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Abstract

The increasing trends of damage to staple crops as well as the economic losses due to the fall armyworm (Spodoptera
frugiperda), the notorious invasive insect pests prompted to devise effective pest management in colonized regions to ensure
sustainable crop health. Deploying bioactive plant material is among the novel eco-friendly approaches to managing insect pests
in maize agro-ecosystems. Therefore, the present study was conducted to determine the efficacy of neem seed extracts against
S.frugiperda under field conditions at Babile, eastern Ethiopia. A total of 8 treatments, including 6 different neem seed extracts,
Megathrin 0.5 L/ha, and un-sprayed (untreated) plots were set up in randomized complete block design with three replications to
evaluate their efficacy against S.frugiperda in maize fields. Results showed that S.frugiperda infestation was significantly
influenced by the treatments both at 32 days after sowing (DAS) and 39 DAS, however, a non-significant difference was
observed at 25 DAS. Moreover, except for the number of rows per ear, all crop parameters were significantly influenced by the
treatments. Notably, the treatments reduced S.frugiperda incidence and severity and achieved higher crop performance over
untreated maize plants. Between 3.9% to 25.7% and 0.0% to 19.6%, reductions were recorded for S.frugiperda incidence at 32
DAS and 39 DAS, respectively, compared to untreated plants. Similarly, 22.7% to 47.7% and 33.8% to 46.2% reductions were
observed for S.frugiperda severity at 32 DAS and 39 DAS, respectively. The highest grain yield (36.4 Qt/ha) was obtained from
neem @ 75 gm/Lx3, which was followed by Megathrin 0.5 L/ha (31.9 Qt/ha), neem @ 62.5gm/Lx3 (31.6Qt/ha) and neem @
75gm/Lx2 (31.2 Qt/ha), while significantly the lowest grain yield (21.8 Qt/ha) was obtained from untreated maize plants. Results
indicated that the field application of neem seed extracts resulted in a significant reduction of S.frugiperda infestation and
provided considerable yield advantages as compared to untreated plants. Hence, the promising efficacy of the locally available
botanical insecticide could provide an opportunity to deploy it against S.frugiperda as an eco-friendly approach, although further
study is needed to validate the findings of the present study across seasons and agroecologies.
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1. Introduction

Maize (Zea mays L.) is among the leading cereals in
developing countries, including substantive areas in
Sub-Saharan Africa [1]. In Ethiopia, it is the staple food
crop grown in diverse agro-ecological zones and is known
to play a dynamic role in food/nutrition security [2]. Be-
sides, the crop is being grown in the drought-prone and
most food-insecure areas including eastern parts of the
country [3, 2]. Despite the importance, the national average
yield of maize is about 4.1 tons/ha during 2020/2021 [2],
which is far below the world’s average yield; which might
be due to several constraints such as the declining soil
fertility, farm size, drought, lack of improved technology,
and insect pests and diseases [4-6]. Insect pests, particu-
larly Spodoptera frugiperda is become a key biotic con-
straint of maize crop production in Hararghe zones, eastern
Ethiopia [7, 8], and thus signified for research priority to
enhance sustainable crop production in the changing en-
vironmental conditions.

The fall armyworm, Spodoptera frugiperda, a new invasive
species is severely attacking several crops, mainly maize and
sorghum in recently colonized regions including Sub-Saharan
African countries [9, 10, 6]. In Ethiopia, field infestation of 5%
to 100% has been reported on maize due to larvae of
S.frugiperda implying a significant yield penalty, even
though the level of damage varied due to agroecology, crop
growth stage, crop or pest management practices, and other
factors [11-14]. Spodoptera frugiperda is posing severe
damage to maize, the staple cereal in Hararghe, eastern
Ethiopia. The pest is highly threatening the productivity of
the crop in this area, implying the need for holistic and
affordable ecological strategies to limit the increasing pest
invasion and associated economic losses [8].

