Review Plant Protection Science, 62, 2026 (1): 1-26

https://doi.org/10.17221/161/2024-PPS

The cultural control of some important pests in cabbage
(Brassica oleracea var. capitata L.) and onion
(Allium cepa L.) using companion plants

MonNIcA NOVLJAN®, TANJA BOHINC®, STANISLAV TRDAN*

Department of Agronomy, Biotechnical Faculty, University of Ljiubljana, Ljubljana, Slovenia

*Corresponding author: stanislav.trdan@bf.uni-lj.si

Citation: Novljan M., Bohinc T., Trdan S. (2026): The cultural control of some important pests in cabbage (Brassica oleracea

var. capitata L.) and onion (Allium cepa L.) using companion plants. Plant Protect. Sci., 62: 1-26.

Abstract: Cabbage (Brassica oleracea var. capitata L.) and onion (Allium cepa L.) are two of the most important vegeta-
bles in the world, and many insect pests are a problem in their production. Currently, especially in Europe, restrictions
on the use of pesticides are increasingly being encouraged, so the need to find and use alternative methods is increasin-
gly urgent. Cultural control of insect pests using companion plants, including cover crops, intercrops, and trap crops,
has been proven to help manage these insect pests. Companion plants reduce plant insects primarily by disrupting host-
-seeking activity, disrupting oviposition, increasing the plant's natural enemies, or luring the pests to alternative food
sources. This review outlines successful examples from around the world of the use of companion crops in controlling
insect pests, focusing on the main pests of cabbage and onions in Europe. Details regarding the working mechanism of
each of the three companion plants are discussed further in this article. We concluded that these companion plant tree
forms effectively reduce the number of generalist and specialist plant pests attacking cabbage and onion.
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According to the statistics of the Food and Agri-
culture Organization of the United Nations (Food
and Agriculture Organization Statistics/FAOSTAT
2023), onion (Allium cepa L.) is the second most
popular vegetable in the world after tomatoes, while
cabbage (Brassica oleracea var. capitata L.) takes
the fourth position. The last recorded data from 2022
reported a total production of 4.97 mil. t and 110.62
mil. t of green and dry onions and 72.60 mil. t of cab-
bage worldwide. In the European Union (EU) area,
the numbers reached 6.26 mil. t and 3.66 mil. t of to-
tal production of onions and cabbage, respectively.

Various insect pests can pose serious threats
to the production of cabbage and onions. In Eu-
rope, the common insect pests of cabbage include
the members of the order Lepidoptera, Diptera,
Hemiptera, Coleoptera, and Thysanoptera, such
as diamondback moth (DBM) (Plutella xylloste-
la L.), cabbage moth (Mamestra brassicae L.), small
white butterfly (Pieris rapae L.), large white but-
terfly (Pieris brassicae L.), cabbage root fly (Delia
radicum L.), turnip root fly (Delia floralis Fallén),
cabbage flea beetles (Phyllotreta spp.), cabbage
aphid (Brevicoryne brassicae L.), and onion thrips
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(Thrips tabaci Lindeman) (Fail & Pénzes 2004; Or-
dds & Cartea 2008; Ahuja et al. 2011). In more re-
cent years, the group of stink bugs (Heteroptera:
Pentatomidae) has also begun to damage cultivated
cabbage in Europe, for example, from the genus Eu-
rydema (Trdan et al. 2006a; Bohinc & Trdan 2010;
Bari¢ & Pajac¢ 2011). Meanwhile, onion thrips and
onion fly (Delia antiqua Meigen) are two main in-
sect pests in the production of onions worldwide,
including in Europe (Mishra et al. 2014).

Conventional methods for controlling pests on
plants are usually carried out chemically using pes-
ticides (Pavela 2016; Magierowitz et al. 2019). How-
ever, nowadays, due to higher environmental stand-
ards, there is a decline in the number of registered
pesticides in Europe (Pinheiro et al. 2020). Moreo-
ver, in 2020, the EU (2023a) announced the 'Farm
to Fork' strategy, highlighting a 50% reduction
in the use and risk of chemical pesticides and a 50%
reduction in the use of more hazardous pesticides,
both by 2030. The goal of reducing chemical pesti-
cide applications with minimal alternative solutions
is causing increased problems of weeds and arthro-
pod species (Meissle et al. 2010).

