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Abstract

A two-location field trial was conducted to study the bio-pesticidal efficacy of methanolic seed
extracts from three botanicals, Khaya senegalensis, Hyptis suaveolens and Azadirachta indica
and their mixtures, in controlling infestation of the FALL armyworm, S. frugiperda, in maize.
Field trials were conducted at two locations under a Randomized Complete Block Design
(RCBD) with four replicates. Treatments include individual extracts (2.5% w/v), mixtures
(50:50), asyntheticinsecticide check (Emamectin benzoate 5.0 % WDG), and an untreated con-
trol. Combined analysis across locations showed that all botanical treated and synthetic check
plots had significantly reduced larval counts, foliar damage incidence and severity compared
to the control. Moreover, treated plots exhibited significantly higher cob weight, 1000 grain
weight, and overall grain yield, resulting in enhanced yield protection. Among the treatments,
the Hyptis + Neem mixture provided the highest yield protection (26.5%) compared to the
standard check (25.4%). These findings suggest that methanolic botanical extracts, particularly

Received 10/05/2026 in combination, represent a promising component for integrated pest management (IPM)
Accepted 16/06/2026 strategies against S. frugiperda in maize cultivation.
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INTRODUCTION MATERIALS AND METHODS

The Fall Armyworm (FAW), Spodoptera frugiperda (].E.
Smith) (Lepidoptera: Noctuidae), a highly polyphagous
pest native to the Americas, infests over 80 plant species
including maize, sorghum, and sugarcane (Prasoona et
al.,2022; Prasanna et al., 2018). First reported in Africain
2016in West and Central Africa, it has since spread across
nearly all Sub-Saharan countries, causing significant yield
losses particularly in maize (FAO, 2017; Siazemo and
Simfukwe, 2020). In Nigeria, FAW was initially detected
in Oyo and Ogun states in 2016 and since become wide-
spread (Goergen et al.,2016; Kamara et al.,2020). Without
control, FAW could cause annual maize losses of 8.3-20.6
million tons, equivalent to 21-53% of production in ma-
jor producing countries (Abrahams et al., 2017).

Botanical extracts such as neem (Azadirachta indica),
chili, and black pepper (Piper guineense) have shown
pesticidal effects against FAW and other insect pests
(Kammo et al., 2019; Clovis et al., 2020). Other plants,
including mahogany (Khaya senegalensis), African bush
tea (Hyptis suaveolens), and hot pepper (Capsicum fru-
tescens), are also reported to possess insecticidal prop-
erties, though evidence against FAW remains limited
(Kareru et al., 2013; Baidoo and Mochiah, 2016). Com-
bining botanicals may enhance efficacy and represents
a potential avenue for sustainable FAW management.

Extraction of bioactive compounds largely depends on
solvents, with methanol frequently used due to its ef-
ficiency in isolating flavonoids, terpenoids, phenolics,
and alkaloids (Spigno et al., 2007; Carrera et al., 2012;
Dieu-Hien et al., 2019). Methanol has been shown to
provide high yields and strong biological activity, justi-
fying its use in studies on plant-based pesticides.
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Collection, preparation and extraction of plant
material

Khaya senegalensis seeds were collected from within
A.B.U premises. Matured fruits that had fallen natu-
rally were gathered and decorticated to retrieve seeds.
Hyptis suaveolens seeds were collected from fallow land
in Dan-Magaji community, Zaria Kaduna state, while
Azadirachta indica seeds were collected from dried fruit
stones found under canopies in Dutse, Jigawa state. The
collected seeds were washed with tap water to remove
debris, shade dried to complete dryness, and then
ground separately into fine powder using laboratory
blender. The powdered samples were stored under dry
conditions pending extraction.

