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ABSTRACT

Chili is one of the important commodities in Indonesia. Chili cultivation faces many obstacles, leading to a decrease in
production, such as virus infections. Yellow leaf curl and curly top viruses are groups of viruses that are often found in
chili fields. This research was conducted to investigate the effect of intercropping (basil-chili) in suppressing viral diseases,
especially yellow leaf curl and curly top viruses. A Randomized block design was used for this research, including
intercropping and monoculture. The parameters observed in this study included disease incidence and intensity, the number
and weight of chilies. Symptoms of virus infection include leaf curl, yellowing, and stunting. The disease has been reported
to be transmitted by insect vectors, such as Aphis gossypii and Bemisia tabaci. The results showed that the incidence and
intensity of yellow leaf curl and curly top virus diseases in chili pepper and basil plants were not significantly different in each
treatment. The number of healthy chilies and their weight were also not significantly different. Damaged chilies are fruits
that have been attacked by fruit flies. Basil intercropped with chilies attracts fruit flies, which affects the quantity and weight
of the harvested chilies. The population of B. tabaci was significantly different in each treatment, while 4. gossypii did not
show significant differences among the treatments. Intercropping basil and chili increased the population of 4. gossypii, while
the population of B. tabaci decreased in this treatment. These two insect pests are vectors for yellow leaf curl and curly top

Viruses.
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INTRODUCTION

Red chili (Capsicum annuum L.) has a high
economic value (Purwaningsih et al., 2019; Suminah et
al., 2021). The community favors chili as an ingredient
in cooking (Affandi et al., 2017). Chilli is a native
plant of America and has spread to European and
Asian continents, including Indonesia (Rondhi et al.,
2018; Scaldaferro et al., 2018). Red chilies are found
throughout Indonesia, such as in Kalimantan, Java,
Sulawesi, and Sumatera (Sativa et al., 2017; Susanawati
et al., 2021; Wardhono et al., 2020). In Sumatera,
red chilies are widely cultivated in Lampung, Jambi,
Bengkulu, West Sumatera, North Sumatera, Aceh, and
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South Sumatera. Consequently, numerous researchers
are studying red chili (Iskandar & Ayu, 2021; Jasmin
et al., 2020; Jhon et al., 2018; Nasution et al., 2021;
Pakpahan & Nababan, 2018). South Sumatera chili
is extensively grown in both highlands and lowlands
(Annissa & Impron, 2017; Ganefianti et al., 2017). The
high demand for chili, which continues to increase every
year, presents a good opportunity for chili cultivation
and can support efforts to improve farmers’ economy
(Ganefianti et al., 2017; Rondhi et al., 2018).

Chili cultivation faces various obstacles that can
hinder chili production. One of the pathogens that poses
a significant threat to chilies is the yellow curl virus
(Windarningsih, 2019). Chilies infected with this virus
exhibit several symptoms, including chlorosis, where
the leaf edges roll up like a cup, curl, and develop into
small flowers (Windarningsih, 2019). Such infections
can greatly reduce chili production and lead to crop
failure. Other viral pathogens that infect red chilies
include the Tobacco mosaic virus (TMV), which causes
mosaic symptoms, and the Pepper yellow leaf curl virus
(PepYLCYV), which leads to yellowing symptoms (Kim
et al., 2011; Nisar et al., 2022).

Virus spread occurs through vegetative
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propagation, seeds, and by insects vectors (Talaga-
Taquinas et al., 2020). These viruses also have a wide
host range, infecting both monocots and dicots (Ghosh
& Ghanim, 2021). Resistant varieties can be utilized to
control the viruses; however, no reports have been made
regarding resistant varieties (Chauhan et al., 2019). An
intercropping system can be employed to control virus
diseases in chili (Mwani et al., 2021). This system
has shown better effectiveness in suppressing vector
populations, reducing virus disease incidence, and
increasing yields compared to monocropping (Cheriere
etal., 2020; Straub et al., 2020; Wang et al., 2021). One
advantage of the intercropping system is that farmers
can obtain multiple types of harvests (Straub et al.,
2020). Intercropping also proves beneficial if one of
the intercrops fails (Liu et al., 2020; Wang et al., 2021).

