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Abstract. Kurnianto AS, Septiadi L, Haryadi NT, Muhlison W, Sucipto I, Dewi N, Tanzil Al, Lestari A, Magvira NL, Handoko RNS.
2023. The false alarm of experimentally companion plants to the cabbage pests with their ecological effects. Biodiversitas 24: 1303-
1312. Jember is one of the important horticulture producers in Indonesia. Companion Plants (CP) are promising for effective pest
control. This study aims to analyze the abundance of cabbage pests across several local CP and the theoretical ecological interactions
between pests and plants. We conducted an experiment with several local CP: Ground Peanut (Arachis hypogaea), Tomato (Solanum
lycopersicum), Welsh Onion (Allium fistulosum), and Shallot (Allium cepa) to Cabbage (Brassica oleracea var. capitata) and examining
the abundance of cabbage pests (Plutella sp. and Crocidolomia sp.). The results showed that Arachis hypogaea performed as suitable as
a CP for cabbage, whereas the other plants (Allium spp.) contradicting attracted more pests. The similarity index based on cabbage pests
and abundance clearly demonstrated that A. fistulosum was most similar to the control. PCA shows Plutella sp. was abundantly seen
throughout weeks 1-4, and Crocidolomia sp. was seen in abundance during weeks 5 and 6. The patterns between pests' abundance,
attack area, and damage intensity showed a similar trend for both Plutella sp. and Crocidolomia sp. In the future, it is essential to

evaluate the use of Allium groups as CP for cabbage and VOC interactions between plants and pests.

Keywords: Crocidolomia sp., ecological effect, Jember, Plutella sp., VOCs

INTRODUCTION

Concerns about the impact of pesticides on non-target
organisms continue to drive advancements in
environmentally friendly pest management (Dara 2019).
One alternative is to increase crop diversity, called
intercropping (Mancini 2013). Intercropping, a traditional
technique for increasing yield by utilizing resources that
would otherwise not be utilized by a single crop, has been
used by farmers for decades to conserve agroecosystem
diversity (Brooker et al. 2015), including protection of
plants against pests (Moreno and Racelis 2015). Using a
companion plant (CP) is one of the intercropping
techniques. CP is a plant that accompanies the main crop
and can synergistically support its defense against pests.
CP can be harvested, and it can increase farmers' economic
gain. This will increase the willingness of farmers to apply
CP to their land because they do not need to provide space
to grow plants that do not have an economic impact, such
as refugia plants in general (Parker et al. 2013; Sarkar et al.
2018).

There are various reasons for using CP with crops to
reduce pest attacks. First, CP is more attractive to pests and
drags pests away from the crop (Sarkar et al. 2018). Then,
by emitting Volatile Organic Compounds (VOCs), CP can

directly repel pests or mask the odor of crops as host
targets (Parker et al. 2013). Recently, CP has been
successfully used as "trap-crops” and "intercrops", and this
function has been described as a "push-pull strategy” (Kim
et al. 2012; Lee et al. 2014). Several references have
demonstrated its effectiveness in reducing spotted stem-
borer (Chilo partellus) attacks on maize (Zea mays) in
Zambia (Ekoja et al. 2015). Therefore, the CP may be an
effective and eco-friendly tool for pest management (Ben-
Issa et al. 2017). Researchers suggest that companion
plants are used as intercrops in corn agroecosystems. This
strategy makes corn more unattractive and unsuitable for
pests (push), and companion plants can also lure pests
away (pull). Therefore, instead of spraying synthetic
chemicals, an ‘attractant' effect can be produced by trapping
plants and a 'repellent' effect with CP (Kiy$ et al. 2017;
Schlaeger et al. 2018). In Indonesia, CP is applied to avoid
pests on Sago (Zuhro et al. 2020), Albizia (Rahayu et al.
2021), and Cassava (Nurkomar et al. 2021). In
advancements in eco-friendly pest management, studies
examining the effects of CP and its ecological effects on
pests are critical to supporting sustainable pest
management.