In implementing integrated pest management
(IPM), sustainable biological, physical, and other
non-chemical methods must be preferred over
chemical methods if they provide satisfactory pest
control (Gurr et al. 2000; EU 2023b). Apart from in-
secticides and plant resistance, one of the simplest
ways to minimise pest damage is to use companion
plants (Finch & Collier 2000). Companion plant-
ing is a well-known strategy to manage insect pests
and support a natural enemy population through
vegetative diversification (Reddy 2017; Sarkar et al.
2018). During the planting period, the primary role
of the companion plant is usually not production.
However, some companion plants can be harvested
before or after the main crops are planted or sown
(Gandarin et al. 2022). Based on these definitions,
the authors concluded that the term companion
plants can include cover crops, intercrops, and trap
crops, which will be the focus of this article.

Firstly, cover crops are defined as low-growing
plant species planted to protect the soil surface,
conserve soil and water, maintain soil productiv-
ity, and, to some extent, maintain weeds and insect
pests (Khan 2002). Secondly, intercrops are defined
as two or more crop species or genotypes grown
together and coexisting on the same field (Brooker
et al. 2015). Intercropping acts as an intensification
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in both time and space dimensions (Vandermeer
1992), and a successful design of intercropping re-
sults in functional diversity, which limits pest or
pathogen expansion and gives us a better under-
standing of host-pest or host-pathogen interac-
tions (Finckh & Karpenstein-Machan 2002). Lastly,
trap crops are susceptible plants purposely plant-
ed in companionship to the main crops to reduce
pest numbers or lure the pests away from the main
crops, which means reducing the damage caused
by the pests (Gray & Koch 2002). Not only that, but
trap crops also act like a sink for pests that could be
vectors for other diseases (Sarkar et al. 2018).

In this article, we summarise the successful
use of the companion plants mentioned above
to control the main insect pests of cabbage and
onions worldwide, focusing on a list of the main
pests in Europe. The purpose of this summary
is to give information to the readers regarding
the type of companion plants that effectively con-
trol the main insect pests in cabbage and onion,
including their description and mode of action.
This review is important so the readers can choose
the type of companion plants to deploy based on
each type's advantages and disadvantages.

MATERIAL AND METHODS

In the process of obtaining scientific articles,
the Google Scholar search engine was used. Some
of the following keywords were used: companion
plants, intercrops, trap crops, undersowing, living
mulch, alternative control, non-chemical control,
cabbage, onion, Brassica, Allium, insect pests, veg-
etable, Lepidoptera, Diptera, Hemiptera, Coleop-
tera, Thysanoptera, onion thrips, onion fly, flea
beetles, butterfly, moth, aphids, stink bugs, clover,
Trifolium, and net yield. The keywords were used
either solely or combined with two or three [Elec-
tronic Supplementary Material (ESM) Table S1].
Additional studies were discovered among the ci-
tations in the article found from search engines and
by recommendations of colleagues (ESM Table S2).

During the literature review, the authors sum-
marised the findings into three tables. These tables
were based on the purpose of the companion plants
as a cover crop, intercrop, or trap crop. In the sum-
mary of the effects of cover crops, the authors de-
fined cover crops as companion plants that gen-
erally cover soil surfaces between the plants and
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help maintain insect pests. Therefore, the results
of searches with other keywords, such as "under-
sowing" or "living mulch”, are included. The cover
crop type of companion plants is typically sown
in contrast to planted, with the understanding
that they are not intended for harvesting. In the
summary of the intercrops, the authors categorised
the plants that were planted together with the main
crops at the same growing time and can contribute
to the overall net yield of the field. Furthermore,
in the summary of the trap crop effect, the authors
sought out successful cases of multicultural plant-
ing in which the trap cropping effect was present.

