
INTRODUCTION

Spodoptera exigua (Hübner) (Lepidoptera: Noctuidae)
is a polyphagous insect that infests various types of
vegetables, field, and ornamental plants (Amaldos
& Hsue, 1989; Capinera, 2017). S. exigua is reported
to be a major pest of welsh onion in Vietnam, onion
and tobacco in India; cotton in Egypt; and maize in
Turkey (Amaldos & Hsue, 1989; Sertkaya et al., 2004;
Ueno, 2015; Arulkumar et al., 2017). In Indonesia,
S. exigua infests many shallot varieties hence it is
known as the beet armyworm (Rauf, 1999). S.
exigua is being a problem in the shallot plantations
in Indonesia, including in Brebes and Cirebon
(Basuki, 2009). S. exigua were from Southeast Asia
(Amaldos & Hsue, 1989; Capinera, 2017) and has
been widely spread to several countries in Asia, Africa,
North America, Central America, and the Caribbean,
from Europe to Oceania (CABI, 2019). The damage
in the plant was caused by larval feeding activity on
the leaves and fruits (Capinera, 2017).

The control techniques are carried out to reduce
the impact of S. exigua on various crops. One of the
control techniques used by farmers is conventional
insecticides, such as spinosad, chlorpyrifos, triazophos,
methomyl, beta-cyfluthrin, cyromazine, carbosulfan,
thiodicarb, and abamectin which are commonly
used by farmers in Cirebon, Brebes, and Tegal that
lead to the pest resistance (Moekasan & Basuki, 2007).
Resistance to metoxifenocide, an agonist ecdysone
on S. exigua, has been reported in the central
production of shallot in Java (Wibisono et al., 2007).
S. exigua were also resistant to indoxacarb,
spinosad, and emamectin benzoate (Ahmad et al.,
2018). Besides resistance, the use of insecticides can
harm the farmer. As reported by Kishi (1995),
farmers in Indonesia are at risk of acute pesticide
poisoning which exposure when spraying their
plants. This risk can be avoided by reducing the
frequency of the use of insecticides.
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Population monitoring can be used as an effort to
reduce insecticides application. In the field, pest
population fluctuates (Wallner, 1987; Untung, 1996)
thus monitoring population density is important to
be conducted. One method for monitoring the
existence and density of population is pheromone
trap (Carde, 1976; Roelofs, 1980). Pheromones are
chemical substances released by insects to influence
the behavior or communicate with other insects in
one species, for example to mate (Marx, 1973;
Silverstein, 1981; Mitchell, 1986; Yew & Chung,
2015). Pheromone traps are used to attract male
insects into the trap to prevent them from finding
females to mate (Mitchell, 1975). Through monitoring
the existence and density of populations with
pheromone traps, the control using pesticides could
be decided (Roelofs, 1980; Mitchell, 1975), for
example when the pests are found or when the
population reaches the economic threshold (Marx,
1973; Carde, 1976).

Pheromones can also be used as mass traps of
adult insects to reduce the population (Marx, 1973;
Mitchell, 1986). Pheromone traps can detect and
monitor insect activity and estimate population
density (Majumdar & Reed, 2013; Roelofs, 1980).
However, the number of insects trapped in pheromone
traps need to be interpreted in advance because the
number of trapped insects does not show the
proportion of insects in the field (Roelofs, 1980;
Silverstein 1981). This study was aimed to monitor
the population dynamics of S. exigua in shallot in
Bantul Regency, Yogyakarta, which is one of the
shallot production areas in Indonesia hence the results
of this monitoring can be used as a consideration in
determining the appropriate control technique.
Monitoring was performed using pheromone traps

and focused on the trapped males of S. exigua
during on- and off-shallot plant season.

MATERIALS AND METHODS

Preparation of Pheromone Traps
Pheromone traps used in this study contain the

active ingredient of Z-9-tetra decanol 10 µg/rubber
and Z-9-tetra decadent 90 µg/rubber (Feromon Exi®,
CV. Nusagri, Bogor) registered in the Ministry of
Agriculture, Republic of Indonesia (Kementerian
Pertanian, 2014) and are commercially available.
Pheromones in the form of small rubber cylinders
were hung on the inside of the lid of a plastic
container (11 cm in diameter and 21 cm in high).
The container was equipped with openings on both
sides facing each other (12 cm in length and 3 cm in
width). The container was then filled with water,
approximately 5 cm from the bottom. The attracted
males would enter the container through both
openings and be trapped into the water at the bottom
of the container (Figure 1). A series of pheromone
traps were hung on bamboo sticks and placed on a
shallot plantation (15 cm from the leaf surface or 40
cm from the ground surface).