Extraction was conducted at the Mycotoxicology Labo-
ratory, Department of Crop Protection, A.B.U. Zaria. A
cold maceration extraction method was used: for each
species, 2kgeach of the ground seed powder was soaked
in 6 L methanol in an aspirator bottle for 48 hours.
After maceration, the extract was decanted through a
cotton-wool-lined filter aspirator tap into conical flasks.
The filtrate was concentrated under reduced pressure
using a rotary evaporator until a viscous crude extract
was obtained. The crude extract was then reconstituted
by dissolving 100 ml in distilled water containing 0.1 %
tween 80 (as an adjuvant; acting as emulsifier, sticker
and suffocant) to yield a working concentration of 2.5
% wiv. for the synthetic control, Emamectin benzoate
(5.0 % WD) was diluted following manufacturer’s rec-
ommendation of 10.0 g in 15 L of water.
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Experimental site

Field trials were conducted during the 2023 cropping
season at two locations: the Research farm of Institute for
Agricultural Research (IAR), ABU Samaru, Zaria (latitude
11° 10’ 0” N, longitude 7° 37’ 60” E) and at the dam site
of Bakori town, Bakori Local Government Area, Katsina
State (latitude 11° 33 20.12” N, longitude 7° 25’ 27.08” E).

Treatments and experimental design

The experiment employed a Randomized Complete
Block Design (RCBD) with four replications. Eight treat-
ments were evaluated: extracts of Khaya, Hyptis, Neem,
Khaya + Neem, Hyptis + Neem and Khaya + Hyptis, all
at 2.5% w/v. A standard check: Emamectin benzoate
5% WDG (manufacturer’s recommendation dose) and
a control (no spray). Each experimental units (plots)
measured 6.0 m x 4.5 m (27 m?), comprising six ridges
spaced at 0.75 m. Plots within blocks were separated by
1.5 m alleys. Standard agronomic practices (seed dress-
ing, sowing, weeding, and fertilization) were followed
uniformly across plots.

Treatment application (spraying)

Treatments were applied using a calibrated 1L hand-held
sprayer. Spraying commenced at three weeks after sow-
ingand was repeated at weekly intervals, for a total of four
applications. Sprays administered in the late evening to
coincide with the active period of FAW.

Data collection and evaluation

From the four central ridges, forty maize stands per plot
were randomly selected for weekly assessment. Data col-
lection occurred one day before the first spray and one
week after each subsequent spray over four weeks. The
following parameters were recorded:

Foliar damage incidence: number of infested stands
with characteristic symptoms of leaf damage, rolling and
presence of frass, were taken. The percentage incidence
was then calculated using the formula:

Percent incidence = (Number of damaged stands /
Total number of stands inspected) x 10

Larvae count: number of larvae present in the whorl and
on the foliage per selected stand.

Foliar damage severity: visual rating scale usinga modi-
fied scale based on Davis and Williams (1992) as cited in
Prasanna et al. (2018).

At harvest, Number and severity damaged cobs were
noted for cobbbs from central rows. Cob and kernel
damage were rated using a 1 to 9 visual rating scale
(protocol from CYMMYT, 2020 via Mbaidiro and
Onzo, 2020).

Cobweight (kgha), 1000 grain weight (kg) and overall
grain yield (t ha') were determined. yield per plot was
calculated and extrapolated to hectare basis using stan-
dard formula (Raheja, 1976; Aliyu et al., 2011):

Yield (kgha') = (a x 10,000/ b x 1000)
Where; a = sample yield (g) and b = plot size (m?)
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Percentage avoidable yield loss was assessed using the
formula below by Adamu (2005);

Avoidable yield loss (%) =100 x (Yield from protected
plot - yield from unprotected plot)/ Yield from pro-
tected plot

Statistical analysis

All insect related data were square root transformed be-
fore analysis. Data from both locations were combined
and subjected to analysis of variance (ANOVA) using R
Studio. Significant means were separated using Student-
Newman-Keuls (SNK) Test at 5% level of significance.

RESULTS

Percentage Incidence and Foliar Damage Severity
of S. frugiperda

Results in table 1 showed that application of botanical
extracts significantly reduced fall armyworm (FAW)
incidence and foliar damage severity across assessment
periods. Before spraying, no treatment differences were
observed. However, after the first spray, all botanical
treatments particularly Hyptis + Neem, Khaya + Neem,
Khaya + Hyptis, Neem and the standard check, recorded
significantly lower incidence compared to the control.
Although Khaya and Hyptis individually showed mod-
erate suppression, their values did not duffer statistically
from some mixtures and single extracts.