In response to S.frugiperda invasion various pest man-
agement methods, including cultural, mechanical or physical,
bio-control, and synthetic insecticides have been proposed to
combat the pest in the maize agro-ecosystem [12, 15-17].
Notably, the usage of conventional insecticide against
S.frugiperda is high in recently colonized areas, including
Ethiopian contexts [18, 19]; although it has serious envi-
ronmental consequences [20, 21]. The strong environmental
adaptability of S.frugiperda makes it challenging to attain
effective control methods. For instance, several researchers
have reported that synthetic chemicals and genetically im-
proved varieties of maize are the most commonly used
methods against S.frugiperda in America [11], however
S.frugiperda is resistant to most of these chemicals [22, 23],
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and also recent studies have shown resistance of
S.frugiperda to several genetically modified maize varieties
[24, 25], implying the need for continued research effort to
investigate ecological approaches to attain sustainable crop
health, while reducing the load of synthetic insecticides from
environment. Interestingly, botanical insecticides, push-pull
technology, and bio-control are among promising agro
ecological strategies to combat S.frugiperda in recently
colonized countries to progress smallholder farmers’ in-
come [18, 16, 26, 6].

The use of botanical insecticide offers a more economically
and environmentally safer alternative with a promising effi-
cacy against S.frugiperda [27, 26], and remains an appropriate
tool for resource-poor farmers [28]. Several extracts of plants
have been evaluated for their activity against S.frugiperda
[29]. Recent studies have indicated that different extracts of
Azadirachta indica reported appreciable results against
S.frugiperda in maize fields in many African countries [29,
14]. Field spraying of Azadirachta indica extracts has been
proven to be effective against S.frugiperda infestation and
resulted in higher growth and yield performance of maize [30,
31]. Moreover, a study [31] demonstrated that maize fields
sprayed with the neem seed extracts had resulted in lower
S.frugiperda infestation and higher grain yield as compared to
un-sprayed plants. The maize yield advantages of 13.6% to
105.7% were obtained from treated plants as compared to
untreated plants under field conditions [3-32]. Azadirachta
indica exhibited antifeedant activity, disrupting growth and
development, increased larval mortality, and reduced fecun-
dity in insects [33, 12]. Besides, the use of botanical insecti-
cide could lessen dependence on chemical insecticide [29] in
addition to reducing the risk of pesticide resistance [34].

In Ethiopia, the application of neem extracts has provided high
potency against S.frugiperda under greenhouse [12] and field
settings [32, 14], although the information on the bio-efficacy of
the botanical extracts is limited under field conditions in most
parts of the country. In other words, research emphasis is needed
to investigate the field efficacy of locally available potential
insecticidal plants as ecological tools against S.frugiperda [29].
Convincingly, the availability of neem plants in Hararghe areas
of eastern Ethiopia could provide an opportunity to deploy it
against the pest, however, given that S.frugiperda is a new insect
species in the country, there has been a lack of data looking at the
efficacy of neem extracts against S.frugiperda under field set-
tings, and thus necessitates for further examination to enhance
the broad applicability of the botanical extracts under field set-
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tings for the management of the S.frugiperda. Therefore, in the
present study we intended to determine the bio-efficacy of Aza-
dirachta indica seed extracts against S.frugiperda under field
conditions at Babile, eastern Ethiopia.

2. Materials and Methods

2.1. Description of the Study Areas

The field experiment was conducted during the 2023 main

cropping seasons at Babile, eastern Hararghe zone of Oromia
Regional State of Ethiopia (Figure 1). Babile district is lo-
cated 31km away from Harar town and about 557 km east of
Addis Ababa, the capital city of Ethiopia. The district lies
between 8< 9' 9< 23'N latitude and 42< 15'- 42< 53" E lon-
gitude and has an altitude range between 1200-1960 m.a.s.l.
It is characterized by a semi-arid and arid climate with an
average annual rainfall of 410-800 mm and the annual tem-
perature ranges from 24-28<C.
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Figure 1. Map of the study area (Babile district).