Jember is a district in Indonesia that produces various
horticultural commodities. As a lowland, cabbage is a
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suitable commodity for the microclimate and various
biophysical factors in Jember. Its production continues to
increase in line with intensive agricultural patterns (Jember
Regency Government 2022). However, behind the high
production comes the threat of ecosystem imbalance and
production collapse due to pest explosions in the future. A
study oriented to alternative management approaches and
the transformation of Integrated Pest Management models
is essential. This study experimented with several local
companion plants and cabbage as the main crop. Cabbage
is used because it is an economic commodity with a long
history of pest attacks (Gautam et al. 2018). The people's
demand for new cabbage strains made pests more varied
and adaptive (Franzke et al. 2011; Gautam et al. 2018;
Parajuli and Paudel 2019). This study aims to analyze the
abundance of cabbage pests and damage to cabbage as the
effect of several local companion plants. This study also
describes the theoretical ecological interactions between
pests, cabbage, and CP, with a case study in Jember,
Indonesia.

MATERIALS AND METHODS

Study area

The study took place in an agricultural area in Kemiri
Village, Panti District, Jember Regency, East Java,
Indonesia (-8.616667 S, 113.5767 E) in March-August,
2022. The land is an agricultural area located 150 meters
from a human settlement and is bordered by neighboring
rice fields, irrigation, and hedgerows. There has been no
information on cabbage cultivation in these locations in the
recent five years from 2022. The soil type is inceptisol, the
temperature ranges from 23 to 31°C, and the annual rainfall
ranges from 1969 to 3394 mm/year. The dry season occurs
from 8 October to 24 November (1.5 months), and the
rainy season is from 16 June to 25 August (2.3 months)
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(Jember Regency Government 2022), all of which are
suitable for cabbage cultivation (Saren et al. 2016).

Experimental design

A 10,000 m? space is prepared for the experiment.
Cabbage (Brassica oleracea var. capitata) is interplanted
with companion plants alternately, according to Figure 1.
The spacing between the cabbage and companion plants is
0.4 meters, while the next row's treatments are 0.3 meters
apart. To avoid the effects between treatments and control,
a 3 meter distance was given. This treatment was repeated
four times. Randomized Block Design (RBD) was prepared
based on repetition by Microsoft Excel, in which each
block plot has a 2 m? area (see figure 1).

Have volatile compounds or brightly colored flowers.
The treatment groups include: Control (cabbage only; P1);
Ground Peanut (Arachis hypogaea) + cabbage (P2);
Tomato (Solanum lycopersicum) + cabbage (P3); Welsh
Onion (Allium fistulosum) + cabbage (P4); and Shallot
(Allium cepa) + cabbage (P5). Each treatment uses a single
plant (14 days after sowing) to be applied in the plot.

NPK Phonska®© (nitrogen, phosphorus, and potassium)
was used as the basic fertilizer for cabbage cultivation. All
plants were initially sowed in polybags and then transferred
to the field seven days later. Daily, all weeds were cleared.
In this experiment, only two main cabbage pests were
observed: Plutella sp. and Crocidolomia sp. (Prabaningrum
and Moekasan 2021). Plutella sp. has a cylindrical shape
and is smaller at the head and abdomen. The color is
yellowish green with a paler head. The larvae generally
make silk webs on leaves. Crocidolomia sp. has a lateral-
symmetric body shape. The color is light brownish green
with yellowish-white stripes along its body on the upper
side and black spots on the two sides (Gautam et al. 2018;
Prabaningrum and Moekasan 2021).

