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Keywords Abstract
Pollinators, Predators, Parasitoids, Beneficial insects are a pillar of sustainability and productivity of fruit crops
Beneficial Insects, Fruit Production due to services they provide such as pollination, natural biological control and

ecological balance maintenance on produce. The review below looks at the
diversity and functional groups of these insects; namely pollinators, predators,
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growers and researchers can plan landscapes and practices by following the
above approaches, knowing the characteristics of beneficial insects’ types found
in fruit systems and the roles they play. The purpose of this review is to gap the
understanding into the field practice, which would lead into more resilient and
productive fruit farming.

INTRODUCTION

Being among the key pillars of global agriculture,
fruit crops provide essential nutrients, economic
value, and livelihoods to millions of farming
families worldwide (Sharma, Meena, & Bhati,
2017). Fruit cultivation occurs across diverse
agroecological systems, ranging from extensive
traditional orchards and large-scale horticultural
operations to small, intensive farms. In 2020,
approximately 90.6 million hectares of fruit were
cultivated globally, producing around 887 million
metric tons annually (FAO, 2022). In this context,
the horticulture industry is a significant component
of Pakistan’s agricultural economy it contributes
about 12 % of agricultural GDP and operates
within a sector that provides employment to
roughly 38 % of the country’s workforce (Ahmad et
al., 2023; Ministry of Commerce, 2023). Pakistan’s
diverse agro-climatic zones ranging from subtropical
lowlands to temperate highlands create ideal
conditions for cultivating a wide range of fruit
crops (Shah et al., 2022; Cheema & Jamali, 2020).
The country ranks among the top global producers
of several commercial fruits, including mango,
citrus, dates, and guava, while apples,
pomegranates, and bananas also contribute
significantly to the fruit sector (Shah et al., 2022;
Zahoor et al., 2023; Yousaf et al., 2023).

A major biological limitation to sustainable fruit
production worldwide is pest pressure from key
species such as fruit flies (Tephritidae) in mango and
guava, and mealybugs (Pseudococcidae) in citrus that
can cause significant vyield loss. In Pakistan,
Bactrocera dorsalis and B. zonata infestations have
been reported to result in 5-100% fruit loss, with
infestation levels as high as 51-67% in guava and
31-46% in mango orchards. In various mango
systems, farms have experienced fruit damage levels
of up to 50%, with a notable 40.6% of cases
exceeding that threshold (Khan et al., 2001; Reig et
al,, 2015; Kakade et al., 2021).The problem is

enhanced in Pakistan as climate change has led to

changes in pest phenology, geographical range
expansion of local pests, and invasion of exotic
species, which are becoming prevalent in the fruit
growing areas of the country (Masood et al., 2022;
Jan et al ., 2025).Traditional management of fruit
crops in  Pakistan  frequently relies on
calendar/schedule-based, intensive insecticide
applications, which has led to documented
pesticide overuse and high spray frequencies in
citrus orchards (Tariq et al., 2007; Meena et al.,
2025). At the regional level, Asia accounts for the
largest volumes and highest average pesticide use
per unit cropland area globally, underscoring the
intensity of pesticide dependence in the region
(Food and Agriculture Organization ,2023).

The reliance on broad-spectrum insecticides can
trigger a vicious cycle: by killing natural enemies
these sprays often precipitate secondary pest
outbreaks (e.g., whiteflies and scale insects in
mango), which in turn prompt successive rounds of
chemical applications (Gross & Rosenheim, 2011;
SanchezBayo, 2021; Sani et al., 2020). Regional
and national studies from South Asia also
document rising whitefly/scale problems and
insecticide resistance that are consistent with such
pesticide-driven resurgence dynamics (Mahmood et
al., 2022; Otieno, 2021). Pesticide residues have
been aslo found in agricultural soils of Swat Valley,
Pakistan, posing risks to both the environment and
human health (Nafees et al., 2008). Groundwater
contamination has also been documented in
various agricultural regions, with residues detected
in multiple pesticide groups, raising concerns about
potable water quality (Javaid et al., 2023).
Moreover, chronic exposure among farm workers
in Swat has been linked to reduced haemoglobin
levels and impaired liver and kidney functions
(Khan et al, 2013). These pressures are
compounded by structural ecological degradation,
such as the monocultural nature of the landscape
and the fragmentation of habitats, which reduce
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biodiversity and connectivity between ecosystems
(Tscharntke et al.,, 2005; Haddad et al., 2015).
Intensive tillage and the resulting decline in soil
organic carbon (reported losses can reach 20-60%)
combined with reduced organic matter inputs,
undermine soil health, fertility, and the resilience
of production systems (Yellajosula et al., 2020;
Beillouin et al., 2023; Hussain et al.,, 2021). The
challenges are especially sharp in Pakistan because
many farmers have low awareness of ecological and
agroecological options, which reduces adoption of
nonchemical practices (Ullah et al., 2022; Jan et al.,
2025). Weak and uneven -extension/technical-
assistance systems and policy environments that
have historically favoured chemical solutions over
integrated or agroecological approaches further
limit uptake, despite growing evidence that
chemical-dominant strategies produce
counterproductive social, environmental and health
outcomes (Davidson et al., 2001; Dabholkar et al.,
2023; Noman et al., 2024).