2.2. Treatments and Experimental Procedure

A total of eight (8) treatments were evaluated against
S.frugiperda in maize fields (Table 1). The treatments in-
cluded three concentration levels of the neem (Azadirachta
indica) seed extract (50 g/L, 62.5 g/L, and 75 g/L) each at
two and three application frequencies, Lambda-Cyhalothrin
50¢/I at the rate of 0.5 L/ha (standard check) and un-treated
(un-sprayed). The treatments were laid out in a randomized
complete block design with three replications. Improved
maize variety, “Melkasa-4” was sown with two (2) seeds per
hill at the 30 cm and 75 cm intra-row and inter-row spacing,
respectively on the plot size of 21.2 m® The maize plants
(seedlings) were thinned to one plant per hill 21 days after
sowing. The spacing between plots and replications was 1 m
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and 1.5 m, respectively. Except for the experimental treat-
ments, all other recommended crop husbandry practices were
adopted uniformly throughout the seasons.

2.3. Preparation of Neem (Azadirachta indica)
Seed Extracts

The botanical material, mature fruit/seed of neem (Aza-
dirachta indica) was collected from Dire-Dawa by randomly
identifying 5 individual plants to avoid any individual effect
of the tree. The seeds were obtained from matured and com-
pletely ripened neem fruits. Following the collection of neem
fruit/seed, the pulp of the seeds was removed, cleaned, and
shade-dried after removing the seed coat from the dried
seeds. After complete drying, neem seed was powdered by
using an electric blender or pestle and mortar, and fine pow-
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der was collected by sieving. The powder of neem seed was
soaked in water for 24 h and stirred periodically to mix the
contents well, then filtered using a doubled muslin cloth to
prepare different concentrations as per the treatment setup.
Accordingly, the powdered seed was soaked in water at a
rate of 50 g/L, 62.5 g/L, and 75 g/L. Newly prepared pow-
ders/ filtrate were used in each field spraying period.

2.4. Field Application

The treatments (Table 1) were applied using a knapsack

sprayer at seven-day intervals with the designed treatment
starting at 25 days after sowing (DAS) and repeated at 32
and 39 DAS as per the experimental set-up. The botanical
insecticide (neem seed extracts) was sprayed as per the
treatment set-up. Lambda-Cyhalothrin 50g/l, the standard
insecticide was applied at the rate of 0.5 L/ha at 25, 32, and
39 DAS, while the control plots remained un-sprayed
(un-treated). The amount of water used for field spraying
was 300 L/ha for all of the treatments. After spraying each
treatment, the sprayer was rinsed with liquid soap once and
then washed with water.

Table 1. Descriptions of different treatments used in the experiment and application time.

Treatment (name)

Neem @ 50 gm/Lx2
Neem @ 50 gm/Lx3
Neem @ 62.5 gm/Lx2
Neem @ 62.5 gm/Lx3
Neem @ 75 gm/Lx2
Neem @ 75 gm/Lx3
Megathrin 0.5 L ha-1

Un-sprayed Untreated (control)

2.5. Data Collection

2.5.1. Assessment of S.frugiperda Infestation

Data on field infestation by S.frugiperda was recorded on
randomly selected and tagged 25 maize plants in each of the
plots. Border rows (each side) were excluded from observa-
tions to minimize border effects from the adjacent treatments.
Before each spraying, the plants with characteristic foliar
damage of S.frugiperda larval feeding were counted and ex-
pressed as the percentage of damaged plants (incidence).
Likewise, the S.frugiperda severity was assessed on the leaves
and leaf whorls of selected plants from each plot using a
visual rating scale (0-9) described by Davis and Williams [35],
where (0 = no visible leaf damage, 1= only pinhole damage on
leaves, 2 = pinhole and shot hole damage to leaf, 3 = Small
elongated lesions (5-10 mm) on 1-3 leaves, 4= midsized
lesions (10-30 mm) on 4-7 leaves, 5 = Large elongated le-
sions (>30 mm) or small portions eaten on 3-5 leaves, 6 =
elongated lesions (>30 mm) and large portions eaten on 3-5
leaves, 7 = elongated lesions (>30 cm) and 50% of leaf eaten,
8 = elongated lesions (30 cm) and large portions eaten on 70%
of leaves, 9 = most leaves with long lesions and complete
defoliation observed).
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Detail of the treatments and application time

Neem @ 50 gm/L two spraying round (i.e., 25 & 32 DAS)

