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ABSTRACT

Rhinoceros beetle (Coleoptera: Scarabaeidae) is known as a phytophagous insect found associating with
Agave spp. and has the potential to become a pest in crop cultivation. Agave is a fiber-producing plant utilized
in natural fiber-based industries. This research was carried out with the aim to determine the effect of
rhinoceros beetle infestation associated with three species of agave plants which are accessions from agave
germplasm collection of ISFCRI. The study was conducted at Karangploso Research Station, Malang,
Indonesia. Observations were made in 2017 on three species of agave plants, namely Agave angustifolia (4
accessions), A. cantala (14 accessions), and A. sisalana (7 accessions). Rhinoceros beetle infested the plant by
boring into young leaves that are still rolled up and if it reached the growing point, it could cause the plant to
die. Plant damage that occurs in all three agave plant species indicates that rhinoceros beetle infestation
occurs in all three species Agave. The beetle preference for A. angustifolia is relatively high compared to the
other two species. The high preference for A. angustifolia is presumably due to the high sugar content in

plant stems (pina), which is the consumption target of rhinoceros beetle in infesting agave plantations.
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1. INTRODUCTION

Agave (Family Agavaceae) is a genus of 200 -300
species that exist in the world. Agave plants have been
used as a source of natural fiber, food, and beverages [1—
3]. Recent studies show that agave has the potential to
serve as a source of active ingredients for pharmaceuticals,
prebiotics, natural sweeteners, and biofuels [2, 4-7].
Agave fibers have certain advantages to synthetic fibers,
for example, they have lower density and cost, additionally
they are also biodegradable. Agave spp. is reportedly of
Mexican origin, and can live on dry land conditions.
Agave can reduce total water consumption and
transpiration, because CO, absorption occurs during the
night, and stomata opens to liberate less amounts of water
as is normal in the day, so this plant species is very
efficient in using water [8].

Agave spp. is cultivated in Indonesia, especially in arid
climates. Agave cantala is widely grown in Madura, the
fiber is used for tobacco ropes, while A. sisalana is widely
cultivated in Nusa Tenggara, the fiber is used for
industries based on natural fibers. Agave angustifolia is
cultivated not for fiber utilization, but this plant has high
economic value in Mexico as an ingredient in making
"bacanora”, an ancient traditional drink similar to tequila,
but with a different flavor.

Indonesian Sweetener and Fiber Crops Research
Institute (ISFCRI)/ Balai Penelitian Tanaman Pemanis dan
Serat (Balittas) manages 26 germplasm accessions of
Agave spp. which consists of 3 species, namely A.
angustifolia, A. cantala, and A. sisalana. Management of

agave accessions through germplasm conservation
activities. In the management of Agave spp. germplasms,
the data on insects associated with agave plants is one of
the parameters observed. This data is useful for
information about genetic sources that will be used in the
research and development of this commaodity.

Agave spp. is a plant that is rich in nutrients as a source
of insect feed [9]. One of the phytophagous insects found
associated with Agave spp. in ISFCRI/ Balittas germplasm
collection is rhinoceros beetles. Xyloryctes corniger Bates
and X. thestalus Bates are rhinoceros beetles reportedly
associated with A. tequilana [10-12] whereas Oryctes
rhinoceros was reported as a minor pest of A. sisalana
[13]. O. rhinoceros is a species whose distribution is found
throughout the Asian and Western Pacific regions [14].
Kalshoven [15] reported that agave is one of the host plant
of O. rhinoceros in Indonesia.

Rhinoceros beetle infestation on Agave spp. in
Indonesia has the potential to cause weight loss of dry
fiber up to 23.8% and fiber yield up to 17.4% [16]. Study
of interactions between Agave spp. as a host of rhinoceros
beetles in Indonesia has not been done intensively.
Therefore, this study aims to evaluate rhinoceros beetle
infestation on three Agave species in the Field of ISFCRI/
Balittas Germplasm Collection. The information obtained
can be used as a basis for consideration in developing
superior agave varieties related to their resistance to
rhinoceros beetles.
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1.1. Materials and Methods

Observations on infestation and damage of agave
leaves by rhinoceros beetles were carried out at
Karangploso Research Station (7°39°43”S, 114°121’E;
elevation 515 m.asl), from November 2016-January 2017.
Observations were made on 26 accessions from three
species of Balittas agave germplasm collection, namely A.
angustifolia (5 accessions), A. cantala (13 accessions),
and A. sisalana (7 accessions) age 6 years. The accession
numbers for each Agave species used in this study are
presented in Table 1.

