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Abstract. In current intensive crop production, the utilization of natural biological control in pest
management is not fully maximized, resulting in a significant dependency on the application of
insecticides. Insect-repellent plants (IRPs) have become a prominent subject of research and a widely
implemented strategy for reducing both pest damage and reliance on chemical insecticides. In this study,
intercropping three IRP species, coriander (Coriandrum sativum L.; Apiaceae), celery (Apium
graveolens L.; Apiaceae), and bunching onion (A/lium fistulosum 1.; Amaryllidaceae), in two
intercropping systems were assessed for controlling insect pests in chilli pepper. The research
was carried out in the experimental field of the Indonesian Vegetable Research Institute (IVegRI)
in 2022. The results revealed that intercropping systems of chilli pepper with coriander, celery,
and bunching onion significantly reduced plant damage over sole crops. Among the various
intercrop combinations, chili pepper intercropped with coriander resulted in the lowest damage
of three major pest species on chili pepper, Thrips parvispinus (51.77%), Helicoverpa armigera
(47.67%), and Bactrocera dorsalis (40.35%). Furthermore, this effect enhanced the productivity
of chili pepper yield (43.27%).

Key words: intercropping, pest management, chili pepper, natural biological control, insecticide
reduction, sustainable agriculture.

INTRODUCTION

In Indonesia, the production of chili pepper (Capsicum annuum L.), indeed faces
challenges due to insect pests, which can significantly impact the quality and quantity of
yield. Globally, yield losses in chili pepper production can range from 25% to 100%,
primarily due to pest infestations. In Indonesia, chili pepper production also face similar
challenges. Various pests have significantly impacted chili pepper production, causing
yield losses of up to 50% (Setiawati et al., 2022). Notably, a comprehensive study has
identifield 53 insect pests affecting chili peppers in both nurseries and fields. Major pests
include aphids (Myzus persicae Sulzer, Aphis gossypii Glover, and Aphis craccivora
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Koch), thrips (Thrips parvispinus Karny), yellow mites (Polyphagotarsonemus latus
Banks), and whiteflies (Bemisia tabaci Gennadius), all of which are identified as sucking
pests of chili. Additionally, certain insects directly damage chili fruits, such as fruit
borers (Helicoverpa armigera), armyworms (Spodoptera litura), and the oriental fruit
fly (Bactrocera dorsalis) (Gurlaz & Sangha, 2016; Shivalingaswamy et al., 2022).

The extensive application of chemical pesticides as a conventional method of
controlling pests frequently has detrimental effects on agroecosystems. These include
the development of resistance to primary pests, the resurgence of secondary pests, the
eradication of natural enemies, toxic residue in food, long residual effects, and increased
environmental pollution, which can adversely affect human health. This can disrupt
ecosystems and lead to a decrease in biodiversity (Devi, 2018; Isman, 2020; Adeleye et
al., 2022; Lishchuk et al., 2024). These factors have played to implementing environmentally
friendly methods for controlling insect pests in chili peppers. Intercropping, a
conventional method in agriculture and horticulture, has been investigated in several
studies for its potential effects on the behavior and abundance of herbivores, their natural
enemies, as well as to increase productivity and yield stability (Jarvinen et al., 2023;
Dubey et al., 2023). Intercropping is a farming technique that involves cultivating
multiple crops in the same field simultaneously (Martin-Guay et al., 2018). This practice
offers several benefits, including increased crop yield, cost savings in crop production,
higher income, reduced pest infestation, and minimized reliance on broad-spectrum
insecticides (Mahfudz et al., 2019; Huss et al., 2022; Mir et al., 2022; Lepse & Zeipin,
2023). Additionally, intercropping contributes to weed suppression, improved soil
fertility, conservation of natural enemies, mitigating climate change, and efficiently
reducing agriculture's negative effects on the environment (Sujay & Giraddi, 2015;
Lauren et al., 2020; da Silva et al., 2021; Adeleyea et al., 2022). Furthermore, Zhang et
al. (2024) reported that intercropping affects plant chemistry and enhances resistance
mechanisms, which supports sustainable agriculture. According to their research,
intercropping can change a plant's metabolic profiles and boost its defenses, leading to
increase against herbivorous pests. This is accomplised by altering the chemistry of the
leaves, which can deter pests and improve the plant’s overall defense mechanisms