Following the second sprays, all botanicals consistently
lower incidence, with values comparable to the standard
check, except Hyptis, which was less effective but still
superior to the untreated control. After the fourth spray,
Hyptis + Neem and the standard check produced the
lowest incidence, confirming their superior protective
ability. The overall means showed that all botanicals
except Hyptis significantly reduced foliar damage in-
cidence and performed similar to the standard check.
The untreated control consistently exhibited the highest
damage incidence.

For foliar damage severity (Table 1), a similar trend
was observed. All botanicals and the standard check
significantly reduced severity after each spraying cycle.
Across overall means, Hyptis + Neem, Khaya + Neem,
Khaya + Hyptis and Neem demonstrated the strongest
suppressive effects and were statistically comparable to
the standard check, reaffirming their high potential in
FAW management.

Location Effects

Results in Table 1 showed that location significantly
influenced incidence and severity. Samaru consistently
recorded lower FAW incidence and damage severity be-
fore first spray and after the first and second sprays, likely
due to higher rainfall reducing larval survival. However,
after the fourth spray, Bakori recorded lower incidence.
Overall, Samaru recorded significantly lower incidence,
while severity did not differ statistically between loca-
tions across overall means.
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Larval Count of S. frugiperda

Table 2 showed thatlarval counts did not differ before treat-
ments were applied. After spraying commenced, all bo-
tanicals significantly reduce larval populations compared
to the control. Hyptis + Neem, Khaya + Neem, Neem and
the standard check consistently recorded the lowest larval
counts and were statistically comparable to one another.

The cumulative mean showed that all botanicals and
standard check significantly suppressed larvae relative to
the untreated control. This confirms that extracts were
effective protectants against FAW larval development.

Location also influenced larval density. Samaru recorded
significantly lower larval populations before first spray and
after the first and second sprays, again suggesting environ-
mental suppression of FAW. However, after the fourth spray,
Bakori recorded lower counts. Across overall means, Sama-
ru maintained significantly lower larval loads than Bakori.
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Yield and Yield Components

Botanical treatments significantly improved yield and
related parameters (Table 3). All extracts and mixtures
resulted in higher cob weight, 1000-grain weight and
grainyield, and were statistically comparable to the stan-
dard check. The untreated control recorded the lowest
cob weight, kernel weight and grain yield, with markedly
higher cob damage severity.

Among the botanicals, Hyptis + Neem recorded the
highest grain yield and the highest percentage yield pro-
tection (26.5 %), suppressing the standard check (25.4
%). Neem, Khaya + Neem and Hyptis also demonstrated
high yield protection (>21%).

For FAW damage at harvest, Neem and Hyptis + Neem
produced the lowest percentage of damaged cobs, similar
to the standard check. Allbotanicals significantly reduced
cob damage severity, confirming their protective capacity.

Table 1: Effect of plant extracts and location on S. frugiperda Percentage Incidence and Foliar Damage Severity

on Maize at Weekly Interval in 2023 Cropping Season

Foliar damage incidence Foliar damage severity
Treatments Before | After | After | After | After Before | After | After | After | After
first first | second | third | fourth | Mean | first first | second | third | fourth | Mean
spray | spray | spray | spray | spray spray | spray | spray | spray | spray

Plant extract (P)
Khaya 5.16 | 3.70® | 2.07®® | 2.17* | 1.86® | 2.45>* | 3.00 | 2.38 | 1.51° | 1.38® | 1.35% | 1.58
Hyptis 3.53 3.63® | 2.97® | 2.65% | 2.10® | 2.84% 1.99 2.00° | 1.74> | 1.46° | 1.41™ | 1.62°
Neem 3.82 2.40° | 2.23% | 2.05% | 2,58 | 2.32b 1.60 1.31° | 1.41° | 1.38" | 1.63% | 1.43b«
Khaya + Hyptis | 4.72 2.78% | 2232 | 2.15% | 198> | 228> | 239 1.64° | 1.51° | 1.39° | 1.44% | ].5]bd
Khaya + Neem 4.59 2.57° | 2,10 | 1.82% | 2.11% | 2.07* | 2.15 1.55 | 1.40° | 1.31° | 1.41% | 1.48b«
Hyptis + Neem | 4.36 2.48> | 258" | 1.31% | 1.65° | 1.77° 2.09 1.58° | 1.49° | 1.13% | 1.28% | 1.29«
Standard Check | 3.44 2.41° 1.52° 1.17° | 1.49° | 1.60° 1.78 1.68* | 1.30° | 1.06° | 1.10° 1.28¢
Control 4.73 4,700 | 4.00*° | 3.66* | 3.37° | 3.932 2.86 3.93* | 2.83* | 2.39* | 2.05* | 2.02°
SE+ 0.473 | 0.400 | 0.462 | 0.308 | 0.381 | 0.225 | 0.348 | 0.256 | 0.813 | 0.159 | 0.186 | 0.066
Significant NS * * * * * NS * * * * *