Neem @ 50 gm/L three spraying rounds (i.e., 25, 32 & 39 DAS)
Neem @ 62.5 gm/L two spraying round (i.e., 25 & 32 DAS)
Neem @ 62.5 gm/L three spraying rounds (i.e., 25, 32 & 39 DAS)
Neem @ 75 gm/L two spraying round (i.e., 25 & 32 DAS)

Neem @ 75 gm/L three spraying rounds (i.e., 25, 32 & 39 DAS)
Lambda-Cyhalothrin 50g/I (standard chemical)

2.5.2. Agronomic Data of the Crop

Data on plant height was recorded from ten randomly se-
lected plants of maize from harvestable rows in each plot.
Data on yield components such as the number of rows per
ear and ear length (cm) was recorded by selecting ten ears
from each plot. Likewise, hundred seed weight (gm.), mois-
ture content (%), and above-ground biomass (kg) were rec-
orded at harvesting. Maize stand count at harvest and field
weight (kg) per plot were measured from harvestable rows
excluding one row on each side of the plot to avoid border
effect at harvesting. The moisture of grain was adjusted to
the standard moisture content of 12.5 and finally, the grain
yield (ton) per hectare and the yield advantage was computed
by using the following formula.

(100—-AM)

Grain yield (ton/ha) = (Cw * 0.81) * (100-125)

1)
Where, CW is cob or ear field weight and AM is actual
moisture at harvest.

) — (Yt-Yc)

—=+100 (2)

Percentage yield advantage (%

Where, Yt is yield in any treatment and Yc is yield in
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un-sprayed (untreated) plots.

2.6. Statistical Analysis

The collected data were subjected to Genstat Edition
[64-Bit] version 22.1 software to undertake the statistical
analysis. The significance test and means were separated
using least significance difference (LSD) at p < 0.05.

3. Results

3.1. Field Infestation of the Spodoptera
frugiperda

Results revealed that the field invasion (incidence and se-
verity) of S.frugiperda was significantly affected by the
treatments both at 32 days after sowing (DAS) and 39 DAS
(Table 2). The S.frugiperda incidence was significantly (P<
0.01) influenced at 32 DAS and significantly (P<0.05) influ-
enced at 39 DAS by the treatments; however, no significant
differences were observed among treatments at 25 DAS.
Similarly, significant differences (P< 0.01) were noted for the
severity of S.frugiperda both at 32 DAS and 39 DAS, but no
significant differences were observed at 25 DAS (Table 2).
The maximum mean values of incidence (67.3%) was rec-

orded from un-sprayed plots at 32 DAS, whereas the mini-
mum (50.0%) was recorded from Megathrin 0.5 L/ha at 32
DAS, which was followed by neem @ 75 gm/Lx3 (51.3%). At
39 DAS, the maximum mean values of incidence (88.7%) was
recorded from un-sprayed plots and neem seed extract at
neem @ 50 gm/Lx2, while the minimum value (71.3%) was
recorded from neem seed extract at neem @ 75 gm/Lx3,
which was followed by Megathrin 0.5 L/ha (79.3%). Except
for neem @ 75 gm/Lx3 and neem @ 50 gm/Lx2, there was a
non-significant difference among neem seed extracts both at
32 DAS and 39 DAS regarding S.frugiperda incidence (Table
2). Furthermore, the maximum mean values of severity (4.4)
was recorded from un-sprayed plots at 32 DAS, but the
minimum values (2.3) was recorded from Megathrin 0.5 L/ha
at 32 DAS, which was followed by the neem @ 75 gm/Lx3
and neem @ 62.5 gm/Lx3 with the mean values of 2.4 and 2.5,
respectively. Similarly, the maximum (6.5) severity was rec-
orded from un-sprayed plots at 39 DAS, while the minimum
severity (3.5) was recorded from neem @ 75 gm/Lx3. There
was a non-significant difference among neem seed extracts
both at 32 DAS and 39 DAS for S.frugiperda severity (Table
2). Interestingly, except for mean incidence values of neem @
50 gm/Lx2 at 32 DAS, there was non-significant differences
between all neem seed extracts and Megathrin 0.5 L/ha re-
garding the mean incidence and severity values both at 32
DAS and 39 DAS.

Table 2. Mean values of S.frugiperda incidence and severity as influenced by treatments at Babile during 2023.