Intercropping of insect-repellent plants (IRPs) alongside crops has emerged as an
alternative method in pest management (Rahman et al., 2020). Many types of
intercropping have been identified based on the temporal and spatial overlap of plant
species. Previous studies have examined the effectiveness of Coriander (Coriandrum
sativum L.) (Sujay & Giraddi, 2015; da Silva etal., 2021) and Celery (Apium graveolens)
(Moekasan & Prabaningrum, 2017; Wang et al., 2021) as intercrops for chili pepper, but
the impact of bunching onion (A//ium fistulosum) has yet to be explored. Jirvinen et al.
(2023) reported that Allium sp. has shown repellency against a wide range of arthropods.
Bunching onions are highly suitable for intercropping due to their sulfur compounds,
like allicin, which effectively deter pests. Their perennial nature and adaptability make
them sustainable for long-term use. Additionally, they offer culinary benefits and are
excellent for companion planting, enhancing both agricultural productivity and
economic value.
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The purpose of the study was to evaluate the effects of different IRP species, such
as coriander, celery, and bunching onions, as well as the type of intercropping on insect
pests and the natural enemies of chili peppers. The overall goal was to improve yields,
reduce pesticide usage, and promote eco-friendly pest management practices toward
natural pest control.

MATERIALS AND METHODS

The research was conducted in Margahayu, an experimental field of the Indonesian
Vegetables Research Institute (107° 30° EL, 60° 30 SA; 1,250 m above sea level) located
in Lembang, West Bandung, Province of West Java, Indonesia, from October 2022 to
February 2023. During the experiment, the averageannual rainfall was 7.24 mm year™,
and the average annual temperature ranged between 24 °C and 26 °C,with humidity
ranging between 84% and 88%. The soil at the experimental site was categorized as
Andisol with a pH of 5.0. From an initial study conducted based on the literature, three
insect-repellent plant species (IRPs) cultivated in two intercropping systems: interrow
cropping (IRC) and interplant cropping (IPC) were chosen for incorporation into chili
pepper cultivation as intercrops. The following seven intercropping treatments were used:
A) Intercropped chili pepper + coriander (IRC); B) Intercropped chili pepper + coriander
(IPC); C) Intercropped chili pepper +
celery (IRC); D) Intercropped chili

pepper + celery (IPC); E) Intercropped o O = o xi :><
chili pepper + bunching onion (IRC); O O OO O O
F) Intercropped chili pepper + bunching I © X X
onion (IPC); and G) Sole chili pepper S = < =t “;( :;(

The experimental treatments were g & X
arranged following a randomized E e O C
complete block design (RCBD) with
four replicates. Plot sizes were 10 by A B C
1 meter. There were forty chili plants
on each plot. During the experiment,
no pesticides were used in the
experimental area. Figure 1. A schematic drawing of (A) a
Data were collected by randomly monoculture, (B) inter-row cropping (IRC) with
selecting ten plants from each plot ratio (100%: 50%), and (C) inter-plant cropping
(U Shape) to collect pest intensity, (IPC) with a ratio (100%:100%).
natural enemies, growth performance
(plant height, canopy diameter), number of chili pepper fruits, and yield. Three weeks
after transplanting, weekly records of growth performance, pest intensity, and natural
enemies were recorded, while the fresh weight of chili pepper fruits was recorded after
harvest. The abundance of predators was determined by the average number of
individuals per plant over the weeks of sampling. The intensity of plant damage due to
pest infestation was calculated using Eq. 1 (Moekasan & Prabaningrum 2017):

_ 2(nxv)
P="Nxz

(without any IRPs species) (Fig. 1). O O O O ; O
)

O = represent the main crop

® = represent an insect-repellent plant

x 100% (1)

1436



where P is the percentage of damage level; v is the value of the damage category;
n is the number of plants that have the same v value; Z is the highest value of the damage
category (which is 9), and N is the number of observed plants. The value of v is based
on the percentage of leaf area damage, with: 0 indicating no damage; 1 indicating
>0 — <20% damage; 3 indicating >20 — <40% damage; 5 indicating >40 — <60%
damage; 7 indicating >60 — <80% damage, and 9 indicating >80 — <100% damage.

