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Abstract: With the search for alternative pest management strategies due to the concerns
associated with synthetic pesticides, botanicals have been of increasing interest. However,
the potential of plants such as soybean (Glycine max) as biopesticides is less known. Hence,
this study assessed the activity of soybean extract (SBE) on insects and Phytophthora pod
rot pathogens of cocoa using the filter paper contact toxicity and amended-agar plate
techniques, respectively. Concentrations of 0.001–100% w/v SBE induced a mortality of
17.02–100% on the cocoa mirid Sahlbergella singularis and 2.5–90% and 5.26–100% on the
ants Crematogaster africana and Pheidole megacephala, respectively. Also, 0.001–20% w/v
SBE inhibited mycelial growth by 0–72% (Phytophthora palmivora isolates) and 1.17–81.03%
(Phytophthora megakarya isolates). The minimum inhibitory concentration for P. palmivora
and P. megakarya isolates was 1% and 0.001% w/v SBE, respectively. The median lethal
concentration was 3.50% (S. singularis) and 193.73% w/v (C. africana), while the median
inhibitory concentrations were 4.70 and 7.87% (P. palmivora isolates) and 1.13 and 1.48%
(P. megakarya isolates). The activity of SBE on the pests was differential but non-toxic to
the ant C. africana. The findings indicate the potential of SBE as a biopesticide against
S. singularis and Phytophthora pod rot pathogens of cocoa.

Keywords: ants; cocoa; mirid; pests; Phytophthora; soybean extract

1. Introduction
As a key agricultural produce in the colonial and postcolonial era, cocoa (Theobroma

cacao) has shaped the political, social and economic landscape of several West African
countries. It contributes significantly to livelihood, foreign exchange and gross domestic
product in these countries. Although the West African sub-region accounts for about 70%
of the global cocoa production, its production is impacted by several factors such as pests
(insect pests and diseases) that result in yield deficits [1].

Mirids are ubiquitous in the cocoa-growing regions of Ghana [2,3], the second largest
producer of the crop globally [4]. They feed on the pods, chupons and other soft tissues of
the shoots [5], resulting in cherelle wilt, dieback of the stem, mirid blast and ‘stag-headed’
trees. The activity of mirids can cause severe yield losses of about 25–40% [6,7]. Other pests
such as the Oomycota pathogens Phytophthora megakarya and Phytophthora palmivora are also
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important yield determinants in cocoa [1,8,9]. They cause Phytophthora pod rot of cocoa,
resulting in severe yield losses of about 60 to 100% [10].

To narrow the yield gap, these pests are mostly targeted with synthetic
pesticides [5,8,11,12]. This practice, however, has several concerns, including pesticide
resistance and environmental and non-target toxicity. Hence, attempts to sustainably
manage pests using alternatives that are safer to non-targets and the environment while
being effective against pests have been made. Plants are among the environmentally safer
alternatives for pest management [13]. Crude extracts of plants can be used by resource-
limited farmers and the extracts can also serve as sources of lead compounds for pesticide
development. As a result, extracts from many plant species have been experimented for
potential use as pesticides [13–15].

Soybean (Glycine max) contains several phytochemicals, including alkaloids, polyphe-
nols and saponins [16–18]. Some of these compounds are active against insects and
microbes [17,19]. However, compared to other plant species, the pesticidal potential of
soybean for agricultural use is less studied, with most of the reports focused on its antimi-
crobial activity against pathogens of medical importance [17,20]. Recently, Bukari et al. [21]
reported on the effect of soybean extract on the causative agents of two cocoa diseases
(pink and white thread blight) in Ghana and also on termite under laboratory conditions.
However, for use in cocoa pest management, its activity on the major pests of cocoa needs
to be known. This study therefore reports on the effect of soybean extract on the key insect
pest and disease pathogens of the crop in Ghana. Although unintended, non-target organ-
isms are exposed to chemical agents aimed against pests in the cocoa agro-ecosystem [3,22].
Non-target insects such as ants are commonly found in the cocoa ecosystem and play
diverse ecological roles, including preying on pests [23–26]. Hence, knowledge on the
impact of pest-targeted chemical agents on them is important for effective and sustainable
pest management. As such, the effect of the extract on non-target species such as ants was
also assessed to observe its relative safety towards them.

