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African farmers are currently grappling with potential control measures for the invasive fall armyworm (FAW) (Spodoptera
frugiperda), which has recently emerged as an important economic pest that is ravaging maize fields across the continent. We
evaluated the efficacy of the West African black pepper extract and beans intercropping systems as viable FAW control measures
and the implication onmaize yields.)e experiment comprised five treatments (control-no input, dwarf beans intercrop, climbing
beans intercrop, West African black pepper extract, and insecticide) with three replications each. FAW severity was assessed at
three to seven weeks after planting (WAP), while maize infestation was assessed at seven WAP. FAW severity increased sig-
nificantly (P< 0.05) across WAP for the control and dwarf beans intercrop, with the highest at four and six WAP, respectively.
FAW severity also differed (P< 0.05) significantly across treatments at four to sevenWAP, with the lowest recorded in the extract
of West African black pepper (Piper guineense) and the highest in control treatments. Maize infestation ranged from 13 to 93%,
with the lowest in the West African black pepper extract and synthetic insecticide, followed by both dwarf and climbing beans
intercrops and then the control. )e maize yield determined at physiological maturity ranged from 2.2 to 6.3 t ha− 1 across
treatments and differed significantly, with the highest in the West African black pepper extract and synthetic insecticide, followed
by both the dwarf and climbing beans intercrops, as compared to the control. Overall, the West African black pepper extract and
beans push cropping systems demonstrated efficacy as viable sustainable alternative control measures for the invasive fall ar-
myworm in maize fields.

1. Introduction

Global food insecurity is a chronic issue that is likely to
deteriorate with further decrease in soil fertility coupled with
increase in pest and disease pressures. Maize (Zea mays L.)
production contributes to food security and income gen-
eration for many smallholder farmers in sub-Saharan Africa
(SSA) [1]. However, maize production is constrained by
combinations of poor mineral nutrition [2] and insect pests
[3, 4]. Recent emergence of the invasive fall armyworm
(FAW) Spodoptera frugiperda (Lepidoptera: Noctuidae) in

Africa has overshadowed the stem borer Busseola fusca
(Lepidoptera: Noctuidae) as the major insect pest of maize
[3, 5]. FAW is a polyphagous pest with a wide host range and
a long-distance migratory pest that is capable of flying over
100 km in a single night [6, 7]. FAW feeds on young maize
leaf whorls, ears, and tassels, causing substantial damage
with occasional total yield loss [8, 9]. FAW larvae cause crop
damage while adults ensure rapid spread of the pest by flying
across long distances and rapidly reproducing [10]. FAW is
an important economic pest of maize in its native Americas
[11], which has recently extended its ecological niche by
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invading Africa [12–15]. Accordingly, FAW was recently
reported in a maize field in Cameroon and has rapidly
spread across the different agroecological zones of the
country [16, 17], and farmers are seemingly using various
management options including synthetic insecticides to
grapple with the invasive pest. Although synthetic insecti-
cides are commonly used to control field pests, their con-
tinuous use can result in pest resistance and increased
reliance on chemical controls that may lead to high pro-
duction cost and severe environmental effects [18, 19].
)erefore, a holistic approach is necessary for the control of
the FAW pest in maize fields that integrates sustainable
alternative management strategies and are adapted to the
specific needs of farmers, especially small-scale subsistence
farmers in SSA who lack financial resources and techno-
logical know-how.

Potential sustainable pest management strategies include
intercropping systems and use of beneficial microbes and
botanical pesticides [5, 20, 21]. Intercropping constitutes
push-pull systems involving companion plants that act as the
“push” component for pests, or planting companion plants
at the boarders of main crops to act as the “pull” component
[22–24]. Some companion plants release semiochemicals
that either repel insect pests from the main crop (e.g., push
system) or attract insect pests away from the main crop (e.g.,
pull system) by providing better niches and food resources
[25]. )e cultivation of grain legumes such as beans (Pha-
seolus vulgaris L.) as the companion crop can provide a
different ecological niche for the FAW larvae while also
emitting semiochemicals that may deter FAW and ovipo-
sition [26]. Legume intercropping is widely encouraged as a
viable integrated soil fertility management strategy [27, 28]
as legumes can also serve as a push factor against insect pests
[24, 25]. Some plant bioactive materials have also demon-
strated efficacy as botanical insecticides for the control of
various insect pests of economic importance [26, 29]. Be-
sides direct effects on pests, companion crops and botanicals
can enhance the population of natural enemies of field pests.
Contrary to large-scale industrial monoculture farming
systems, intercropping systems are common with small-
scale subsistence farming systems and the smallholder
farmers inevitably need viable information on sustainable
management options that enhance productivity and envi-
ronmental protection. Hence, this study was intended to
evaluate the direct and indirect effects of the West African
black pepper extract and beans push cropping systems as
sustainable alternative control measures for the invasive
FAW in maize fields. It was hypothesised that the extract of
West African black pepper and beans intercropping systems
shall exert adverse effects on FAWwith reduced severity and
infestation leading to higher maize yield.