The intensity of fruit bored due damage was calculated using Eq. 2 (Moekasan &
Prabaningrum 2017):

. . o Number of infected fruits per plot 0
Fruit damage intensity (%) = Total number of fruits per plot x100% 2)

The percent increase in yield over control in each of treatments was calculated as

using the Equation follows:

Yield in treatment - Yield in control
% Increase in yield over control = —— x100% (3)
Yield in control

Variables related to plant growth, such as plant height and canopy length, were
measured once every week. The number of fruits per sample plant and yield per plot were
recorded for each harvest, the average was determined and the yield per hectare was
calculated. Data regarding fruit morphology parameters were recorded starting from the
first harvest of the fruits. The fruits of each treatment harvested separately were used to
record phenotypic parameters like fruit weight (g) fruit length (cm) and fruit diameter (cm).

A one-way analysis of variance (ANOVA) was used to examine the differences in
all parameters for each of the seven treatments. A post hoc test called Tukey's honestly
significant difference (HSD) was employed to separate the means to compare the
variations between the seven treatments at a level of 5%.

RESULTS AND DISCUSSION

Throughout the growing season, three insect pest species were observed in chili
pepper plots., namely, thrips (7. parvispinus), oriental fruit flies (B. dorsalis), and
fruit borer (H. armigera). In most cases, intercropping with IRPs significantly affected
reducing pests and relative abundances of the pests in chili peppers, but the effects varied
across IPR species. Plant and fruit damages were lower in intercropped plots than in
sole chili peppers. These results corroborate with other previous studies on the
pest-suppressive effect of intercropping with IRPs. Fig. 2 illustrates the influence of
intercrop effects on thrips damage. The statistical analysis revealed that the average
amount of damage between the various dates of damage evaluation varied significantly.
The percentage of thrips damage varied depending on the treatment. Plant damage
caused by thrips attacks was most severe in sole chili pepper plots where there were no
IRPs. Chili pepper plants intercropped with coriander had significantly less damage,
with only 6.94% damage observed. This was followed by that for bunching onion (IPC),
which had 8.33% damage. These damage levels represent reductions of 51.77% and
42.11%, respectively, compared to the control plots. This finding suggests that thrips
damage increases with plant age. In contrast to sole chili pepper, intercropping with IRPs
does not show a significant increase in thrips damage when plant age increases.
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Figure 2. Plant damage due to thrips attack.

The presence of intercropping plants (IRPs) significantly affected the abundance of
thrips, their predators, and the predator to thrips ratio. Although the overall number of
thrips was similar across different types of intercropping (as shown in Table 1), the
impact varied depending on the IRP species. Specifically, coriander intercropped plots
(IRC) and bunching onion plots (IPC) had the lowest thrips populations, with reductions
of 51.12% and 47.66%, respectively.

Table 1. Cumulative numbers of thrips and the total predator in chili pepper during the experiment
under different treatments

Total no. Total no. Ratio of
No. Treatments of of predators
thrips/leaves predator/plants to thrips
A Intercropped chili pepper + coriander (IRC) 26.75° 47.082 1.76:1
B Intercropped chili pepper + coriander (IPC) 30.64° 45.26* 1.51:1
C  Intercropped chili pepper + celery (IRC) 30.59b 45.882 1.50:1
D  Intercropped chili pepper + celery (IPC) 30.54b 49.17* 1.61:1
E  Intercropped chili pepper + bunching onion (IRC) 31.01b 42.79* 1.38:1
F  Intercropped chili pepper + bunching onion (IPC) 29.63b 40.29* 1.36:1
G  Sole chili pepper 83.25a 32.47° 0.39:1
CV (%) 19.40 17.70

*The means in each row of a parameter followed by different letters are significantly difference (P < 0.05)
according to the honestly significant difference (HSD) test.