Location (L)
Samaru 3.92° | 2.22° | 2.06° 2.05 | 2.58 | 2.22° 1.85° | 1.49* | 1.28° 1.34 1.59 1.55
Bakori 4.66*° | 395 | 2.87° 2.20 1.70 | 2.59* | 2.61* | 2.52* | 2.02* 1.53 1.33 1.51
SE+ 0.236 | 0.200 | 0.231 | 0.154 | 0.191 | 0.112 | 0.174 | 0.128 | 0.091 | 0.080 | 0.093 | 0.033
Significant * * * NS * * * * * NS NS NS

Means followed by same letter(s) are statistically the same using SNK at 5%

Table 2: Effect of plant extracts and location on S. frugiperda Larval Count on Maize at Weekly Interval in 2023

Cropping Season

Before After After After After
Treatments first first second third fourth Mean
spray spray spray spray spray
Plant extract (P)
Khaya 2.42 2.10% 1.38% 1.32° 1.12° 1.51°
Hyptis 1.61 1.86° 1.71% 1.48° 1.30% 1.56°
Neem 1.81 1.33° 1.31% 1.29° 1.35% 1.32°
Khaya + Hyptis 2.08 1.68° 1.33% 1.35° 1.27% 1.41°
Khaya + Neem 1.86 1.42° 1.28% 1.06° 1.23% 1.21°
Hyptis + Neem 1.74 1.57° 1.52%® 0.98° 1.18® 1.22°
Check 1.47 1.32° 1.10° 0.90° 0.99° 1.06°
Control 2.19 3.072 2.332 2.622 1.96* 2.612
SE+ 0.241 0.218 0.250 0.144 0.178 0.122
Significant NS * * * * *
Location (L)
Samaru 1.51° 1.42° 1.31° 1.39 1.432 1.40°
Bakori 2.28: 2.16° 1.68* 1.36 1.17° 1.588
SE+ 0.120 0.109 0.125 0.072 0.089 0.061
Significant * * * NS * *

Means followed by same letter(s) are statistically the same using SNK at 5%
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Location Effects on Yield

Significant location effects were observed for yield and
its components (Table 3). Bakori recorded higher cob
weight, 1000-grain weight and grain yield than Samaru.
Thisislikelyattributed to better soil fertility and continu-
ous organic matter enrichment in Bakori compared to
the repeatedly used experimental field at Samaru.

Overall Interpretation

Theresults demonstrated thatall botanicals tested, either
singly or in mixtures, effectively reduced fall armyworm
infestation and crop damage while enhancing maize
yield. Mixtures, particularly Hyptis +Neem, consis-
tently performed best and even exceeded the standard
synthetic insecticide in yield protection. Environmental
difference between locations influenced pest pressure
and yield, with wetter conditions at Samaru seemingly
reducing larval survival, while superior soil fertility at
Bakori supported higher yields.