2. Materials and Methods

2.1. Experimental Site and Setup. )is study was conducted
between August and November 2018 on a smallholder farm
in Molyko, Buea, Cameroon, situated between latitudes
4°3′N and 4°12′N and longitudes 9°12′E and 9°20′E. )e soil
is derived from weathered volcanic rocks, and Buea has a

monomodal rainfall regime with less pronounced dry season
and 86% relative humidity. )e dry season is from No-
vember to March with a mean annual rainfall of 2800mm,
and mean monthly air temperature ranging from 19 to 30°C.
Soil temperature at 10 cm depth decreases from 25 to 15°C
with increasing elevation from 200 to 2200m, respectively,
above sea level [27, 30, 31].

)e experiment comprised five treatments (control-no
input, dwarf beans intercrop, climbing beans intercrop,
West African black pepper extract, and synthetic insecticide)
arranged in a randomized complete block design with three
replications each. )e field site was cleared manually using a
cutlass and partitioned into fifteen experimental plots
measuring 3× 4m (12m2) each, with 1m untilled buffer
zones separating the plots from each other. Plots were tilled
manually at about 30 cm soil depth using a hoe.

2.2. Crop Cultivation. )ree seeds of maize and dwarf or
climbing beans (Phaseolus vulgaris L.) purchased from an
agroshop in Buea, Cameroon, were planted at 80 × 50 cm
inter- and intrarow spacing and later thinned to two
vigorous seedlings per stand. Each maize monoculture
plot had 60 plants while the intercropped plots addi-
tionally comprised 60 dwarf or climbing beans plants
arranged in six alternate rows with five stands per row,
giving a total of 120 plants. )e dwarf and climbing beans
were intercropped with maize as a biocontrol strategy to
serve as the push component against fall armyworm. All
the experimental plots were amended twice at two and
four weeks after germination using a granular inorganic
fertilizer (NPK 20 : 10 : 10) at 5 g per plant by ringing at
5 cm from the plant. Soil moisture during the entire ex-
periment depended on the local rainfall regime, while
weed emergence was monitored regularly and weeded
manually using a hoe.

2.3. Application of Botanical Extract and Synthetic Insecticide.
Maize plants were protected against fall armyworm using
companion bean plants as the intercrop (see Section 2.2) or
the West African black pepper extract or synthetic insec-
ticide.)eWest African black pepper extract and insecticide
(K-Optimal: SCPA SIVEX International® France, com-
prising lambda-cyhalothrin 15 g/l + 20 g/L acetamiprid ac-
tive ingredients) were applied at about 0.03ml per plant on
the respective plots using a knapsack sprayer. )e West
African black pepper extract was produced using dry seeds
of Piper guineense that were crushed using a kitchen blender
to produce fine powder [29]. 200 g Piper power was dissolved
in 0.25 L vegetable oil (KING’S®, Lagos, Nigeria) and 25 g
detergent (SABA®, Douala, Cameroon) was added and then
was thoroughly stirred to produce a sticky emulsion and
stored in a plastic container at room temperature prior to
laboratory and field tests. For weekly field application,
16.7ml of the West African black pepper extract was filtered
into 5 L water using a double 169-folded muslin cloth and
stirred thoroughly to achieve homogeneity before spraying
on the maize plants.
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2.4. Laboratory Bioassay ofWest African Black Pepper Extract
against FAW. Bioassays were conducted on FAW larvae at
the laboratory of the Faculty of Agriculture and Veterinary
Medicine, University of Buea, Cameroon. )e mortality test
was performed to determine the appropriate concentration
of theWest African black pepper extract for use to obtain the
best field result. For the laboratory test, FAW larvae of
approximately equal sizes were randomly collected from
maize fields in Buea, and six larvae were placed in each petri
dish. Maize leaves were harvested from the fields, and 0.02 g
(fresh weight) was added into each petri dish as the food
substrate for the larvae. Six treatments were prepared in-
cluding a control (only tap water) and five concentrations of
the West African black pepper extract: 0.007 (100 :15), 0.005
(80 :15), 0.004 (60 :15), 0.003 (50 :15), 0.001 (20 :15), and
0.00 (0 :15) product : water (ml : L) ratio (Table 1). A syringe
was used to apply the different concentrations of the West
African black pepper extract into petri dishes containing
FAW larvae, and their toxicity was observed over two hours
(120 minutes).