Pheromone Traps Installation
Ten shallot plantations were selected as monitoring

areas with each area varying between 500–2000 m2

(Table 1), in Bantul District: Sanden, Kretek, and
Srandakan Regencies (Figure 2). This area was chosen
to represent the central production area of shallots.
In each field, three pheromone traps were randomly
placed as replications. The number of pheromone
traps placed in each area based on the dosage
recommendation. The dosage recommendation of
Feromon Exi® on shallots is 5 traps/ha (Moekasan

ISSN 1410-1637 (print), ISSN 2548-4788 (online)

Figure 1. The structure of pheromone traps of Spodoptera exigua (Hübner); the pheromone rubber were hung in a windowed
plastic container with water at the bottom
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et al., 2013). The rubber pheromones were replaced
at 8th weeks since the first installation and continued
every 5 weeks to avoid the less effectiveness of
pheromones by evaporation in the field.

The number of trapped males was observed and
calculated once a week. The monitoring was conducted
in early April to late November 2016 that includes two
shallot seasons and two non-shallot seasons (34 weeks).

ISSN 1410-1637 (print), ISSN 2548-4788 (online)

Figure 2. Map location of the pheromone traps installation to monitor the population of Spodoptera exigua (Hübner)
in the shallot plantation in Bantul, Yogyakarta; three pheromone traps were placed in each location

Tabel 1. Distribution of the pheromone traps of Spodoptera exigua (Hübner) on shallot plantations in the Regencies
of Srandakan, Sanden and Kretek, District of Bantul, the Special Region of Yogyakarta

No. Field/Location Regency Wide Area (m2) Number of Trap (unit)
I. The sites with shallot were planted once per year

A. The selected sites with non–shallot in their surrounding areas
1. Poncosari Srandakan 1000 3
2. Tirtomulyo Kretek 540 3

B. The selected sites with shallot in their surrounding areas have less similar planting period
1. Srigading (1) Sanden 1400 3

II. The sites with shallot were planted twice per year
A. The selected sites with shallot in their surrounding areas have a similar planting period

1. Parangtritis Kretek 1000 3
B. The selected sites with shallot in their surrounding areas have less similar planting period

1. Srigading (3) Sanden 540 3
2. Tirtohargo Kretek 540 3
3. Donotirto Kretek 2000 3

C. The selected sites with non–shallot in their surrounding areas
1. Gadingharjo (1) Sanden 1400 3
2. Gadingharjo (2) Sanden 784 3
3. Srigading (2) Sanden 2000 3

1. Poncosari-Srandakan 6. Srigading 3-Sanden
2. Gadingharjo 1-Sanden 7. Tirtohargo-Sanden
3. Gadingharjo 2-Sanden 8. Donotirto-Kretek
4. Srigading 1-Sanden 9. Tirtomulyo-Kretek
5. Srigading 2-Sanden 10. Parangtritis-Kretek
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Each shallot season lasted approximately two months.
Generally, the first shallot season started at the
beginning of April until the end of May, while the
second planting season began in late July to late
September.
Grouping Location Based on the Shallot Planting
Season

The cropping patterns applied in each monitoring
and the surrounding field are different. The period
of the on- and off-shallot planting season both in the
monitoring and the surrounding field within a radius
of 1 km was recorded. Each area has different cropping
patterns, both in terms of the time of planting or the
type of plant cultivated. Monitoring fields that have
similar conditions to the field in other areas were
grouped according to the cropping pattern and the
diversity of the surrounding plants. The ten sites were
grouped into five categories: 1) area with once shallot
planting season per year and their surrounding area
was non-shallot vegetation (Poncosari-Srandakan and
Tirtomulyo-Kretek); 2) area with once shallot planting
season per year and their surrounding area has a less
similar shallot planting period (Srigading 1-Sanden);

3) area with twice shallot planting season per year
and their surrounding area has a similar shallot
planting period (Parangtritis-Kretek); 4) area with
twice shallot planting season per year and their
surrounding area has a less similar shallot planting
period (Srigading 3-Sanden, Tirtohargo-Kretek, and
Donotirto-Kretek); and 5) area with twice shallot
planting per year and the surrounding area was non-
shallot vegetation (Srigading 2-Sanden, Gadingharjo 1-
Sanden, and Gadingharjo 2-Sanden). 