DISCUSSION

The findings of this study demonstrated that all the
botanical extracts evaluated, either singly or in mixture,
were effective in suppressing S. frugiperda incidence,
foliar damage, larval populations and cob damage,
while significantly enhancing maize yield compared
with the untreated control. The consistent reduction in
infestation parameters following treatment applications
suggests the presence of strong biologically active com-
pounds in the botanicals used. Neem (Azadirachta in-
dica), in particular, is widely documented for containing
azadirachtin and related limonoids that act as antifeed-
ants, growth regulators, repellents and oviposition deter-
rents (Kammo et al., 2019). Its observed that efficacy in
this study aligns with earlier reports demonstrating its
suppressive effects on FAW and other lepidopteran pests
(Baidoo and Mochiah, 2016; Mbaidiro and Onzo, 2022).
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The superior performance of Hyptis suaveolens mixtures,
especially Hyptis + Neem, indicates a possible syner-
gistic interaction between bioactive constituents of the
two botanicals. H. suaveolens contains monoterpenes,
phenolics and essential oils with known insecticidal and
feeding deterrent properties (Prakash et al., 2008). Ear-
lier studies shows that its extracts reduce larval feeding
and survival in Spodoptera litura and Aphis craccivora
(Ignacimuthu and Jayaraj, 2003; Jayakumar et al., 2004).
Its efficacy against maize stalk borer reported by Cyrille
et al. (2011) supports the present findings, suggesting
that repeated sprays interfere with larval development
and feedings, leading to lower infestation levels.

Botanical mixtures recorded higher protection than indi-
vidual extracts, consistent with observations by Oparaeke
et al. (2005), who reported enhanced pest suppression
when botanicals were combined. This synergistic effect
may rise from multiple modes of actions; antifeedant,
suffocant, repellency and growth regulatory effects, oper-
ating simultaneously, thereby improving efficacy relative
to single-active treatments. The Hyptis + Neem mixture,
which provided the highest yield protection, performed
comparably or better than the synthetic standard (Ema-
mectin benzoate). This indicates its potential suitability
as an eco-friendly alternative in FAW management and
supports recent calls for integrating botanicals into pest
management strategy in Sub-Saharan Africa.

Location effects observed in this trial highlight the influ-
ence of environmental factors on FAW dynamics. Samaru
consistently recorded lower larval populations and foliar
damage before and shortly after sprays, which is plausibly
linked to higher rainfall event capable dislodging larvae
from whorls. Similar observation was documented by
Birhanu et al. (2019), who reported that heavy rains
disrupt larval feeding and survival. Conversely, higher
yield in Bakori suggests better soil fertility, likely due to
long term organic matter enrichment and continuous
cropping practices. Soil fertility is a known driver of plant

Table 3: Effect of plant extracts and location against S. frugiperda Infestation on Maize Yield and Related Param-

eters in 2023 Cropping Season

Number of Cob cob 1000 Grains ield Yield differ-
Treatments damaged damage severity | weight weight (z’ha") ence
cobs (%) (%) (kg) (kg) (%)
Plant extract (P)
Khaya 14.1® 19.1® 1.69* 0.26* 7.69* 21.2
Hyptis 12.5% 15.0° 1.73° 0.25* 7.75* 21.8
Neem 10.6° 15.7° 1.78 0.26* 8.07* 24.9
Khaya + Hyptis 13.4* 17.1% 1.71° 0.25* 7.75* 21.8
Khaya + Neem 12.8* 14.1° 1.86* 0.26* 7.92° 23.5
Hyptis + Neem 10.3° 14.1° 1.86* 0.25* 8.25% 26.5
Standard check 9.0 14.1° 1.87¢ 0.26° 8.12° 25.4
Control 16.9° 22.1° 0.15° 0.05° 6.06
SE+ 1.368 1.345 0.110 0.006 0.206
Significant il ** * * *
Location (L)
Samaru 5.22 19.16 1.63° 0.25° 7.49°
Bakori 4.88 13.91° 1.92* 0.26* 8.35%
SE+ 0.681 0.673 0.055 0.003 0.103
Significant NS ** * * *

Means followed by same letter(s) are statistically the same using SNK at 5%
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vigor, which can enhance tolerance to pest damage and
improve grain filling even under moderate infestation.

The slight reduction in botanical efficacy after some
sprays observed in both locations may be attributed to
rainfall occurring shortly after application, which could
have washed off the extracts. Unlike synthetic insecti-
cides, botanicals degrade quickly and required multiple
applications for optimum effect, an observation consis-
tent with FAO and CABI (2019), who emphasized the
need for frequent treatments when using plant-based
products with shorter residual activity.

