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Bean aphids are a major constraint to bean production worldwide and are
commonly managed through intensive pesticide use. In many farming systems,
particularly where crop production is increasingly intensified, reliance on chemical
control has reduced the use and the appreciation of agroecological pest
management strategies, including conservation biological control. The widespread
application of pesticides not only suppresses natural enemies of aphids but also
contributes to broader declines in insect diversity, especially when combined with
the loss of non-crop habitats that support beneficial insects. To address this, we
assessed whether engineering bean crop habitats with flowering plants could
enhance adult hoverfly populations and increase hoverfly larval abundance within
bean fields. The potential of four flowering plant species (Galinsoga parviflora,
Ocimum basilicum, Bidens pilosa and Ageratum conyzoides) grown around bean
crops to attract hoverflies was evaluated. Bean crops surrounded by flowering plant
species were able to reduce aphid numbers and damage by 51% compared to the
control treatment which had no field margin. Bean fields surrounded by O. basilicum
had the lowest aphid damage score (1.2) and highest bean yield (917 kg/ha). Overall,
bean crops surrounded by flowering plant species yielded between 621 to 917 kg/ha,
which was 22-42% higher than the untreated control (509 kg/ha). Such evidence
may help support policies that promote agroecological practices instead of
synthetic pesticides.

KEYWORDS

Aphis fabae, common bean, conservation biological control, flowering field margin,
hoverflies

Introduction

Common bean (Phaseolus vulgaris: Fabaceae) is a globally important crop that is ideal
for smallholder farming systems due to its capacity to fix nitrogen, short duration,
compatibility for intercropping, local marketability, and provision of protein and essential
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vitamins and minerals to resource-poor families. In Africa,
common bean is consumed and traded by more than 100 million
households. Although average global common bean yields are 2-4
ton/ha, smallholders in Africa typically achieve yields below 0.7 ton/
ha owing to a combination of factors including insect pests and
diseases (1, 2). For example, black bean aphids, Aphis fabae
(Hemiptera: Aphididae) is a major insect pest of legumes
worldwide, causing yield losses through direct feeding and by
transmitting plants viruses (3, 4). This pest is commonly
controlled through intensive chemical control, which negatively
affects human health and non-target insects (5, 6). The human
health impacts of pesticides on smallholders and consumers are
increasingly recognized as problematic, exacerbated by mis-use,
over-use and incorrect use of chemicals including prohibited
products (7-10). This has led to declines in insect species
diversity which has been exacerbated by the removal of non-crop
habitats that support natural pest regulating species (11-13).

Improved knowledge and understanding of agroecological
approaches are critical for smallholders to sustainably intensify
crop production. In particular, strategies such as conservation
biological control, which harnesses natural enemies like predators
and parasitoids to suppress pest populations, can reduce reliance on
synthetic pesticides, protect beneficial insects and enhance overall
ecosystem services (14, 15). Building smallholder capacity to identify
natural enemies, manage field margins and implement habitat
engineering can therefore play a key role in improving pest
regulation, crop yields and long-term food security. Among the
natural enemies promoted through conservation biological control,
hoverflies (Diptera: Syrphidae) are particularly important. The
Syrphidae comprises almost 6,000 species of hoverfly worldwide
and is one of the largest families of Diptera (16). Hoverflies are
ecologically diverse, with larvae exhibiting generalist feeding habits,
notably aphidophagy and saprophagy (17). These insects provide a
dual role in food production as pollinators and predators (18, 19).
Despite their ecological importance, the diversity of hoverfly species
is poorly documented in Africa potentially hindering effective
conservation biocontrol strategies (16, 20). Adult hoverflies are
generalist pollinators, requiring nectar and pollen for their survival
and thus are attracted to areas with an abundance of flowers to forage
from while their larvae are carnivorous and feed on aphids (18).

