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Abstract. Citrus is an economically valuable plantation crop and has high
market opportunities. In Southeast Asia. Indonesia is the second largest citrus
importer after Malaysia, with an import volume of 160,254 tons; however,
various obstacles limiting the cultivation of citrus plants cannot be separated
from pests that can affect citrus quality and reduce citrus production. One of the
obstacles is insect attacks such as aphids. Therefore, this study aims to determine
the species of aphids in citrus. This research was conducted from May to June
2023 in Ogan Komering Ilir Regency using a direct observation method in the
field. Observations were made on the parts attacked by aphids and symptoms of
attack. The results showed that three species from 1 family of aphids were found.
The species found were Toxoptera aurantii, Toxoptera citricidus, and Toxopiera
citricola from the Aphididae family. The highest species found in the study was
T. aurantii, with 861 individuals, and the lowest species found was T. citricola,
with 29 individuals. Aphid species were found mainly on Citrus microcarpa and
least on Citrus grandis.

Keywords: Aphididae, Citrus microcarpa, Citrus grandis, symptoms,
Toxoptera

1. Introduction

Citrus (Citrus sp.) 1s a fruit commodity horticultural crop from the Rutaceae family with
economic value and market opportunities [1]. Citrus, which is currently widely developed by
the community, consists of several types, including sweet orange, lime, kaffir lime, grapefruit,
and lemon originating from Southeast Asia [2]. Various obstacles limiting the cultivation of
citrus plants cannot be separated from the problem of plant pest organisms (OPT), which can
affect citrus quality and reduce citrus production [3]. Aphids (Ordo Hemiptera) are one of the
plant pest organisms that can be detrimental to citrus farmers [4]. This insect can be a significant
pest in citrus plants [5]. Aphids attack stems, young leaves, old leaves, flowers, and fruit [6].
This insect attacks by stabbing its stylet and then sucking plant cells so that it can damage the
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plant [7]. Aphids suck liquid from the leaves so that it can cause plant growth to be inhibited
[8]. Aphids can also cause plant growth to stunt because leaves attacked by aphids will wrinkle
and curl [9]. Aphids can also secrete a sweet, honey-like liquid [10]. The liquid will attract ants
and cause sooty mold on the fruit and leaves, which can cause a decrease in the quality of citrus
fruit [11].

Aphids can also be vectors of viruses in citrus. According to research by [12], Citrus plants
can be attacked by diseases that can be caused by viruses such as Citrus Tristeza Virus (CTV),
spread by aphids (Toxopteda citricida). It is necessary to control aphids to get maximum results,
and control can be done by spraying synthetic and botanical pesticides. The presence of
predatory insects can also control aphids. Cocci beetles act as predatory insects that can control
scale lice, mites, mealybugs, aphids, and flour beetles [13]. Aphids commonly found on citrus
plants are from Aphididae, Aleyrodidae, Coccinellidae, Diaspididae, and Pseudococcidae [14].

2. Methods

2.1. Preparation

The research was conducted in the sub-districts of Kayu Agung Asli, Pedamaran, and Teluk
Gelam, Ogan Komering Ilir Regency. South Sumatra in June 2023. The land used as the object
of research was the yard of a smallholding citrus farmer in Ogan Komering Ilir Regency, which
includes: District 1: Kayu Agung Asli, District 2: Pedamaran, District 3: Teluk Gelam.

2.2. Sample collection and ldentification

This study used a purposive sampling method. The sampling methods were direct observation
and hand-picking. Direct observation was done by observing aphids on citrus plants' leaves,
fruit, and stems. Observations were made from morning to evening, from 08.00 am to 4.00 pm.
The presence of aphids was taken directly (hand picking) using a small brush and then put into
a vial bottle containing 80% alcohol and labeled in the form of location, date, and color of
aphids obtained. The aphids were observed under a light microscope to investigate the species.

2.3. Data Analysis
The total number of individuals from each species was used to analyze evenness diversity. The
calculation of the diversity index used Shannon-Wienner. The formulae was explained below:

H’=—Y PilnPi withPi=ni/N (0

H is the diversity index; ni is the number of individuals in species i, and N is the total number
of individuals. The criteria for the Shannon-Wiener diversity index value H’: H< 1 is
categorized as low diversity, 1 < H’ < 3 is categorized as moderate diversity, H > 3 is
categorized as high diversity.

The dominance of an organism was determined using a dominance index. The Dominance
Index value was calculated using the Simpson dominance formula [4].

D=7} (Pi)* 2

An explanation of the formula: D is the dominance index, Pi is ni/N, and N is the total
individual. The Criteria for the dominance index are 0-0.50 for low dominance. 0.5-0.75 for
moderate dominance, and 0.75-1 for high dominance.
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The evenness index can be calculated by following the formula:
E=H'/InS (3

H' is diversity values, and S is the total individuals observed. The value from the calculation
based on the formula matched with the value at the index explained below. 0 < E < 0.4 is
categorized as small evenness or depressed community.0.4 <E <0.0is categorized as moderate
evenness, unstable community. 0.6 < E < 1.0 is categorized as high evenness or stable
community.