Overall, the study confirms that botanicals, particularly
mixtures, offer a viable and environmentally safe alterna-
tive for managing FAW in maize. The efficacy, coupled
with availability, affordability and biodegradability,
makes them suitable for smallholder farmers. Incorpo-
rating these extracts into Integrated Pest Management
(IPM) programs could reduce dependence on synthetic
pesticides,lower production costsand contribute to safer
food and environmental quality.

CONCLUSION

This study demonstrated that all botanical extracts evalu-
ated; Khaya senegalensis, Hyptis suaveolens and Azadi-
rachta indica and their mixtures, effectively suppressed S.
frugiperda infestation and reduced foliar and cob damage
while improving maize yield. Although, all botanicals per-
formed significantly better than the untreated control, the
Hyptis + Neem mixture consistently provided the highest
level of protection and produced yield benefit comparable
to, and in some cases exceeding, the synthetic standard
(Emamectin benzoate 5% WDG). The findings confirm
the potential of botanical extracts, especially mixtures, as
affordable, environmentally safe and sustainable options
for FAW management in maize production systems:

 The Hyptis + Neem mixture is recommended as a
promising botanical option for inclusion in Integrated
Pest Management (IPM) programs for managing fall
armyworm in maize.

« Farmers in regions with high FAW pressure should
apply botanical extracts at weekly intervals, especially
during early vegetative stages, to achieve optimal control.

o Further research should focus on improving the sta-
bility, persistence and formulation quality of botanical
mixtures to enhance their field performance, particu-
larly under rainfed conditions.

« Additional multi-location and multi-season trials are
recommended to validate efficacy under varying envi-
ronmental conditions and soil fertility levels.

« Extension agencies should promote botanical-based
pest management strategies to reduce reliance on syn-
thetic insecticides and support safer, eco-friendly maize
production.

REFERENCES

Abraham P, Bateman M., Beale T., Clottey V., Cock M., Col-
menarez Y. (2017). Fall Armyworm: Impacts and Implications
for Africa. Evidence Note (2), CABI: Oxfordshire.

163

Adamu R.S. (2005). Studies on economic injury levels and con-
trol of Eurystylus oldi Poppius on sorghum (Sorghum bicolor (L.)
Moench). Ph.D thesis, Department of Crop Protection, Ahmadu
Bello University, Zaria. pp. 246.

Aliyu M., Yusuf S.R., Abdullahi]. (2011). Evaluation of kane plant
extracts (Anogeissus leiocarpus Guill and Parr.) for the control of
three post flowering insect pest of cowpea (Vigina unguiculata (L)
Walp) in Bauchi. Savanna Journal of Agriculture, 6: 1-10.

Baidoo P.K.,Mochiah M.B. (2016). Comparing the effectiveness of
garlic (Allium sativum L.) and hot pepper (Capsicum frutescens L.)
in the management of the major pests of cabbage Brassica oleracea
(L.). Sustainable Agriculture Research, 5: 83.

Birhanu S., Tadele T., Mulatu W., Gashawbeza A., Esayas M.
(2019). The Efficacy of Selected Synthetic Insecticides and Bo-
tanicals against Fall Armyworm, Spodoptera frugiperda, in Maize.
Insects, 10: 45.

Carrera C., Ruiz-Rodriguez A., Palma M., Barroso C.G. (2012).
Ultrasound assisted extraction of phenolic compounds from
grapes. Analytica Chimica Acta, 732: 100-104

Clovis B.T., Raymond N.N., Justin N.O., Aaron S.T., Christopher
N.,(2020). Effect of Intercropping Beans with Maize and Botanical
Extract on Fall Armyworm (Spodoptera frugiperda) Infestation.
International Journal of Agronomy, 2020: 4618190.

Cyrille A., Pierre A., Kerstin H., Manuele T. (2011). Potential use
of the Bush mint Hyptis suaveolens, for the control of infestation
by the pink stalk borer, Sesamia calamistis on maize in Southern
Benin, West Africa. Journal of Insect Science, 11: 1-13.