Intercropping chili with basil can be used to
control curly top virus in chili. Basil contains essential
oils with aromatic properties, giving it a pungent smell
that can act as a pest repellent (Manikome, 2021).
Basil has been reported to effectively suppress pest
populations. This research aimed to investigate the
effect of intercropping (basil-chili) in suppressing
virus diseases, particularly yellow leaf curl and curly
top viruses.

MATERIALS AND METHODS

Research Site. This research was conducted at the
Phytopathology Laboratory, Department of Plant Pests
and Diseases, Faculty of Agriculture, Universitas
Sriwijaya.

Preparation of Seeds and Research Land. Red chili
seeds were obtained from agricultural stores, while
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basil seeds were obtained from farmers in the Indralaya
district. The chili seeds were soaked for 15 min to
break the dormancy period (Abbas et al., 2020) and
then they were sown in a seedling tray filled with soil.
After two weeks, the seedlings were transferred to 10
x 15 cm polybags. Similarly, basil seedlings were also
planted in polybags of the same size. During the chili
seedling period, watering was performed twice daily in
the morning and afternoon to maintain soil moisture.
Both basil and chili seedlings were then transplanted
to an 8 x 19 m land area that had been prepared by
forming mounds measuring 1.5 % 3 m. The seedlings
were alternately planted between chili and basil, with
a spacing of 50 x 50 cm (Figure 1). Each treatment
consisted of 8 plants in one mound. Planting was carried
out at 4:00 pm, and watering was done twice daily at
7:00 am and in the afternoon at 5:00 pm.

Research Land Sanitation. Each treatment plot,
measuring 1 x 2 m, was given 5 kg of chicken manure
one week before planting. Fertilization was carried
out two weeks after planting using NPK in a ratio of
1: 1: 1. Weeding was performed around the mounds.
Observations of yellow leaf virus, curly top virus
disease, and vector populations were conducted one
month after planting. The observation of virus vectors
involved counting the pest population using a hand tally
counter. Disease incidence was determined by counting
the number of healthy plants and plants with damage,
following the formula (Asmaliyah & Rostiwati, 2015):

P =y % 100
P = Incidence of disease;

n = Number of diseased plants;
N= Number of plants observed.
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Figure 1. Lay out of research on chili and basil
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Diseases intensity was observed by scoring the
damage of the plant and then calculating following the
formula (Asmaliyah & Rostiwati, 2015):

SLEXV) g,
NXZ

I = Disease intensity;

N = Number of plants observed;

Z = Highest score;

n = Number of diseased plants;

v = Observed score value.

Scoring the observation of viral disease symptoms
in chili:
0 = Asympotomatic;
1 = Symptoms of disease attack 1-25%;
2 = Symptoms of disease attack 26—-50%;
3 = Symptoms of disease attack 51-75%;
4 = Symptoms of disease attack above 75%.

These scoring observations were conducted
to assess the severity and presence of viral disease
symptoms in chili plants. Moreover, the healthy and
damaged red chili paper caused by fruit flies was
collected and counted for each weight.

Data Analysis. The experiment was arranged using a
Randomized block design consisting of two treatments
and ten replications. The treatments included monoculture
of chili plants and intercropping of basil and chili. Data
on the incidence and intensity of viral disease, weight
of infected chilies, and populations of vector insects
were analyzed using analysis of variance (ANOVA) in
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R-Studio. Post-hoc comparisons were performed using
the 5% LSD Test.

RESULTS AND DISCUSSION

The results revealed that the symptoms of a viral
attack began with a change in leaf color, accompanied
by leaf curling. Further infection led to stunted growth
(Figure 2). The initial symptom of yellow leaf curl virus
infection in plants was the appearance of yellow spots
on young leaves. Over time, the symptoms spread to the
leaf veins, resulting in yellowing, leaf cupping, and a
mild mosaic color (Fadhila et al., 2020; Windarningsih,
2019). According to Choi et al. (2020), the symptoms
of yellow leaf curl virus infection in chili can vary
depending on the cultivar and environmental conditions.
The intercropping treatment exhibited the lowest disease
incidence, which was 72.50%, while the monoculture
treatment had the highest disease incidence at 75.00%.