RESULTS AND DISCUSSION

We summarised the articles we gained in Ta-
bles 1-3, each containing the successful cases
of the deployment of cover crops, intercrops, and
trap crops in cabbage and onion cultivations. Ta-
ble 1 lists the cover crop species that successfully
controlled the main insect pests in cabbage and
onion, along with the efficacy measurement and
the working mechanism. Table 2 lists the species
of plants that, when planted along with cabbage
and onion, reduce the incidence of insect pest at-
tack, along with their other efficacy and work-
ing mechanisms. Table 3 lists the species that act
as a trap crop for cabbage's or onion's pests while
planted together.

Cover crops. Cover crops are most suitable
for transplanted plants with long vegetation pe-
riods, such as cabbage, leek, tomato, and pepper.
The most suitable cover crops are legumes, grass-
es, or cereals (Kolota & Adamczewska-Sowinska
2013). Results in Table 1 confirmed this state-
ment, showing that many studies were related
to the use of cover crops in cabbage cultivation,
which is a transplanted crop. In contrast, only one
case was found in onion, a sown crop. The spe-
cies of cover crops that are commonly used were
species of clovers, including white, strawberry,
subterranean, and alessandrinum clovers (Trifo-
lium repens L., Trifolium fragiferum L., Trifolium
subterraneum L., and Trifolium alexandrinum L.)
(Leguminaceae), and cereals (Poaceae), including
rye, wheat, and oat (Secale cereale L., Triticum aes-
tivum L., and Avena sativa L.).

Table 1 summarised that to control flea beetles
(Phyllotreta spp.) (Coleoptera: Chrysomelidae),
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cabbage root flies (Delia radicum brassicae L.) (Dip-
tera: Anthomyiidae), turnip root flies (Delia floralis
Fallen) (Diptera: Anthomyiidae), cabbage aphids
(Brevicoryne brassicae L.) (Hemiptera: Aphididae),
cabbage moth (Mamestra brassicae L.) (Lepidop-
tera: Pieridae), large white butterfly (Pieris bras-
sicae L.) (Lepidoptera: Pierridae) and onion thrips
(Thrips tabaci Lindeman) (Thysanoptera: Thripi-
dae) in cabbage, most of the succesful studies used
clover species. Additionally, in the control of green
peach aphids (Myzus persicae Sulzer) (Hemiptera:
Aphididae), diamondback moth (Plutella xyllos-
tella L.) (DBM) (Lepidoptera: Plutellidae), small
white butterfly/ imported cabbageworm (Pieris ra-
pae L.) (Lepidoptera: Pieridae), and cabbage looper
(Trichoplusia ni Hiibner) (Lepidoptera: Noctuidae),
the species of cereals were successfully used. Almost
all the studied pests are specialists for the crucifer-
ous family, except for the cabbage moth (M. bras-
sicae) and green peach aphids (M. persicae), which
have much broader host ranges.

Our summary of the cover crops' working mecha-
nism included these four main mechanisms: (i) acting
as a physical or visual disturbance for insects in find-
ing host plants (Roberts & Cartwright, 1991; Mwaja
& Masiunas 1996; Finch & Kienneger 1997; Hamid
et al. 2006), (ii) disturbing the oviposiion process
(Theunissen et al. 1995; Bjorkman et al. 2007; Bjork-
man et al. 2010), (iii) enhancing more parasitisation
or predation by natural enemies (Theunissen et al.
1995; Bryant et al. 2013), and (iv) triggering the self-
defense mechanism of plants (Theunissen et al. 1995;
Bottenberg et al. 1997).