3 4

Figure 1. Experimental plot on 5 types of treatment and 4 repetition group. Colors key as follows: black and black = P1 (cabbage +
cabbage, as control); black and red = P2 (cabbage + ground peanut); black and green = P3 (cabbage + tomato); black and blue = P4

(cabbage + welsh onion); black and grey = P5 (cabbage + shallot)
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Observation and data analysis

For 6 weeks (code=M1-M6), daily observations, pest
identification, and counting were conducted on the cabbage
plants. The number of pests and the extent of damage
caused by cabbage pests is also recorded in order to
determine the scale of leaf damage (0: no damage; 1: 1%-
25% damage; 2: 26%-50%; 3: 51%-75%; 4: 76%-100%). A
total of 12 of the same leaves were observed. Damage
caused by Plutella sp. has a rounded edge that starts from
the center towards the edge of the leaf, and there are silk
webs around it. Crocidolomia sp. damages the edge of the
leaf with sharp jagged marks. The pests' abundance and
damage to companion plants were not observed. Microsoft
Excel was used to compile the data (McCullough and
Wilson 2005). The results for pest abundance were
presented as mean abundance (with standard deviation),
whereas attack area and damage intensity were presented as
relative percentages. The data visualization was done in
RStudio v.3.4.1 (Team 2018) using the ggplot2 R-packages
(Wickham 2008). Over a 6-week period, fluctuations in the
total abundance of cabbage pests were observed. The data
were analyzed using hierarchical clustering of Bray-Curtis
similarity on PAST3 software (Hammer et al. 2001) to
evaluate the clustering similarity between treatment groups.
Statistics analysis provided with SPSS 16.0. The Shapiro-
Wilk normality test was provided to determine the type of
data distribution with a small sample population, and then
the Friedman non-parametric test was used to illustrate the
significance of the interaction between treatments (Mishra
et al. 2019). Principal Component Analysis (PCA) on
PAST3 software was used to group cabbage pests seen
during the observation period. For PCA analysis, weekly
pest data were used, which were arranged based on two
groups of species. To investigate attack patterns and
competition, we examined the fluctuations in total
abundance, attack area, and damage intensity for each
cabbage pest species (Plutella sp. and Crocidolomia sp.)
over a 6-week period. The attack area was calculated using
the formula as follows (Suprapti et al. 2022):

Yna

AA =22
N

100%

Where: AA is attack area, na is a number of observed
pests, and N is a number of observed leaves. The attack
intensity was determined using the formula as follow:

Y(nsxv) 0
e — 100%

Al =

Where: Al is attack intensity, ns is a number of
damaged leaves in each attack, v is the scale value of each
attack category, Z is the highest set scale value, and N is a
number of observed leaves. The set scale values include:
Scale 0 (no leaf damage was observed), Scale 1 (1-25%
damage to the observed leaves), Scale 2: (26-50% damage
to the observed leaves), Scale 3 (51-75% damage to the
observed leaves), and Scale 4 (76-100% damage to the
observed leaves).
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RESULTS AND DISCUSSION

Fluctutation in abundance of cabbage pests

Cabbage pests' abundance fluctuated during weeks 3
and 5 (Figure 2). However, the P1 (without a companion
plant) exhibited a similar trend. Surprisingly, the
abundance in P1 is lower than the majority of the treatment
groups (P2, P3, P4, P5) that used various companion plants
for 6 weeks of observations, contradicting the previous
records that companion plants may repel cabbage pests.
Surprisingly, the P2 (Ground Peanut) had the lowest
abundance.

P1
0.5 P2

P4

P5
0.0 — ———

Mean pest abundance

M1 M2 M3 M4 M5 M6
Week

Figure 2. The mean of abundance and its standard deviation
(transparent area) of cabbage pests throughout 6 weeks periods
(M1-M6), across several treatment groups (see Materials and
Methods for the details of abbreviations)
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Figure 3. Bray-curtis similarity of cabbage pests abundance
across several treatment groups (see Materials and Methods for
the details of abbreviations)
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Figure 4. PCA graph showed clustering of Plutella sp. and Crocidolomia sp. preferences to the treatments (see Materials and Methods

for the details of abbreviations)

The similarity index based on cabbage pests and
abundance (Figure 3) clearly demonstrated that P4 was
most similar to P1, and P3 was most similar to P5. Welsh
Onion (P4) is similar to the control and shows that this
treatment is less effective as a CP. With a relatively small
difference in the similarity scale, the tomato (P3) and
shallot (P5) treatments also have low effectiveness. Again,
P2 had the lowest total abundance of cabbage pests
compared to the others, so it has the lowest similarity index
compared to the others. This evidence shows that its
effectiveness is higher than other treatments.

