RSI7
WERSITY
Q* 2,

FE0ER,
¢

5,

Comparative Efficacy of Black Pepper (Piper guineense) and Neem (Azadirachta indica) Seed

©

L

TN

FUDMA Journal of Sciences (FJS)
ISSN online: 2616-1370
ISSN print: 2645 - 2944
Vol. 10 No. 16, June, 2026, pp 657 — 662
DOI: https://doi.org/10.33003/fjs-2026-1016-5011

Extracts for Managing Armyworm (Spodoptera exempta) in Maize

Varieties

*1Saka Idowu Eletu, *Aderolu Ismaila Adeniran, 2Abdulkareem Y usuf Jiddah and *Hussein Modupe Sidigat

!Department of Crop and Environmental Protection, Faculty of Agriculture, University of Abuja, FCT Abuja, Nigeria.

2Departmentof Agronomy, Faculty of Agriculture, University of Abuja, FCT Abuja, Nigeria.

*Corresponding authors’ email: idowu.eletu@uniabuja.edu.ng

ABSTRACT

African fall armyworm (AFAM), Spodoptera exempta, is a major defoliator of maize
plants, causing up to 100% yield loss if control is delayed. The control of this voracious
leaf feeder has relied on chemical insecticides, which have been implicated in
environmental and human health hazards. There is paucity of information on sustainable
management of AFAM using eco-friendly methods. Black pepper (Piper guineense) and
neem (Azadirachta indica) seed extracts, each applied at 8 L per 16 L knapsack sprayer)
in comparison with Cypermethrin + Dimethoate applied at 6.25 ml/L were evaluated for
their efficacy in the management of AFAM in six maize varieties (DTSR-CO, WHITE
DT-STR, DTSTR-SYN-2-Y, TZL-COMP3-CSDT, SYN-11-W, OBA SUPER 2), while
water was used as a control. Data were collected on the number of leaf damage,
percentage adult emergence, leaf area, plant height, and grain yield (kg/ha). Results
showed that Cypermethrin dimethoate (CDM) was the best among the treatments. Piper
guineense (PG) ranked second, while Azadirachta indica (Al) ranked third in terms of
growth (leaf area) and yield increase. The least emergence of adult armyworm and the
number of damaged leaves were lowest in Cypermethrin + Dimethoate treatment, while
the untreated plot had the highest emergence and leaf damage in the order
(CDM>AI>PG>control). The highest yield was recorded from DTSR-CO (V1). The
resource-poor farmers are encouraged to cultivate improved maize variety DTSR-CO
and spray Piper guineense seed extract as a sustainable alternative to synthetic
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insecticides in the management of fall armyworm in maize.
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INTRODUCTION

Maize (Zea mays L.) is one of the most important cereal crops
worldwide and serves as a staple food for millions of people,
particularly in sub-Saharan Africa, where it contributes
substantially to food security, livestock feed, and industrial
raw materials (Zingore et al., 2022; Gunundu, 2023). Despite
its economic and nutritional importance, maize production in
many African countries remains below its potential due to
several biotic and abiotic constraints, among which insect
pests constitute a major limitation (Hall et al., 2023; Gressel
et al., 2024; Du & Xiong, 2024;). Among these pests, the fall
armyworm (Spodoptera exempta) (Lepidoptera: Noctuidae)
has emerged as one of the most devastating invasive pests
threatening maize production globally (Li et al., 2024).
Since its first report in West Africa in 2016, fall armyworm
has spread rapidly throughout the continent, causing over
20% vyield loss, and in severe infestations, complete crop
failure may occur (Gaddaguti et al., 2022; Tambo et al.,
2023;). Armyworm Larvae feed voraciously on leaves,
whorls, tassels, and reproductive structures, leading to
extensive defoliation, reduced photosynthetic efficiency,
stunted growth, and substantial yield reductions (Babendreier
et al., 2020). The management of fall armyworm in Africa has
largely relied on the extensive use of synthetic insecticides.
However, continuous dependence on chemical pesticides has
raised concerns regarding environmental contamination,
development of insect resistance, destruction of beneficial
organisms, pesticide residues in food, and health hazards to
farmers and consumers (Meena et al., 2024). These

limitations have intensified the research for safer, eco-
friendly, and sustainable pest management alternatives.

