the untreated control. Weekly application intervals provided superior pest suppression 
compared to bi-weekly applications across all measured parameters. Highest cob weight and grain 
yield were recorded in plots treated with the high-dose Adamfo Pa and Bypel® applied weekly.  
Conclusion and Application of Results: This study demonstrated that Adamfo Pa, a Urtica dioica-
based biopesticide, is effective for fall armyworm (FAW) management in maize, particularly at 
the high dose of 500 mL/100 L applied weekly. Its efficacy was comparable to the commercial Bt-
based insecticide, Bypel®. The findings highlight Adamfo Pa as a potent botanical alternative 
within integrated pest management (IPM) programmes. This offers farmers an eco-friendly option 
that reduces reliance on synthetic insecticides for the management of the pest. It also diversifies 
biopesticide choices beyond neem extracts. Its adoption can enhance sustainable maize production 
among smallholder farmers, mitigate insecticide footprint in agricultural landscapes, and slow 
resistance development in FAW populations. Further multi-season trials could strengthen evidence 
of its yield-enhancing potential and guide broader commercialization. 
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INTRODUCTION 
The turbulence created by the Fall Armyworm 
(FAW) [Spodoptera frugiperda (J.E. Smith)]   
invasion in Africa having  somehow subsided 
had  evolved management approaches . The 
initial invasion was so severe that  food 
security was threatened  across the continent, 
particularly based in FAW  effect on maize 
(Day et al., 2017; Prassana, 2018). Maize is an 
important stable in Africa and any escalation in 
production constraints have profound effect on 
food security in Africa  (Galani et al., 2022). 
The environmental and weather conditions 
across most parts of Africa are highly 
favourable for short reproduction cycle of the 
pest (Kenis et al., 2022; Togola et al., 2025) 
Unavailability of natural enemies to counter 
the population explosion of the pest in its new 
environment (Tendeng et al., 2019; 
Constantine et al., 2023), and poor knowledge 
of the pest and management practices against 
the pest under the complex African farming 
systems (Asare-Nuamah, 2022) favoured its 
escalation. There was therefore urgent need to 
swiftly reduce the devastation that was being 
caused to maize and other food crops by the 
pest. Several unverified control strategies were 
therefore forced into the pest management 
space across the continent (Harrison et al., 
2019). Several indigenous and naturalized 
predators and parasitoids over the past few 
years have been found to attack different stages 
of the FAW (Sisay et al., 2018; Tendeng et al., 
2019; Abbas et al., 2022). However, with so 
many uncertainties, the best bet was to resort 
to synthetic insecticides (Tambo et al., 2020; 
Togola et al., 2025). These insecticides are 
broad spectrum, which efficiently kill pests 
and but also untargeted organisms including 
natural enemies (El-Wakeil et al., 2013; 
Schmidt-Jeffris, 2023). There have been 
reports of non-usage of personal protective 
equipment (PPE), insecticide residues 
especially in fresh corn, pollution of aquatic 
systems with the excessive use of the 
insecticides and also the fear of wide scale of 

the pest becoming resistance to the insecticides 
(Gebreziher, 2020; Tambo et al., 2020; Safo et 
al., 2023; Togola et al., 2025). These led to the 
current focus of developing sustainable and 
eco-friendly management practices using 
botanical extracts as one of the effective 
components of Integrated Pest Management 
(IPM) systems for the control of the FAW. 
Botanical extracts have the advantages of low 
toxicity, non-persistence, environmentally 
friendly and low affinity of pest developing 
resistance to it. The complex compounds in 
these botanical insecticides sustain their 
efficacy over long period compared to the 
synthetics (Bateman et al., 2018); Lengai et al., 
2020: Ruikar et al., 2025).  Several plants are 
known to have insecticidal effect on pests of 
which some have been exploited but quite a 
number are yet to be harnessed, especially for 
commercial use (Amason et al., 2012; Ruikar 
et al., 2025). Some of the commonly used plant 
products including nicotine, rotenone, sabdilla 
and ryania are being phased out due to high 
risks such as high toxicity to non-targets 
(fishes and pollinators), and links to some 
human diseases (Isman, 2014; Ruikar et al., 
2025). This necessitates the continuous 
exploitation of safer botanical insecticides, 
especially against the fall armyworm which 
has now become naturalized pest in Africa. 
The most widely used or commercialized 
botanical insecticides are the neem 
(Azadirachtin) and pyrethrum (Pyrethrin) 
extracts (Chaudhary et al., 2024). In Ghana, 
the key botanical insecticide is the neem 
(Babendreier et al., 2020). There is therefore 
the need to widen the scope of developing 
other plants that have shown good insecticidal 
properties for wider usage options. This creates 
good practice of alternating insecticides to 
confound pest and resistance development 
(Madgwick and Kanitz, 2024). The stinging 
nettle, Urtica dioica (Family Urticaceae) is a 
perennial plant widely distributed in humid 
environments and well known for their 
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therapeutic uses in traditional medicines and 
culinary (Dhouibi et al., 2020). Its insecticidal 
properties are being exploited for commercial 
botanical insecticide formulation (Al-Chalabi 
et al., 2023; Eldesouky et al., 2024). One of 
such biopesticide formulations, Adamfo Pa, 

have been developed from the plant for 
agricultural use. A field study was thus 
conducted on efficacy of Adamfo Pa and also 
determine the effective dosage for the 
management of FAW in maize.   