The incidence of curly top virus disease was
observed nine weeks after planting and showed an
increasing trend. However, the severity of symptoms
was not as pronounced as those caused by the
yellow leaf curl virus. The results indicated that the
disease incidence of curly top virus in each treatment
did not show significant differences from the first
observation to the eighth observation. This suggests
that intercropping was not effective in controlling the
virus vector. Environmental factors appeared to play a
role in promoting the development of the virus vector.
The highest incidence of curly top virus disease was
observed in the monoculture planting, while the lowest
incidence was found in chilies that were intercropped

of curly top virus infection.

. ; )
Figure 2. Symptoms of virus infection on chili. A. Symptoms of yellow leaf curl virus infection; B. Symptoms
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with basil (Table 1).

The symptoms appear because the virus moves
from one cell to another through plasmodesmata, and
when it reaches the phloem vascular tissue, the virus
rapidly spreads and affects the leaves (Selangga &
Listihani, 2021). The symptoms of an infection caused
by the curly top virus in chilies include noticeable
mosaic or light green patterns on the leaves, curling of
leaf shoots, and the formation of narrow strands. The
incidence of chili infection with the main diseases has
been increasing each week. However, the incidence of
yellow leaf curl virus disease in chilies did not show
significant differences. The highest incidence of the
yellow leaf curl virus was observed in chilies grown in
monoculture, while chilies grown using an intercropping
system with basil had a lower incidence.

The results indicated that yellow leaf curl and
curly top virus infections in chilies exhibit symptoms
similar to those caused by Geminivirus. The primary
symptom observed in the field is leaf yellowing and
curling. The incidence of the main disease varies in each
treatment, including chilies grown in monoculture and
those grown in intercropping with basil.

The disease incidence during each observation,
starting from nine weeks after planting, was initially
low. However, in subsequent observations, the disease
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incidence continued to increase. Chilies infected with
the yellow leaf curl and curly top viruses exhibited
symptoms in both the monoculture and intercropping
systems with basil (Table 2).

The disease intensity of the yellow leaf curl virus
in the monoculture planting system was the highest,
with an average of 28.28% throughout the observation
period. On the other hand, the intercropping system
with basil had the lowest intensity, with an average of
3.04% over nine observations. Regarding the curly top
virus, the infection intensity was higher in chili plants
under the monoculture system, averaging about 19.01%
over eight observations. Conversely, chili plants in the
intercropping system had a lower intensity, averaging
15.45% over eight observations.

The high and low intensity of viral disease infection
is influenced by several factors. One important factor
that contributes to disease development is environmental
conditions. Implementing an intercropping system is a
control method that can be utilized to manage pests and
diseases in plants.

At the first observation, the intensity of viral
disease infection in chili plants was relatively low in
each treatment. However, the intensity of yellow leaf
curl virus disease increased in subsequent observations.
Notably, the intercropping treatment with basil

Table 1. Incidence and Intensity of virus disease in chilies grown with monoculture and intercropping system

Incidence + SE (%) Intensity + SE (%)
Treatment : X - :
Yellow curly virus Curly virus Yellow curly virus Curly virus
Monoculture 61.25-75.00+7.90 18.75-27.50+7.25 3.04-28.28+4.00 3.23-19.01 £5.41
Intercropping 60.00-72.50 +£ 8.25 22.50-25.00 £ 8.66  2.73-26.55+£6.04  3.23-1545+5.26
ANOVA F-value 0.01 ns 0.85 ns 0.15 ns 0.86 ns

F Table (5%) 5.12 5.12 5.12 5.12
LSD test 5% - - -

Note: the numbers followed by the same letter were not significantly different at the test level p< 0.05;
*= Significantly different; ns= not significantly different. Original data in arscin transformation before

statistical analysis.