Botanical insecticides derived from locally available plants
have gained increasing attention as promising alternatives to
synthetic pesticides because they are biodegradable,
relatively inexpensive, environmentally friendly, and less
likely to induce resistance in insect populations (Mahmood &
Parwez, 2024). Plant-derived extracts contain diverse
bioactive compounds that exhibit insecticidal, antifeedant,
repellent, ovicidal, and growth-regulating properties against a
wide range of insect pests (Mwamula et al., 2022). Recent
studies have demonstrated the effectiveness of several
botanicals in suppressing fall armyworm populations and
reducing crop damage in maize production systems (Lukman
et al., 2025; Mansur et al., 2026). Among the numerous
pesticidal plants, neem (Azadirachta indica A. Juss.) has
received considerable scientific attention owing to its broad-
spectrum insecticidal activity. The insecticidal efficacy of
neem is primarily attributed to azadirachtin and related
limonoids, which interfere with feeding behavior, molting
processes, growth regulation, fecundity, and survival of insect
pests (Giraldo-Vanegas & Giraldo-Herrera, 2026). Several
studies have reported significant reductions in fall armyworm
infestation, larval populations, and leaf damage following the
application of neem extracts on maize, with concomitant
improvements in grain yield (Nampijja et al., 2024; Liywalii
et al., 2026). Similarly, Piper guineense Schumach. &
Thonn., commonly known as West African black pepper, is
an indigenous spice plant widely distributed in tropical Africa
and traditionally used for medicinal and pesticidal purposes.
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The seeds of P. guineense contain biologically active
compounds such as piperine, chavicine, guineensine, and
essential oils, which possess insecticidal, repellent, and
antifeedant properties against several agricultural pests.
Previous studies have demonstrated the efficacy of P.
guineense extracts against storage and field insect pests,
suggesting its potential as a sustainable biopesticide (Amadi
et al, 2024). However, information comparing the
effectiveness of P. guineense with the widely studied neem
seed extracts in managing fall armyworm under field
conditions remains limited.

Host plant resistance also constitutes an important component
of integrated pest management (IPM) strategies for fall
armyworm control. Maize varieties differ considerably in
their susceptibility or tolerance to insect attack due to
variations in morphological and biochemical characteristics
including leaf toughness, trichome density, secondary
metabolites, and nutritional composition (Prasanna et al.,
2023). Consequently, interactions between maize genotypes
and botanical insecticides may influence the overall
effectiveness of pest management interventions (Amadi et al.,
2024). Understanding these interactions is essential for
developing integrated, environmentally sustainable, and
economically viable management strategies suitable for
smallholder farming systems in Africa.

Despite the increasing interest in botanical pesticides,
comparative information on the efficacy of Piper guineense
and Azadirachta indica seed extracts across different maize
varieties in managing fall armyworm remains scarce. Such
information is necessary to identify effective plant-based
alternatives that can be incorporated into integrated pest
management programmes. Therefore, this study was
undertaken to evaluate and compare the efficacy of Piper
guineense (black pepper) and Azadirachta indica (neem) seed
extracts in managing Spodoptera exempta infestation on
selected maize varieties and to determine their effects on pest
incidence, crop damage, as well as growth and yield
performance.

MATERIALS AND METHODS

Experimental Area

A field experiment was conducted at the Kwara State
University Teaching and Research Farm (8°04°N, 4°05’E,
307 m above sea level), Malete, Kwara State, located in the
Southern Guinea Savannah zone of Nigeria during the 2016
cropping season, to evaluate the efficacy of Piper guineense
and Azadirachta indica seed extracts on Spodoptera exempta
in maize (Zea mays L.).