Figure 3 showed that the first shallot planting
season lasted from early April to early June. After
that, the field was off-shallot planting season lasted
until mid-July. During this period, the farmers generally
planted chili that has ben previously planted together
with shallots or other seasonal crops, such as eggplant,
choy sum, spinach, and other plants. The second
shallot planting season in most of the areas was
started in mid-July and ended at the end of September.
After the end of the shallot planting season, the field
was planted with rice that lasted for three months
until the end of the year or the period of planting
shallots the following year.

ISSN 1410-1637 (print), ISSN 2548-4788 (online)

Figure 3. An illustration of the cropping pattern of the on– and off–shallot planting in each field observations in Bantul
Regency, Yogyakarta in 2016

Location Name

Observation Week

April May June July August September October November
I II III IV I II III IV I II III IV I II III IV V I II III IV I II III IV I II III IV V I II III IV

I. Sites with once shallot planting season per year
A. Non-shallot vegetation in their surrounding areas 
1. Tirtomulyo-Kretek I
2. Poncosari-

Srandakan I

B. Shallot in their surrounding area have with less similar planting period  
1. Srigading 1-Sanden I

II. Sites with twice shallot planting season per year
A. Shallot in their surrounding areas with a similar planting period
1. Parangtritis-Kretek I II

B. Shallot in their surrounding areas with less similar planting period 
1. Srigading 3-Sanden I II
2. Tirtohargo-Kretek I II
3. Donotirto-Kretek I II

C. Non-shallot vegetation in their surrounding areas 
1. Srigading 2-Sanden I II
2. Gadingharjo 1-

Sanden I II

3. Gadingharjo 2-
Sanden I II

On-shallot planting season Off-shallot planting season
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Data Analysis
The trapped males from ten sites were grouped

by category. The average number of trapped males
in each category was calculated.

RESULTS AND DISCUSSION

Shallot was Planted Once per Year with Non-Shallot
in their Surrounding Areas

The trapped males were found all the time in this
area. The trapped males in April–May–June were
higher than in other months (Figure 4). The highest
average number of trapped males was in May and
June (2.83 males/week). April–May was the shallot
planting period in the monitoring area. The trapped
males were still present when shallot was no longer
available in the field, from June to October in the
low amount (< 1.33 male/trap/week). In that period,
the monitoring area was planted with chili and then
rice until the end of the year. The surrounding areas
were planted with various types of commodities
such as rice, peanut, melon, watermelon, chili, spinach,
corn, and sugar cane.

Shallot was Planted Once per Year with Shallot in
their Surrounding Areas Has Less Similar Planting
Period

The trapped males were found all the time in this
area (Figure 4). In shallot season, the number of
trapped males was quite low (< 3 males/trap/week).
The trapped males increased in June to mid-July
even though in that period was off-shallot planting
season. The highest trapped males were at the
beginning of July which was off-shallot planting
season (7.33 males/trap/week). The males were
trapped until the end of the year even with a quite
low amount.
Shallot was Planted Twice per Year with Shallot in
their Surrounding Areas Has Similar Planting
Period

The trapped males were found all the time in this
area with a fluctuating number (Figure 5). In the
first shallot planting season (early April to late May),
the number of trapped males was quite low (< 3
males/trap/week). This result was relevant to the
infestation of S. exigua in the monitoring area and
surrounding areas which was quite low. However,
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A. Their surrounding area was non-shallot vegetation  

B. Their surrounding area has a less similar shallot planting period 

Figure 4. The average fluctuations of trapped males of Spodoptera exigua (Hübner) per trap per week from April to
November 2016 on the selected sites with once shallot planting season per year. The surrounding area of trapping
sites were planted with non-shallot vegetation (A) and planted with shallot with a less similar planting period (B) 
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in the first off-shallot planting season (mid-June to
July), the trapped males increased more than in
April and May (the on-shallot planting season). The
number of trapped males in the second shallot
planting season decreased (< 5 males/trap/week),
but was higher than in the first planting season. The
trapped males were low (< 1 male/trap/week) at the
end of the second shallot planting season where the
fields were mostly planted with rice.

Shallot was Planted Twice per Year with Shallot in
their Surrounding Areas Has Less Similar Planting
Period

The males were trapped throughout the year in
this category areas, both on- and off-shallot planting
season (Figure 5). The average number of trapped
males in the first shallot planting season was higher
(4.78 males/trap/week early, in April to early June)
than in the second shallot planting season (3.89 males/
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Figure 5. The average fluctuations of trapped males of Spodoptera exigua (Hübner) per trap per week (April to
November 2016) on the selected sites with twice shallot planting seasons per year. The surrounding area of
trapping sites were planted with shallot with a similar planting period (A), planted with shallot with less similar
planting period (B) and planted with non-shallot vegetation (C).