Incidence
Treatments

25DAS 32DAS
Neem @ 75 gm/Lx3 40.7a 51.3ab
Neem @ 75 gm/Lx2 32.7a 59.3bcd
Neem @ 62.5 gm/Lx3 43.3a 59.3bcd
Neem @ 62.5 gm/Lx2 44.7a 60.7cd
Neem @ 50 gm/Lx3 47.3a 58.0abc
Neem @ 50 gm/Lx2 39.3a 64.7cd
Megathrin 0.5 L/ha 43.3a 50.0a
Un-sprayed 46.0a 67.3d
Lsd 17.2 8.3
Cv (%) 19.3 234
F-test (5%) ns faled

Severity

39DAS 25DAS 32DAS 39DAS
71.3a 1.2a 2.4a 3.5a
80.7ab l.4a 2.8a 3.6a
82.0ab l.4a 2.5a 3.6a
83.3ab l.4a 2.8a 4.2a
83.3ab l.4a 2.6a 4.2a
88.7b 1.5a 3.4b 4.3a
79.3ab l.4a 2.3a 3.6a
88.7b 1.5a 4.4c 6.5b
13.8 0.43 0.5 1.3
25 14.9 19.9 5.3
* ns *x ok

Means with the same letter within the column are not significantly different at p < 0.05 using LSD.
Note: **, * = significance difference at (p<0.01) and (P < 0.05), respectively; ns = no significance difference; Cv (%) = Cofficient of variation;

F-test (5%) = Probability value; DAS = days after sowing
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3.2. Maize Plant Height and Yield Related
Parameters as Influenced by the
Treatments

Data illustrated in Table 3 shows the influence of treat-
ments on the plant height and yield related parameters of
maize. The findings depicted that, except for the number of
rows per ear, all of the measured parameters were signifi-
cantly affected by the treatments (Table 3). Maize plant height,
ear length, and thousand kernel weight were significantly (P <
0.05) influenced by the treatments. The percentage of infected
ears and above-ground biomass was significantly (P < 0.01)

affected by the treatments (Table 3). The maximum plant
height (1.8 m) was recorded from neem @ 75 gm/Lx3,
whereas the minimum (1.4 m) was recorded from un-sprayed
plants. Likewise, the highest above-ground biomass (99.8
Qt/ha) was harvested from neem @ 75 gm/Lx3, which was
followed by Megathrin 0.5 L/ha (83.9 Qt/ha), while the
minimum (56.7 Qt/ha) was recorded from untreated plants.
Moreover, the highest mean percentage of infected maize ear
(37.4%) was recorded from un-treated plants, but the lowest
mean values of 16.35% and 17.97% were recorded from plots
treated with neem @ 75 gm/Lx3 and Megathrin 0.5 L/ha,
respectively (Table 3).

Table 3. Effect of treatments on maize plant height and yield related parameters at Babile in 2023.

Treatments Plant height (m)  Ear length (cm)
Neem @ 75 gm/L x3 1.8b 14.2b
Neem @ 75 gm/L x2 1.7b 14.3b
Neem @ 62.5 gm/L x3 1.7b 13.6ab
Neem @ 62.5 gm/L x2 1.5ab 13.8ab
Neem @ 50 gm/L x3 1.6ab 12.9ab
Neem @ 50 gm/Lx2 1.5ab 12.5ab
Megathrin 0.5 L/ha 1.7b 14.7b
Un-sprayed 1l.4a 11.0a
Lsd 0.3 2.8
Cv (%) 31 7.1
F-test (5%) * *

No. rows/fear  TKW (gm) PIE (%) B/mass (Qt/ha)
13.1a 320.7bcd 16.4a 99.8d
13.0a 300.3abc 19.7a 82.3bcd
13.3a 314.7abcd 21.6a 83.9bcd
13.3a 323.7cd 18.2a 78.8bc
13.5a 326.2d 22.2ab 82.3bcd
12.6a 291.2a 29.7bc 74.8ab
13.1a 303.2abcd 17.8a 83.9bcd
13.3a 296.7ab 37.4c 56.7a
25 23.7 7.734 19