Treatments and Experimental Design

The study is a 6 x 4 factorial experiment laid out in a
Randomized Complete Block Design (RCBD) with 3
replications to give a total of 72 experimental plots.
Treatments include: control;  synthetic insecticide:
cypermethrin + dimethoate (Cypermethrin + Dimethoate);
Azadirachta indica (Al); and Piper guineense (PG). Maize
varieties used are DTSR-CO (V1), WHITE DT-STR (V2),
DTSTR-SYN-2-Y (V3), TZL-COMP3-CSDT (V4), SYN-
11-W (V5), and OBA SUPER 2 (V6). Five maize varieties
were obtained from the International Institute of Tropical
Agriculture (IITA), Ibadan, Nigeria, while one local variety
(OBA SUPER 2 (V6)) was purchased from Sango market,
llorin, Nigeria. Neem (Azadirachta indica) seeds were
collected, dried, shelled, grated, and soaked in water (62.5
g/L) for 14 days, with periodic stirring, while black pepper
(Piper guineense) seeds were ground, mixed with distilled
water (125 g/L), and filtered to create a stock solution.

Saka et al.,

FJS

Botanical extracts were applied biweekly to the maize plots
at the rate of 8 L per 16 L knapsack sprayer; while
Cypermethrin + Dimethoate (synthetic insecticide) was
applied at a rate 6.25 ml/L.

Planting and Cultural Practices

The land was ploughed and harrowed twice. Each Plots
measured 2.5x2.5 m with 0.5 m spacing between blocks.
Maize was planted at 0.75 m between rows and 0.5 m within
rows, with two seeds per hole, thinned to one plant per stand
at 2 weeks after planting. Manual weeding was performed at
3 and 6 weeks after planting. Seeds were treated with
chlorpyrifos 48 EC to prevent predation.

Data Collection and Analysis

Data were collected on maize leaf area at maturity, number of
leaves damaged, maize grain yield per hectare and percentage
adult emergence of fall armyworm. All data were subjected
to Analysis of Variance (ANOVA) using ASSISTAT.
Treatment means with significant differences were separated
using Duncan’s Multiple Range Test at a 5% level of
probability.

RESULTS AND DISCUSSION

The effects of insecticides and maize varieties on percentage
emergence of adult armyworm, number of leaf damage, leaf
area and yield of maize are presented in Table 1 below.
Insecticides had a significant effect on the percentage adult
emergence of fall armyworm in maize. Percentage adult
emergence of armyworm was significantly lower by 29.5%,
31% and 38% with the application of Piper guineense,
Azadirachta indica and Cypermethrin + Dimethoate
respectively. Cypermethrin + Dimethoate application reduced
the percentage emergence of adult armyworm more than
Piper guineense and Azadirachta indica; although, the
difference was not significant.

Variety had a significant effect on percentage adult
emergence of fall armyworm. Percentage adult emergence
was significantly lower in DTSR-CO, WHITE DT-STR,
DTSTR-SYN-2-Y and TZL-COMP3-CSDT than in SYN-11-
W and OBA SUPER 2.

Insecticide had significant effect on number of leaf damaged.
Number of leaves damaged was significantly reduced by
48.63%, 61.96% and 37.74% with the application of
Azadirachta indica, Cypermethrin + Dimethoate and Piper
guineense respectively. Application of Piper guineense
produced lower number of damaged leaves compared to
Azadirachta indica and Cypermethrin + Dimethoate.

Variety had no significant effect on number of leaf damaged.
The highest number of leaf damaged (33.65) was recorded on
plots where OBA SUPER 2 was planted, while the leaf was
least damaged on plots where DTSTR-SYN-2-Y was planted.
Number of leaf damaged was 18.57% lower on plots where
DTSTR-SYN-2-Y was planted compared to plots where
OBA SUPER 2 was planted.

Insecticide had no significant effect on leaf area. The highest
leaf area was recorded on plots where Cypermethrin +
Dimethoate was applied followed by Piper guineense and
Azadirachta indica respectively, while the lowest leaf area
was recorded on untreated plots.

Variety had no significant effect on leaf area. The highest leaf
area was recorded on plots where SYN-11-W was planted,
while the leaf area was lowest on plots where DTSTR-SYN-
2-Y was planted.

Insecticide had no significant effect on the yield of the maize.
However, the highest yield was recorded where Cypermethrin
+ Dimethoate was applied followed by Piper guineense and
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Azadirachta indica respectively while the yield was lowest on
plot with no insecticide application.

Variety of maize planted showed significant effect on yield.
The highest yield was recorded where DTSR-CO was planted
whereas, OBA SUPER 2 had the lowest yield.