3. Result

The results of research that has been done observation of aphids on citrus plants in Ogan
Komering Ilir Regency found three aphid species, namely Toxopiera auranitii, Toxoptera
citricidus, Aphis spiraecola derived from the Aphididae family. The most common species
found was T. aurantii, with as many as 861 individuals; the lowest was A. spiraecola, with 29
individuals. T. aurantii species were found in every observation location, while A. spiraecola
species were only found in the Teluk Gelam sub-district (Table 1).

Table 1. Species of aphids on citrus plants in Ogan Komering Ilir Regency.
Species discovered

Location Toxoptera aurantii  Toxoptera citricidus Aphid spiraecola
Kayu Agung 378 115 -
Pedamaran 265 78 -
Teluk Gelam 218 70 29

The species T. aurantii has a very high number of individuals (861 individuals) compared to
A. spiraecola, with only 29 individuals, and T. citricidus, 263 individuals (Table 2). The most
common species of aphids found on citrus in Ogan Komering [lir Regency was T. aurantii. T.
aurantii was found presumably because the host range of T. aurantii is broader and more
diverse. T. auwrantii has more than 80 host plant families [15]. In addition, T. qurantii is
commeonly found because it can attack young leaves, old leaves, flowers, and fruit. T. aurantii
can attack citrus on fruit, flowers, and young and old leaves [16]. The lowest aphid species
found in Ogan Komering Ilir Regency is A. spiraecola. A. spiraecola is suspected because citrus
is not the primary host of A. spiraecola. The main host of A. spiraecola is the plant species
Spiraea sp. [17]. The optimal temperature for developing A. spiraecola is 25°C [18].

Table 2. The total number of aphids observed in Ogan Komering Ilir District.

Species Individual number (n)
Toxoptera aurantii 861
Toxoptera citricidus 263
Aphid spiraecola 29
Total (N) 2609

The study results found that the diversity of aphid species in Ogan Komering Ilir Regency
was classified as low because the diversity index value H'<l. The diversity of aphid species is
low because only three species of aphids were found. The dominance index of aphids in Ogan
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Komering llir Regency is classified as moderate (0.5 < D < 0.75) with an index value of D =
0.610. The dominance index is moderate because the number of individuals of T. aurantii was
higher than that of A. spiraecola and T. citricidus. The aphid community in Ogan Komering Ilir
Regency is considered stable (0.75 < E < 1.00) with an evenness index value of E = 0.935
(Table 3).

Table 3. Shannon-Weiner Diversity Index, Dominance Index, and Evenness Index of aphids
found in Ogan Komering llir District.

Index value
Diversity (H”) 0.648
Dominance (D) 0.610
Evenness (E) 0.935

The morphological characteristics of the three aphids are different. The species T. aurantii
and T. ciiricidus have almost the same morphological characteristics; in the species T. aurantii,
the body is slender and oval with a brown color, while in T citricidus, the body is round and
black. T. aurantii has a more petite body than 7. citricidus, namely T. aurantii 2-6 mm, while
T. citricidus 2-8 mm. T. aurantii has shorter cauda than 7. citricidus (Figure | A and B). The
species A. spiraecola is characterized by a slender oval-shaped body and a green to brass color.
The limbs are green, while the tarsus is darker brown. The cauda has a longer distance than the
Toxoptera species; at the end, it is black (Figure 1 C).

A .‘: : B P Y C

/

Figure 1. Species of aphids on citrus. (A) Toxoptera aurantii, (B) Toxoptera citricidus, (C)
Aphis spiraecola.

4. Discussion

The morphological characteristics of the three species are different. The 7. aurantii species
has a characteristic brown, slender, oval-shaped body [19]. The morphological characteristics
of T. aurantii are characterized by a body length of no more than 2 mm, a cauda shaped like a
tongue, and 10-21 hairs [20]. Imago T. aurantii is oval-shaped and blackish brown, with black
and white antennae interspersed, caudal, and black cornicles. In the species T. citricidus, the
body is oval with a blackish color, more significant than the species T. aurantii, and has a longer
cauda than 7. aurantii. The body shape is oval and black, and the femur has fine hairs that are
very long and many compared to 7. aurantii [21]. Cauda size is longer than T aurantii species.
The species A. spiraecola is characterized by a slender, oval-shaped body and green in color.
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The tarsus is brownish. The aphids measuring 0.07-0.13 mm in length have a yellow or green
color, adult aphids without wings, and dark-colored cauda [22].

Aphids are an important pest of citrus crops that can result in reduced citrus production [5].
These insects attack and damage the fruit, leaves, and stems [23]. Aphids are found to attack
young leaves, old leaves, and flowers [24]. The symptoms found are on young leaves and old
leaves that are stiff and curled, then the flowers will wither and die. The presence of aphids is
significant because they can attack various types of citruses [25]. The abundance of aphids
population can be influenced by biotic and abiotic factors [26]. Climate is one of the essential
factors that can affect the population of aphids [27].