PCA ordination graph based on treatment groups and
observation periods clearly demonstrated the clustering of
two major cabbage pest species (Figure 4). Variation
values shown: PC1l: 82.091% and PC2: 17.909%.
Interestingly, P2 was the most suitable companion plant
compared to other treatments due to the lack of grouping in
the PCA graph and the lowest cabbage pest’s abundance.
Plutella sp. prefers P1, while Crocidolomia sp. prefers
treatment P5.

Cabbage pest's abundance and damages

Friedman non-parametric test showed insignificant
results with treatment variables and the number of pests,
both on Crocidolomia sp. and Plutella sp (Asymp.Sig:
0.331 and 0.846, respectively). However, this quantitative
analysis has yet to provide a clear picture of pest
fluctuations in this research. The patterns between cabbage
pests' abundance, attack area, and damage intensity showed
a similar trend for both Plutella sp. and Crocidolomia sp.
Plutella sp. abundance decreased in P5 over M1-M3, which

correlates with the attacked area and damage intensity.
Additionally, there was an increase in the abundance of
Crocidolomia sp. between M3-M6, which also correlates
with the attacked area and damage intensity. Plutella sp. in
P4 only appeared during M4, reached its peak in weeks
M5, and decreased during M6, which correlates with the
attacked area and damage intensity. In addition, Plutella sp.
was relatively increasing during overall periods (M1-M6),
which correlates with the attacked area and damage
intensity. Similarly, using Welsh Onion as a companion
plant for cabbage had no discernible effect on resistance to
Crocidolomia sp.

Plutella sp. in P3 showed a different trend, with an
emergence during (M3) and re-emergence during M5,
although not high as previously, which correlates with the
attacked area and damage intensity. Similarly,
Crocidolomia sp. showed an emergence during M2 and re-
emergence during M5, which also correlates with the
attacked area and damage intensity.

Due to the absence of Plutella sp. in P2, there was no
damage to the cabbage. Crocidolomia sp., on the other
hand, showed no increase in abundance, just emergence in
M1 and re-emerging in weeks M4, which correlates with
attacked area and intensity of the damage. Using Ground
peanuts as a companion plant for cabbage has an effect on
both Plutella sp. and Crocidolomia sp. abundance. Ground
Peanut is a plant that shows the best results among the four
other types of plants. However, the research results that are
very interesting to discuss are the Allium genus disservice
which shows a greater severity of damage intensity than
other plants.
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Figure 5. Fluctuations of pest abundance with standard deviation (transparent area), attack area, and damage intensity of cabbage pests
across several treatment groups over 6 weeks observation periods (see Materials and Methods for the details of abbreviations)

Discussion

The highest abundance pattern in cabbage pests was
observed during week 5, with P5 being the most abundant,
followed by P4, P3, and P2, P1l. It demonstrated that
Tomatoes, Welsh Onion, and Shallot do not possess
repellent properties against cabbage pests, which
contradicts previous findings (lkeura et al. 2012). It may be

argued that using Shallots as a companion plant for
cabbage had no noticeable impact on the abundance of
Crocidolomia sp. Additionally, Shallots may be attacked
by pests, and their presence may contribute to an increase
in the abundance of Crocidolomia sp., despite the fact that
the extract is known to cause pest mortality. The nitrifying
ability of ground peanut (Sintia et al. 2021) could attract
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natural enemies (Cortesero et al. 2000). It is noteworthy
that Ground Peanut is a nitrogen-fixing plant that, along
with other Fabaceae, forms symbiotic relationships with
Rhizobium sp. bacteria to fix nitrogen in the air, promote
remediation processes (Ullah et al. 2019), enrich the soil
with nutrients thereby preventing desertification (Ramos et
al. 2019), and suppress weeds (Samedani et al. 2015;
Supriyadi et al. 2017). However, the exact chemical
substance and biochemical impact of ground peanuts on
cabbage pests are not fully understood. Tomatoes as
companion plants for cabbage had an unknown effect on
the abundance of Plutella sp. and Crocidolomia sp.,
however, their flowers and fruit were known to attract more
natural enemies of pests (Li et al. 2018; Ciceoi et al. 2021).

