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Abstract. Citrus vein phloem degeneration (CVPD) is the Indonesian name for the Asian form
of the devastating and incurable citrus disease known internationally as huangléngbing. It is
associated with a phloem-limited pathogen, ‘Candidatus Liberibacter asiaticus’ (CLas) and
transmitted by the Asiatic citrus psyllid (ACP), Diaphorina citri. ACP originated in South Asia
but was first observed on citrus in 1900 in Java to where it may have been introduced decades
earlier on lemon or lime seedlings brought from South Asia to reduce the incidence of scurvy
among European sailors and in colonial settlements. CLas appears to have been introduced to
the Pasar Minggu area of Jakarta in the 1940s from southern China, after it was introduced to
Guangzhou, directly or indirectly, from South Asia in the late 1920s—early 1930s. Minimising
incidence of the disease relies on planting pathogen-free trees, removal of infected trees, and
unstainable use of synthetic pesticides that do not prevent spread of the disease. Parasitoids and
predators of ACP are killed by the pesticides. Evidence from China and Viétnam suggests that
effective management of the disease may be feasible if the weaver ant (semut rangrang),
Oecophylla smaragdina, is deployed, cultivated, and managed in orchards.
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1. Introduction

Citrus vein phloem degeneration (CVPD) is the Indonesian common name for the severe South
Asian form of huangléngbing (HLB). It is a devastating disease of citrus and is incurable. The disease
is coused by a phloem-limited pathogen, ‘Candidatus Liberibacter asiaticus’ (CLas: a-Proteobaceria), a
pathogen most commonly transmitted by the Asiatic citrus psyllid (ACP), Diaphorina citri Kuwayama
[Hemiptera: Sternorrhyncha: Psyllidae]. Eastward spread of the disease from northwest South Asia has
progressively inflicted serious economic havoc on citrus cultivation throughout Asia since the 1800s.
The psyllid and the pathogen are now widespread in Asian countries and the American countries [1] and
most recently have been recorded in several countries in Africa.[2-5]

Symptoms of the disease, ascribed to damage caused by D. citri, were first recorded in the Punjab
in the 1920s.[6] In extreme cases, trees suffered complete defoliation. Husain and Nath [6] concluded
that, apart from defoliation and loss of sap, the nymphs also injected some toxic substance into plant
tissues during feeding. Undersized fruit, and poor and insipid juice were attributed to this ‘toxin’, and
branches not directly attacked became prematurely dry. Descriptions of citrus maladies observed in India
[7-9] and China [10] before 1920 have been incorrectly interpreted by many contemporary authors,
including Capoor [9], Zhao [11], da Graca [12], and Bové ([1, 13], as symptoms of HLB. Oft repeated
in the literature (including Zhao [11], da Graga [12], Bové [1, 13] is that CLas originated in China;
however, there is no evidence for this. Also, no evidence was found that it evolved with Citrus, but it
may have evolved in association with a Citrus relative. Records suggest that it could have been
introduced to mainland China with plants imported from Indochina between 1929 and 1934 shortly
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before D. citri was first recorded on the mainland, in Guangzhou, in 1934.[14-16] We are currently
considering a possible origin of the pathogen in the Horn of Africa, transmission there by the African
citrus psyllid (Trioza erytreae (Del Guercio) [Triozidae]) and/or dodder (Cuscuta spp. [Solanales:
Convolvulaceae]) from citrus relatives and/or introduced citrus cultivars and spread from there in
infected plants taken to northwest India during historical migration and trade between Africa and India,
and possibly by Portuguese colonial activities in Africa and India. We regard this as a more likely
scenario than the timing of events related to speciation of liberibacters associated with the initial
evolution of Rutaceae in Gondwana and subsequently on the Indian plate as it rifted northwards from
Gondwana to collide with Asia (see [17-19].

2. Huangléngbing in Indonesia

Tirtawidjaja et al. [20] were the first to note the presence of HLB (as citrus vein-phloem
degeneration ‘virus’) in Indonesia. They commented that it had been spreading in Indonesia from 1950.
Its importance was felt as early as 1948 in the Pasar Minggu area on Siem mandarin (Citrus reticulata
Blanco ‘Siem’: syn. C. suhuiensis Hort. ex Tan.) (Cortez [21] Aubert et al. [22]). In 1964, the disease
was widespread in Java, and surveys before 1980 showed that it was also present in Sumatra, but not in
Borneo, Sulawesi, Madura and Lombok, and of limited occurrence in backyards in Makassar.[23] The
widespread occurrence of HLB in Java and Sumatra was attributed by Tirtawidjaja [23] to movement
of a certain mandarin variety from nurseries in Pasar Minggu in Jakarta. Aubert [24] commented that it
was through Javanese planting material that HLB and D. citri were disseminated over the entire
archipelago. However, he noted that its presence in Ende and Timor, where it had only recently been
introduced, was limited to scattered small foci and easy to eradicate. Weinert et al. [25] detected HLB
in Timor-Leste (East Timor) and in nearby Papua New Guinea, in Australasia.[26].