Table 1: Effect of Insecticides and Maize Varieties on Percentage Emergence of Adult Armyworm, Number of Leaf
Damage, Leaf Area and Yield of Maize

Treatments Percentage adult Number of leaf Leaf area (cm?) Yield (kg/ha)
emergence (%) damaged
INSECTICIDE
Control 10.72a 54.16a 239.3a 862.2a
PG 7.56b 20.44b 247.4a 964.8a
Al 7.4b 26.34b 245.7a 884.3a
CDM 6.59b 20.60b 249.0a 1133.3a
LSD (P<0.05) 241 7.38 NS NS
VARIETY
V1 6.88b 30.04a 243.1a 1239.1a
V2 5.48b 30.37a 246.7a 914.1ab
V3 6.80b 27.40a 229.3a 1010.2ab
V4 7.33b 29.79a 254.5a 885.5ab
V5 10.58a 31.05a 269.0a 881.1ab
V6 11.34a 33.65a 229.5a 837.1b
LSD (P<0.05) 2.96 NS NS 331.61

Means on the same column having a letter in common are not
significantly different according to Duncan Multiple Range
Test. NS: not significant

The interaction effect of insecticides and maize varieties on
percentage adult emergence of African Fall Armyworm
(Spodoptera exempta) is presented in table 2 below.
Interaction between insecticide and variety had significant

effect on percentage adult emergence of army worm.
Applying insecticide generally reduced emergence of army
worm in all six varieties. The highest emergence of adult
army worm was recorded on plots where OBA SUPER 2 was
planted without the application of insecticide. Applying
Cypermethrin + Dimethoate to WHITE DT-STR gave the
lowest percentage emergence of adult fall army worm.

Table 2: The Interaction Effect of Insecticides and Maize Varieties on Percentage Adult Emergence of African Fall
Armyworm (Spodoptera exempta)

Interaction | &V (%)

VARIETY
INSECTICIDE V1 V2 V3 V4 V5 V6
Control 10.44abc 6.32bc 7.80bc 9.72bc 13.40ab 16.61a
PG 6.67bc 6.00c 7.10c 6.0c 10.73ac 8.77hc
Al 5.41c 5.40c 6.34bc 6.78bc 11.14abc 9.37hbc
CDM 5.00c 4.19¢c 5.94c 6.73bc 7.05bc 10.61abc
LSD (p<0.05) 2.96

Means on the same column having a letter in common are not significantly different according to Duncan Multiple Range
Test. Interaction | &V refers to the interaction effect between Insecticides (1) and Variety (V) on adult emergence.

The interaction effect of insecticides and maize varieties on number of leaf damaged by African Fall Armyworm (Spodoptera
exempta) is presented in table 3 below. Interaction between insecticide and maize variety had significant effect on number of
leaf damaged. Application of insecticides significantly reduced the number of leaf damaged in all six varieties of maize. The
highest number of leaf damaged (65.01) was recorded on plots where OBA SUPER 2 was planted with no insecticide
application. Plots where DTSTR-SYN-2-Y was planted followed with the application of Cypermethrin + Dimethoate recorded
the lowest number of leaf damaged (16.78).

Table 3: The Interaction Effect of Insecticides and Maize Varieties on Number of Leaf Damaged
Interaction | &V

VARIETY
INSECTICIDE \V 1 V2 V3 V4 V5 V6
Control 53.22a 51.17a 47.72a 52.15a 55.67a 65.01a
PG 24.33b 27.57b 25.83b 28.74b 24.33b 27.23b
Al 20.71b 21.70b 19.28b 19.67b 22.94b 19.28b
CDM 21.89%b 21.06b 16.78b 18.61b 21.25b 23.06b
LSD (p<0.05) 18.07

Means on the same column having a letter in common are not
significantly different according to Duncan Multiple Range

Test. Interaction | &V refers to the interaction effect between
Insecticide (1) and Variety (V) on number of leaf damaged
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The interaction effect of insecticides and maize varieties on
grain yield of maize is presented in table 4 below. Interaction
between insecticide and variety only showed significant
effect on yield on plots where DTSR-CO was planted. The
highest yield (1867.1) was recorded on plots where DTSR-
CO was planted without applying insecticide, followed by

Saka et al.,
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applying Piper guineense to DTSR-CO plots (1242.2). The
lowest yield was recorded on plots OBA SUPER 2 was
planted followed with Cypermethrin + Dimethoate
application. Application of insecticide reduced yield in all six
varieties of maize.