Table 2. Number and weight of chilies infected with the virus with monoculture and intercropping patterns

Number of chilies (fruit) £ SE Weight of chilies (g)
Treatment - -
Healthy Diseased Healthy Diseased
Monoculture 3.81+1.03 7.15+0.94 4.59+1.30 8.43 £3.21
Intercropping 2.73+1.35 3.83+1.09 3.62+1.76 443+ 1.65
ANOVA F-value 0.10 ns 0.14 ns 0.07 ns 0.14 ns
F Table (5%) 5.12 5.12 5.12 5.12
LSD test 5% - - -

Note:

the numbers followed by the same letter were not significantly different at the test level p <0.05;

*= Significantly different; ns= not significantly different. Original data in arscin transformation before

statistical analysis.
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consistently exhibited the lowest disease intensity or
severity during multiple observation periods.

The intensity of yellow leaf curl virus infection
progressively increased each week. Although the
intensity of the virus was not significantly different
between the two treatments, it was higher in the
monoculture system compared to the intercropping
system with basil.

Virus infection had a negative impact on chili
production as infected plants were unable to yield red
chili peppers. In the monoculture system, chili yields
were lower compared to the intercropping system,
although the difference in weight was not significant.
The intercropping system resulted in a higher number
of healthy chili yields compared to the monoculture
system (Table 2).

In the intercropping system, the presence of fruit
flies is higher compared to monoculture, resulting in
increased chili damage. Additionally, the intercropping
system attracts more pollinating insects, leading to
competition among fruit flies, virus vectors (e.g.,
Bemisia tabaci and Aphis gossypii), and pollinating
insects. This competition results in a lower number of
virus attacks in the intercropping system.

Based on the general nature of viral infections,
the virus cannot directly penetrate host cells to initiate
disease development. Therefore, the transmission of the

Figure 3. Insects as vectors of virus transmission in chili. A. Aphis gossypii; B. Bemisia tabaci.
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virus is facilitated by insect vectors (Mwani et al., 2021).
According to Semangun (2008), the yellow leaf curl
virus is transmitted by B. tabaci in a persistent manner,
while other viruses are transmitted by A. gossypii. Inside
the host, the virus spreads and forms genes that can
damage tissues (Figure 3).

The most commonly found vector insects in the
field were 4. gossypii and B. tabaci. Chilies grown
using an intercropping system with basil exhibited a
lower aphid population compared to chilies grown in
monoculture. This can be attributed to the role of basil
in suppressing the aphid population, as aphids are known
vectors of viruses in chili plants.

Whiteflies were predominantly found on the
underside of chili leaves, and their presence was more
common in monoculture-grown chili plants compared
to those in the intercropping system. According to Table
3, the whitefly population differed significantly between
the treatments. The average population of whitefly pests
was higher in monoculture-grown chilies than in those
intercropped with basil (Figure 4).

Intercropping chili with basil demonstrated the
ability to reduce the population of aphids, likely due to
the repellent properties of basil against aphids. Although
the population of aphids found in each treatment did not
differ significantly, chili plants grown in monoculture
had a higher aphid population compared to those

Table 3. Bemisia tabaci and Aphis gossypii as virus vectors in chili

Population + SE (Tail)

Treatment - -
B. tabaci A. gossypii
Monoculture 42.10-60.00 = 2.42 b 34.00-371.80 £ 6.00
Intercropping 0.60-6.00 £ 0.37 a 162.40-24.90 + 7.00
ANOVA F-value 6.87* 0.79 ns
F Table (5%) 5.12 5.12
LSD test 5 % 0.21 -

Note: the numbers followed by the same letter were not significantly different at the test level p<0.05. *) Significantly
different. ns) not significantly different. Original data in arscin transformation before statistical analysis.
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intercropped with basil (Figure 5).

Basil is an aromatic plant that contains various
compounds, including essential oils. Basil essential oil
is known to contain compounds such as methyl eugenol,
cineol, camphor, methyl cinnamate, and others (Zahra &
Iskandar, 2017). These essential oils exhibit biological
activities against insects, acting as repellents, attractants,
toxins (contact poisons), fumigants (respiratory
poisons), antifeedants (appetite suppressants), ovulation
deterrents (inhibiting egg laying), growth inhibitors,
fertility reducers, and even affecting insect vectors.

Basil, when intercropped with chili, acts as a
repellent against insects such as aphids, which are
known vectors for the curly top virus in chili. This
repelling effect is attributed to the strong scent of basil.
It is evident from the lower number of aphids found in
chilies grown in intercropping with basil compared to
those grown in monoculture.