The first mechanism happens as the number
of green surrounding the host plants is the ma-
jor factor that prevents insect pests from finding
the host plants (Collier & Finch 2003). We observed
this mechanism in the control of aphid (Hemiptera:
Aphididae) (Table 1). Smith (1976) reported that in
cage experience, the adult cabbage aphids (Brevi-
coryne brassicae) were more attracted to potted
Brussels sprouts (Brassica oleracea var. gemmifera)
surrounded by bare soil than to ones surrounded
by rings of grass or artificial green rings. In the
field experience by the same author, a weedy back-
ground was found to decrease the aphid population
in Brussels sprouts, as it decreased the number
of alatae attracted to crop plants. Finch and Kien-
neger (1997) reported a 95% reduction of the in-
festation of cabbage aphids (B. brassicae), stating
that clover causes visual camouflage and physical
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interference for aphids in finding the host plants.
The confusion caused by background plants also
directly disturbs the oviposition process, which
we summarised as the second mechanism. This
mechanism was observed in the control of flies
(Diptera: Anthomyiidae). Finch (1995) reported
that a grass background attracted mainly male flies,
while female flies preferred bare soil. Additionally,
Theunissen et al. (1995) observed that the female
cabbage root fly is disturbed by clover in reaching
the plant's stem base for oviposition, while Bjork-
man (2007, 2010) explained that the oviposition
behaviour by turnip root flies (Delia floralis Fal-
1én) is also disturbed by clover. Morley et al. (2005)
reported that the female adult flies of D. radicum,
after landing on the host (cabbage) or non-host
plants (clover), left the plants after 2.25 min and
8.5 min, respectively. Their landings on the non-
host plants strongly disrupt them from finding
host plants. Finch and Collier (2000) explained this
phenomenon as the 'appropriate or inappropriate
landing' theory. Generally, when the female insect
pests land on the host plants (appropriate landing),
the rather complicated ovipositing process starts,
and eventually, the number of eggs is laid. How-
ever, the ovipositing process should be repeated
when they land in a non-host plant (inappropriate
landing). Multicultural planting creates a diverse
background that increases the chance that the in-
sects will lose the host plant much more.

The third mechanism is related to the work
of natural enemies in reducing insect pests. Root
(1973) was the first to mention this theory, stating
that the lower number of pest insects in the com-
plex environment is because predators and parasi-
toids are more effective in such settings. Theunis-
sen et al. (1995) reported more parasitised aphids
in undersown plots than in the control plot. Bryant
et al. (2013) explained that the increased number
of natural enemies is the reason for less cabbage
looper (T. ni) and imported sabbageworm (P. ra-
pae) infestation, in which oat mulch increased
the predator abundance by 30-50%. Additionally,
other researchers agree that the number of natu-
ral enemies is increased in the cover crop system
(Lehmhus et al. 1996, 1997, Chairini et al. 2005).
Still, they did not explain the relation between
the increased number and suppression of insects.

Dassou and Tixier (2016) explained that natural
control in plant-diversified systems is more likely
to occur in specialists than in generalist herbivores.
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The specialists are more vulnerable to cover crops,
mostly due to host-finding disruption, in which
they are strongly relying on the glucosinolate cue
to find the host plants (Robin et al. 2017). Also, in-
creased predation might put them under further
pressure (Bryant et al. 2013). Our results confirmed
the theory because the first three mechanisms
hold for most of the specialist insect pests related
to this study. Unfortunately, for generalist pests,
cabbage moth (M. brassicae) and green peach
aphid (M. persicae), almost all researchers did not
elaborate on the working mechanism of the cover
crops in controlling them. Therefore, there is still
a lack of understanding of how the system reduces
the population of generalist species.

The fourth working mechanism is based on
the theory that competition-induced changes
in cabbage plant quality occur when the intercrops
are present (Theunissen et al. 1995). The stress in-
duced by the competition with cover plants alters
the physiology of the main crops, making them
more toxic, less attractive, or less nutritious (Bjork-
man et al. 2011). Theunissen et al. 1995 mentioned
that a smaller cabbage head, caused by cover crop-
induced stress, is more compact and less sensitive
to pest attack. Bottenberg et al. (1997) confirmed
this and observed that cabbages grown in cover
cops had a smaller size and number of leaves and
less DBM larvae infestation. Ahuja et al. (2011)
stated that the self-defence mechanism of crucifer-
ous plants is mainly to synthesise glucosinolates.
This specific secondary metabolite mediates the in-
teraction between cruciferous plants and their as-
sociated insect herbivores. Species with higher
glucosinolates are less preferred by insect pests,
especially the generalist species such as lepidop-
teran larvae (Spodoptera sp., Mamestra sp.) that do
not have the mechanism to tolerate this compound
(Bohinc et al. 2014; Jeschke et al. 2017). More spe-
cialist crucifer pests can adapt to or detoxify high
concentrations of glucosinolate or even benefit
from it (Winde & Wittstock et al. 2011). However,
their host preferences could also still be influenced
by other factors such as the plants’ nutritional
contents and environmental conditions (Badenez-
Perez 2023).