Dieu-Hien T,, Dinh H.N,, Nhat T.A.T., Anh T., Anh V.B,, Tuong
H.D., Hoangg C.N. (2019). Evaluation of the use of different sol-
vents for phytochemical constituents, antioxidants, and in vitro
anti-inflammatory activities of Severinia buxifolia. Journal of Food
Quality, 2019: 8178294.

FAO (2017). Fall Armyworm outbreak, a blow to prospects of
recovery for southern africa. Rome, Italy: FAO.

FAO, CABI(2019). Fallarmyworm field handbook: identification
and management, first edition, 35p.

Goergen G., Kumar PL., Sankung S.B., Togola A., Tamo M.,
(2016). First report of outbreaks of the fall armyworm Spodoptera
frugiperda (J.E. Smith) (Lepidoptera, Noctuidae), a new alien
invasive pest in West and Central Africa. PLoS One 11: e0165632.

Ignacimuthus§., Jayaraj S. (2003). Eco-friendly approaches for sus-
tainable insect pest management. Current Science, 84: 1292-1293.

Jayakumar M., Elumalai K., Jeyasankar A., Raja N., Ignacimuthu
S. (2004). Biological activity of H. suaveolence Poit (Lamiaceae)
and Melochia Chorcorifolia (Sterculiaceae) on cowpea weevil,
Callosobruchus maculatus (E.) (Coleoptera: Bruchidae). Journal
of Entomological Research, 29: 265-269.

Kamara A.Y., Kamai N., Omoigui L.O., Togola A., Ekeleme E,
Onyibe J.E. (2020). Guide to maize production in northern Ni-
geria: Ibadan, Nigeria.

Kammo E.Q,, Suh C,, Mbong G.A., Djomo S.H., Chimi N.L. L.,
Mbeungang D.L., Menkir A. (2019). Biological versus chemical
control of fall armyworm and lepidoptera stem borers of maize
(Zea mays). Agronomie Africaine, 31: 187 — 198.

Kareru P, Rotich Z.K., Maina E.W. (2013). Use of Botanicals and
Safer Insecticides Designed in Controlling Insects: The African
Case. Intechopen.

Mbaidiro T. J., Onzo A. (2022). Effectiveness of Neem Oil and
Jatropha Oil in Controlling Spodoptera frugiperda (J.E Smith)
on Maize in the Republic of Chad. European Scientific Journal,
18: 223.

Oparaeke A.M., Dike M.C., Amatobi C.I. (2005). Botanical
pesticide mixtures for insect pest management on cowpea, Vi-
gina unguiculata (L.) Walp Plants. The pod borer Maruca vitrata
Fab. (Lepidoptera: Pyralidae) and pod sucking bug, Claigralla
tomentosicollis Stal (Heteroptera: Coreidae). Agricultura Tropica
et Subtropica, 28: 33-38.

Parakash A., Jagadiswari R., Nandogopal V. (2008). Future of
botanical pesticides in rice, wheat, pulses and vegetables pest
management. Journal of Biopesticides, 1: 154-169.



164 Mansur et al.: Bio-pesticidal efficacy of plant extracts on Spodoptera frugiperda

PrasannaB.M., Joseph E.H.,Regina E., Virginia M..P. (eds). (2018).
Fall Armyworm in Africa: A Guide for Integrated Pest Manage-
ment, First Edition. CIMMYT, Mexico.

Prasoona U.S., Kolhe A.V,, Tathode V.R., Tidke V.N. (2022). Anti-
feedant activity of some botanicals against Spodoptera frugiperda
(JE Smith) under laboratory condition. The Pharma Innovation
Journal, 11: 101-104.

Raheja A.K. (1976). Assessment of losses caused by insect pests
of cowpea in Northern Nigeria. Pesticide Action Network, 22:
229-333.

Siazemo M., Simfukwe P. (2020). An evaluation of the efficacy of
botanical pesticides for fall armyworm control in maize produc-
tion. Open Access Library Journal, 7: 1-12.

Spigno G., Tramelli L., De Faveri D.M. (2007). Effects of extraction
time, temperature and solvent on concentration and antioxidant

activity of grape marc phenolics. Journal of Food Engineering, 81:
200-208.