Attack pattern differences are likely caused by the
speed differences of each pest in responding to the VOCs
released by these plants. In control, Crocidolomia sp. faster
to reach its population peak in M3, compared to Plutella
sp. in the fifth week. However, it is suspected that the
population of Crocidolomia sp. can continue to increase
after the sixth week. It is challenging to determine which
VOCs influence and attract the preferences of these two
pests without in-depth research. However, PCA results
showed that Plutella sp. were more attracted to the control,
whereas they were generally more attracted to the cabbage
VOCs. On the other hand, Crocidolomia sp., who attacked
at the crest of the two waves, showed their interest in
Shallot. In a study using these two types of pests, Welsh
Onion and Shallot are also known as food plants besides
Brassicae (Hidrayani and Martinius 2014).

The findings of this study reveal interesting facts,
demonstrating a difference between the utilization of
companion plants known to have a refugia effect, e.g.,
Allium sp. (Welsh Onion and Shallot in this research).
Previously, it was considered that Allium sp., both Shallots
and Welsh Onions, were well-known for their ability to
boost the yield of Romaine lettuce (Lactuca sativa var.
longifolia) (Kapoulas et al. 2017), Canola and Barley
(Sarkar et al. 2018). Supposedly, Allium sp. has volatile
compounds that are able to repel pests or, in this case, keep
away from the main crop. When the habitat contains
volatile repellents, this will obscure the location of the host
plant and force the pest to change its target orientation.
These effects were also observed in mustard aphids
(Lipaphis erysimi) in mustard (Brassica napus) cultivation
with onions (Allium cepa) and garlic (Allium sativum) at
various ratios (Sarker et al. 1970).

Additionally, it contains volatile organic compounds
(VOCs) such as dimethyl disulfide. This content is known
to be able to resist several species of pests on plants, which
has also been studied by several authors (Potts and Gunadi
1991; Amarawardana et al. 2007; Mutiga et al. 2010; Liu et
al. 2014). The content of dimethyl disulfide is present in a
high percentage portion (94%) and is thought to be the
reason for Allium's ability to repel pests (Debra and
Misheck 2014). These compounds are products of alkyl
sulfate, which is well known to have potential pest-
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protective properties during storage. In addition, the family
Liliaceae is generally capable of producing various volatile
allelochemicals that are used to control pests. The odor of
these plants plays an important role in the behavioral
change and reproduction of pests (Bagiu et al. 2012; Ben-
Issa et al. 2017). Although it is highly probable that the
impacts of these substances have a similar influence on
cabbage growing, this was not demonstrated in our results.

The underlying factors that influenced these findings
were probably due to competition and volatile cues, which
ended up attracting more pests. The insect's preference for
the dimensions of vision is much smaller than that of smell.
Parasitoid insects can detect their prospective hosts'
presence from hundreds of meters to several kilometers
away and lay their eggs precisely, even if they are hidden
in earthen burrows or wood. Chemical substances produced
by plants that are detectable by insects have a substantial
effect on navigation and attack precision (Conboy et al.
2020). According to the evidence presented in this study,
there is a high possibility that the odor of substances
emitted by Allium sp. has an effect on the presence of the
major cabbage pests. The high abundance of Plutella sp. in
the M1 and Crocidolomia sp. in the M3, which ended up
increasing, demonstrated that Allium sp. may attract these
cabbage pests. The more severe the damage to cabbage, the
more plant chemicals are released, and the pest receives
attention (Baudry et al. 2021). The odor produced by
companion plant substances should attract more predatory
insects or parasitoids that are capable of suppressing pest
populations (Conboy et al. 2020).