Table 4: The Interaction Effect of Insecticides and Varieties on Yield of Maize

Interaction | &V (kg/ha)

VARIETY
INSECTICIDE il V2 V3 V4 V5 V6
Control 1867.1a 1021.6b 1058.1b 998.0b 890.6b 964.7b
PG 1242.2ab 856.9b 1024.2b 904.0b 890.0b 871.3b
Al 780.3b 924.4b 992.1b 840.0b 874.0b 894.8b
CDM 1066.7b 853.3b 966.3b 800.0b 869.7b 617.5b
LSD (p<0.05) 663.21

Means on the same column having a letter in common are not
significantly different according to Duncan Multiple Range
Test. Interaction | &V refers to the interaction effect between
Insecticides (1) and Variety (V) on grain yield.

Discussion

Effect of Insecticide and Variety on Percentage Adult
Emergence of Fall Armyworm

The present study demonstrated that insecticide application
significantly influenced the percentage adult emergence of
fall armyworm in maize. The percentage emergence of adult
fall armyworm was significantly reduced by 29.5%, 31.0%,
and 38.0% following the application of Piper guineense
(black pepper) seed extract, Azadirachta indica (neem) seed
extract, and cypermethrin  + dimethoate (synthetic
insecticide), respectively.  Although cypermethrin  +
dimethoate had the greatest suppression of adult armyworm
emergence, its effect was not significantly different from
those of the botanical extracts. The comparable efficacy of P.
guineense and A. indica to the synthetic insecticide suggests
that these botanicals possess considerable insecticidal
properties capable of disrupting larval development and adult
emergence; hence, they have potential as sustainable
alternatives to expensive and hazardous chemical
insecticides. Similar reductions in lepidopteran pest survival
and adult emergence following the application of neem and
pepper-based botanicals have been reported by several
authors, who attributed these effects to antifeedant, growth-
regulating, and toxic properties of the bioactive compounds
present in these plants (Midega et al., 2022; Akutse et al.,
2023; Isman, 2020).

Maize genotypes significantly influenced percentage adult
emergence of fall armyworm. Percentage adult emergence
was significantly lower in DTSR-CO, WHITE DT-STR,
DTSTR-SYN-2-Y and TZL-COMP3-CSDT than SYN-11-W
and OBA SUPER 2. The significant varietal differences
observed further indicate the existence of inherent resistance
or tolerance mechanisms among maize genotypes against fall
armyworm infestation. This finding is consistent with recent
studies demonstrating substantial genetic variation among
maize genotypes against fall armyworm, with resistant
genotypes  exhibiting  antibiosis and/or  antixenosis
mechanisms that adversely affect larval survival,
development, and adult emergence (Prasanna et al., 2022;
Kamweru et al., 2022; Nuambote-Yobila et al., 2023;
Warburton et al., 2023; Asare et al., 2023).

Effect of Insecticide and Variety on Number of Leaves
Damaged by Fall Armyworm

Insecticide treatments also significantly reduced the number
of leaves damaged by fall armyworm. Leaf damage was
reduced by 37.74%, 48.63%, and 61.96% following the
application of P. guineense, A. indica, and cypermethrin +
dimethoate, respectively. The superior performance of
cypermethrin + dimethoate in consistent with previous
reports that synthetic insecticides provide rapid knockdown
and broad-spectrum control of fall armyworm (Bateman et
al., 2021). Nevertheless, the substantial reduction in leaf
damage achieved with the botanical treatments corroborates
findings that neem and black pepper extracts can effectively
suppress feeding activity and reduce foliar injury in maize
(Akutse et al., 2023; Harrison et al., 2019).

Although maize variety did not significantly influence leaf
damage, DTSTR-SYN-2-Y consistently exhibited lower
damage levels than OBA SUPER 2, suggesting a degree of
tolerance to fall armyworm attack. Genotypic variation in
susceptibility to fall armyworm among maize cultivars has
previously been documented by Prasanna et al. (2022).