A recent field study conducted by Salamanca et al. (2018) found that in control
plots (sole of chili pepper), there are 2.68-3.11 times more counted thrips. Rakotomalala
et al. (2023) reported that intercropping decreased arthropod pest density and abundance
by 41% and 38%, respectively. The intercropped treatment exhibits lower pest densities
than the sole chili pepper, which is consistent with the repellent chemical theory, which
contends that VOCs from non-host plants prevent herbivores from finding and feeding
on hosts. Coriander contains significant amounts of linalool, geranyl acetate, a-pinene
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and B-pinene, eucalyptol, borneol, camphor, and terpinene which may be why fewer
insects are present on plots where coriander is grown as an intercrop (Woldemelak,
2020). The primary active ingredients in celery that appeared to have an impact on pest
selection behavior may have been D-Limonene, B-myrcene, and (E)-B-ocimene (Tu &
Qin, 2017). VOCs from nonhost plants regularly affect the behavior of pests and their
natural enemies, according to Yousefi et al. (2024). According to certain reports,
intercropping can enhance the natural enemies of pests in agroecosystems by increasing
crop biodiversity (Batista, 2017). When different intercrops are employed, however, the
impact of intercrops on natural enemies differs. Our findings demonstrated that thrip
population densities in both intercropping and sole chili pepper treatments decrease as
predator population densities increase. The populations of predators were 51.14% and
45% higher, respectively, in the celery and coriander plots than in the sole chili pepper
plots, where the populations were most numerous. The decrease in pest incidence in
intercropped chili peppers may be attributed to either the low concentration of resources
or the abundance of natural enemies. Natural enemies were high in okra (4belmoschus
esculentus L.) plots intercropped with coriander (Sujayanand et al., 2016). The same
result was obtained by (Breitenmoser et al., 2022). Additionally, it was discovered that
there were 53% more natural enemies of pests in the intercrop and that the number of
pests had decreased from 33.5% to 53.5. The highest numbers of Coccinellidae and
Syrphidaec were observed on plots where carrots were intercropped with coriander.
Natural enemies were unaffected by the increased plant diversity brought about by
intercropping, which is advantageous for the biological control of a several of pests
(da Silva et al., 2021; Li et al., 2021).

The ratio of predator-to-prey in all treatments was calculated. In general, the
intercropped plots had a larger ratio of predators of thrips than the sole chili pepper plots,
especially in the coliander and celery plots. When compared to the sole chili pepper plot,
the ratio in these two intercropped plots increased by almost fourfold times. Thrip
abundance was effectively reduced by intercropping, and the ratio of predators to pests
was enhanced. In IRP intercropping, the ratio of predators to prey (pests) indicated an
increased danger of predation and the possibility of improving biological control
(Jarvinen et al.,, 2023). By providing natural enemies with food, shelter, search
capabilities, and oviposition sites, intercropping IRPs may improve the effectiveness of
biological control by increasing the quantity and bolstering the rates of predation of these
foes (Togni et al., 2016; Gurr et al., 2017; Talgre et al., 2023). Plants such as cabbage,
tomatoes, carrots, eggplants, and roses attract predators such as ladybeetles
(Coccinellidae), lacewings (Chrysopidae), and hoverflies (Syrphidae) when interplanted
with cilantro. Plots of okra (4dbelmoschus esculentus L.) interplanted with marigold
(Tagetes spp.), mint (Mentha spp.), and coriander (C. sativum L.) (Sujayanand et al.,
2016) had high levels of natural enemies. Furthermore, coriander flowers give their
natural enemies a source of food in the form of nectar and pollen (da Silva et al., 2021).

Ladybeetles from the Cheilomene genus are not only the primary natural enemies
for thrips but also contribute to manage the population of whiteflies (Sujayanand et al.,
2016), aphids (Udiarto et al., 2023), and mites (Sumathi et al., 2019). These predators
play a crucial role in managing insect pests. It is, therefore, probable that IPRs have
attracted predator of thrips that could have contributed to reducing their populations in
chili pepper intercropping plots. The result demonstrates the potential of IRP cropping
systems to provide improved and sustainable insect pest management. Intercropping has
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been suggested as an important agronomic practice for mitigating pest infestation in
primary crops. This practice involves manipulating habitats to maintain ecological
balance and create favorable conditions for natural enemies as well as sustaining crop
productivity.