Cover crops often become too strong or too
weak, and both can result in poor productivity
of the main crops. Too strong a growth can cause
competition with the main crops (Lotz et al. 1997),
while too weak a growth results in poor coverage
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and severe weed infestation (Bryant et al. 2013,
Bilenky et al. 2022). Most studies reported the yield
reduction because of cover crops (Table 1), with
only a few exceptions. In attempts to reduce com-
petition with cover crops while keeping the weed
suppression, the dosage of sown cover crops should
be ideal (Stivers-Young & Teasdale 2004), and
a termination of cover crops after the main crop
is established is recommended (Brandsater 1998;
Bryant et al. 2013). The timing for the termination
should be carefully chosen, considering the growth
habit of cover crops. Bryant et al. 2013 reported
that keeping the oat cover crops until 9-14 days af-
ter the cabbage transplanting date did not reduce
yield. However, even though the yield of the main
crop is reduced, it often happens that the market-
able yield is higher in cover crop plots due to lower
insect damage (Brandseeter et al. 1998; Mandal &
Dash 2012), which can also be counted as one im-
portant measurement of success.

Intercrops. Intercropping aims to achieve bet-
ter yield, productivity, and profitability (Guvenc
& Yildirim 2006), while controlling plant pests is
also desired. Because of those multiple purposes,
the selections of the intercropped plants are very
diverse, from vegetable plants, cereal crops, or aro-
matic and herbal plants (Table 2).

We summarised that the most common mecha-
nisms by which intercrops reduce the pest are: (i)
disturbing the pests to find host plants, by acting
as a physical barrier (Uvah & Coaxer 1984; Finch
et al. 2003; Gachu et al. 2012; Basri & Ansari 2020;
Sekine et al. 2021a, 2021b) or giving out visual or
olfactory interference (Baidoo et al. 2012; Aung et
al. 2018; Fening et al. 2020), (ii) disrupting the ovi-
position or life-cycle of pests (Asare-Bediako et al.
2010), and (iii) enhancing the number of natural
enemies and increase predation or parasitism (Mor-
ris & Li 2000; Trdan et al. 2006b; Jankowska et al.
2009; Balmer et al. 2014; Uesugi et al. 2023, Hithesh
et al. 2025). These mechanisms are similar to cov-
er crops, which were already explained previously.
The additional explanation should be given only on
the third mechanism, in which some researchers
elaborated on how natural enemies reduced the pest
populations. Morris & Li (2000) explained that cori-
ander (C. sativum) intercrop attracted the popula-
tion of hoverflies (Syrphidae), which later predate
aphids (all Aphididae spp., unspecified) pests in the
planting area. Additionally, Balmer et al. (2014) ex-
plained that cornflowers (Centaurea cyanus L.),
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which were specifically chosen to benefit larval par-
asitoid Microplitis mediator Halida (Hymenoptera:
Braconidae) and egg parasitoids Telenomus sp. (Hy-
menoptera: Scelionidae) and Trichogramma spp.
(Hymenoptera: Trichogrammatidae), significantly
increase parasitisation of cabbage moth (M. bras-
sicae) larvae and eggs. Additionally, Hithesh et al.
explained that the use of flowering Asteraceae flow-
ers, such as chenopodium/white goosefoot (Che-
nopodium album L.), provides a food source that is
rich in sugar and protein and enhances the longevity
of natural enemies in the system, including the coc-
cinelids (Coleoptera: Coccinelidae) that prey on
aphids (Aphididae spp.).