Despite the promising potential of flowering field margins for
enhancing natural pest regulation, adoption among smallholder
farmers may be limited by low awareness of beneficial insects.
Several studies have shown that many farmers perceive most insects
as pests and do not distinguish natural enemies such as hoverflies
and pollinators from crop damaging insects (21, 22). In addition,
farmers often lack information on the ecological benefits of non-
crop flowering plants in supporting natural enemies, resulting in the
removal of such plants as weeds (23). Thus studies that provide
practical evidence on engineered field margins can be used by
extension services, development programs and farmer field schools
to demonstrate the role of flowering field margins in enhancing
biological control. Integrating these results into participatory
training, on-farm demonstration and advisory services could
facilitate knowledge and promote wider adoption of
agroecological farming practices.
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Several flowering plant species have been successfully used in
other cropping systems to enhance natural enemy populations,
particularly hoverflies, which are key aphid predators. For example,
sweet alyssum (Alyssum maritimum [L.]) has been used in lettuce
systems to attract aphidophagous hoverflies and improve biological
control of aphids (24). Similarly, coriander (Coriandrum sativum
L.), Phacelia (Phacelia thanacetifolia Benth), and buckwheat
(Fagopyrum esculentum Moench) have been used in broccoli and
citrus systems (25, 26). Phacelia has been shown to significantly
enhance hoverfly fecundity and oviposition in laboratory studies
(27). These findings suggest that some flowering species can play a
crucial role in supporting beneficial insects.

However, such flower-mediated conservation biological control
strategies have not been widely tested in legume systems like
common bean. As is the case in more intensive crop production,
smallholder farming systems often do not have any field margins
with widespread land conversion across marginal land (28). Thus,
flower resources are limited across the landscape until the crops,
themselves, begin to flower (29), and this could reduce the
abundance of hoverflies in these farming landscapes and their
potential to contribute to pest management. This study
specifically assessed whether locally available flowering plants
basil (Ocimum basilicum [Lamiales: Lamiaceae]), quickweed
(Galinsoga parviflora [Asterales: Asteraceae]), black-jack (Bidens
pilosa [Asterales: Asteraceae]), and goatweed (Ageratum conyzoides
[Asterales: Asteraceae]) planted around bean fields could enhance
adult hoverfly visitation, increase hoverfly larvae abundance, and
improve common bean yield across seasons. All four species are
annuals, similar to the common bean, ensuring overlapping
phenology during the cropping season.

Materials and methods
Study sites

The trial was conducted at Bunda campus farm of Lilongwe
University of Agriculture and Natural Resources (14°17°S, 33°80’E,
altitude of 1054 meters above sea level) (Figure 1). The area has a
mean annual rainfall of over 700 mm, a mean maximum
temperature of 29°C, and a mean minimum temperature of 17°C.
Field trials were conducted during the cool dry season using farrow
irrigation (June to September 2021) and the rainy season (January
to April 2022). Daily minimum and maximum temperatures and
rainfall were recorded throughout the study period using on site
weather station at Bunda campus farm. Temperature was measured
using a digital maximum - minimum thermometer, while rainfall
was recorded using a calibrated manual rain gauge. These data were
used to examine the effect of climatic variables on aphid abundance.

Experimentally planted floral field margins

We evaluated the attractiveness of four flowering plant species
(Bidens pilosa, Ageratum conyzoides, Galinsoga parviflora, and
Ocimum basilicum) to hoverflies for aphid biological control. These
species were selected for evaluation based on their ecological
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Experimental site location at Bunda Farm based at Lilongwe University of Agriculture and Natural Resources.

suitability, local relevance and floral traits associated with hoverfly
attraction including morphological and phenological traits such as
color, open corollas, accessible nectar and prolonged flowering periods
(Table 1), where such traits are known to attract hoverflies (30, 31).
These plant species also offer multifunctional value, e.g. O. basilicum is
a culinary and medicinal herb (32), B. pilosa and G. parviflora are
consumed as local vegetables (33) and A. conyzoides is used for
traditional medicinal purposes (34).