A significant difference in fruit damage between the control and the intercrop
treatments was found during the experiments (Table 2). Tukey test results (o = 5%)
showed that the lowest fruit damage due to B. dorsalis (8.84%) and H. armigera (2.13%)
was recorded from chili and coriander (IRC), which was statistically similar to another
treatment. The maximum fruit damage due to B. dorsalis (14.82%) and H. armigera
(4.07%) was recorded from sole chili. Hence, it was confirmed that coriander was
superior with a 40.35% and 47.67% reduction in fruit damage over control. To maintain
production and control pest populations in the main crop, natural enemies and beneficial
insects (pollinators) may be drawn to the increased plant diversity (da Silva et al., 2021;
Adeleye et al., 2022).

Table 2. Effect of different treatments on fruit damage (%) due to Bactocera dorsalis, and
Helicoverpa armigera

Fruits damage (%)

Reduction of Reduction of
No. Treatments Bactocera  B. dorsalis Helicoverpa H. armigera
dorsalis over sole chili armigera over sole chili
(%0) (%0)
A Intercropped chili pepper +  8.84¢ 40.35 2.13° 47.67
coriander (IRC)
B Intercropped chili pepper +  9.74% 34.28 2.76° 32.19
coriander (IPC)
C Intercropped chili pepper +  9.22% 37.79 2.69° 33.91
celery (IRC)
D Intercropped chili pepper +  10.99° 25.84 2.73° 32.92
celery (IPC)
E Intercropped chili pepper +  10.03° 32.32 2.50° 38.57
bunching onion (IRC)
F  Intercropped chili pepper +  9.47% 36.1 2.25% 44,72
bunching onion (IPC)
G Sole chili pepper 14.822 - 4.072
CV (%) 21.30 11.50

*The means in each row of a parameter followed by different letters are significantly difference (P < 0.05)
according to the honestly significant difference (HSD) test.

Additionally, according to Sandhu & Arora (2014), the [IPM model, which included
coriander as a plant repellent, reduced the number of H. armigera eggs and larvae and
consequently increased productivity. Our research showed that coriander may
effectively reduce 7. parvispinus, B. dorsalis, and H. armigera on chili peppers in the
field, suggesting that it might be a useful plant to use as an intercrop repellant. All of
these results showed that IRP intercrops reduce the need for insecticidal treatments by
having a variety of effects on insect pests, including direct repellence or deterrence,
infestation delay, and indirect control and regulation through the recruitment of natural
enemies.
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Plant growth and yield of chili plants due to different treatments are presented in
Table 3 and 4. At 93 DAT, the maximum plant height and canopy width in sole chili
showed better performance over different intercropping combinations. However, there
were no significant differences due to the effects of treatments. This was probably
because intercropping with certain species of IRPs can improve soil quality by increasing
soil organic nitrogen, soil water content, pH values, and available nitrogen contents
(Kaci et al., 2022). The coriander was growing more, but the chili pepper was unshadow.
Thus, by favoring natural enemies, the intercropping strategy suggested by IRPs can
lower insect incidence while raising chili pepper yields.

The fruit length and diameter of chili pepper fruits in different treatments varied
from 11.43 to 12.20 cm and 1.68 to 2.03 cm, respectively, with maximum fruit weight
(18.00 cm) and fruit diameter of 2.03 cm were found in intercropping chili pepper +
bunching onion (IPC), whereas the minimum fruit weight (11.43 cm) and fruit diameter
(1.74 cm) were found in Intercropped chili pepper + celery (IPC). Significantly, the
highest number of fruits per plant was observed in chili pepper + coriander (230.90), and
the lowest was in sole chili pepper (140.50). This might be associated with the number
of pests attacked. The chili pepper + coriander (IRC) system recorded the highest chili
pepper yield (12.35 t ha'!) followed by chili pepper + celery (IPC) (11.61 t ha!) and chili
pepper + bunching onion (11.31 t ha') compared to sole chili in the other intercropping
system. The increase in yield over sole chili pepper was 43.27%, 4.29%, and 31.21%,
respectively (Table 3).