1.3 2 24.4 111

ns * *x ok

Means followed by the same letter within the column are not significantly different at p < 0.05 using LSD.
Note: **, * = significance difference at (p<0.01) and (P < 0.05), respectively; ns = no significance difference; Cv (%) = coefficient of variation;
F-test ( 5%) = probability value; No. rows/ear = number of rows per ear; TKW (gm)= thousand kernel weight (gm); PIE (%)= percentage of

infected/damaged ear; B/mass (Qt/ha)= above ground biomass (Qt/ha)

3.3. Maize Grain Yield

Data (Figure 2) presented that maize grain yield was sig-
nificantly (P< 0.01) influenced by the tested treatments. All of
the treatments provided a better grain yield over untreated
plants. The maximum (36.4 Qt/ha) grain yield was recorded
from plots sprayed with a neem @ 75 gm/Lx3, which was
followed by Megathrin 0.5 L/ha, neem @ 62.5 gm/Lx3, neem
@ 75 gm/Lx2 and neem @ 50 gm/Lx3 with the grain yield of
31.9 Qt/ha, 31.6 Qt/ha, 31.2 Qt/ha and 31.1 Qt/ha, respec-
tively. On the contrary, the minimum (21.8 Qt/ha) grain yield

was obtained from un-sprayed plots (Figure 2). Figure 2 also
illustrates that a yield advantage of 24.3% to 67.0% was ob-
tained from the treatments. Field application of the neem @
75 gm/Lx3, neem @ 75 gm/Lx2, and neem @ 62.5 gm/Lx3
achieved a significantly higher grain yield as compared to
untreated maize plants (Figure 2). However, the maize plants
sprayed with neem @ 50 gm/Lx2 provided a lower grain yield
(27.1 Qt/ha) which was statistically at par with untreated
plants. None significant difference was observed between
neem seed extracts and Megathrin 0.5 L/ha, the standard
chemical (Figure 2).
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4. Discussion

The results (Table 2) indicated that applications of the
neem seed extracts had shown a decrement in the S.frugiperda
field infestation and the subsequent crop damages as com-
pared to un-sprayed plants. In analogy to our findings,
Akhigbe et al. [30] demonstrated that the maize plants sprayed
with neem seed extracts had shown a reduction in
S.frugiperda infestation at vegetative stages. Likewise, Bir-
hanu et al. [12] reported that the application of neem extracts
at 32 DAS and 39 DAS had provided the lowest S.frugiperda
infestation in maize fields. Promisingly, the botanical treat-
ments provided equal efficacy against S.frugiperda infestation
as compared to Megathrin 0.5 L/ha, the standard chemical.
Moreover, the neem seed extracts had provided a high po-
tency against S.frugiperda and resulted in lower incidence and
severity, although a slight variation was noticed among the
treatments mainly due to the application dosages (concentra-
tions) and/or spraying rounds.

The incidence and severity of S.frugiperda were reduced
between 3.9% to 25.7% and 22.7% to 47.7% at 32 DAS,
respectively (Table 2). Similarly, the incidence and severity of
S.frugiperda were reduced between 0.0% to 19.6% and 33.8%
to 46.2% at 39 DAS, respectively. Notably, the treatments
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with a higher concentrations and spraying rounds of the bo-
tanical insecticide achieved greater toxicity against
S.frugiperda leading to a lower field infestation or plant
damage. In analogy to the present findings, a study [30] in-
dicated that the infestation by S.frugiperda translated to the
increase in incidence on the foliage and the number of dam-
aged leaves recorded at 6 WAS, while a reduction of infesta-
tion was obtained in the treated maize plants. The plants
treated with neem seed extracts resulted in lower leaf damage
(severity), while un-sprayed plants showed extensive leaf
damage both at 32 DAS and 39 DAS [12, 30, 14]. Likewise, a
study [36] demonstrated a high efficacy of neem seed extract
against S.frugiperda. The lowest infestation in the plants
treated with neem seed extracts is attributed to the higher
insecticidal activity of the treatments against S.frugiperda
larvae mainly by feeding inhibition or deterrence, growth
disruption, and increased larval mortality. Azadirachta indica
seed extracts caused toxicity by acting as antifeeding inhibi-
tors and showed repellent properties at high concentrations
[33, 12].