Integration of beneficial insects into fruit
production enhances agroecological sustainability
by improving productivity, economic returns, and
environmental integrity (Queirds et al., 2024).
Pollination services have a direct impact on yield
stability and fruit quality; diverse pollinator
communities can boost fruit set, sugar content, size
uniformity, and induce early ripening traits that
premium  markets demand  for  export
competitiveness (Queiros et al., 2024; Anees et al.,
2022). In Pakistan, crops dependent on pollinators
deliver  significantly  better  outcomes. In
strawberries, open pollination led to 26% higher
total soluble solids and longer shelf life compared
to pollinator-excluded fruits (Anees et al., 2022).
Predators and parasitoids play a key role in
reducing the reliance on synthetic insecticides,
thereby lowering input costs and limiting
environmental contamination. In Pakistan, well-
implemented IPM strategies combining biological
control, cultural practices, and selective chemical
use have reduced pesticide applications by up to
87% while increasing crop vyields by 10-25%
(Noman et al.,, 2024). Specifically, in citrus [PM
programs across Punjab, integrating sanitation,
pheromone traps, protein baits, and botanical
extracts has reduced reliance on chemical pesticides

while maintaining high yields (Abbas et al., 2021).
Agroecological ~ strategies such as diversified
cropping systems, animal integration, organic soil
management, and enhanced biodiversity not only
improve agronomic performance but also fortify
system resilience against climate stressors (Altieri et
al.,  2015). Embedded Dbiodiversity including
arthropods and soil biota plays a vital role in
stabilizing agricultural production systems and
maintaining soil functions essential for adapting to
climate variability (Liu & Yang, 2023).

Although empirical studies demonstrate the
economic and ecological value of beneficial insects
in fruit production such as the effective use of
indigenous parasitoids against pomegranate pests
(Mahmood et al, 2021). Their widespread
adoption remains limited in Pakistan due to
fragmented pest management and weak integration
of ecological strategies (Aziz & Hussain, 2018). The
limited stakeholder awareness further constrains
uptake of sustainable pest-management approaches;
for instance, a recent survey in Punjab reported
that 65.3% of farmers had no knowledge of
biological control and most had never received
training from extension services (Bakhtawer &
Afsheen, 2021) .While another study found that
only 11% of cucurbit growers could correctly
identify bees used here as proxies for beneficial
insect guilds highlighting critical knowledge gaps
tied to weak extension and inadequate grower
training (Ali et al., 2020). There is a clear lack of
policy support: Pakistan’s current subsidies
disproportionately favor chemical inputs such as
fertilizers and pesticides while initiatives for long-
term, habitat-based, or ecological solutions receive
little attention (World Bank Group, 2022;
Associated Press of Pakistan, 2025). Moreover,
public awareness of sustainably grown fruits and
the ecological services supporting fruit production
remains low, resulting in undervaluation of such
products in markets (World Bank Group, 2022).
Despite Pakistan’s rich biodiversity with over 954
species of beneficial insects across ten orders
offering strong potential for biological control and
pollination research and policy continue to
prioritize pesticide use over ecological approaches

(Suhail et al., 2010; Jan et al., 2025).
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The current review collates the available
information regarding the role of beneficial insects
in sustainable fruit production and specifically how
it upholds relevance in horticultural industry in
Pakistan. It explains manner in which pollinators,
predators, and parasitoids as well as decomposers
improve fruit productivity in aiding realization of
ecological balance. Conservation measures such as
habitat manipulation, and the use of low-risk
pesticides. the review admits the concept of a

system of integrated pests and pollinator
management that provides benefits to the
ecosystem services, reduces the use of chemicals,
and increases the resilience of the fruit harvest
considering the changes in climatic conditions. The
results of this study can serve as the basis of the
establishment of sustainable and climate-resilient
horticultural practices, specifically, in biodiversity
hotspots and  vulnerable  agroecosystems.