A. The surrounding area has a similar shallot planting period 

B. The surrounding area has a less similar shallot planting period 
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trap/week, in late July to mid-October). The number
of trapped males increased at the end of the first
shallot planting season (around mid-June) (7.44
males/trap/week). During the off-shallot planting
season, the males were also trapped until the second
shallot planting season. This number of trapped males
decreased (< 2 males/trap/week) at the end of the
year where the fields were mostly planted with rice.
Shallot was Planted Twice per Year with Non-Shallot
in their Surrounding Areas 

In this category, the males were trapped both
during the on- and off-shallot planting season. The
monitoring showed that the average number of
trapped males in both shallot season was quite low
(< 3 males/trap/week) (Figure 5). The highest number
of trapped males was at the beginning of June or at
the end of the first planting season (6.22 males/
trap/week). The total number of trapped males at the
end of the second shallot planting season until the
end of the year was quite low (< 1 male/trap/week).

The males emerged all the time in 2016, both on
the selected sites with once and twice shallot seasons
per year with shallot or non-shallot in their surrounding
areas. The highest number of trapped males was in
June-July in most the areas, although that period has
entered off-shallot planting season. This might be
caused by a less similar planting period hence
although most of the areas were off-shallot planting
season, the shallot were still available around the
areas. In the period between the first and second
shallot planting season, farmers generally planted
various types of plants, i.e. chili, eggplant, peanut,
spinach, and choy sum which provide the alternative
hosts for S. exigua (Amaldos & Hsue, 1989; Capinera,
2017). When the availability of the main host decreases,
S. exigua can migrate to their alternative host.
Moreover, the high trapped males of S. exigua in
that period might be relevant to the dry season in
June. Rauf (1999) reported that in the dry season
there was an outbreak of S. exigua.

The relationship between the availability of shallot
with the number of trapped males S. exigua was
showed in the comparison of trapped males in the
on-and off-shallot planting season. The number of
trapped males with non-shallot in their surrounding
areas (Figure 4A) has a trend to be lower than the
selected sites with shallot in their surrounding areas

(Figure 4B). This result was similar to Khaliq et al.
(2014) that insect population fluctuations are influenced
by the diversity of vegetation in the surrounding
areas. The lowest number of trapped males was
where shallot planted once per year with non-shallot
in their surrounding areas (Figure 4A). The decline
in the number of trapped males was at the end of the
year after the end of the second shallot planting
season. At that time, most of the areas were off-shallot
planting season, resulting in a lack of food availability
for S. exigua. The cropping pattern at the end of the
year is different from the cropping pattern during
the off–shallot planting season (June–July) where
farmers planted various types of plants. At the end
of the year, most of the areas was only planted with
rice. Changes in plant diversity would influence pest
migration (Khaliq et al., 2014). Pests most likely
move to other areas that are more suitable for their
development because they are also able to move into
distant areas, both across the ocean and terrestrial
(Mikkola, 1970; Carde, 2008). Another factor affecting
the low number of trapped males at this period is
that the rainy season at the end of the year which
can affect the changes in the insect population
(Stiling, 1988). The previous study also reported a
similar result that the larval populations found in the
rainy season were much lower than in the dry
season (Rauf, 1999).

The results of this study showed that S. exigua
was present all year around, both during the on- and
off-shallot planting season despite fluctuations
during the monitoring period. These findings were
considered to influence the decision to obtain more
effective management strategies. For example, the
control management of S. exigua is not only conducted
during the shallot season but also before the on-
shallot planting season to prevent the outbreak of S.
exigua. Conventional insecticides could be done
based on monitoring the number of trapped males
beyond the economic threshold. Moekasan et al.
(2013) reported that the economic threshold of S.
exigua is 10 males/trap/day with the dosage of
pheromone was 5 traps/ha. By implementing an
appropriate management strategy based on the findings
of this study, the resources cost by farmers to control
S. exigua and yield losses caused by S. exigua can
be reduced.
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CONCLUSION

S. exigua males were found all year around, both
on- and off-shallot planting season. The average
number of trapped males in most of the areas during
the shallot planting season was < 3 males/trap/week.
The number of trapped males increased and reached
the peak (7.44 males/trap/week) at the end of the
first planting season to begin the off-shallot planting
season. The lowest number of trapped males was
found at the second shallot planting season ended
when the fields were mostly planted with rice.
However, during this period, the males were still
trapped in several areas even in a small amount
(< 2 males/trap/week).
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