Seedlings of these species were collected from fields in and
around Bunda campus farm, raised in nursery for two weeks and
subsequently transplanted into the field margins of the
experimental plot. The experiment was laid out in a randomized
complete block design (RCBD) with a total of five treatments: four
bean plots surrounded by different field margin flowering plant
species and one control plot with bare margins. Treatments were
replicated four times where the blocks were spaced 20 m apart to
prevent interaction between the replicates. Thus, with each block of
five plots, there was a total of twenty plots. Experimental plots
measuring 10 m x 10 m were prepared and were spaced 2 m apart in
each block. The field margins were 1 m wide (Figure 2).

The flowering plant species seedlings were planted and spaced
20 cm apart and established two weeks before the planting of beans
to ensure their maturity and that they would be starting to flower

before the beans. Field observation showed that B. pilosa began
flowering 10-14 days after transplanting and continued for
approximately ten weeks, fully overlapping with the bean
flowering stages. A. conyzoides and G. parviflora initiated
flowering about two weeks after bean planting and continued for
about four to five weeks, overlapping with mid-flowering stages of
beans. O. basilicum started flowering two weeks after planting and
continued flowering for approximately eight to ten weeks. These
flowering durations were recorded under field conditions and
presented as approximate flowering spans (Table 1).

Two seeds of bean variety NUA 45 were planted in double rows
spaced 60 cm x 30 cm. The bean seed was obtained from Crop and
Soil Sciences student research farm at Lilongwe University of
Agriculture and Natural Resources. No synthetic pesticides were
applied in the experimental plots. The field was hand hoe tilled.
Manual weeding was carried out twice, once at three weeks after
emergence and once during flowering, and no fertilizers were
applied in any of the plots.

Aphid and hoverfly data collection

Aphid data were collected by visually examining ten randomly
selected bean plants in each plot. The percent incidence of aphids

TABLE 1 Characteristics of flowering plant species used in field margin treatments.

Species name Common name

Flower colour

Corolla depth Flowering period

Bidens pilosa Blackjack White/Yellow Shallow November—April
Ageratum conyzoides Goatweed Blue/Purple Shallow September-March
Galinsoga parviflora Quickweed White/Yellow Very shallow August - January
Ocimum basilicum Sweet basil White Moderate September- March
Frontiers in Insect Science 03 frontiersin.org


https://doi.org/10.3389/finsc.2026.1684424
https://www.frontiersin.org/journals/insect-science
https://www.frontiersin.org

Kaliwo et al.

20m

Bl
T4
10 x10m
m
2m

B2
TS 20m
10 x10m
m
2m

10.3389/finsc.2026.1684424

B3 B4

T1
10 x10m
m
2m

T2
10x10m
m
2m

10 x10m 10 x10m 10x10m 10x10m
m m m m
2m 2m 2m 2m
T1 20m T3 20m T4 TS
A—) —)
m m m m
2m 2m 2m 2m
T2 20m T4 20m s T3
S— —)
m m m m
2m 2m 2m 2m
T3 20m T2 20m mn T4
10 x10m 10x10m 10x10m 10 x10m
m m m m

B= Block, T= Treatment

T1 = Bare field margin, T2 =Bidens pilosa field margin , T3 = Ageratum conyzoides field margin,
T4= Ocimum basilicum field margin ,TS = Galinsoga paviflora field margin

FIGURE 2
Experimental field plot layout at Bunda farm.

was calculated as the proportion of the ten sampled plants that were
infested with black bean aphids. Aphid abundance and severity
were also assessed on the same ten plants by visually estimating the
number of aphids and the extent of damage at different growth
stages (seedling, vegetative, and reproductive). Aphid abundance
was recorded on a scale of 0-5 where: 0 = no aphid infestation, 1 = a
few scattered aphids (1-100), 2 = a few isolated colonies (101-300),
3 = several isolated colonies (301-600), 4 = large isolated colonies
(601-1000) and 5 = large continuous colonies (>1001). The aphid
severity was scored using a 4-point scale according to where: 0 = no
infestation or damage, 1 = light damage and infestation (< 25%) of
plant parts, 2 = average damage and infestation (26-50%) of plant
parts, 3 = high infestation and damage (51-75%) of plant parts
showing yellowing of lower leaves and 4 = severe infestation damage
(>75%) of plants with yellow and severely curled leaves or a dead
plant (35, 36). Thereafter, severity and abundance scores for the ten
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plants were averaged for each plot. The same plants were also used
to count the number of hoverfly larvae and averaged for each plot.