Figure.1.1 Pollinators, Predators, and Protectors: Enhancing Sustainable Agro-Ecosystems through

Beneficial Insects.
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Types of Beneficial Insects in Fruit Crops and
Their Roles

Useful insects are essential partners in fruit orchard
ecosystems, playing a part in natural pest control,
pollination, and improving orchard soils while
maintaining overall biodiversity. They are a
cornerstone of ecological stability in orchards,
reducing the need for synthetic inputs and
increasing resilience to pest outbreaks caused by
environmental stressors (Gurr et al.,, 2017). These
insects are generally classified into four functional
groups:  pollinators, which facilitate  plant
reproduction; predators, which actively consume
pests; parasitoids, which regulate pest abundance
via host parasitism; and soil enhancers, which
improve fertility and soil structure. All these groups
act synergistically to maintain productivity and
support integrated pest management (IPM)
(Tschumi et al., 2016). Creating diverse habitats,
maintaining floral sources throughout the year, and
reducing pesticide use allow fruit growers to sustain
healthy populations of beneficial insects, leading to
long-term  economic and ecological benefits
(Tamburini et al., 2020).

Pollinators: The sexual reproduction of a number
of fruit crops requires the activity of pollinators that
move pollen between flowers and hence fruiting,
seed production, and fruit quality (Garibaldi et al.,
2013). Apple (Malus domestica), pears (Pyrus
communis), cherries (Prunus avium), plums (Prunus
domestica), and almonds (Prunus dulcis) are orchard
species that heavily rely on insect pollination. The
most commonly used pollinators are managed
honey bees (Apis mellifera) because of their ease of
transport and suitability for wvarious crops.
Nevertheless, in landscapes with a wide variety of
floral resources and little exposure to pesticides,
honey-bee pollinators are commonly outperformed
by wild pollinator species like bumblebees (Bombus
spp.) and solitary bees such as the blue orchard bee
(Osmia lignaria) in pollination efficiency (Dainese et
al., 2019). O. lignaria is especially useful with early
crops, because it forages during cooler weather,
demonstrates floral fidelity, and can be maintained
using artificial nesting cavities (Maclvor & Packer,
2015). Pollinators increase yield besides promoting
fruit size, seed number, and uniformity.
Conservation measures, including hedgerow and

wildflower strip planting, minimizing the use of
chemicals during bloom, and other habitat
enhancement methods, are critical to maintaining
pollinator diversity and richness (Nicholls &
Altieri, 2004). The natural pollination services
facilitated by pollinators in IPM systems minimize
reliance on non-natural resources and act as a
buffer against climate variability effects (Tamburini
et al., 2020).

Predators: Orchard predacious insects form a
natural defense mechanism of the orchard against
pests by feeding on a diverse variety of species and
keeping pest populations below economic
thresholds (Snyder, 2019). Coccinellidae (ladybird
beetles), including Coccinella septempunctata and
Harmonia axyridis, are effective predators of aphids,
scale insects and whiteflies, especially early in the
growing season (Obrycki & Kring, 1998). Green
lacewings (Chrysopidae) are valued because their
larvae (“aphid lions”) feed on large quantities of
aphids, thrips and mealybugs, while adults feed on
nectar and pollen. Hoverflies (Syrphidae) benefit
orchards both as pollinators in the adult stage and
as_aphid predators in the larval stage (Reemer &
Rotheray, 2009). Ground beetles (Carabidae) and
rove beetles (Staphylinidae) forage on the orchard
floor, preying on soil-dwelling pest stages such as
cutworms and codling moth pupae and disrupting
pest life cycles (Hole et al., 2005). Habitat
management practices that enhance predator
abundance and diversity include planting flowering
strips, intercropping, mulching, and reducing
tillage (Tschumi et al., 2016). These measures
provide cover, nectar, and alternative food
resources that support healthy predator populations
and help suppress pests without chemical
interventions.