In attempts to reduce insect pest infestation, in-
tercropping with the plants that produce strong
volatiles, or what we call ,aromatic plants’, is very
common, particularly through a ,push and pull’
strategy. This strategy is done by using stimuli
to make the protected resource unattractive or un-
suitable for insect pests (push), and at the same time
luring them towards an attractive alternative source
(pull) (Cook et al. 2007) or to trap crops (Hassanali
et al. 2008). The difference between the 'push and
pull' strategy and trap crops is that ‘push and pull,
while the classic trap crops solely use the pest at-
traction. More details about trap crops will be dis-
cussed in the next chapter. In cabbage production,
lemongrass [Cymbopogon citratus (DC.) Stapf]
worked as a repellent, and marigold (7agetes erec-
ta L.) worked as an attractant to sweet potato flea
beetle (Chaetocnema confinis Crotch). Both plants
were effective in reducing the defoliation by this
insect. In onion production, rosemary (Rosmari-
nus officinalis L.), holy basil (Ocimum sanctus L.),
common basil (Ocimum basilicum L.), and Puerto
Rican oregano (Lippia micromera Schauer) were
effective as repellent plants in suppressing onion
thrips (Cabrera-Ascensio & Vélez 2006).

Like in the case of cover crop use, yield reductions
are also observed with the intercropping system,
but far less frequently (Table 2). The big advantage
of the intercropping system is in the achievement
of net yield, instead of the main crops' yield. Var-
ghese (2013) achieved the best net yield of cab-
bage in the intercropping with radish (Raphanus
sativum L.), spinach (Spinacia oleracea L.), or co-
riander (Coriandrum sativum L.), all compared
to monoculture, even though, by the growth pa-
rameters, cabbage grows better in monoculture.
Choudhuri (2016) also reported similar situations
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with the combination of cabbage and garden pea
(Pisum sativum L.). The ratio of main crops, such
as intercrops, is often important to maximise
the net yield while suppressing insect pests. Bai-
doo et al. (2012) discovered that planting four rows
of cabbage alternately with one row of onion re-
sulted in the best cabbage yield, the least cabbage
leaf damage was achieved, and the least infestation
of cabbage aphids (B. brassicae) in cabbage leaves;
in comparison to other proportions. Sarma et al.
(2015) recommended intercropping potato (Sola-
num tuberosum L.) and cabbage in a row system
with a 1:1 ratio to reach the maximum yield and
control advantages.

Trap crops. The working mechanism of trap
crops is to attract insect pests away from the main
crops during a critical period by providing them
with an alternative preferred choice. To reach this
aim, an effective trap crop system should have
at least double the pest attraction activity during
this period (Sarkar et al. 2018). Because of this rea-
son, usually in cabbage production, related cruci-
ferous species were used as successful trap crops
(Table 3). However, when the target pest is a gener-
alist, the trap crops that are unrelated to the main
crops could work, for example, the use of marigold
(Tagetes erecta L.), coriander (C. sativum), and
carrots (Daucus carota L.) as trap crops of onion
(Chandio et al. 2020).

Theoretically, when designing a trap crop system,
some aspects such as insect preferences, spatial ar-
rangement of trap crops, and incorporating sup-
plemental insecticidal control should be considered
(Shelton & Badenes-Pérez 2006). The cultural meth-
od, like using resistant plant varieties and trap crops,
also strengthens the protection against insect pests
(Hondelmann et al. 2016). While choosing the trap
crops for cabbage species, many researchers associate
glucosinolate type and level in cruciferous plants with
the susceptibility of plants against insect pests. A field
experiment by Bohinc et al. (2013a) studied four cru-
ciferous species and their correlation to the feeding
habit of cabbage flea beetles (Phyllotreta spp.). The re-
sults concluded that oil radish (Raphanus sativus L.)
was preferred by these beetles compared to the other
three species, and that the preference was correlated
with high content of glucobrassicin, one type of glu-
cosinolate. Furthermore, Bohinc et al. (2013b), using
a similar approach, found that oil rape (Brassica na-
pus L.) is the most suitable trap crop species for cab-
bage stink bugs (Euryderma sp.).
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Preliminary research in the laboratory can be
a helpful method to determine the insect's most fa-
vourable trap crops. Asman (2002) tested the host
preference for the leek moth (Acrolepiopsis as-
sectella Zeller) in laboratory conditions, and based
on the oviposition behaviour, it was concluded
that the morphology of the leaves played an impor-
tant role, in which the moths prefer species with
bigger leaf areas. Later in the field trial, chive trap
crops were found to suppress the leek moth in leek
cultivation effectively. In other experiences, flea
beetles were also discovered to favour trap crops
with larger leaf areas or leaf density (George et al.
2013; George et al. 2019). Hondelmann et al. (2016)
conducted a greenhouse experiment that indicated
that adult whiteflies favour marrow-stem kale (Bras-
sica oleracea var. medullosa Thell.), Savoy cabbage
(B. oleracea var. sabauda L.), or kale (B. oleracea
var. sabellica L.), compared to some other crucifer-
ous plants tested. The continuous trial in the field
showed that marrow-stem kale effectively con-
trolled the whitefly population in Brussels sprouts
(B. oleracea var. gemmifera DC) cultivation.