 
MATERIALS AND METHODS 
Study locations: This study was conducted in 
two maize producing areas in two agro-
ecological zones namely Fumesua 
(Coordinates: 6.715297, -1.532023) in the 
semi-deciduous rainforest and Ejura 
(7.403591, -1.346156) in the Forest-Savannah 
Transitional zone in 2025. Ejura is one of the 
commercial maize growing hubs in Ghana 
with farm architecture ranging from 
smallholdings of about 2 acres to over 100 
acres. Farms are usually mechanized but 
rainfed and maize is usually rotated with 
cowpea. The area has two rainfall seasons, the 
major being in April – August and minor 
September – November, with dry season from 
December to February. Mean annual rainfall is 
1200 – 1500 mm and mean annual temperature 
of 21- 310C. The soils are forest savanna 
ochrosols ((Cudjoe et al., 2021; Obour et al., 
2022). Fumesua is peri-urban with small 
holdings averaging 1.9 acres (Mensah and 
Yankson, 2013). It also experiences two rainy 
seasons, but with mean annual rainfall and 
temperature of 1,250 – 1,700 mm and 22 – 
31oC, respectively (MOFA). Fumesua has 
ferric acrisol soil, which is mainly sandy loam 
to clayey loam (Adjei-Gyapong and Asiamah, 
2000). 
Field set up and experimental design: 
Experimental fields were ploughed and 
harrowed to loosen soil. Maize was planted at 
2 seeds per hill  at distance of 80 cm between 
rows and 30 cm within rows on 456 m2 plot. 
Weeds were cleared twice manually at 3 and 7 
weeks after planting. The recommended rate of 
100:60:60 NPK/ha and 400kg urea was 
employed by applying NPK 15:15:15 2 weeks 
after planting and 87kg urea top dress 4 weeks 

after planting. Field was laid out in a split-split 
plot design to allow the assessment of 
treatments, application intervals and dosage 
rate. The main plot factor was location, subplot 
factor application interval at two levels - 
weekly and bi-weekly, and the sub-subplot 
comprised of five treatments as Adamfo Pa at 
300 ml/100 L (Low dose), Adamfo Pa at 400 
ml/100 L (Mid dose), Adamfo Pa at 500 ml/100 
L (High dose), Bypel® (active ingredients: 
Bacillus thuringiensis and Granulovirus) as 
reference biopesticide, and Control at 0 ml/100 
L of water. There were three replications of 
each treatment. Spraying of the maize 
commenced at 40% FAW infestation threshold 
and these were repeated at weekly and bi-
weekly, depending on the plot. Thus, there 
were four sprayings for weekly and 2 for bi-
weekly spraying regimes.   All sprayings were 
done prior to tasselling using a calibrated 
manually-operated knapsack sprayers 
equipped with a single nozzle. 
Data collection 
Effect on fall armyworm larvae: Five  maize 
plants with fresh frass, indicative of live FAW 
larvae were selected randomly from each plot. 
Maize whorls were carefully opened (to ensure 
minimal damage to maize plant) to ensure 
FAW larvae was present. Larvae of about 5th 
and 6th instars were excluded, to ensure larvae 
will still be present at least three days before 
dropping to the soil to pupate. Selected maize 
plants harbouring the live FAW larvae were 
tagged. All plots were sprayed with the three 
different concentrations of Adamfo Pa [ Low = 
300 ml/100 L, mid = 400 ml/100 L, and high = 
500 ml/100 L), Bypel® and the control. All 
tagged plants were sampled 72 hrs after the 
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spraying for live FAW larvae. Percent FAW 
larvae alive after the 72 hrs were calculated.  
FAW incidence and damage on maize: The 
number of maize plants (excluding boundary 
rows) for each plot were counted. The number 
of maize plants showing signs of FAW damage 
on the leaves were also counted and the level 
of damage scored using Davis scale (1 – 9) 
(Prasana et al., 2018). The different Adamfo Pa 
concentrations (low, mid and high), Bypel® 
and control were applied to maize plants  three 
weeks after emergence. Spraying was repeated 
at weekly and bi-weekly intervals and on each 
occasion the FAW incidence and leave damage 
were assessed until tasselling. Percent FAW 

incidence and leave damage on maize were 
calculated. 
Data analysis: Data collected on the effect of 
the treatments on FAW larvae, incidence, leaf 
damage and yield of maize were analysed 
using Analysis of Variance (ANOVA). The 
FAW larvae, incidence and leaf damage were 
square root (x + 0.5)½ transformed after 
Shapiro-Wilk test on normality was conducted. 
Least significance difference (LSD) was used 
to separate means at p ≤ 0.05 when significant 
differences exist. Statistix version 8 was used 
to run all the analysis, while MS Excell was 
used to draw graphs. 