2. Materials and Methods
2.1. Biological Samples

Aqueous extract of soybean seeds sourced from Tamale, the capital city of the northern
region of Ghana, was used. The extract was obtained as previously described in Bukari
et al. [21] with some modifications as follows. Tap water was used to wash the seeds
of soybean. The seeds were then washed with distilled water and dried under shade
for 3 weeks. Afterwards, the seeds were ground into powder and 100 g of the powder
was incubated with 100 mL of distilled water at room temperature for 24 h. This was
mechanically pressed to obtain the aqueous form and then filtered with a muslin mesh
to obtain the stock solution (100% w/v). This was repeated several times with different
starting materials (soybean seed powders) to obtain enough stock solution for the study.
The stock solution was diluted with distilled water to obtain the other concentrations. The
soybean extract (SBE) concentrations (w/v) used were 0.001, 0.01, 0.1, 1, 10, 20, 40, 50, 70
and 100% for the insects and 0.001, 0.01, 0.1, 1, 10 and 20% for the Phytophthora pathogens.

The test insects (pest and worker ants) were collected from experimental cocoa plots
(minimal insecticide exposure of 4× insecticide application per year and insecticide-free
for 6 months prior to insect collection) at Cocoa Research Institute of Ghana (CRIG), New
Tafo-Akim, Ghana, and held for at least 12 h prior to insecticide bioassay to remove weak
and dead insects. Unsexed adult insects were used for the tests. The target insect (pest)
was the mirid, Sahlbergella singularis (Hemiptera: Miridae), and the non-target insects
were ants, Crematogaster africana (Hymenoptera: Formicidae) and Pheidole megacephala
(Hymenoptera: Formicidae).
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The isolates of P. palmivora (Peronosporales: Peronosporaceae) and P. megakarya (Per-
onosporales: Peronosporaceae) were obtained from the collections of the Mycology Lab-
oratory of the Plant Pathology Division of CRIG. These pathogens were earlier isolated
from black pod-infected pods, molecularly differentiated and stored in the laboratory on
Oat Meal Agar (Becton Dickinson Company, MI, USA) at 4 ◦C [27]. The colony pattern of
P. palmivora isolates on agar plates was stellate–striate with little aerial mycelium, while
that of P. megakarya isolates was cotton-wool-like with aerial mycelium [28].

2.2. Laboratory Bioassays
2.2.1. Experiment I

A Whatman No. 1 filter paper (Whatman International Limited, Maidstone, UK)
was moistened with 1 mL of soybean extract (SBE) and placed inside an 11 cm Petri dish
(Corning Incorporated, Corning, NY, USA). Ten adult insects were placed on the filter paper
and held at 27.5 ± 2.5 ◦C, 81 ± 6% relative humidity and approximately 12 h photoperiod.
This was replicated at least 4 times for each concentration of the extract and a control
(distilled water). Insect mortality after 24 h was recorded after probing with a camel hair
brush. An insect was considered dead when it was nonresponsive (not moving or showing
signs of movement) to 3 probes.

2.2.2. Experiment II

The activity of the SBE on mycelial growth of the test isolates of the pathogens,
P. palmivora and P. megakarya, were performed using Carrot Dextrose Agar (CDA) (Oxoid
Limited, London, UK) medium amended with the extract to the final test concentration
as described in Bukari et al. [21]. Mycelium discs from each isolate were used to centrally
inoculate the extract-amended plates. Nonamended CDA plates served as control. The
plates were replicated 3 times and incubated at 28 ± 2 ◦C for 7 days. Inhibition of the
mycelial growth of the pathogens was calculated as:

PIMRG =
A − B

A
× 100 (1)

where PIMRG = percentage inhibition of mycelial radial growth; A = mean mycelial radial
growth in control plates; and B = mean mycelial radial growth in test plates.

2.3. Data Analysis

Mortality data of the insects were corrected with the formula of Abbott [29] when the
mortality in the control was 5–10%. The corrected mortality data were arcsine transformed
and subjected to two-way analysis of variance (ANOVA). The data were also analyzed
using probit to obtain the median lethal concentration (LC50).

The data on mycelial growth inhibition were arcsine transformed and subjected to two-
way ANOVA. To obtain the median inhibitory concentration (IC50), the mycelial growth
inhibition data were analyzed using probit.