The population of adult hoverflies was estimated three times,
once at each bean growth stage (seedling, vegetative, and
reproductive), using sweep nets and pan traps. Sweep netting was
conducted in the morning hours from 8:00 am to mid-day,
spending 20 minutes per plot. When adult hoverflies were
captured, the nets were closed with the insects transferred to
collecting jars containing cotton wool soaked in ethyl acetate,
which was used to kill the hoverflies. Camel-hair brushes
subsequently used to remove the specimens from the jars and the
hoverflies were placed into 60 ml bottles containing 70% ethanol
(37). Adult hoverflies were also collected using a set of three pan
traps (yellow, blue and white; 20 cm diameter x 5 cm height, ARKY
Plastic Industry Ltd., Malawi) mounted on small stands within each
bean plot (38-40). The pan traps were filled to three-quarters with

frontiersin.org


https://doi.org/10.3389/finsc.2026.1684424
https://www.frontiersin.org/journals/insect-science
https://www.frontiersin.org

Kaliwo et al.

10.3389/finsc.2026.1684424

TABLE 2 Statistical evaluation of the attractiveness of different flowering plants on hoverfly populations, impact of cropping season, impact of pan
traps and sweep nets on adult hoverfly capture rates, the effect of pan trap positioning on hoverfly capture rates for the parameters of aphid score,
hoverfly larvae, adult hoverflies, and bean crop yields when bean crops were surrounded by different flowering plant species in the field margins.

Field_ margin plant Df _ A_phid Aphid Aphi_d Hoverfly Adult B_ean
species incidence score severity larvae hoverfly yield
F 5 5.39 527 4.71 13.22 12.65 3.209
R 0.1456 0.1333 0.11731 0.32161 0.210 0.398
Pr>F <0.001 <0.001 <0.001 <0.001 <0.001 0.026
Season F 1 8.21 5.32 333 18.26 5.63 1.663
Pr>F <0.005 0.084 0.070 <0.001 0.018 0.207
FMP*season F 3 0.40 0.67 0.68 0.64 0.43 1.342
Pr>F <0.0806 0.980 0.610 0.636 0.790 0.277
Trapping method

F 1 11.84

R’ 0.210

Pr>F <0.0001

Pan trap positioning

F 1 29.18

R? 0.200

Pr>F <0.0001

Hoverfly species

F 1 3330

R? 0.929

Pr>F < 0.0001

water, with a few drops of liquid detergent added to break surface
tension (41, 42). One set of pan trap was placed in the middle of the
bean plot and another set was placed at the field margin. Traps were
left in the field for 48 hours, after which captured hoverflies were
collected and preserved in 70% ethanol. All specimens collected
using sweep nets and pan traps were taken to the laboratory for
identification to species level using several identification keys
(43-48).

Hoverfly diversity and biodiversity indices

Following hoverfly species identification, species abundance
data were compiled for each field margin flowering plant species
treatment by pooling counts across sampling methods within each
treatment and season. Hoverfly diversity was quantified using the
Shannon-Wiener diversity index (H’), which incorporates both
species richness (number of species) and evenness (relative
abundance of individual among species). The index is calculated as:

H' = - >pi In(p;)
=1

where iy, is the proportion of individuals to the i species and s
is the total number of species (49). Species evenness was measured
to describe the distribution of hoverfly individuals among species,
species richness was recorded as the total number of hoverfly
species per treatment, and species abundance was defined as the
total number of individuals per species.
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Bean crop yield assessment

Within each bean plot, a central area measuring 3m x 4m was
used to collect bean pods at crop maturity. The harvested pods were
then processed, dried, and weighed in the laboratory, and the
resulting yield was converted to kilograms per hectare.