Parasitoids: Parasitoids are insects and lay their
eggs either on or inside of the host pests, and as
they develop, the larvae kill the host. This type of
biological control is very specific and has the
potential of greatly decreasing pests (Gurr et al.,
2017). Parasitoid wasps belonging to Braconidae
and Ichneumonidae in fruit orchards prey on larvae
of lepidopteran pests. These include the codling
moth (Cydia pomonella) and leafrollers. The
Encyrtidae and Aphelinidae are members of the
groups; scales and mealybugs are important pests in
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citrus and pome fruit orchards. Parasitoid wasps
known as egg parasitoids, like Trichogramma spp.,
represent a common element of biological control
initiatives including the deterrence of lepidopteran
pests prior to their emergence and are therefore
particular accordingly valuable in natural systems
(Jonsson et al., 2021). An outstanding case is that
of Diachasmimorpha longicaudata a braconid wasp
which has been widely used in augmentative
releases to make tephritid fruit flies in citrus and
mango orchards (Landis et al., 2000). Habitat
complexity is critical in determining the success of
parasitoids in  orchards since this habitat
contributes to floral resources that adult parasitoids
use due to feeding and refuge habitats where they
reproduce. The minimization of the pesticide use
and preserving the flowering vegetation with nectar
increases the parasitoid effectiveness and durability
(Nicholls & Altieri, 2004).

Soil Enhancing Beneficial Insects: Soil-active
beneficial insects play several complementary roles
that keep orchards healthy: they accelerate nutrient
cycling and organic-matter decomposition, suppress
soil-dwelling pest stages (for example pupae and

penetration and water holding capacity. Epigeal
predators such as ground beetles (Carabidae) and
rove beetles (Staphylinidae) commonly consume
overwintering larvae and pupae of orchard pests,
reducing pest emergence (Riddick & Mills, 1994;
Stocker, Barthold & Betz, 2022). Dung beetles
(Scarabaeidae and allies) bury and mix dung into
the soil, increasing nutrient availability and
microbial activity and as recent meta-analysis shows
often  enhancing  plant  growth  under
field/experimental conditions (Anderson et al.,
2024). Detritivores (many beetle taxa) and ants
accelerate litter breakdown and stimulate microbial
decomposition and humus formation, creating
nutrient hotspots that benefit tree roots and overall
soil fertility (Luo et al., 2023; Meurer et al., 2020).
The digging and bioturbation behaviour of soil
arthropods reduces compaction and improves pore
structure and root access; management practices
that conserve these organisms’ conservation/no-till,
organic mulches, permanent ground cover, and
reduced use of broad-spectrum insecticides reliably
increase their abundance or activity in many
systems (Meurer et al., 2020; Bengtsson, Ahnstréom

larvae of codling moths and cutworms), and create & Weibull, 2005).
soil-microhabitat heterogeneity that improves root
Table: 01. Beneficial Insects in Fruit Crops
Sr. Common Name Scientific Name Use/function Associated Fruit
No. Crops
1 Honeybee Apis mellifera ~ (Pollinator) Apple, Guava,
Citrus,
Pomegranate
2 Solitary Bee Osmia cornuta Pollinator Apple, Apricot
3 Drone Fly Eristalis tenax Pollinator Mango, Date
Palm
4 Ladybird Beetle Coccinella septempunctata Aphids, Whiteflies, Guava, Citrus,
Scales Pomegranate
5 Variegated Lady Hippodamia variegata Aphids, Psyllids Guava, Citrus
Beetle
6 Green Lacewing Chrysoperla carnea Mealybugs, Thrips, Mango, Apple,
Whiteflies Guava
7 Minute Pirate Bug Orius insidiosus Thrips, Mites, Aphids Citrus, Grapes
8 Egg Parasitoid Trichogramma chilonis Fruit borers Pomegranate,
(Helicoverpa, Date Palm
Ectomyelois)
9 Egg Parasitoid T'richog'ramma evanescens Lesser Date Moth Date Palm
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(Batrachedra amydraula)

10 Aphid Parasitoid Aphidius colemani Aphids (Aphis gossypii, | Citrus, Apple
etc.)

11 Mealybug Parasitoid | Anagyrus kamali Pink hibiscus mealybug | Guava, Citrus,
(Maconellicoccus Pomegranate
hirsutus)

12 Dung Beetle Onthophagus gazella ~ (Soil enhancer, pest General
reduction) Orchard Soil

Health

13 Termite (Beneficial | Macrotermes spp. Organic debris Mango, Date

species) decomposer Palm orchards

14 Ant (Soil-aiding Solenopsis spp. Soil pest larvae (indirect | Mango, Apple

species) role)

Source: (Meyerdirk, 2001).