Effect of Insecticide and Variety on Leaf Area of Maize
Leaf area was not significantly affected by insecticide
application or maize variety. However, plants treated with
cypermethrin + dimethoate produced larger leaf areas than
those treated with botanical extracts or left untreated. The
absence of significant differences in leaf area despite
reductions in pest incidence may indicate the compensatory
growth ability of maize plants, whereby plants recover from
moderate defoliation without substantial reductions in
vegetative growth (Baudron et al., 2019). Similar
observations have been reported in maize subjected to
varying levels of fall armyworm infestation, where reductions
in foliar damage did not always translate into significant
differences in leaf area (Harrison et al., 2019).

Effect of Insecticide and Variety on Maize Grain Yield
Likewise, insecticide application did not significantly affect
grain vyield, although higher vyields were recorded in
insecticide-treated plots than in untreated plots. The lack of
significant yield response despite reductions in pest
infestation has been reported in several studies and may be
attributed to the ability of maize plants to compensate for
early-season leaf injury or to relatively low pest pressure
during critical growth stages (Baudron et al., 2019; Harrison
et al., 2019).

Among the maize varieties evaluated, DTSR-CO produced
the highest yield, whereas OBA SUPER 2 produced the
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lowest yield, indicating substantial genetic variability in yield
potential and adaptation. Previous studies have similarly
reported significant differences in grain yield among maize
genotypes under fall armyworm infestation due to variations
in tolerance, recovery capacity, and genetic background
(Prasanna et al., 2022).

Interaction Effect of Insecticide and Variety on Percentage
Adult Emergence of Armyworm

The significant interaction between insecticide and maize
variety in adult emergence of fall armyworm indicates that
the effectiveness of insecticides depended on the maize
genotype. Insecticide application generally reduced adult
emergence across all varieties, with the highest emergence
recorded in untreated OBA SUPER 2 plots and the lowest in
WHITE DT-STR plots treated with cypermethrin +
dimethoate. Such interactions suggest that integrating host
plant resistance with botanical or synthetic insecticides may
enhance fall armyworm management, an approach widely
recommended within integrated pest management (IPM)
programmes (Prasanna et al., 2022; Midega et al., 2022).

Interaction Effect of Insecticide and Variety on Number of
Leaves Damaged by Armyworm

Similarly, the interaction between insecticide and maize
variety significantly affected the number of leaf damage. The
highest number of leaf damage occurred in untreated OBA
SUPER 2 plots, whereas DTSTR-SYN-2-Y treated with
cypermethrin + dimethoate recorded the least leaf damage.
These findings further support the complementary role of
varietal resistance and insecticide application in minimizing
fall armyworm injury. The integrated use of resistant varieties
and environmentally friendly botanicals has been advocated
as a sustainable strategy for managing the fall armyworm in
sub-Saharan Africa (Midega et al., 2022; Akutse et al., 2023).

Interaction Effect of Insecticide and Variety on Yield of
Maize

The interaction between insecticide and maize variety
significantly affected grain yield only in DTSR-CO.
Unexpectedly, insecticide application reduced yield across all
maize varieties, with untreated DTSR-CO plots producing the
highest yield. The superior performance of untreated DTSR-
CO suggests that its inherent resistance mechanisms
supersedes insecticidal effects, which were sufficient to
maintain productivity under fall armyworm infestation,
reducing the need for chemical intervention. This directly
demonstrates that a resistant/tolerant genotype without
insecticide can approach or exceed the yield of insecticide-
assisted management, and can clearly outperform a
susceptible variety that is sprayed (Amegbor et al. 2025).

CONCLUSION

Given the overall efficacy of the treatments on the yield,
CDM (Cypermethrin + Dimethoate) was the best among the
treatments. PG (Piper guineense) ranked second, while Al
(Azadirachta indica) ranked third in terms of growth (leaf
area) and vyield increase. The least emergence of adult
armyworm and the number of leaves damaged were also
produced by Cypermethrin + Dimethoate, while the untreated
plot had the highest emergence and leaf damage in the order
(CDM>AI>PG>control). The highest yield was recorded
from DTSR-CO (DTSR-CO). The resource-poor farmers are
encouraged to cultivate the improved maize variety DTSR-
CO and to apply seed extract PG (Piper guineense) as a
sustainable alternative to synthetic insecticides in the
managing fall armyworm in maize.
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