Table 1 Germplasm accessions of Agave spp. used in
the observations of rhinoceros beetles infestation in
Karangploso, Malang

A.angustifolia | A. sisalana A. cantala
Balittas 1 Balittas 10 | Balittas 2 Balittas 18
Balittas 4 Balittas 12 | Balittas 3 Balittas 19
Balittas 5 Balittas 13 | Balittas 6 Balittas 21
Balittas 9 Balittas 14 | Balittas 7 Balittas 22
Balittas 17 Balittas 16 | Balittas 8 Balittas 25
Balittas 23 | Balittas 11 | Balittas 26
Balittas 24 | Balittas 15
n=>5 n=7 _ .
accessions accessions n = 13 accessions

Observations of leaf damage in each accession of three
Agave species were carried out on 6 plants. Observations
were made by counting the healthy leaves and infested
leaves that showed symptoms had been consumed by
rhinoceros beetles. Symptoms of leaf damage by
rhinoceros beetle are the presence of bite holes with a
diameter of 2—6 cm (Figure 1). The intensity of the
rhinoceros beetle infestation was calculated based on the
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percentage of damaged leaves out of the total number of
leaves on the sample plant, while the area of the beetle
infestation was calculated based on the percentage of the
number of plants infested against the total number of
sample plants.

Identification of rhinoceros Beetles infesting agave
accessions was done by comparing morphological
characters of Xyloryctes and Oryctes, a method developed
by Royals et al. [17].

1.2. Our Contribution

This study reports rhinoceros beetle infestation in
Agave spp. with different levels of infestation between
Agave species and clones. The difference is due to
differences in the nutritional content of the leaves of
Agave spp. which influences the preferences of the beetles
in infesting the three Agave species. The results of this
study can be used as a basis for the development of
breeding a new superior variety that has a high level of
resistance to the rhinoceros beetle infestation by selecting
clones with low infestation rates as its parents.

1.3. Paper Structure

The rest of the paper is organized as follows. Section 2
is the identification of species that infest A. sisalana, A.
cantala, and A. anguistifolia. Section 3 presents the level
of infestation of rhinoceros beetles in each Agave spp.
species, and also the level of infestation in each clone.
Section 4 discusses the results of the data obtained related
to information about the nutritional content of each
accession, also the possibility of toxic compounds that
affect the preferences of rhinoceros beetle to each
accession and Agave species. Section 5 concludes the
discussion and presents suggestions for further research.

Figure 1 (a, b) Agave plant with rhinoceros beetle infestation, (c) healthy plant or uninfested plant by rhinoceros beetles
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2. RESULTS AND DISCUSSION

2.1. ldentification of Rhinoceros Beetles
Infesting Agave spp.

Rhinoceros beetle infestation in the agave crop
occurred from October to December 2016, which is the
beginning of the rainy season. The beetle feeds on the
unopened leaves of the agave by boring to reach the stem
and then sucking the sap of the stem. After the leaf is
completely open, a hole about 3 cm in diameter will be
seen, which is a typical symptom of rhinoceros beetle
infestation on the plant. The boring movement that reaches
the growing point will cause the plant to die. Leaf damage
caused by this beetle will cause leaf fibers to break and
reduce the quality of the fiber. Leaf damage due to
rhinoceros beetle infestation caused the fiber yield to
decrease by 17.4% [16]. The main host plant of O.
rhinoceros is coconut, but host plants other than coconut,
such as sugar cane, pineapple, colocasia, sisal and some
Agave species are also infested by these beetles in case
there is scarcity of the preferred host [18-20].

Morphological characters of rhinoceros beetle which
infested Agave spp. in Karangploso Research Station are
as follows: length 35.01 mm; width 14.7 mm; black color
(Figure 2a); with scarab-like overall shape; antenna type:
lamellate; mandibles visible dorsally (Figure 2b);
pygidium exposed (Figure 2c); and two spurs on mesotibia
(Figure 2d). Based on its morphological character,
rhinoceros beetles which infested A. angustifolia, A.
cantala, and A. sisalana were identified as Oryctes sp.
[21]. Kalshoven [15] reported that rhinoceros beetles
which infested A. sisalana in Indonesia is Oryctes
rhinoceros. The morphological characters of O. rhinoceros
which was described by Royals et al. [17] are in
accordance with the morphological characters of the
rhinoceros beetles found infesting Agave spp. The
characteristics are as follows: robust body, 22—77 mm long

B—

10 mm
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(Figure 2e); mandibles often visible dorsally (Figure 2f);
pygidium exposed past apex of elytra (Figure 2g); two
spurs present on mesotibia (Figure 2h); and claws of meso
and metatarsus simple and similar in length and shape.

2.2. Intensuty of Agave Leaf Damage by
Rhinoceros Beetles

Number of Agave spp. accessions that showed
symptoms of rhinoceros beetles infestation was 4
accessions of A. angustifolia (80%), 7 accessions of
A.cantala (54%), and 4 accessions of A. sisalana (67%).
The mean percentage of leaf damage intensity in infested
A. angustifolia accessions was relatively higher (16.0 +
6.5) than those in A. cantala (6.8 = 3.4) and A. sisalana
(7.2 £ 3.8) (Table 2). The area of infestation in infested
plots indicates that rhinoceros beetles have a relatively
higher preference for accessions from A. angustifolia
compared to accessions from A. cantala and A. sisalana.