Data analysis

A generalized linear mixed model (GLMM) was used to examine
the effects of field margin flowering plant species and season as fixed
effects and their interaction on aphid incidence, aphid abundance,
aphid severity and adult and larval hoverfly count, with blocks and
plots included as random effects to account for replication. Appropriate
distributions and link functions were applied for each response
variable: binomial with logit link for aphid incidence, cumulative
logit for aphid abundance and severity, which were recorded on
ordinal scale data, and a negative binomial with log link for adult
and larval hoverfly counts. Aphid abundance in relation to climatic
variables was further analyzed using a GLMM with a negative binomial
distribution, with temperature and rainfall included as explanatory
variables. Bean yield was analyzed using a linear-mixed effect model
with field margin flowering plants species and season as fixed effects
and block and plots as random effects. Spearman correlation analysis
was used to assess the relationship between hoverfly larval abundance
and aphid abundance. The Shannon-Weiner and Simpson’s reciprocal
indices were analyzed to compare hoverfly diversity among field
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FIGURE 3

Effects of field margin flowering plant species and growing season on aphid incidence and hoverfly larvae abundance (different letters at top of the

bars indicate significant difference).
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FIGURE 4

Effect of different field margin flowering plants on aphid abundance and severity in bean plots. Aphid abundance was assessed on an ordinal scale
from 0 to 5 (0 = no aphids; 1 = 1-100 aphids; 2 = 101-300; 3 = 301-600, 4 = 601-1000; 5 = >1000 aphids), while aphid severity was scored on a
0-4 scale (0 = no damage, 4 = severe damage affecting >75% of plant parts).(Bars represent mean + SE. Different letters above bars indicate
significant differences).

TABLE 3 Pearson correlation value between the population of hoverfly
larvae and aphid abundance.

TABLE 4 Effect of rainfall and temperature on aphid abundance.

) Aphid Abundance Coef. SE P-value
Aphid abundance Hoverfly larvae P
Temperature (°C) 0.003 0.005 0.529
Aphid abundance 1
Rainfall (mm) -0.38 0.02 0.031
Hoverfly larvae -0.324** 1
Constant 1.855 429 0
** value is significant at p = 0.01.
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Effects of treatment, trapping method, and trap positioning on adult hoverfly abundance.

margin treatments. All the statistical analyses were performed using
Genstat 21 Edition (VSN International Ltd).

Results
Impact of treatment and season on aphids

The analysis revealed significant effects of both field margin
plant species F = 5.39, df =4,190, P = 0.001 and season F = 8.21, df
=1,190, p = 0.001, on aphid incidence (Table 2). Across both
seasons, aphid incidence was highest in bean plots with bare
margins, with 67% aphid incidence in the cool dry season and
56% in the rainy season. In contrast, plots surrounded by O.
basilicum recorded the lowest aphid incidence, 36% in the cool
dry season and 30% in the rainy season (Figure 3). There were also
significant differences in aphid abundance F = 5.27, df = 4,190, P =
0.001 and severity F = 4.71, df = 4,190, p = 0.001 among treatments
with different field margin flowering plant species (Table 2). Aphid
abundance and severity were lowest in bean plots surrounded by O.
basilicum, whereas bean fields with bare margin exhibited the
highest aphid severity (Figure 4).

TABLE 5 Hoverfly species diversity indices by field margin plant species.