In a trap cropping system, a mixture of trap
crops sometimes works better than just one trap
crop species. Bohinc and Trdan (2013) recom-
mended the sowing of a mixture of trap crops
for cabbage production because a single trap crop
they tested, which was oil radish (Raphanus sati-
vus L.), oilseed rape (Brassica napus var. napus),
and white mustard (Sinapis alba L.), protected
medium-late cabbage cultivar from cabbage flea
beetles in a different stage of the growing period.
Parker et al. (2016) tested Brassica juncea (L.) Cz-
ern., Brassica napus, and/or Brassica rapa subsp.
pekinensis (Lour.) Kitam. as a singular and a mix-
ture of three trap crops in broccoli (Brassica ol-
eracea var. italica Plenck) cultivation. The result
shows that when the abundance of crucifer flea
beetles (Phyllotreta cruciferae Goeze) was high,
the mixture of three trap crops gave the best con-
trol measure compared to singular or no-trap
crops. The maximum yield was achieved in a plot
with a mixture of three trap crops. Meanwhile,
George et al. (2019) and Sapkota et al. (2022)
observed that some trap crop species are better
at attracting the pest in an early vegetative state.
Then the effectiveness gradually decreases as the
plants mature, so modifying trap crop age by sow-
ing them at a few different times during the sea-
son can enhance their effectiveness.
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Like in the intercropping system, the trap crop-
ping also rarely causes yield reduction (Table 3).
These reductions might happen when the sensi-
tive trap crop is overwhelmed and the pest infes-
tation becomes uncontrollable and spreads back
to the main crops (Trdan 2005) or when the trap
crop is located too close to the main crop (Bud-
hathoki et al. 2022) and causes competition with
the main crops. Some researchers incorporate pes-
ticides to kill the pests that infest trap crops (Gray
& Koch 2002). Instead of chemical pesticides, Bud-
hathoki et al. (2022) achieved satisfactory control
of diamondback moth (Plutella xylostella L.) us-
ing the combination of Kai choi (Brassica juncea)
trap crops and entomopathogenic nematode Stein-
ernema feltiae Filipjev. This one study has proven
that the deployment of companion plants can be
further integrated with other types of biological
control or biopesticides, and that together they can
provide sufficient control of insect pests while re-
maining a sustainable option.

CONCLUSION

A long history of research in companion plants
exists, including using cover crops, intercrops, and
trap crops to suppress agricultural insect pests. This
review lists numerous successful examples. Accord-
ing to our review, most companion plants work
by interfering with host-seeking activity, disturbing
oviposition, enhancing the natural enemies of plant
pests, repelling insect pests from the area of the
main crops, or acting as an alternative food source.
We have described those mechanisms and provided
examples to explain how companion plants reduce
insect pests. We also explained that using cover
crops can result in yield loss due to competition or
weed suppression. Furthermore, we discussed im-
portant factors that can be considered to maximise
yield while effectively reducing pests.

The most important thing is choosing the most
suitable species or mixture of species as compan-
ion plants based on the target pests and deploying
them in the optimum arrangement. We hope our
review will provide vegetable growers with insight
into deciding on the most suitable form and com-
bination of companion plants based on their target
pests. Based on recent studies, this review is also
useful for other researchers as a foundation for dis-
covering more optimisation in deploying compan-
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ion plants. Based on our summary, we concluded
that cover crops, intercrops, and trap crops effec-
tively reduce the number of generalist and special-
ist plant pests attacking cabbage and onions. Fur-
ther research could incorporate other biological
measures, such as biotic agents and biopesticides,
to provide farmers with even better and more sus-
tainable recommendations in a future where chem-
ical approaches will no longer be an option.
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