Impact of Beneficial Insects on Fruit Yield and
Quality

Beneficial insects strongly influence both
fruit yield and fruit quality because they provide
pollination and pest suppression services that
directly affect fruit set, size and marketability. Many
fruit crops depend on animal pollination, and wild
pollinators in particular often increase fruit set and
quality even when honey bees are present (Klein et
al,, 2007; Garibaldi et al., 2013). Experimental
work on strawberries shows that bee pollination
improves fruit shape, firmness, shelf life and
commercial grade, and wild bees can produce larger
fruits than managed honey bees in some systems
(Klatt et al., 2014; Maclnnis & Forrest, 2019). In
almonds and other nut/tree crops, field
experiments demonstrate that bee visitation raises
fruit set and kernel yield, so even “self-fertile”
varieties benefit from pollinators (Saez et al., 2020).
For tropical fruits such as mango, field studies
likewise report substantial contributions of insect
visitors to fruit set and retention (Abdul Razak et
al., 2015). Predators and parasitoids lower pest
densities and so protect fruit appearance and
marketability. Recent syntheses and meta-analyses
find biological-control interventions reduce pest
abundance and crop damage while maintaining
natural-enemy communities (Ratto et al., 2022).
Augmentative and conservation use of parasitoids
such as Diachasmimorpha longicaudata has a long
record of reducing fruitfly populations in mango
and citrus orchards (Montoya et al, 2000).
Adopting IPM and biological control also markedly

lowers insecticide use and pesticide residues
without sacrificing yields, which supports food-
safety goals and market access (Pecenka et al., 2021;
Ratto et al., 2022). Together, pollinators plus
predators/parasitoids both raise yield/quality and
reduce reliance on chemicals, giving growers clear
economic and phytosanitary benefits (Garibaldi et
al., 2013; Pecenka et al., 2021).
Threats and Challenges to Beneficial Insects

The survival and functional effectiveness of
beneficial insects in fruit agroecosystems are being
eroded by a tight constellation of interacting
anthropogenic and environmental stressors that
together reduce pollination and biological control
services; chief among these is widespread synthetic
pesticide use, which although intended for pest
suppression frequently causes lethal and sublethal
harm to non-target natural enemies and pollinators
— including lady beetles, parasitoid wasps, solitary
and social bees, and hoverflies thereby
undermining population viability and ecosystem
function (Desneux et al., 2007; Johnson et al.,
2010). Systemic neonicotinoids in particular have
been robustly linked to impaired navigation,
reduced foraging success, compromised colony
performance and lower reproductive output in
honey bees and bumble bees at field-realistic
exposures, and field studies and meta-analyses have
documented  population and  colony-level
consequences consistent with those mechanistic
effects (Cresswell, 2011; Goulson, 2013; Henry et
al., 2012; Whitehorn et al., 2012; Rundléf et al,,
2015). Importantly, the realworld toxic burden
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experienced by beneficials in orchards is rarely a
single-compound exposure: mixes of insecticides
and fungicides commonly used in the same spray
programs can interact synergistically to magnify
harm to natural enemies and pollinators beyond
single-compound expectations (Desneux et al.,
2007; Johnson et al., 2010). At the landscape and
management scale, agricultural intensification
conversion of diverse habitats to large
monocultures, loss of hedgerows and semi-natural
vegetation, and intensified tillage strips floral
resources and nesting sites, reduces species richness
and functional diversity, and weakens resilience of
pollinator and natural-enemy communities needed
for stable pollination and biological control
(Kennedy et al., 2013; Ricketts, 2004; Potts et al.,
2010). Climate change compounds these pressures
by shifting temperature and precipitation regimes
and causing phenological mismatch between crop
flowering and pollinator activity and by altering
seasonal abundance and range distributions of
beneficial insects (Kudo & Ida, 2013; Potts et al.,
2010), while invasive pests such as Drosophila suzukii
disrupt local food webs and complicate biological-
control efforts by competing with or otherwise
altering interactions among native natural enemies
and parasitoids (Asplen et al., 2015).