Two-way ANOVA for both insect mortality and pathogen mycelial growth inhibition
data was performed using IBM SPSS version 20 and the mean separation was performed
using Tukey’s test at 5% significance level. Probit analysis was conducted using Insecticide
Resistance Monitoring Application-QCal [30]. The LC50 and IC50 values with nonover-
lapping 95% confidence interval (CI) were considered to be significantly different at 5%
significance level.
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3. Results
Figures 1 and 2 present the uncorrected and corrected mortality, respectively, of the

insect species exposed to the SBE extract. The lowest SBE concentration used in this
study (0.001%) induced ≤10% mortality in the ant species (C. africana and P. megacephala)
(Figure 1). This concentration, however, caused >20% mortality in S. singularis. For each
SBE concentration, mortality in the target insect, S. singularis, was higher than that in
the non-target C. africana. A similar trend was observed between S. singularis and the
non-target P. megacephala except the two highest concentrations (70% and 100% w/v SBE),
where mortality at 100% w/v was the same for both species and mortality at 70% w/v was
higher in P. megacephala. Ant mortality stagnated from an SBE concentration of 0.1 to 20%
w/v (C. africana) and 0.01 to 20% w/v (P. megacephala), while mirid mortality increased
with increasing SBE concentration (Figures 1 and 2). Mortality among the insect species
was significantly different (p < 0.001). There was also a significant difference (p < 0.001)
in the mortality induced by the various SBE concentrations. The insect species–extract
concentration interaction effect was also significant (p < 0.001) (Figure 1).
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Figure 2. Corrected mortality of insect species after a 24 h exposure to concentrations (w/v) of
soybean extract. Mortality was corrected with Abbott’s [29] formula when mortality in the control
was 5–20%.

The insects responded differently to the soybean extract. The extract was more toxic to
the pest (S. singularis), with an LC50 of 3.5008%, compared to the ant, C. africana, which had
an LC50 of 193.7304% (Table 1). The LC50 of S. singularis was significantly lower than that
of C. africana, with the LC50 of the non-target insect, C. africana, being >55-fold higher than
the target insect (S. singularis), indicating its safety towards the non-target. The mortality
response of the insects was significantly different among the test species (Table 1).

Table 1. Median lethal concentration of soybean extract on insects after a 24 h contact exposure.

Insect LC50 (% w/v) 95% CI Slope ± SE Intercept ± SE

Sahlbergella singularis 3.5008 a 2.1297–5.7540 0.2807 ± 0.0219 −0.3517 ± 0.0787
Crematogaster africana 193.7304 b 109.4207–342.9896 0.4471 ± 0.0502 −2.3549 ± 0.1846
Pheidole megacephala - - - -

LC50: median lethal concentration; 95% CI: 95% confidence interval; SE: standard error; -: LC50 could not be
computed. LC50s with different superscripts are significantly different.

Mycelial growth inhibition was higher in the P. megakarya isolates compared to the
P. palmivora isolates (Figure 3). The SBE concentrations of 0.001 to 0.1% had no inhibitory
effect on P. palmivora isolates. However, this concentration range had up to 5.88% and
16.22% inhibition of P. megakarya isolate 1 and P. megakarya isolate 2 mycelia growth,
respectively. The minimum inhibitory concentration (MIC) of the P. megakarya isolates
was 0.001% w/v, while that of the P. palmivora isolates was 1% w/v (Figure 3). There was
a significant difference (p < 0.001) in inhibition among the pathogens and also among
the extract concentrations used. A significant (p < 0.001) pathogen–extract concentration
interaction effect was also observed (Figure 3).
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Figure 3. Mycelial growth inhibition of Phytophthora species on soybean-extract-amended agar
after 7 days of incubation. Phytophthora megakarya 1: Phytophthora megakarya isolate 1; Phytophthora
megakarya 2: Phytophthora megakarya isolate 2; Phytophthora palmivora 1: Phytophthora palmivora isolate
1; Phytophthora palmivora 2: Phytophthora palmivora isolate 2. The error bars denote standard error.
Mean values (bars) with the same letter are not significantly different at p < 0.05.

Even though the IC50s of the Phytophthora isolates differed, these were not significant
for each species. However, the IC50s of the two species were significantly different, with
P. palmivora isolates having higher IC50 values compared to P. megakarya (Table 2).

Table 2. Median inhibitory concentration of mycelial growth of Phytophthora pod rot pathogens after
incubation for 7 days on soybean-extract-amended agar.