Field margin Shannon- Simpson Species
species Weiner H (1/D) richness
Ageratum

K 4.15 61.27 71
conyzoides
Bare margin 341 29.89 34
Bidens pilosa 4.50 83.98 106
Galinsoga parviflora 4.73 105.13 134
Ocimum basilicum 4.87 124.77 148
Total 493
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Influence of field margin plants on hoverfly
larvae

The results showed that both field margin flowering plants
species F = 13.22, df = 4,190, p = 0.001 and season F = 18.26, df =
1,190, p = 0.001,had significant effects on hoverfly larvae abundance
in bean plots (Table 2). The highest abundance of hoverfly larvae
was recorded in plots surrounded by O. basilicum, with an average
of nine larvae per bean plant during the cool dry season and seven
hoverfly larvae per bean plant during the rainy season. In contrast,
bean plots with bare margins had the lowest abundance, with only
three larvae per bean plant in the cool dry season and two larvae per
bean plant during the rainy season (Figure 3). A moderate and
statistically significant negative relation between hoverfly larval
abundance and aphid abundance was observed, r = - 0.324, p<
0.001 (Table 3). Furthermore, rainfall had a significant negative
effect on aphid abundance p < 0.031, with higher rainfall associated
with lower aphid numbers (Table 4).

Factors affecting adult hoverflies

Field margin flowering plant species had a significant effect on
the number of adult hoverflies recorded in bean plots F = 12.65, df =
4,377, p = 0.001, and growing season also had a significant effect F =
5.63, df = 1,377, p = 0.018 (Table 1). The highest number of adult
hoverflies was captured in bean plots surrounded by O. basilicum
during the cool dry season, followed by those surrounded by G.
parviflora, while the lowest number were recorded in bean plots
with bare margins (Figure 5). The method used to capture hoverflies
significantly influenced the total number recorded F = df = 1,137,
11.8, p = 0.001(Table 1). Pan traps captured significantly more adult
hoverflies than sweep nets across all the treatments (Figure 5).
Additionally, the position of the pan traps had a significant effect on
hoverfly abundance F = 29.18, df = 1,388, p = 0.001 (Table 1). Pan
traps placed in the field margins caught more adult hoverflies than
those placed in the center of the plots across all the
treatments (Figure 5).
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Phytomia sp Syritta flaviventris
FIGURE 6
Photos of the hoverfly species captured across the different treatment plots.
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FIGURE 7
Hoverfly species abundance across experimental bean field plots.
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Hoverfly species diversity, abundance and
bean yield

Hoverfly species diversity and abundance varied significantly
across the treatments F = 33.0, df = 4,79, p = 0.001 (Table 1). A total
of 493 hoverflies were recorded (Table 5), comprising four species
(Diptera: Syrphidae): Ischiodon aegyptius, Syritta flaviventris,
Toxomerus floralis and Phytomia sp. (Figure 6). Of these I
aegyptius and T. floralis are aphidophagous species whose larvae
prey on aphids, whiles S. flaviventris and Phytomia sp. are
saprophagous species that develop in decaying organic matter. O.
basilicum supported the highest abundance and diversity of adult
hoverflies, followed by G. parviflora, while bare margins
consistently had the lowest abundance and diversity (Figure 7). L
aegyptius was the most frequently caught species overall, followed
by T. floralis, with Phytomia sp. being the least common (Figure 7).
Bean yield also differed significantly among the treatments F 4,39 =
3.209, p = 0.026 (Table 1). The highest yields were obtained from
bean plots surrounded by O. basilicum, whereas the lowest yields
were observed in bean plots with bare margins (Figure 8).

Discussion

The presence of O. basilicum in field margins maintained a low
aphid population and supported higher hoverfly abundance
throughout the study and had a beneficial impact on common bean
yield. These findings align with other studies in different contexts
showing flowering plants can improve crop yields by facilitating
conservation biological control (50). Natural enemies, including
hoverflies, are often attracted to plants having white, yellow, and blue
flowers (51), and studies have shown these colors elicit hoverfly visiting
behavior on plants (19, 52). Flower structure with a short collar depth is
a preferred trait for beneficial insects like hoverflies as these flowers
provide easier access to pollen and nectar (53). Ocimum basilicum
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flowers possess these traits, which together with serial flower
production over several weeks, may explain higher hoverfly
abundance. Based on these results, encouraging the cultivation of O.
basilicum in field margins could enable smallholder farmers to increase
their crop yields through natural pest regulation without resorting to
the use of synthetic pesticides to control their aphid pest problems. Our
study focused on flowering border species known to possess traits
attractive to hoverflies. Thus, further studies could include non-
flowering borders or plant species that are not attractive to
hoverflies, providing useful contrasts in evaluating hoverfly preferences.