2.5. Data Collection

2.5.1. Severity of Fall Armyworm and Maize Infestation.
Fall armyworm is a defoliating maize pest that can have
many generations per year depending on environmental
conditions. Adult females can live 10–21 days and lay up to

1,000 egg masses in their lifetime. Eggs are laid in batches of
100–200 eggs that hatch within 2–4 days with six larval
stages lasting 14–22 days, while the pupal stage lasts 8–30
days. )e pest ecology and environmental conditions in-
fluence their severity and infestation of host crops. FAW
larval specimens were examined on the head capsule and
abdominal segments for the occurrence of peculiar dis-
tinguishing characteristics. Both brown and light green
FAW larvae were identified based on visual observation of
characteristic marks and dotted spots such as inverted “Y”
marking on the head area, four large dorsal spots in a near
square arrangement on the second last segment, lighter
dorsal area, pale dorsal line, pale laterodorsal line, and
lighter ventral area [28, 32]. )e weekly FAW severity (e.g.,
mean number of larvae per plant± standard deviation (SD))
was recorded on seven randomly selected plants at three to
seven weeks after planting (WAP). FAW severity was
assessed on the entire plant, especially on leaves and leaf
whorls. FAW infestation (e.g., number of infested maize
plants per plot) was also assessed at seven weeks after
planting. All the sixty plants on each plot were visually
observed for symptoms of FAW larval damage on leaves and
leaf whorls (e.g., small holes, scratches, or skeleton damage
of leaves with partially damaged epidermis giving a win-
dowpane appearance). )e rate of FAW maize infestation
(mean %± SD) was calculated as a percentage ratio of
infested plants per plot to the total number of plants:

Maize infestation by fall armyworm (%) �
number of infested plants per plot
total number of plants per plot

× 100. (1)

2.5.2. Assessment of Maize Yield. Ten maize plants were
randomly harvested (15 November 2018) from each plot at
physiological maturity, and the number of cobs and cob
length (measured using a calibrated tape) was recorded per
plant. Maize cobs were manually threshed by hand, and
grains were oven-dried at 60°C for five days, and the dry
weight (g) was recorded on a scale balance to calculate the
total yield in t ha− 1. )e 1000-grain weight (g) was also
recorded for randomly selected maize grains from each plot.

2.6. Statistical Analysis. Data sets were subjected to statis-
tical analyses using STATISTICA 9.1 for Windows [33]. )e
dependent variables (e.g., fall armyworm severity, maize
infestation, and maize yield parameters) were subjected to
analysis of variance (ANOVA, P< 0.05) to test the effects of
treatments (n� 5) as categorical predictors. )e significant
data means were compared by Tukey’s HSD (P< 0.05), and
where applicable, Spearman rank correlation (P< 0.05) was
performed to determine the degree of association between
dependent variables and categorical predictors.

3. Results

3.1. Laboratory Bioassay ofWest African Black Pepper Extract
against FAW. )e laboratory mortality of FAW increased at

higher concentrations of the West African black pepper
extract, with early larval mortality observed after 40 minutes
and total mortality after 60 minutes, except for the lowest
concentration (0.001ml) of the West African black pepper
extract (Table 1). By contrast, no such larval mortality oc-
curred in the tap water control treatment. Based on this
larval mortality evaluation, the concentration of 0.003ml of
the West African black pepper extract was considered as the
most cost effective, and it was adopted for field application.

3.2. Fall Armyworm Severity and Maize Infestation. )e
severity of fall armyworm differed (P< 0.001) significantly
across treatments, weeks after planting, and in their inter-
action. FAW severity increased significantly across weeks
after planting for the control and dwarf beans intercrop, with
the highest severity at four and six weeks after planting,
respectively (P< 0.05; Table 2). FAW severity also differed
(P< 0.05) significantly between treatments at four to seven
weeks after planting, with the lowest severity recorded in the
West African black pepper extract, and the highest severity
in control treatments. Maize infestation ranged from 13 to
93% across treatments at seven weeks after planting and
differed (P< 0.05) significantly, with the highest infestation
in the control, followed by the dwarf and climbing beans
intercrops (Figure 1). )e lowest maize infestation was
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recorded in the West African black pepper extract and
synthetic insecticide treatments (Figure 1).