5. Conclusion

The aphid species found on Citrus sp. in the Ogan Komering Ilir district consisted of 3 aphid
species, namely T. aurantii, T. citricidus, and A. spiraecola. The species T. aurantii and T.
citricidus have almost the same characteristics; 7. aurantii has a slender oval body shape and
is blackish brown, while T. citricidus has an oval, round body shape and is solid black. In
contrast, the species A. spiraecola has an oval body shape and is green in color. The T. auranti
species was mainly found in the Ogan Komering Ilir district, South Sumatera, Indonesia.

6. Acknowledgments

This research is a part of a grant with contract number 0096.058/UN9/SB3.LP2M.PT/2023,
with the chairman of the research grant, Chandra Irsan. Also, we thank the smallholding farmers
who allowed us to conduct surveys and observations on citrus plants in Ogan Komering Ilir
Regency.

References

[1] U M Khan, A Sameen, R M Aadil, M Shahid, S Sezen, A Zarrabi, B Ozdemir, M
Sevindik, D N Kaplan. Z Selamoglu 2021 Altern Med (2021) 1-17

[2] A Novitasari, E P Purwandari, and F F Coastera 2018 J Inform Komput 3 (2) 7683

[3] WRPutra, S A Zuhria, and A Roosenani 2022 Agrosaintifika 4 (2) 299-305

[4] G El Fikri, B Yanuwiadi, and A Affandi 2019 Indones J Environ Sustain Dev 10 (2)

[5] M Braham, S Boulahia-kheder, M Kahia, and S Nouira 2023 J Saudi Soc Agric Sci 22 (6)
374-383

[6] P S Bhat,NRP Kumar, HR Ranganath, and S Saroja 2022 “Pests and Their Management
in Cucurbits BT - Trends in Horticultural Entomology,” in Springer, M Mani, Ed
Singapore: Springer Nature Singapore 1013—-1030

[71 N De Zutter 2016 “Interactions between the cereal aphids Sitobion avenae and the
mycotoxin-producing fungal pathogen Fusarium graminearum on wheat” Ghent
University

[8] R C Wicaksono 2021 Pros Semnas Hayati JV 64—68

[91 F L Goggin 2007 Plant Biel 10 (4) 399-408

[10] P Jolivet 2023 Insects and plants: parallel evolution & adaptations CRC Press

[11] B Kakoti, B Deka, S Roy,and A Babu 2023 Front Insect Sci 2 1048299

[12] D A Zulfiyana and Y Fuad 2018 Mathunesa J Ilm Mar 6 (2)

[13] ARD ARani, M HH S Nurhaliza, S Zuhri, Y A Nainggolan, and W Pratama 2022 Pros
Semin Nas Lahan Suboptimal ke-10 “Revitalisasi Sumber Pangan Nabati dan Hewani




ICCESI-2023

[24]
[25]

[26]
[27]

Pascapandemi dalamMendukung Pertan Lahan Suboptimal secara Berkelanjutan 6051
489494

G J Stathas and P J Skouras 2013 Integrated Control in Citrus Fruit Crops IOBC-WPRS
Bulletin 95 1-9

H Liu, Z Chen, C Liu, X Wu, and K Xiao 2021 Front Ecol Evol 9 1-9

M Carver 1978 Aust J Entomol (17) 3 263-270

R Rakauskas, J Basilova, and R Bermotiene 2015 Eur J Entomol 112 (2) 270-280

S Satar and N Uygun 2014 JOBC Control Citrus Fruit Crop 38 216-224

Z Cheng and X Huang 2023 Zookeys 46 31-46

W Muhlison, H Triwidodo, and Pudjianto 2017 J Hama Penyakit Tumbuh Trop 16 (2) 175
E Nagaoka-Nakazono er al 2020 Japan Agric Res Q 54 (4) 307-316

S E Halbert and L G Brown 1996 “Brown Citrus Aphid, Toxoptera citricida (Kirkaldy)
(Insecta: Hemiptera: Aphididae),” Florida: University of Florida IFAS Extension 1-6

M B S Afzal, A Banazeer.J E Serrao, M Rizwan, and A Naeem 2023 Ecology. Biology,
Damage, and Management of Sucking and Chewing Insect Pests of Citrus Eds Rijeka:
Intech Open

R Maghsoudi 2023 Citrus yellow vein clearing virus transmission by the black citrus
aphid, Toxoptera aurantii 1-11

E H Varon-devia, C M Florez-cardenas, C I Jaramillo-barrios, and M F Martinez 2021
Citrus Res Technol 3122

H Jan et al 2017 J Entomol Zool Stud 5 2349-2353

R Aljaryian and L Kumar 2016 Crop Prot 88 137-148

10P Publishing
IOP Conf. Series: Earth and Environmental Science 1346 (2024) 012007 doi: 10.1088/1755-1315/1346/1/012007




Aphid species found on citrus in Ogan Komering Ilir District,
South Sumatra, Indonesia

ORIGINALITY REPORT

9% % 9% %

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

3%

* Rui Sun, Cailian Gu, Shuai Xue, Chaohao Cai.
"Research on coordinated control technology of
hybrid energy storage under grid-connected/off-grid
dual mode", Journal of Physics: Conference Series,
2024

Publication

Exclude quotes On Exclude matches <1%

Exclude bibliography On