Equally important are indirect and
biological stressors that interact with the above
drivers to amplify declines in beneficial insects in
fruit systems. Genetically engineered Bt crops have
reduced some pesticide applications and, on
aggregate, short-term direct lethal effects of Bt Cry
proteins on many non-target taxa appear limited in
meta-analyses, but indirect effects via altered
insecticide regimes, changes in crop and field floral
composition, and long-term landscape
homogenization remain causes for caution (Duan
et al., 2008; Marvier et al., 2007). Infectious agents
and parasites for example Nosema ceranae and
viruses vectored by Varroa spp. interact with
chemical stressors and nutritional or habitat deficits
to elevate colony mortality and weaken pollinator
populations (Van der Zee et al., 2012; Potts et al.,
2010). Compounding these biological and chemical
pressures are socio-economic and governance
shortfalls limited farmer awareness of pollinator-
friendly practices, insufficient enforcement of

protective measures, and patchy monitoring of
beneficial-insect diversity in orchards which delay
detection and response; together these findings
argue for integrated solutions that reduce
unnecessary pesticide use, restore and connect
semi-natural  habitats and floral resources,
incorporate climateresilient management, require
rigorous ecological risk assessment before releasing
exotic biocontrol agents, and strengthen farmer
education and monitoring programs to sustain
pollination and biological control services in fruit
cropping systems (Kennedy et al., 2013; Potts et al.,
2010; Johnson et al., 2010).
Habitat Management and conservative strategies
for Promoting Beneficial Insects

One of the most effective ecological
instruments that contemporary fruit growers can
utilise to conserve and enhance useful insect species
is habitat management. Pollinators, predators and
parasitoids are all vital to crop production and pest
regulation, but agricultural intensification and
monoculture practices have driven widespread
habitat loss and fragmentation, making targeted
habitat-management approaches an essential
component of ecologically sound orchard systems
(Landis et al., 2000; Gurr et al, 2017). By
introducing structural and floral elements such as
hedgerows, flower strips, field margins, cover crops
and intercropping systems, farmers can create more
biodiverse environments that align with the life
cycles and functional roles of beneficial insects
(Tscharntke et al., 2005). Flowering strips planted
among or between orchard rows provide
continuous access to nectar and pollen when the
main crop is not in bloom, supporting pollinators
such as bees and hoverflies as well as natural
enemies like parasitic wasps and predatory beetles
(Tschumi et al., 2016). Floral strips and adjacent
wildflower plantings have been shown to increase
pollinator and naturalenemy abundance in
multiple crops (for example, adjacent highbush
blueberry fields; Blaauw & Isaacs, 2014), and
experimental trials have documented rises in
hoverfly and parasitoid numbers with associated
reductions in herbivore pressure (Tschumi et al.,
2016). Intercropping and cover-crop approaches
similarly increase the habitat complexity that
supports predators (including lady beetles, spiders,
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and other generalist enemies); a recent systematic
review and meta-analysis reports that intercropping
broadly enhances beneficial arthropods and can
reduce pest abundance relative to monocultures
(Rakotomalala et al., 2023). Semi-natural habitats
surrounding orchards are positively associated with
improved pest management and pollination
services at the landscape scale (Kennedy et al.,
2013); these areas provide overwintering and
nesting sites for ground-dwelling beetles, solitary
bees and other invertebrates that help regulate local
ecosystem processes (Snyder, 2019). While some
syntheses report that landscapes with roughly 20-
30% semi-natural habitat tend to show substantially
higher bee richness and visitation than heavily
simplified landscapes, that threshold is context- and
scale-dependent and can vary with crop and
regional landscape structure (Dainese et al., 2019).
Soil and farm-management practices
further influence habitat quality for beneficial
insects. Reduced tillage and incorporation of
organic amendments improve soil structure,
promote aggregation and increase detritivore and
ground-predator richness, thereby supporting more
stable and efficient food webs (Six et al., 2004;
Hole et al., 2005). Systems that limit or exclude
synthetic pesticides (e.g., many organic systems)
consistently show higher insect biodiversity,
including beneficial taxa such as hoverflies,
lacewings and parasitic wasps (Hole et al., 2005).
Cover crops and composted mulches serve as
microhabitats that retain moisture and provide
shelter, boosting survivorship of ground-dwelling