 
RESULTS 
Effect on fall armyworm larvae: The lowest 
FAW larvae was observed on Bypel® (8.41%) 
sprayed plots followed by high Adamfo Pa 
(19.36%). The mid and low Adamfo Pa were 
not significantly different from the control 

(Fig. 1). Although the positive check, Bypel® 
caused the highest mortality of the FAW 
larvae, the Adamfo Pa at high dosage 
(500ml/L) also caused appreciable mortality to 
the FAW larvae. 

 

 
Fig. 1: Mean±SE of live fall armyworm larvae 48 hours after treatment with different dosages of 
Adamfo Pa bioinsecticide 
 
FAW incidence and damage on maize: 
There were significant differences in FAW 
incidence and leaf damage among insecticide 
treatments, application intervals and at the two 
different locations (Table 1). There were also 

significant interactions between insecticide 
treatment and location as well as application 
interval location. The least FAW incidence 
was recorded by Bypel® at Fumesua, followed 
by high Adamfo Pa. At Ejura, however, the 
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Bypel® and high Adamfo Pa were similar. Mid 
and Low Adamfo Pa were similar statistically 
and were lower than control (Fig. 2A). The 
weekly spraying had lower FAW incidence 
than the biweekly (Fig. 2B).  The leaf damage 
followed the FAW incidence pattern. Bypel® 
had least leaf damage at Fumesua compared to 

all the concentrations of Adamfo Pa (Fig. 3A). 
However, the leaf damage recorded for 
Bypel® and high Adamfo Pa were similar at 
Ejura. The control had the highest leaf damage. 
The biweekly also recorded higher leaf 
damage compared to weekly spraying of 
Adamfo Pa (Fig. 3B).  

 
Table 1: Mean squares of FAW incidence and maize leaf damage for treatment at different 
spraying intervals across different locations 

Source of variation Degree of 
freedom 

FAW 
Incidence 

Maize leaf 
damage 

Rep 2 0.16 8.53 
Treatment 4 308.09* 295.76* 
Application interval 1 36.81* 20.65* 
Location 1 570.23* 1970.93* 
Treatment*Application interval 4 11.44ns 3.54 ns 
Treatment*Location 4 136.34* 110.21* 
Application interval*Location 1 29.65* 6.12* 
Treatment*Application interval*Location 4 13.28 ns 2.47 ns 
Error 278 533.69 497.63 
Total 299   

* =significant; ns = not significant; α = 0.05   
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Fig. 2: Mean±SE fall armyworm incidence on maize treated with Adamfo Pa biopesticide at 
Fumesua and Ejura over different application intervals 
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Fig. 3: Mean±SE leaf damage to maize by fall armyworm treated with Adamfo Pa at different 
intervals at Fumesua and Ejura (Leaf damage score:  1= no damage, 9 = severe damage). 
 
Maize yield: The effect of Adamfo Pa on 
maize cob weight and grain yield is shown in 
Table 3. Significant differences were observed 
in the dosage and application intervals. Maize 
cob weight and grain yield varied significantly 
among treatments at Fumesua with the highest 
recorded for the Bypel® and Adamfo Pa high 

dose. At Ejura, however, all the three doses of 
Adamfo Pa resulted in grain yield similar to the 
reference biopesticide, and were higher than 
the control. Weekly applications resulted in 
higher cob weight and grain yield, compared to 
biweekly, the only exception being grain yield 
at Fumesua. 

 
Table 2: Effect of Adamfo Pa on maize productivity 

 Cob weight (kg/ha) Grain yield (kg/ha) 
Fumesua Ejura Fumesua Ejura 

Application Dose 
Control (water) 4088.00e 3668.00b 2745.00d 3103.00b 
Adamfo Pa Low: 300 ml/100 L 5406.00d 4625.00a 3955.00c 3724.00a 
Adamfo Pa Mid: 400 ml/100 L 7317.00c 4653.00a 5773.00b 3603.00a 
Adamfo Pa High: 500 ml/100 L 8440.00b 4769.00a 7235.00a 3733.00a 
Bypel® (reference) 9525.00a 4774.00a 7646.00a 3691.00a 
P-value (5%) <.001 <.001 <.001 <.001 
LSD (5%) 451.50 451.50 473.60 473.60 
Application Interval 
Weekly  7118.00a 4853.00a 5537.00a 3976.00a 
Biweekly 6793.00b 4142.00b 5405.00a 3166.00b 
P-value (5%) 0.043 0.043 0.054 0.004 
LSD (5%) 381.1 381.1 293.10 293.10 