The results indicate that both monoculture
and intercropping systems have an impact on chili
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production. There are variations in the number of fruits
and their weights among different chili treatments.
Intercropping has the added benefits of reducing
soil and airborne diseases, suppressing weed and
pest populations, and ultimately increasing primary
productivity.

Chili grown in monoculture yields more compared
to chili grown in intercropping. This difference in yield is
primarily due to the higher population of fruit flies in the
intercropping system. Basil, which acts as an attractant,
attracts fruit fly pests, leading to the infestation of
young chilies. Infected chili fruits, as a result of fruit
fly pests, become rotten and drop to the ground before
reaching harvest. Fruit flies are particularly attracted
to methyl eugenol, a compound primarily produced by
basil (Hikmawanti et al., 2016). The presence of basil
not only attracts fruit flies to the intercropping plots
but also to monoculture chili plots due to the fruit fly
imago’s fly activity.

I Monoculture
m Intercropping

Replications

Figure 4. Population of B. tabaci on chili grown in monoculture and intercropping.
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Figure 5. Population of 4. gossypii on chili grown in monoculture and intercropping.
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CONCLUSION

Diseases caused by viruses, specifically yellow
leaf curl and curly top virus diseases, were found in
both monoculture and intercropping systems of chili
cultivation. The intercropping of chili and basil did
not have a significant effect on the incidence of yellow
leaf curl and curly top diseases in chilies, which are
caused by viruses and transmitted by vector insects. It
was observed that the incidence and intensity of yellow
leaf curl disease, transmitted by whiteflies, were higher
compared to the incidence and intensity of curly top
virus, transmitted by aphids, indicating differences in
the activity of the two vectors. Interestingly, chili plants
grown in the intercropping treatment with basil were
found to be more susceptible to fruit flies.

ACKNOWLEDGMENTS

Plant Protection Study Program, Faculty of
Agriculture, Universitas Sriwijaya and the research team
so that this research can be completed properly.

FUNDING
This research was independently.
AUTHORS’ CONTRIBUTIONS

AR and LR are those who carry out research.
observation and data analysis. SP, HH, RP, and BG guide
in the presentation of data and writing. SW, YP, AU,
and CI guided the identification of pests and diseases
as well as writing. All authors read and approved final
manuscrip.

COMPETING INTERESTS

The author has no interest in competing in our
publication.

REFERENCES

Affandi O, Batubara R, & Zaitunah A. 2017. Potential
economic and development prospects of non
timber forest products in community agroforestry
land around Sibolangit Tourism Park. Forest and
Society. 1(1): 68-77. https://doi.org/10.24259/
fs.v1i1.1096

Annissa N & Impron. 2017. Model simulasi tanaman
untuk menganalisis pengaruh jadwal tanam

Effects of holy basil on viral disease of chili 55

dan menduga produktivitas tanaman cabai
merah di Kota Pagar Alam [Simulation model
to analyze the effect of planting schedule and
predict the productivity of red chilies in Pagar
Alam City]. Agromet. 31(2): 80—88. https://doi.
org/10.29244/j.agromet.31.2.80-88

Asmaliyah & Rostiwati T. 2015. Pengaruh pengaturan
jarak tanam terhadap perkembangan serangan
hama dan penyakit pulai darat (Alstonia
angustiloba) [Effect of plant spacing setting to
developing attack of pest and disease of pulai
darat (Alstonia angustiloba)]. Jurnal Penelitian
Hutan Tanaman. 12(1): 41-50. https://doi.
org/10.20886/jpht.2015.12.1.41-50

Chauhan P, Singla K, Rajbhar M, Singh A, Das N,
& Kumar K. 2019. A systematic review of
conventional and advanced approaches for
the control of plant viruses. J. Appl. Biol.
Biotechnol. 7(4): 89-98. https://doi.org/10.7324/
JABB.2019.70414

Cheriere T, Lorin M, & Corre-Hellou G. 2020. Species
choice and spatial arrangement in soybean-based
intercropping: Levers that drive yield and weed
control. Field Crops Res. 256: 107923. https://
doi.org/10.1016/j.£cr.2020.107923