beneficials during adverse weather. Timing and
local adaptation of habitat interventions are crucial:
flowering strips should be designed to synchronise
with the phenology of pollinators and natural
enemies so that resources are available throughout
the season (Tschumi et al., 2015), and edge habitats
such as hedgerows should be managed to avoid
becoming reservoirs for pest species. Effective
habitat manipulation is best developed in
partnership with  farmers, agronomists and
entomologists (Wyckhuys et al., 2013), and
practical innovations such as artificial nesting
structures and bee hotels can enhance solitary-bee
nesting and pollination services when implemented
with ecological guidance (Maclvor & Packer, 2015).
Finally, habitat management contributes to climate
resilience: diversified orchards and connected semi-
natural habitats provide functional redundancy and
insect-guild diversity that buffer pollination and
pest-regulation services against phenological shifts
and pest range changes driven by climate variation
(Tamburini et al., 2020; Garibaldi et al., 2014).
These practices also tend to reduce synthetic input
needs and lower production costs, supporting long-
term sustainability; overall, habitat management in
fruit orchards is not merely about increasing insect
numbers but about integrating ecological design
into productive systems so that flowering strips,
cover crops, reduced tillage and preservation of
semi-natural landscapes together sustain resilient,
high-yield and environmentally friendly fruit
production (Gurr et al., 2017; Landis et al., 2000).
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Integration of Beneficial Insects in Integrated Pest
Management (IPM)

Integrated Pest Management (IPM) emphasizes the
of environmentally and economically
sustainable approaches to reduce pest populations,
with beneficial insects playing a central role in these
systems. Predators, parasitoids, and pollinators are
integrated into IPM programs to suppress pest
outbreaks while minimizing reliance on chemical
pesticides. In fruit crops such as citrus, apples, and
grapes, natural enemies like Trichogramma spp. (egg

use

parasitoids), Aphidius colemani (aphid parasitoid),
Chrysoperla carnea (green lacewing), and predatory
mites have demonstrated effective suppression of
key pests without significantly affecting non-target
organisms (Stenberg, 2017; van Lenteren et al.,
2018). The compatibility of beneficial insects with
selective pesticides and cultural practices allows
them to be incorporated flexibly into management
plans. Maintaining pollinator populations within
IPM frameworks is equally important; practices
such as reducing insecticide applications during
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flowering, using bee-safe products, and establishing
flowering ground covers help sustain pollinator
abundance and diversity, which in turn supports
fruit set and quality (Garibaldi et al., 2014; Eeraerts
et al., 2020). The incorporation of flowering strips,
hedgerows, and cover crops has been shown to
increase the diversity and activity of natural
enemies, leading to pest suppression before
economic thresholds are reached (Tschumi et al.,
2016; Albrecht et al., 2020).

The wuse of beneficial insects in IPM also
contributes to long-term agricultural sustainability.
By reducing pesticide use, these biological control
agents help slow the development of pest resistance,
lower production costs, and maintain biodiversity
at the field and landscape scale. Studies in orchards
and vineyards have shown that predatory mites and
spiders can maintain thrips, leafhoppers, and mite
pests at sub-economic levels, while augmentative
releases of parasitoids such as Diachasmimorpha
longicaudata have effectively controlled fruit flies in
citrus and mango systems (Vargas et al., 2015;
Thomson & Hoffmann, 2013). Farmers adopting
insect-based IPM often report increased yields and
improved market returns, particularly for pesticide-
free or residue-compliant produce, which is in
demand in high-value export markets. Education,
farmer training, and extension services are critical
to optimizing the use of beneficial insects, ensuring
growers are equipped to identify key species,
monitor pest and beneficial populations, and
choose interventions that favor ecosystem services
(Parsa et al., 2014; Gurr et al., 2017). When
implemented effectively, IPM that integrates
beneficial insects not only safeguards crop
productivity but also supports the ecological
integrity of orchard systems.