Pathogen IC50 (% w/v) 95% CI Slope ± SE Intercept ± SE

Phytophthora megakarya 1 1.4843 a 1.05253–2.09321 0.6867 ± 0.0539 −0.2712 ± 0.1227
Phytophthora megakarya 2 1.1256 a 0.76277–1.66097 0.5612 ± 0.0437 −0.0664 ± 0.1114
Phytophthora palmivora 1 7.8737 b 5.68198–10.91022 0.7605 ± 0.0758 −1.5694 ± 0.1796
Phytophthora palmivora 2 4.7038 b 3.38922–6.527996 0.7323 ± 0.0660 −1.1339 ± 0.1517

IC50: median inhibitory concentration; 95% CI: 95% confidence interval; SE: standard error. Phytophthora megakarya
1: Phytophthora megakarya isolate 1; Phytophthora megakarya 2: Phytophthora megakarya isolate 2; Phytophthora
palmivora 1: Phytophthora palmivora isolate 1; Phytophthora palmivora 2: Phytophthora palmivora isolate 2. IC50s with
different superscripts are significantly different.

4. Discussion
This study assessed the activity of SBE on three important insects (one key pest and two

non-target ant species) of cocoa and two major disease-causing pathogens of cocoa pods.
The concentration–mortality effect of SBE on the insect pest and disease pathogens was
dose-dependent, with an increase in concentration eliciting an increase in response, thus
mirid mortality or mycelial inhibition. A similar linear relationship between concentration
and response has been reported in other insects and pathogens [21,31–33]. However,
with the ants, until the 40% w/v SBE, mortality response to the lower concentrations was
virtually static. For each SBE concentration, mirid mortality was higher than ant (C. africana)
mortality, exemplifying the differential effect of the extract on these insect species. Similarly,
SBE concentrations below 70% w/v induced higher mortality on S. singularis compared to
the ant P. megacephala.
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Toxicity of plant extracts towards S. singularis has been demonstrated in several
studies [34–37]. Neem (Azadirachta indica) oil and ethanolic neem leaf extract induced a
mortality of 52.5–97.5% and 32.5–92.5%, respectively, on S. singularis [35]. These mortality
ranges compare favorably with the mortality induced by the SBE on S. singularis in the
present study. Ayenor et al. [35] also reported a 100% mortality of mirids in cage experi-
ments and at least 79% mortality in field experiments using aqueous neem seed extract
(200 g/L). Although A. indica is a widely used biopesticide, Mboussi et al. [36] observed
that aqueous extract of Thevetia peruviana seeds was more effective in managing S. singularis
compared to A. indica seeds. Anikwe [37] also reported a mortality of 100, 80 and 80% on
S. singularis using extracts (200 g/L) from Mangifera indica leaf, Acalypha wilkesiana leaf and
A. indica stem bark via the direct contact toxicity method after 24 h. These reports [36,37]
indicate the potential of other botanicals as biopesticides, although the plant parts used in
Anikwe [37] differed among the neem and the other plant species. The higher mortality
induced by these botanicals could be due to the composition and concentration of their
secondary metabolites. It could also be due to the method of application or treatment of the
insects. However, extracts from leaves of Anacardium occidentale induced 10% mortality [37],
which is lower than the mirid mortality in our study at the same concentration, indicating
the efficacy of the soybean extract. Using the residual contact toxicity, 50–200 g/L of M.
indica leaf extracts induced 100% mortality on S. singularis [37], which is higher than the
mortality of SBE on S. singularis at similar concentrations in our study.

Similar to our study, extracts from plants like Citrus hystrix, Mentha piperita and
Ocimum basilicum induced high (93–95%) mortality on P. megacephala at a high concentration
(1 × 106 ppm) [33]. This aligns with the mortality of the two ant species exposed to the
highest concentration of the SBE, although C. africana mortality was lower. Ali and Ali [38]
also showed that crude methanolic extract of garlic bulb induced a mortality of more than
95% in three Pheidole species after 24 h with a concentration of 25% w/v of nine plant
extracts, inducing a mortality of less than 20% in the three Pheidole species.

Compared to other plants, studies on the efficacy of soybean extracts on insects are very
few. In a study by Amer and Mehlorn [39] on three mosquito species (Culex quinquefasciatus,
Anopheles stephensi and Aedes aegypti), extract from soybean was not effective against these
species. Another study by Amer and Mehlorn [40] further indicated that, while extracts
from plants including camphor (Cinnamomum camphora), thyme (Thymus serpyllum) and
lemon (Citrus limon) induced 100% mortality on third instar larvae of Aedes aegypti after
24 h post-treatment, the extract from soybean induced no mortality. This indicates the very
low activity of extracts from soybean compared to other plants. However, the mortality
induced by the SBE in this present study shows that it has activity against some insect
species, though low compared to studies with other plant extracts. The activity of plant
extracts may vary based on the test organism. For instance, while 100 and 50% neem oil
induced a 50 and 8.3% mortality of the tick Amblyomma cohaereus, the same concentrations
induced 100 and 75% mortality, respectively, of Amblyomma variegatum [41].