The average intensity of leaf damage by rhinoceros
beetles in infested accessions of the three Agave species
showed a high variation of standard deviation (SD) (Table
2), and so did the area of infestation (Table 3). This
indicates that the beetles showed a significant preference
for only a few accessions from the three host plant species.
The beetle preference for certain accessions is probably
due to the nutritional content of the host plant.

Based on the identification, the rhinoceros beetle that
infested agave plantations in Karangploso was Oryctes
rhinoceros (Figure 2). The behaviour of this beetle in
consuming its host plant (coconut) is by boring into the
central cluster of unopened fronds (the spear cluster) at the
centre of the palm crown and boring through the axils of
the opened fronds and feeds on the tissue juice of the
spears, spathes, inflorescences, and sometimes even the
central growing points of the host [22]. Plant sap from
several agave species contain sugar [23]. A. angustifolia is
one of the Agave species that has high sugar content, so it

Figure 2 Screening characters for Oryctes spp. beetle based on Redcliffe [18]: (a-d). Identified specimen of Rhinoceros
beetle infested Agave spp. in Research Station Karangploso, Malang, (e-h) characters of O. rhinoceros based on Royals et
al. [17]
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Table 2 Intensity of Agave Leaf Damage by Rhinoceros Beetles at Karangloso Research Station, Malang on December

2016
Intensity of leaf damage (%) Damage intensity of infested accessions (%)
A. angustifolia A. sisalana A. cantala A. angustifolia A. sisalana A. cantala
21.0 2.6 9.7 0.0 21.0 2.6 9.7
21.6 11.0 0.0 0.0 21.6 11.0 10.3
3.9 7.8 10.3 0.0 13.9 7.8 2.4
7.7 2.4 2.4 0.0 7.7 2.4 3.5
0.0 9.8 3.5 0.0 9.8 4.0
0.0 4.0 0.0 9.4 8.3
0.0 8.3 9.4 9.4
12.8+9.1" 48+46 29140 16.0 + 6.5 7.2+3.8 6.8+3.4

" Average + Standard deviation

Table 3 Infestation area of rhinoceros beetles on accessions of Agave spp. plots at Karangloso Research Station, Malang

on December 2016

Pest Incidence (%) of rhinoceros beetles on Agave spp. Pest Incidence (%) of rhinoceros beetles on
plots infested plots

A. angustifolia A. sisalana A. cantala A. angustifolia A. sisalana A. cantala
66.7 16.7 50.0 0.0 66.7 16.7 50.0
50.0 66.7 66.7 0.0 50.0 66.7 66.7
16.7 16.7 16.7 0.0 16.7 16.7 16.7
66.7 16.7 16.7 0.0 66.7 16.7 16.7
0.0 33.3 16.7 0.0 33.3 16.7
0.0 33.3 0.0 33.3
0.0 0.0 50.0 50.0

40.0 +£30.3" 21.4+23.0 17.9+23.1 50.0 +23.6 30.0+21.7 35.7+20.2

” Average + Standard deviation

is used for traditional bacanora alcoholic drinks [24]. This
is thought to be the cause of higher rhinoceros beetle
preference for accessions of A. angustifolia compared to
accessions of A. cantala and A. sisalana.

In the cultivation of Agave spp., A. angustifolia is
cultivated for the stem of the flower (pine), which is
processed into alcoholic beverages, while A. cantala and
A. sisalana are harvested for their leaves which are
extracted to obtained fiber. Fiber content in the leaves of
each Agave spp. accession most probably varies, so the
chemical compounds in agave fibers which consist of a-
cellulose, hemicellulose, and lignin, are also different. The
differences in chemical components of fiber is thought to
affect the preference of rhinoceros beetles to the
accessions of the three Agave species.

The sap of Agave species is also reported to have
active compounds that are toxic to insects [25]. These
toxic compounds, for example saponins, are believed to
play a role in plant defence mechanism against
phytophagous insects [24, 26]. Harmata et al. [25]
reported that saponins extracted form agave act as

deterrent to feeding activity. To be able to explain
differences in preferences, which are indicated by
symptoms of leaf damage due to rhinoceros beetles, data
records of quantitative and qualitative saponin level on
infested Agave spp. accessions, from each Agave spp
accession are needed.

3. CONCLUSION

Rhinoceros beetle that infested Agave spp. in ISFCRI/
Balittas germplasm collection was from the genus Oryctes.
The Oryctes beetle shows a relatively high preference for
accessions of A. angustifolia compared to the accessions
of A. cantala and A. sisalana. The high preference on A.
angustifolia is presumably due to the high sugar content in
plant stems (pina), which is the consumption target of
rhinoceros beetles infesting agave plantations. Future
research relating to the breeding of new high-yielding
varieties that are resistance to rhinoceros beetle need to
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consider the selection of clones with low infestation rates
as parentals.
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