Choi H, JoY, Cho WK, Yu J, Tran PT, Salaipeth L, Kwak
HR, Choi HS, & Kim KH. 2020. Identification of
viruses and viroids infecting tomato and pepper
plants in Vietnam by metatranscriptomics. /nt. J.
Mol. Sci. 21(20): 7565. https://doi.org/10.3390/
1jms21207565

Fadhila C, Lal A,Vo TTB, Ho PT, Hidayat SH, Lee J, Kil
EJ, & Lee S.2020. The threat of seed-transmissible
pepper yellow leaf curl Indonesia virus in chili
pepper. Microb. Pathog. 143: 104132, https://doi.
org/10.1016/j.micpath.2020.104132

Ganefianti DW, Fahrurrozi, & Armadi Y. 2017. Hybrid
performance testing of chili pepper (Capsicum
annuum L.) for resistance to yellow leaf curl

Begomovirus grown in lowland environments.
SABRAO J. Breed. Genet. 49(2): 179-191.

Ghosh S & Ghanim M. 2021. Factors determining
transmission of persistent viruses by Bemisia
tabaci and emergence of new virus—vector
relationships. Viruses. 13(9): 1808. https://doi.
org/10.3390/v13091808

Hikmawanti NPE, Hariyanti, Aulia C, & Viransa VP.
2016. Kandungan piperin dalam ekstrak buah


https://doi.org/10.24259/fs.v1i1.1096
https://doi.org/10.24259/fs.v1i1.1096
https://doi.org/10.29244/j.agromet.31.2.80-88
https://doi.org/10.29244/j.agromet.31.2.80-88
https://doi.org/10.20886/jpht.2015.12.1.41-50
https://doi.org/10.20886/jpht.2015.12.1.41-50
https://doi.org/10.7324/JABB.2019.70414
https://doi.org/10.7324/JABB.2019.70414
https://doi.org/10.1016/j.fcr.2020.107923
https://doi.org/10.1016/j.fcr.2020.107923
https://doi.org/10.3390/ijms21207565
https://doi.org/10.3390/ijms21207565
https://doi.org/10.1016/j.micpath.2020.104132
https://doi.org/10.1016/j.micpath.2020.104132
https://doi.org/10.3390/v13091808
https://doi.org/10.3390/v13091808

56 J. Trop. Plant Pests Dis.

lada hitam dan buah lada putih (Piper nigrum
L.) yang diekstraksi dengan variasi konsentrasi
etanol menggunakan metode KLT-Densitometri
[The content of piperine in black and white
pepper fruits (Piper nigrum L.) extracted with
variation of ethanol concentrations using TLC-
Densitometry method. Media Farmasi. 13(2):
173—185. https://doi.org/10.12928/mf.v13i2.7769

Abbas A, Hussain S, Igbal A, Ali M, Shehzad A, Usman
M, Igbal P, & Zhao C. 2020. Seed treatment of
Capsicum annuum with two different fungicides
to evaluate the seed germination rate. Journal
of Biology, Agriculture and Healthcare. 10(4):
22-27. https://doi.org/10.7176/jbah/10-4-04

Iskandar R & Ayu SF. 2021. Risk perception and risk
reduction efforts of red chili business in Langkat
Regency North Sumatera Province. IOP Conf-
Ser.: Earth Environ. Sci. 782: 022046. https://doi.
org/10.1088/1755-1315/782/2/022046

Jasmin Y, Kesuma SI, & Wibowo RP. 2020. Production
and prices forecasting analysis of red chili
(Capsicum annuum L.) in North Sumatera
in 2028. IOP Conf. Ser.. Earth Environ. Sci.
454: 012011. https://doi.org/10.1088/1755-
1315/454/1/012011

Jhon AH, Jumilawaty E, & Girsang AA. 2018. Food
preferences of anuran species in horticultural lands.
Doulu Village. Karo Regency. North Sumatera.
J. Phys.: Conf. Ser. 1116(5): 052034. https://doi.
org/10.1088/1742-6596/1116/5/052034

Kim HJ, Han JH, Kim S, Lee HR, Shin JS, Kim JH, Cho
J, Kim YH, Lee HJ, Kim BD, & Choi D. 2011.
Trichome density of main stem is tightly linked
to PepMoV resistance in chili pepper (Capsicum
annuum L.). Theor. Appl. Genet. 122(6): 1051—
1058. https://doi.org/10.1007/s00122-010-1510-7