3.3. Impact of Treatments on Maize Yield. Maize grain yield
ranged from 2.2 to 6.3 t ha− 1 and differed significantly across
treatments (P< 0.001), with the highest yield in the synthetic
insecticide and the West African black pepper extract, fol-
lowed by the dwarf and climbing beans intercrops, while the
lowest yield occurred in the control (Figure 2). Maize yield
was negatively correlated to FAW severity and the rate of
infestation, as the maize yield decreased significantly with
increased FAW severity (r� − 0.78, P< 0.05) and infestation
(r� − 0.83, P< 0.05). )e length of maize cobs ranged from
24.7 to 30.7 cm and differed significantly across treatments
(P< 0.001), with the highest in the synthetic insecticide and

climbing beans intercrop as compared to the control (Ta-
ble 3). )e weight of 1000-maize grains ranged from 0.8 to
1.1 g, but the grain weight did not (P< 0.05) differ between
treatments (Table 3).

4. Discussion

4.1. Efficacy of Botanical Extract and Intercropping Systems
against FAW. )e observed efficacy of the synthetic in-
secticide is consistent with other reports, but overuse or
misuse can lead to ecological backlashes such as resurgence
and resistance [34, 35]. Despite the efficacy of insecticides
against FAW, their potential effects on nontarget organisms
such as natural enemies could be inevitable [36, 37]. )is
highlights the importance of sustainable alternatives such as
botanicals and legume intercropping [25]. Furthermore,

Table 1: Laboratory bioassay of five concentrations of the West African black pepper extract against fall armyworm (FAW).

Concentrations of Piper emulsion (ml)
Time-dependent FAW mortality (minutes)

Cumulative FAW mortality
20 40 60 80 100 120

0.007 0 4 2 − − − 6
0.005 0 2 4 − − − 6
0.004 0 2 4 − − − 6
0.003 0 2 4 − − − 6
0.001 0 0 0 2 0 4 6
0 (tap water) 0 0 0 0 0 0 0
FAW larval mortality in relation to tap water as the control.

Table 2: Effect of treatments on fall armyworm severity (number of larvae per plant; mean± SD) at three to seven weeks after planting.

Treatments
Weeks after planting

3 4 5 6 7
Control-no input 0.9± 0.8 cA 4.7± 0.7aA 2.9± 0.3bA 2.4± 0.4bcA 2.6± 0.4bcA
Dwarf beans intercrop 0.3± 0.2bA 1.3± 0.5aB 0.7± 0.1aB 1.4± 0.4aB 1.8± 0.6aAB
Climbing beans intercrop 1.0± 1.4aA 0.9± 0.8aB 0.8± 0.3aB 0.9± 0.8aB 1.3± 0.5aB
Piper emulsion botanical 0.2± 0.3aA 0.2± 0.2aB 0.1± 0.1aC 0.0± 0.0aC 0.0± 0.0aC
Synthetic insecticide 0.4± 0.3aA 0.3± 0.2aB 1.1± 0.2aB 0.3± 0.5aB 1.0± 0.8aB
Values within rows with different lowercase letters are significantly different between weeks for each treatment, while values within columns with different
uppercase letters are significantly different between treatments for each week (p< 0.05).
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Figure 1: Effect of treatments onmaize infestation (mean± SD) by fall armyworm at seven weeks after planting. Values with different letters
are significantly different (P< 0.05).
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botanicals have proven to be more effective in both labo-
ratory and field trials where four botanicals caused over 90%
FAW larval mortality at 72 h after application as compared
to malathion that caused a moderate mortality of 51.7%,
while carbaryl was less effective with only 28% mortality
[38]. Accordingly, the observed efficacy of the West African
black pepper extract against FAW is likely due to plant
secondary metabolites isobutyl amides with active ingredi-
ents (e.g., natural lipophilic amides, piperine, and piperiline)
as a neurotoxin and deterrent [39]. High levels of antifeedant
secondary compounds were reported in plants in the
Piperaceae family that deter herbivores [40]. Similarly,
significantly high FAWmortality of 3.3–96.7% was reported
due to hexane extracts of West African black pepper, which
contain higher phenylpropanoid content that inhibited the
functioning of cytochrome P450 [34]. )e relatively low
FAW severity and maize infestation observed for the beans
intercropping systems support the hypothesis of this study
and are likely due to the confusing olfactory and visual cues
received from the companion beans plants that probably
served as the push component that repelled FAW larvae
away from the maize plants. In addition, the adverse effect of
beans push cropping systems also supports the hypothesis of
this study, which was likely mediated through allelopathic
mechanisms whereby green leaf volatiles emitted by the
companion beans crops repel the FAW larvae away from
maize plants [25]. )e beans root exudates may also contain
novel flavonoid compounds that can disrupt the pupating
phase of the FAW life cycle in soil and alter the pest ecology.