To prevent and repel pests, the compounds emitted by
plants must either have a direct effect on the pests or attract
predators and pest parasitoids earlier to the pests. It
reported that companion plants utilized in this study
exhibited volatile organic compounds (Table 1). Certain
companion plants may act as insect repellants. On the other
side, this chemical is complex and may attract attacks to
other plants. In general, the response of predators and
parasitoids to cabbage pests is faster than the response time
of pests to locate the source of the odor. According to this
study, cabbage pests were able to respond more quickly.
Just as insects use chemical signals released by plants as a
source of information, plants can detect and use chemical
signals to communicate with their habitat (Ueda et al. 2012;
Xu and Turlings 2018). Plant interactions below-ground or
above-ground without physical contact can be defined as
allelopathy, which can be further defined as direct or
indirect competition, or the beneficial effects of one plant
on another plant through the release of chemical
components into the environment (Dahiya et al. 2017).
Allelopathy has advantages and disadvantages in plant
interactions. Several authors have demonstrated the
negative effects of allelopathy in agroecosystems in
inhibiting seed germination, as well as root and shoot
growth, but the ecological role of allelopathy in
agroecosystems is generally beneficial for plant survival
(Hunter and Menges 2002; Trezzi et al. 2016).
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Table 1. Literatures reporting the volatile organic compounds (VOCs) contained on several companion plants utilized in this study

Volatile compounds Cabbage Ground Tomatoes Shallots
peanut

Welsh
onions

Sources

+
[
[
[

Glucosinolates (GSL)
Acetic acid
Hydroperoxide
Carbonyl, ethanol,
Ester, acetate

Propil sulfide + + - +
and disulfide

Allicin - - - +
Dimethyl disulfide - - - +

Choi et al. (2014)

Veromann et al. (2013)

Orozco-Cardenas and Ryan (1999); Puppo et al. (2013)
Banerjee et al. (2014); Li et al. (2016); Lamy et al. (2018)

Edmands et al. (2013); Wang et al. (2019)
Kusano et al. (2016); Nohara et al. (2021)

Potts and Gunadi (1991); Amarawardana et al. (2007);
Liu et al. (2014); Charoenchai et al. (2018); Baudry et al. (2021)

Note: +: present; -: absent

Plants can interpret information based on VOCs and use
them to adapt to changes in morphology and physiology.
These mechanisms are based on the ability of plants to
exchange gases with each other. Plants emit a mixture of
VOCs that have specific biological functions, whether in
plant-insect, plant-pathogenic, or plant-to-plant
relationships (Cui et al. 2018; Takahashi et al. 2021).
However, this mechanism is poorly understood. Plants can
respond with various perceptions of the given stimulus.
Activation of various metabolic pathways explains many
plant responses as a result of this communication, including
the release of VOCs (Ninkovic et al. 2021), gene
expression (Trda et al. 2014), synthesis of phenolic
components (Cappellari et al. 2017), synthesis of inhibitory
proteins (Tyagi et al. 2018), and nectar production (Li and
Blande 2017). Interestingly, the term push-pull in an
Integrated Pest Management (IPM) concept is described
very differently in this research. Allium, which is described
as being able to give a 'push’ effect, turns out to be a plant
that attracts pests and also has a negative impact on the
main crop. Push-pull strategies provide elements of
different pest management tactics (Bhattacharyya 2017).

The function of the push component in a push-pull
strategy is to make protected resources difficult to find,
unattractive, or unsuitable for pests. This is obtained by
using a stimulus that has an effect on the avoidance
behavior of natural enemies and the negative influence of
host location and host acceptance (feeding and
reproduction). These stimuli may play a role over long or
short distances and, ultimately, have an impact on pests
that are denied or prevented from accessing the main crop.
Stimuli at long range can represent the first line of defense,
capable of preventing or reducing attacks. Stimuli over a
short distance can be a very powerful tool in preventing
specific pest behavior. In the ‘pull’ component of the
“push-pull” strategy, attractive stimuli can be used to divert
pests from protected areas to trap plants. This stimulus is
obtained at a long distance. However, stimuli with short
distances can be useful for capturing and trapping pests in a
specific place and concentrating on a massive population,
and preventing them from approaching the main
commodity (Kim et al. 2012).