LiuY, Liu J, Zhou H, & Chen J. 2020. Enhancement of
natural control function for aphids by intercropping
and infochemical releasers in wheat ecosystem.
In: Gao Y, Hokkanen H, & Menzler-Hokkanen I
(eds.). Integrative Biological Control. Progress in
Biological Control. Vol 20. pp. 85-116. Springer,
Cham. https://doi.org/10.1007/978-3-030-44838-
76

Manikome N. 2021. Application of plant insecticides
basil leaves (Ocimum basilicum) for Plutella
xylostella L. pest control on cabbage plants.
JURNAL AGRIKAN (Agribisnis Perikanan)
14(2): 567-573.

Vol. 23, No. 2 2023: 49-57

Mwani CN, Nyaanga J, Cheruiyot EK, Ogendo JO,
Bett PK, Mulwa R, Stevenson PC, Arnold
SEJ, & Belmain SR. 2021. Intercropping and
diverse field margin vegetation suppress bean
aphid (Homoptera: Aphididae) infestation in
dolichos (Lablab purpureus L.). J. Plant Prot.
Res. 61(3): 290-301. https://doi.org/10.24425/
jppr.2021.137953

Nasution AH, Hanter, & Rahman P. 2021. Marketing
efficiency of red chilli pepper in North Sumatera
Province. IOP Conf. Ser.: Earth Environ. Sci.
782: 022029. https://doi.org/10.1088/1755-
1315/782/2/022029

Nisar KS, Logeswari K, Vijayaraj V, Baskonus HM, &
Ravichandran C. 2022. Fractional order modeling
the Gemini virus in Capsicum annuum with
optimal control. Fractal Fract. 6(2): 61. https://
doi.org/10.3390/fractalfract6020061

Pakpahan HT & Nababan MBP. 2018. The influence of
chili input and technical efficiency of chili farmers
in Lingga Village. North Sumatera Province.
IJPSAT. 7(1): 43-50.

Purwaningsih T, Anjani IA, & Utami PB. 2019.
Convolutional neural networks implementation
for chili classification. 2018 International
Symposium on Advanced Intelligent Informatics:
(SAIN). pp. 190-194. Yogyakarta. https://doi.
org/10.1109/SAIN.2018.8673373

Rondhi M, Pratiwi PA, Handini VT, Sunartomo AF, &
Budiman SA. 2018. Agricultural land conversion,
land economic value, and sustainable agriculture:
A case study in East Java, Indonesia. Land. 7(4):
148. https://doi.org/10.3390/1and7040148

Sativa M, Harianto, & Suryana A. 2017. Impact of
red chilli reference price policy in Indonesia.
Int. J. Agric. Syst. 5(2): 120-139. https://doi.
org/10.20956/ijas.v5i2.1201

Scaldaferro MA, Barboza GE, & Acosta MC. 2018.
Evolutionary history of the chili pepper Capsicum
baccatum L. (Solanaceae): Domestication in
South America and natural diversification in
the seasonally dry tropical forests. Biol. J. Linn.
Soc. 124(3): 466-478. https://doi.org/10.1093/
biolinnean/bly(062

Selangga DGW & Listihani. 2021. Molecular
identification of Pepper yellow leaf curl Indonesia
virus on chili pepper in Nusa Penida Island. J.
Trop Plant Pests Dis. 21(2): 97—-102. https://doi.