Figures with the same alphabets in a column are significantly different at α = 0.05. 
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DISCUSSION 
The use of biorational insecticides is 
considered one of the sustainable means of 
managing the Fall Armyworm in Africa, 
including Ghana (Sissay et al., 2018; Tepa-
Yotto et al., 2023). This study sought to 
expand botanical based insecticide alternative 
to control FAW, particularly among 
smallholder farmers. Among the commonest 
botanical insecticide formulations include 
extracts from neem (Azadirachta indica), 
Senoria, chili pepper (Dougoud et al., 1993). 
The insecticide used in this trial is an extract 
from Urtica dioica, a plant known for its 
insecticidal, fungicidal and bactericidal 
properties (Dhouibi et al., 2020; Al-Chalabi et 
al., 2023). It is also known to stimulate plant 
growth leading to improved yield (Maričić et 
al., 2021). This study shows the extract used to 
formulate Adamfo Pa is potent against FAW at 
appropriate dosage. The FAW larval stage 
causes the plant damage and suppression of 
their numbers reduce damage and 
subsequently sustain yield. The high dose of 
Adafo Pa was able to reduce the live FAW 
larvae although was lower than the reference 
insecticide. The about 50% FAW larval 
reduction on control plots could be attributed 
to high number of natural enemies observed on 
all plots throughout the experiment. Among 
the predators were the wasp, and reduviid in 
addition to egg predators like ladybird beetles, 
and lacewings. These predators might have 
influenced the FAW population (Clarkson et 
al., 2022) as was evident in pest reaching 40% 
threshold at six weeks after germination. All 
the doses of Adamfo Pa were able to reduce 
FAW infestation on the maize when compared 
to the control. However, only the high dose 
(500ml/100L water) showed efficacy 
comparable to the reference biopesticide, 
Bypel®. This suggests the high dose should be 
the recommended dosage of the Adamfo Pa for 
the management of FAW albeit the producer’s 
suggested dose of 300ml/100L water. Bypel® 
has consistently recommended as one of the 

most effective bioinsecticide against the FAW 
in Ghana. Its efficacy has also been found to be 
comparable to most evaluated synthetic 
insecticides since the outbreak of the FAW in 
Ghana (Agboyi et al., 2023; Fiaboe et al., 
2024). This Urtica dioica based bioinsecticide 
add up to neem-based products available on the 
Ghanaian market. It will also serve as 
alternative bioinsecticide for the smallholder 
farmers to prevent continuous use of the neem-
based insecticides. Besides the dosage, 
frequency of application influences the success 
of an insecticide against target pests. Results 
from this study show that it is more efficacious 
to apply the Adamfo Pa at weekly intervals if 
FAW is the target pest. Higher incidence of 
FAW resulted in high leaf damage score and 
this trend has been reported across areas where 
the pest has been reported (Thejaswini et al., 
2025). Thus, all Adamfo Pa doses resulted in 
low leaf damage. However, only the high 
dosage reduced the damage to the same level 
as the reference biopesticide, Bypel®, which is 
similar to the recorded observation for the 
FAW incidence. The Adamfo Pa have been 
suggested to enhance plant growth hence boost 
crop productivity due to natural nutrients made 
available to crops upon application (Maričić et 
al., 2021). The current study showed 
inconsistent results with respect to Adamfo Pa 
boosting yield of maize. Yield increased as 
dosages increased from low to high at the 
forest ecozone but not at transition ecozone. 
Although all Adamfo Pa dosages yielded 
higher maize than the control, there were no 
differences across the three dosages. This 
could be attributed to differences in FAW 
infestation and damage levels. This could be 
attributed to differences in FAW infestation 
and damage levels. Treatments in this study 
generally had fewer FAW infestations 
compared to the control, showing strong 
influence of Adamfo Pa on FAW than yield of 
maize. This inference is affirmed by the greater 
yields under weekly applications than 
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biweekly, where consistently lesser FAW 
infestation and leaf damage were observed on 
the former. A repeat of the experiment over 

seasons will ascertain the extra nutritional 
properties that enhance plant growth. 

 
CONCLUSION AND APPLICATION OF RESULTS 
The Adamfo Pa biopesticide at the application 
rate of 500ml/L is effective in reducing FAW 
larval survival, incidence and leaf damage in 
maize. The weekly application of the 
biopesticide proved more effective against the 

FAW and therefore recommended. Its 
incorporation into the current FAW 
management strategies will offer a good 
alternative to neem-based insecticide. 
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