Also, beans as companion crops likely provided a different
ecological niche for FAW larvae while emitting semi-
ochemicals that deterred oviposition and FAW on maize
[35]. Hence, the repellent and/or attractant ability of beans
plants is a comparable FAW control measure to synthetic
insecticide and the West African black pepper extract.
)erefore, an integrated management approach involving
both botanicals and beans intercropping systems could be a
viable sustainable alternative FAW control strategy in maize
fields [41].

4.2. Impact of FAW Severity and Infestation on Maize Yield.
)e low maize yield recorded in the control without any
FAW control measure is consistent with the FAW severity
and maize infestation, which likely reduced photosynthetic
carbon fixation and consequently reduced plant growth and
productivity [42, 43]. Meanwhile, the low pest infestation
recorded for the West African black pepper extract and
synthetic insecticide likely allowed more crop growth and
photosynthesis that resulted in higher maize yield [44].
Nonetheless, the lack of significant difference in the maize
grain yield between the West African black pepper extract
and synthetic insecticide treatments highlights the effec-
tiveness of the West African black pepper extract as a
sustainable alternative control measure against FAW. )e
observed efficacy of the West African black pepper extract is
consistent with the reported efficacy on other crop pests [31]
and commensurate with other reports on the effectiveness of
some botanicals as control measures for fall armyworm in
maize fields [38, 45]. Overall, the maize yield is consistent
with the infestation rate and increased as the rate of in-
festation decreased and vice versa, which strongly support
the hypothesis of this study. Besides the ability to control
insect pests, beans biomass contributed significant amount
of nitrogen via biological nitrogen fixation that enhanced
soil fertility and plant nutrition [46, 47], which might have
also enhanced the maize yield in the intercropped plots in
this study. Furthermore, addition of organic matter and
other nutrients by the nutrient-rich decomposing beans
biomass likely reduced soil P-sorption and enhanced soil
biota and nitrogen fixation that probably favoured maize
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Figure 2: Impact of treatments on maize grain yield (mean± SD). Values with different letters are significantly different (P< 0.05).

Table 3: Impact of treatments on the length of maize cobs and
1000-grain weight.

Treatments Cob length
(cm) 1000-grain weight (g)

Control-no input 24.7± 0.7 b 0.9± 0.1a
Dwarf beans intercrop 25.7± 1.0ab 0.8± 0.0a
Climbing beans intercrop 30.7± 3.3a 1.1± 0.1a
Piper emulsion botanical 29.3± 1.0ab 1.0± 0.1a
Synthetic insecticide 30.7± 1.2a 1.1± 0.1a
Values within columns with different letters are significantly different
(p< 0.05).
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growth and productivity. Moreover, soil organic carbon
drives most microbial-mediated processes including soil
respiration, nitrogen mineralization, and nutrient cycling
and uptake by plants [48, 49]. Hence, the improved maize
yield in the plots intercropped with beans could be due to a
combination of low fall armyworm severity and maize in-
festation and improved maize nutrition resulting from ni-
trogen fixation by the companion beans plants.

5. Conclusion

Our results highlight the efficacy of the West African black
pepper extract as a viable botanical insecticide and beans
intercropping as a sustainable push cropping system for the
control of fall armyworm leading to a greater maize yield. )e
West African black pepper extract and beans push cropping
system direct mortality or repellent effects on FAW. Although
there was no significant difference between the dwarf and
climbing beans intercrops, the dwarf beans intercrop is pref-
erable because of the relative difficulty involved in managing
the climbing beans vines on plants that may eventually limit
maize growth and productivity. Maize yield demonstrated an
inverse relationship with FAW severity and infestation as the
highest maize yield occurred in the West African black pepper
extract and synthetic insecticide treatments followed by both
dwarf and climbing beans intercrops, which reflected the low
FAW severity and infestation. Overall, the extract of West
African black pepper and beans intercropping systems could be
adopted as sustainable alternative management strategies for
the invasive fall armyworm across maize fields in Africa.
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