The current study (Table 3) presented that all of the treat-
ments achieved higher performance in almost all measured
agronomic parameters of the plant over un-sprayed plots.
Convincingly, the neem seed extracts were noted to increase
the growth and yield-related parameters as compared to
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un-sprayed plots (Table 3). In analogy to the current results, a
previous findings [31] demonstrated that the treated maize
plants achieved higher crop performance as compared to
untreated plants. Similarly, maize plants sprayed with neem
extracts attained higher plant height, while untreated resulted
in lower plant height [30]. The superior crop performance in
maize in terms of plant height, above-ground biomass, earl
length, and number of infected ears in plants treated with
neem seed extracts might be due to maintained plant health
and reduced S.frugiperda infestation following the toxicity of

the botanical plant. In agreement with our result, Birhanu et al.

[12] and Degife [32] investigated a substantial decrease in
S.frugiperda infestation which resulted in higher crop biomass
and a lower number of infected cob due to the higher insecti-
cidal activity of neem extracts. Similarly, previous research
[30] described that the active ingredient in neem which re-
pelled the insect would have impaired the normal physiolog-
ical activities and development in maize under field settings.

Data presented in Figure 2 indicated that the application of
the neem seed extracts provided a higher grain yield as
compared to untreated maize plants. In line with the present
study, Degife [32] and Chekuri et al. [31] demonstrated that
field application of neem extracts reduced foliar damage to
maize enhanced maize growth performance, and resulted in
higher grain yield as compared to untreated plants. Moreover,
a study [31] investigated that the application of neem seed
extracts resulted in maize grain yield increment of 36.8% to
105.7% over untreated plants under field conditions. In an-
other study, a maize grain yield loss of 5% to 20% was re-
ported following the maize foliar damage by S.frugiperda
larvae [37]. Notably, all of the neem seed extracts achieved
promising results which were statistically at par with Meg-
athrin 0.5 L/ha (Figure 2). Furthermore, except for the neem
@ 62.5 gm/Lx2 and neem @ 50 gm/Lx2, all of the botanical
treatments had provided a significantly higher grain yield as
compared to untreated plants. The highest grain yield ob-
tained from the botanical insecticide might be due to the
strong insecticidal activity of the neem seed extracts in lim-
iting the S.frugiperda infestation and/or consequent crop
damage which could enhance the photosynthesis process. The
protected maize plants provided a higher grain yield as a result
of the reduced foliar damage and enhanced photosynthesis
following the high toxicity of neem extracts against
S.frugiperda larvae [30, 31, 14]. The result of the present
study indicates that the field application of neem seed extracts
was proved to be effective against S.frugiperda, the notorious
invasive insect pest in Hararghe, eastern Ethiopia, although
further study is required to validate the efficacy in different
seasons and/or locations.

5. Conclusions

The fall armyworm, Spodoptera frugiperda Smith (Lepi-
doptera: Noctuidae) is severely attacking the maize plants in
Hararge, eastern Ethiopia, and this alerted for effective pest
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management strategies. The present results indicated that the
field spraying of neem seed extracts had provided promising
efficacy against S.frugiperda thereby significantly reducing
the pest infestation. Interestingly, a maize yield advantage of
24.3% to 67.0% was obtained from the treatments over un-
sprayed (untreated) plots. Among the neem seed extracts,
application of neem @ 75 gm/Lx3, neem @ 75 gm/Lx2,
Neem @ 62.5 gm/Lx3, neem @ 62.5 gm/Lx2, and neem @ 50
gm/Lx3 were achieved higher efficacy and grain yield equal
to Megathrin 0.5 L/ha under the field conditions. Convinc-
ingly, application of the effective control treatments against
the S.frugiperda larvae during the vegetative stages of maize
is the most imperative component of a successful pest man-
agement system. Findings from this study show that the ap-
plication of the aqueous seed powder extracts proved to be an
effective eco-friendly alternative to synthetic insecticides and
the potential component of an integrated pest management
program to limit the S.frugiperda infestation in maize fields in
Ethiopia, although further research is needed to validate the
present findings over years as well as across agro-ecologies to
ensure its broad applicability against the invasive pest.
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