Knowledge Gaps and Research Needs

Despite substantial advances in understanding the
role of beneficial insects in sustainable fruit
production, significant knowledge gaps remain that
limit effective conservation and integration into
orchard management. One major gap is the lack of
long-term, multi-season studies that measure both
ecological and economic outcomes of beneficial
insect use, particularly in diverse climatic zones and
under varying management intensities (Isaacs et al.,

2009). Many studies focus on short-term pest
suppression or pollination benefits, but fewer
quantify cumulative effects on yield stability, fruit
quality, and farm profitability over time. Another
limitation is the geographic bias in research, with
much of the evidence coming from Europe and
North America, while tropical and subtropical fruit
systems remain underrepresented despite their high
biodiversity and dependence on insect-mediated
services (Garibaldi et al., 2013). There is also a need
to better understand species-specific interactions,
such as competition or facilitation among native
and introduced pollinators and predators, as well as
the indirect effects of climate change on insect
phenology and behavior (Rader et al., 2016).
Methodological gaps persist in linking landscape-
scale  habitat management to orchard-level
outcomes, particularly in quantifying how floral
strips, hedgerows, and reduced tillage interact with
surrounding land use to influence beneficial insect
populations (Blaauw & Isaacs, 2014). Furthermore,
socio-economic research is often disconnected from
ecological studies, meaning adoption barriers,
farmer perceptions, and cost-benefit analyses are
insufficiently  integrated  into  conservation
strategies. Addressing these gaps will require
interdisciplinary research that combines ecological
monitoring, economic modeling, and participatory
approaches with growers to co-develop scalable,
context-specific interventions.

Practical Recommendations for Growers

To support beneficial insects in orchards, growers
should adopt habitat enhancements, selective pest
control, and supportive farming practices. Planting
perennial flower strips, hedgerows, and cover crops
near fruit trees provides year-round floral resources
and safe refuges for pollinators and natural enemies
(Albrecht et al., 2020). Including native flowering
species improves compatibility with local beneficials
and reduces maintenance. Introducing artificial
nesting structures, such as well-designed bee hotels
or nest blocks, can increase cavity-nesting bee
populations like Osmia spp., especially when
materials are maintained to prevent overcrowding
or disease (Rahimi et al., 2021). When managing
pests, replacing broad-spectrum insecticides with
microbial or botanical biopesticides such as Bacillus
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thuringiensis and timing sprays to avoid bloom and
peak insect activity helps preserve beneficial
diversity (Torres & Bueno, 2018; Ayilara et al.,
2023). Minimizing tillage and maintaining ground
cover supports soil-dwelling predators and
maintains soil health, which aids in pest
suppression and root function (Mdller et al., 2022;
Meurer et al., 2020). Effective implementation
depends on farmer knowledge and incentives;
extending targeted trainings, demonstration plots,
and linking practices to market premiums for low-
residue produce or ecosystem service outcomes
boost adoption (Hagemann et al, 2024). By
combining habitat creation, selective chemistries,
soil-friendly practices, and grower support, fruit
producers can maintain high levels of ecosystem
services while reducing chemical dependencies.

Conclusion

The integration of beneficial insects into
sustainable fruit production offers a practical,
ecologically sound alternative to heavy chemical
reliance. By combining habitat enhancement,
selective pest control, and supportive farm
management, growers can maintain pollination
services, suppress pests naturally, and improve
overall ecosystem resilience (Garibaldi et al., 2020;
Albrecht et al., 2020). Long-term success depends
not only on technical measures but also on farmer
knowledge,  socio-economic  incentives, and
supportive policies, which together foster adoption
at scale (Kleijn et al., 2019). Research indicates that
such systems can deliver equal or higher vyields
compared to conventional methods, while reducing
input costs and preserving biodiversity (Dainese et
al,, 2019; Gagic et al., 2021). Nevertheless,
challenges remain, including region-specific pest
dynamics, climate variability, and gaps in
understanding how multiple beneficial insect guilds
interact under diverse orchard conditions.
Addressing these will require targeted research,
participatory extension, and adaptive management
that blends ecological knowledge with local farming
realities. With coordinated effort from scientists,
policymakers, and growers, beneficial insect-based
strategies can become a cornerstone of climate-
resilient, economically viable, and biodiversity-
friendly fruit production systems.
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