Table 3. Effect of different treatments on growth and yield of chili pepper

Plant height ~ Canopy width Yield
No. Treatments at 93 DAT at 93 DAT

% Increasing

t ha'! X
(cm) (cm) yield
A. Intercropped chili pepper + 72.30 46.51 12.35% 43.27
coliander (IRC)
B. Intercropped chili pepper + 80.60 45.03 11.30* 31.09
coliander (IPC)
C. Intercropped chili pepper + 71.60 50.11 11.98* 31.09
celery (IRC)
D. Intercropped chili pepper + 80.23 50.14 11.612 34.39
celery (IPC)
E. Intercropped chili pepper + 63.43 49.29 11.282 30.85
bunching onion (IRC)
F. Intercropped chili pepper + 75.93 49.41 11.31° 31.21
bunching onion (IPC)
G. Sole chili pepper 74.93 50.00 8.62° -
ns ns
CV (%) 7.18 8.29 7.54

*The means in each row of a parameter followed by different letters are significantly difference (P < 0.05)
according to the honestly significant difference (HSD) test.

Similar results of an increase in coriander and chili yield were reported by Dubey
et al. (2023) who said that intercropping chili pepper and coriander with a ratio (85%:
15%) produced the highest yield. Intercropping of coriander and soybean showed
much higher fresh weight per unit area than sole cropping (Weisany et al., 2021). The
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beneficial impact of coriander on carrot growth and yield formation was observed
(Lepse & Zeipin, 2023).

Among both intercropping systems, interrow cropping (IRC) showed the best
results in terms of reducing pest populations and damage compared to interplant
cropping (IPC). The population density of IRPs is an important tool for increasing crop
production. Talukder et al. (2015) reported that 100% onion + 20% coriander and 100%
onion + 30% coriander rations gave a higher yield of onion. Our studies have shown that
the presence of coriander, celery, and bunching onion on chili pepper plots significantly
reduces the damage caused by 7. parvispinus, B. dorsalis, and H. armigera.

Lopes et al. (2016) reported that higher yield was positively correlated with an
increase in predator populations and predation rates, with a decline in rural laborers and
an increase in farmer’s revenue. The results of the experiment indicate that intercropping
is a practical tactic for reducing the negatif impacts of agricultural intensification on
beneficial arthropods. chili pepper + coriander might be a suitable combination for
higher productivity, reducing pest populations and damage, and enhancing natural
enemy populations (Table 4).

Table 4. Effect of different treatments on yield contributing characters

No Treatments Fruit weight  Fruit length Fruit diameeter Fruit

(2) (cm) (cm) number/plant

A Intercropped chili pepper + 16.82? 12.20% 1.68° 230.90°
coriander (IRC)

B Intercropped chili pepper +  14.16%° 13.432 1.81% 184.75°
coriander (IPC)

C  Intercropped chili pepper + 16.14% 13.232 1.83% 211.702
celery (IRC)

D Intercropped chili pepper + 11.43° 11.892 1.74° 161.172
celery (IPC)

E  Intercropped chili pepper + 18.00? 12.02° 2.03¢2 173.172
bunching onion (IRC)

F  Intercropped chili pepper + 15.73% 11.982 1.74° 184.20°
bunching onion (IPC)

G  Sole chili pepper 11.50° 12.00° 1.74° 140.50°
CV 5.22 ns2.83 2.62 12.50

*The means in each row of a parameter followed by different letters are significantly difference (P < 0.05)
according to the honestly significant difference (HSD) test.

CONCLUSIONS

This study demonstrates that intercropping chili pepper with coriander, celery,
and bunching onions significantly reduces plant damage compared to sole chili pepper
cultivation. Among the various intercrop combinations, chili pepper + coriander was the
most effective, reducing damage from three major pest species 7. parvispinus (51.77%),
H. armigera (47.67%), and B. dorsalis (40.35%). Additionally, this combination
increased the population of predatory beetles, Cheilomenses sexmaculatus
(Coleoptera: Coccinellidae), and enhanced chili yield by 43.27%. The effectiveness of
intercropping in reducing pest damage can be attributed to the repellent properties of the
intercrop plants. Coriander, celery, and bunching onions release volatile organic
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compounds (VOCs) that deter pests and attract beneficial predators. These natural
repellents reduce the reliance on chemical insecticides, promoting a more sustainable
and environmentally friendly approach to pest management.
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