CP can release certain volatiles that can attract natural
enemies. These volatiles can impact the movements of

these natural enemies and lead them to find their prey or
host habitat (Ben-Issa et al. 2017; Salamanca et al. 2018;
Dardouri et al. 2019). One of the author's studies has
shown that ladybirds (Coccinella septempunctata) are
attracted to the smell of Beret (Berberis vulgaris) and
Camomile (Tripleurospermum inodorum) extracts (Schaller
and Nentwig 2000). The same VOCs may also be used,
both between herbivores and natural enemies, to find their
food (Dardouri et al. 2019).

Onions and other plants used in this research are
aromatic plants that have great potential to produce VOCs
to affect the cabbage habitat. Aromatic plants have been
used as CPs to increase the abundance of natural enemies.
The author notes that in the Pear Orchard agroecosystem,
several aromatic plants are used: Savory (S. hortensis),
Ageratum (A. houstonianum), and Basil (O. basilicum), to
increase the activity of C. septempunctata and reduce the
incidence of Aphis citricola. The interesting result is that
the intercropping system with aromatic plants contributes
to the earlier emergence of natural enemies and the shorter
presence of pests (Song et al. 2012). Various other
aromatic plants (Mentha canadensis, A. houstonianum, T.
Patula, and O. basilicum) have been used on Orchard
Apples, increasing their predator abundance and species
richness during the flowering period of these aromatic
plants (Song et al. 2012). The presence and attack of
Plutella sp. in the early weeks demonstrate that this insect
is able to discover food crops faster than other potential
pests. This attack was able to reach its peak in week 3.
However, when Crocidolomia sp. began to appear in week
2, the abundance of Plutella sp. declined at the end of the
observation. This may be due to competing intensely for
access to resources and space in cabbage.

Our results showed a surprising fact that bridges a gap
in our understanding of the effect of companion plants on
cabbage pests. Studies on the preference of cabbage pests
need to consider the responsible volatile content, type of
companion plant, and plant spacing to understand its
interaction. The results of this research indicate the
preferences, suitability, and resistance of certain pests to
plant species. The use of CP combined with intercropping
remains a promising alternative method. We show that the
failure of Allium sp. to attract natural enemies faster than
pests is an avenue for further research. There are many
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schemes used to extend this approach. As several authors
point out that the choice of CP has different impacts, and
there is no guarantee of success in all cases (Parolin et al.
2012; Moreno and Racelis 2015). Of course, many factors
influence the system design using CP. For example, both
types, arrangement, density, and distance between CP and
the main plant (Ben-Issa et al. 2017). Likewise, time is the
most effective part of the use of CP, as well as the presence
of adjacent planting locations in conventional agricultural
areas. CP should not be a home for pests, and CP needs to
reach the right phenological phase so that it can provide
protection and food sources for natural enemies (Dib et al.
2017; Li and Blande 2017). We conclude that many factors
can lead to the success of the CP strategy for cabbage
crops. For good long-term results, this strategy must be
combined with other alternative approaches, taking into
account the influence of other conventional areas around it.

In conclusion, according to abundance and observation
periods, ground peanut (Arachis hypogea) shows promising
results as a suitable companion plant for cabbage by
repelling cabbage pests. Despite being regarded as a
suitable companion plant for cabbage pests, some crops
(Allium spp.) had contradicting results in which they
attracted more cabbage pests and, as a result, caused more
damage to the cabbage. In the future, research regarding
VOCs on Ground peanuts and their effects on the cabbage
insect pest has the potential to be carried out. Then,
research regarding the use of the Allium group in
companion plant studies needs to be evaluated for its
effectiveness.
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