https://doi.org/10.12928/mf.v13i2.7769
https://doi.org/10.7176/jbah/10-4-04
https://doi.org/10.1088/1755-1315/782/2/022046
https://doi.org/10.1088/1755-1315/782/2/022046
https://doi.org/10.1088/1755-1315/454/1/012011
https://doi.org/10.1088/1755-1315/454/1/012011
https://doi.org/10.1088/1742-6596/1116/5/052034
https://doi.org/10.1088/1742-6596/1116/5/052034
https://doi.org/10.1007/s00122-010-1510-7
https://doi.org/10.1007/978-3-030-44838-7_6
https://doi.org/10.1007/978-3-030-44838-7_6
https://doi.org/10.24425/jppr.2021.137953
https://doi.org/10.24425/jppr.2021.137953
https://doi.org/10.1088/1755-1315/782/2/022029
https://doi.org/10.1088/1755-1315/782/2/022029
https://doi.org/10.3390/fractalfract6020061
https://doi.org/10.3390/fractalfract6020061
https://doi.org/10.1109/SAIN.2018.8673373
https://doi.org/10.1109/SAIN.2018.8673373
https://doi.org/10.3390/land7040148
https://doi.org/10.20956/ijas.v5i2.1201
https://doi.org/10.20956/ijas.v5i2.1201
https://doi.org/10.1093/biolinnean/bly062
https://doi.org/10.1093/biolinnean/bly062
https://doi.org/10.23960/jhptt.22197-102

Arsi et al.

org/10.23960/jhptt.22197-102

Semangun. 2008. Diseases of Plantation Plants in
Indonesia. Yogyakarta. Gadjah Mada University
Press. Yogyakarta.

Straub CS, Faselt JA, Keyser ES, & Traugott M. 2020.
Host plant resistance promotes a secondary pest
population. Ecosphere. 11(3): €03073. https://doi.
org/10.1002/ecs2.3073

Suminah, Padmaningrum D, Widiyanti E, Utami BW,
& Ihsaniyati H. 2021. Chili farmers’ behavior
in developing chili agribusiness in Central Java.
1OP Conf. Ser.: Earth Environ. Sci. 637: 012050.
https://doi.org/10.1088/1755-1315/637/1/012050

Susanawati, Akhmadi H, Fauzan M, & Rozaki Z.2021.
Supply chain efficiency of red chili based on the
performance measurement system in Yogyakarta.
Indonesia. Open Agriculture. 6(1): 202-211.
https://doi.org/10.1515/opag-2021-0224

Talaga-Taquinas W, Melo-Cerén CI, Lagos-Alvarez
YB, Duque-Gamboa DN, Toro-Perea N, &
Manzano M. R. 2020. Identification and life
history of aphids associated with chili pepper
crops in Southwestern Colombia. Universitas
Scientiarum. 25(2): 175-200. https://doi.

Effects of holy basil on viral disease of chili 57

org/10.11144/Javeriana.SC25-2.ialh

Wang J, Li S, Fang Y, Zhang F, Jin ZY, Desneux N, &
Wang S. 2021. Enhanced and sustainable control
of Myzus persicae by repellent plants in organic
pepper and eggplant greenhouses. Pest Manag.
Sci. 78(2): 428-437. https://doi.org/10.1002/
ps.6681

Wardhono A, Nasir MA, Qori’ah CG, & Indrawati Y.
2020. Perfecting policies of chili agribusiness to
support food security: Evidence from Indonesia
Districts. IOP Conf. Ser. Earth Environ. Sci.
759: 012048 . https://doi.org/10.1088/1755-
1315/759/1/012048

Windarningsih M. 2019. Identification of virus causing
the yellow leaf curl diseases on chili pepper in
Lombok Island by PCR-RFLP technique. AIP
Conference Proceedings. 2199(1): 040010.
https://doi.org/10.1063/1.5141297

Zahra S & Iskandar Y. 2017. Review artikel: Kandungan
senyawa kimia dan bioaktivitas Ocimum
basilicum L [ Article Review: content of chemical
compounds and bioactivity of Ocimum basilicum
L. Farmaka. 15(3): 143—-152.


https://doi.org/10.23960/jhptt.22197-102
https://doi.org/10.1002/ecs2.3073
https://doi.org/10.1002/ecs2.3073
https://doi.org/10.1088/1755-1315/637/1/012050
https://doi.org/10.1515/opag-2021-0224
https://doi.org/10.11144/Javeriana.SC25-2.ialh
https://doi.org/10.11144/Javeriana.SC25-2.ialh
https://doi.org/10.1002/ps.6681
https://doi.org/10.1002/ps.6681
https://doi.org/10.1088/1755-1315/759/1/012048
https://doi.org/10.1088/1755-1315/759/1/012048
https://doi.org/10.1063/1.5141297