Aphid incidence, abundance and severity were higher in bean
crops grown during the cool dry season compared to the rainy
season. Heavy and prolonged rainfall has been reported to create
unfavorable conditions for aphid growth and reproduction, partly
by washing off aphids off host plants (54, 55). Hoverfly populations
were also higher during the cool dry bean growing season compared
to the rainy season. With more aphid prey available, adult female
hoverflies will lay more eggs close to aphid populations, leading to
more hoverfly larvae and higher hoverfly populations (56, 57).
Similar trends on hoverfly oviposition have been observed under
both field conditions and in greenhouses (58).

In the current study, bean plots surrounded by different
flowering plants in their field margins resulted in lower aphid
numbers compared to plots with no flowering plants. We argue
that higher numbers of adult hoverflies attracted to nectar resources
likely contributed to increased hoverfly oviposition and subsequent
preying on aphids. We acknowledge that other flower visiting
predators and parasitoids may also play a role reducing aphid
numbers (59). Other research also shows that planting the right
flowers in field margins can increase hoverfly numbers in crop fields
(23, 60-62). Although the relationship between aphid abundance
and hoverfly larvae may also be influenced by other ecological
factors such as microclimatic variation or the activity of other
predators, the observed negative correlation between hoverfly larval
abundance and aphid abundance supports that higher hoverfly
numbers likely contributed to aphid suppression.
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FIGURE 8

Effect of the field margins with flowering plants species on bean yield (different letters at top of the bars indicate significant differences).
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In this study, adult hoverflies were more frequently captured in
pan traps placed along field margins than in in the center of bean
plots, indicating hoverfly activity in these areas. Other aphid
predators were occasionally observed in the fields, such as ladybird
beetles and lacewings but their abundance was not systematically
recorded. This pattern aligns with previous studies showing that adult
hoverflies concentrate in field margins after oviposition to access
nectar resources and resting sites, while their larvae develop on
aphid-infested crops (23, 63). Among the hoverfly species collected,
I. aegyptius was the most common species found across all the bean
plots with different flower margins. This species is widespread and
stays active for much of the year (64). Because it has a short life cycle
and multiple generations each year, it can effectively prey on many
types of aphids in different cropping seasons (65). Although the pan
traps used in this study were not hoverfly specific and captured a wide
range of other insect taxa, only hoverflies were identified and
quantified in the analysis. Consequently, other flower visiting or
predatory species that may have contributed to aphid suppression
were not assessed. Future work could include broader insect
community sampling to better separate the relative contribution of
different natural enemy guilds to aphid regulation.

Furthermore, while our design minimized potential interference
between treatments, the relatively short distance between treatment
plots within the block may have allowed some movement of mobile
insects such as alate aphids and hoverfly adults across plots (18). The
distance that hoverflies will travel can be several hundred meters or
even many hundreds of kilometers for those which migrate (66, 67).
To minimize potential effects of insect movement among the
treatments, the experiment was arranged in a randomized complete
block design, with spatial variability accounted for through
replication and appropriate statistical controls.

Conclusions

Flowering field margins increased the abundance of adult
hoverflies and hoverfly larvae in bean plots, which was associated
with reduced aphid numbers and increased bean yields. Although
hoverflies were the focal natural enemy evaluated, we acknowledge
that flowering borders may also support other predators and
parasitoids that could contribute to aphid suppression. The most
influential field margin plant in this study was O. basilicum, which
supported the highest hoverfly presence and lowest aphid population.
Our findings demonstrate that habitat engineering through
strategically selected flowering plants can enhance natural enemy
populations and potentially improve yield outcomes in smallholder
bean production systems. Further studies integrating direct predation
measurements and broader natural enemy community assessments
would help clarify the proportional contribution of hoverflies relative
to other natural enemies.
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