At 20% SBE, the highest inhibited mycelial growth of the P. palmivora isolates in this
study was lower than that of P. megakarya and two pathogens, Marasmiellus scandens (86.8%)
and Erythricium salmonicolor (80.4%), exposed to the extract in Bukari et al. [21]. These
indicate a lower extract activity on P. palmivora compared to P. megakarya, M. scandens and
E. salmonicolor. The inhibition activity observed in this study for P. megakarya was higher
compared to that observed in Igboabuchi and Llodibia [20]. However, the inhibition effect
on P. palmivora is similar to that of Igboabuchi and Llodibia [20]. The differing activities
are reflected in the MICs, where those of the P. palmivora isolates were higher than the
P. megakarya isolates. Comparing the findings to Bukari et al. [21] where E. salmonicolor
isolates had MIC of 0.01% and M. scandens isolates had MIC of 0.001–0.1%, the MIC of
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P. palmivora is higher than the isolates of the three pathogens. However, the MIC of
P. megakarya isolates is similar to an isolate of M. scandens and lower than other M. scandens
and E. salmonicolor isolates.

The MICs of the P. megakarya and P. palmivora isolates are lower and higher, respectively,
than the MIC (0.01%) of essential oil of soybean seeds on Bacillus subtilis and Escherichia
coli [42]. Lower MICs (0.0025–0.0075%) have also been recorded using glyceollins from
soybean seeds on the pathogens Fusarium oxysporum, Phytophthora capsici, Sclerotinia scle-
rotiorum and Botrytis cinera [43], although these were higher than the MIC observed on
P. megakarya in this present study.

The LC50 values of the insects indicate a higher toxicity to S. singularis compared
to C. africana. The extract was 55-fold more toxic to S. singularis, indicating its safety
to the ant C. africana. The SBE mortality of the insects in this study could be due to its
secondary metabolites, although these metabolites were not identified in the present study.
Soybean extracts contain secondary metabolites, including alkaloids, polyphenols (such
as isoflavones and phenolic acids), saponins, lycopene and ascorbic acid [17,18,20,44].
According to Kikuta [19], soybean isoflavones such as genistin and genistein induced toxic
effects on the cells of Tribolium castaneum, with genistein producing a greater effect, hence
the suggestion that it could be used as a T. castaneum oral biopesticide. Although some
of the secondary metabolites may not induce mortality, they could act as synergists, as
observed in the study by Hay et al. [45], where flavonoids from soybean did not induce
mortality in Trichoplusia ni but, rather, synergistically enhanced the insecticidal activity of a
baculovirus against T. ni.

The IC50 of the P. megakarya isolates indicate a similar inhibition response to the M.
scandens isolates in Bukari et al. [21], although the IC50s of the P. megakarya isolates were
higher than the IC50s of the E. salmonicolor and M. scandens. Hence, the SBE was less toxic
to the P. palmivora isolates. Inhibition activity by the SBE could be due to its secondary
metabolites like alkaloids, flavonoids, phenols and saponins [17,18,46,47]. Isoflavones
from soybean also inhibit the synthesis of nucleic acid in S. aureus [48], while a soybean
antifungal protein inhibits hyphal development and blocks nutrient uptake systems in
Candida albicans [49].

5. Conclusions
Assaying soybean seed extract on an insect pest (Sahlbergella singularis), Phytophthora

pod rot pathogens (Phytophthora megakarya and Phytophthora palmivora) and non-target ants
(Crematogaster africana and Pheidole megacephala) of cocoa demonstrated that the extract
was active on both the insect pest and Phytophthora spp. The extract was more toxic to the
insect pest S. sahlbergella compared to the ants and relatively non-toxic to C. africana. Extract
activity towards P. megakarya was higher compared to P. palmivora. The LC50 and IC50

on the pests, S. sahlbergella (LC50 = 3.50% w/v), P. megakarya (IC50s = 1.13 and 1.48% w/v)
and P. palmivora (IC50s = 4.70 and 7.87% w/v), in comparison to the non-target C. africana
(LC50 = 193.73% w/v) shows that the extract displays selectivity and safeness to the non-
target. The findings indicate that incorporating the extract into the cropping system for pest
management would not be impeded by the threat of toxicity to the two ant species. Further
studies on the activity of the constituent compounds will help to identify the compounds
responsible for the activity and towards the integration of the extract for use on cocoa.
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