The spread of D. citri from its native South Asia to East and Southeast Asia appears to have been
linked to movement of psyllid-infested lemon and lime seedlings from South Asia by European colonial
powers as they sought to address the incidence of scurvy (vitamin C deficiency) in sailors and colonial
settlements. The psyllid was first recorded in the Lands Plantentuin te Buitenzorg, now Kebun Raya
Bogor (Bogor Botanical Garden), in 1900. It was recorded in Timor in 1905 and Ambon in 1907 and
was described in 1907 from a region of northern Taiwan that was once part of a Dutch colony.[27]

D. citri populations suppression and low incidence of HLB in citrus orchards in Asia relies almost
solely on multiple applications, sometimes weekly or more frequently, of synthetic pesticides that do
not prevent inevitable, often rapid, spread of the disease.[27] The effectiveness of natural enemies,
including the primary parasitoids, Tamarixia radiata (Waterston) [Hymenoptera: Eulophidae] and
Diaphorencyrtus  aligarhensis  (Shafee, Alam & Agarwal) [Hymenoptera: Encyrtidae],
entomopathogens, and numerous predatory species, is severely hampered by use of the pesticides.[27,
28] It is axiomatic that spread of HLB cannot be prevented by natural enemies, but limits on rates of
spread of the disease can be as effective as applications of synthetic pesticides in well-managed
orchards.[27] The effectiveness of natural enemies can be enhanced through incorporation mineral oils,
applied in spays as dilute aqueous emulsions, into integrated pest management programs. Mineral oils
alone can be as effective as synthetic pesticides.[29-32]

3. The golden weaver ant

Oecophylla smaragdina Fabricius [Hymenoptera: Formicidae] is a tree-dwelling ant that has been
widely overlooked for the biological control of D. citri in Asia. It is native to subtropical and tropical
regions of Asia and Australasia and occurs naturally throughout Indonesia.[33] It is one of two extant
species of Oecophylla, the other being O. longinoda Latreille in tropical Africa.[34, 35] Commonly
known as the weaver ant, golden weaver ant, green tree ant and yellow tree ant in English, huangjmgyi
in Mandarin, and semut rangrang in Indonesian.

Weaver ants from northern Australia are used to make boutique gin and cheese (Good Weekend,
The Sydney Morning Herald, 29 May 2021; [27]). In Java, the larvae and pupae called 'kroto' are
harvested in the wild from trees and sold as songbird feed and fishing bait . (Césard & Azhar [36]). This
brings substantial income to numerous rural households.[37] In addition to ‘kroto’, the ant is used in
Asia for Indian and Chinese traditional medicines, and as a prized human delicacy. Increased interest in
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ant consumption has caused high demand in all regions of Thailand.[38] Harvesting ants in nature is
profitable, and will put pressure on local populations of O. smaragdina has the potential to lead to
unsustainable overexploitation of natural habitats [38]. Sribandit et al. [38] also discuss ant farming as
a potential solution to detrimental impacts of exploitation of natural populations of the ant. Offenberg
and Wiwatwitaya [39] concluded that harvesting of the ant in mango orchards was compatible with
biological control and that ant yields could be increased with appropriate management.

Oecophylla smaragdina was the first insect used by humans to control large insect pests
(caterpillars and stinkbugs) on citrus some 1700 years ago near Ha No§i, which was then part of the
Chinese Han Dynasty province of Jiaozhi (‘Chiao-chih”).[40] For centuries it has been reared to suppress
populations of citrus pests in orchards in China and Indochina.[40, 41] Records of phytophagous pests
in Asia and Australasia whose populations, and thus the damage they cause, can be significantly reduced
by O. smaragdina are summarised in Table 1.

Table 1. Phytophagous pests killed, dislodged, deterred, or repelled by Oecophylla smaragdina in
Asia and Australasia, thereby reducing economic losses in agriculture, horticulture, and forestry.

Country Crop Species Taxonomic group Reference
Australia African fruit spotting bug, Amblypelta lutescens (Distant) [Hemiptera: Pentatomomorpha: Coreidae] [84]
mahogany

cedar shoot borer, Hypsipyla robusta (Moore) [Lepidoptera: Pyralidae] [85]
yellow looper, Gymnoscelis sp. [Lepidoptera: Geometridae] [86]
bush cricket, Myara yabmanna Otte, D & RD Alexander [Orthoptera: Gryllidae] [86]

cashew tea mosquito bug, Helopeltis pernicialis Stonedahl, Malipatil & Houston, [Hemiptera:
Cimicomorpha: Miridae] [87]
fruit spotting bug, Amblypelta lutescens lutesens (Distant) [Hemiptera: Pentatomomorpha:
Coreidae] [87]
leafroller, Anigraea ochrobasis Hampson [Lepidoptera: Euteliinae] [87]
mango shoot caterpillar, Penicillaria jocosatrix (Guenée) [Lepidoptera: Noctuidae] [87]

mango mango seed weevil, Sternochetus mangiferae (Fabricius) [Coleoptera: Curculionidae] [81]
Jarvis's fruit fly, Bactrocera jarvisi Tyron [Diptera: Tephritidae] [80]
fruit spotting bug, Amblypelta lutescens lutesens (Distant) [Hemiptera: Pentatomomorpha:
Coreidae] [83]
mango leafhopper, Idioscopus nitidulus (Walker) [Hemiptera: Auchenorryncha: Cicadellidae]
[79]
dimpling bug, Campylomma austrina Malipatil [Hemiptera: Cimicomorpha: Miridae] [82]
red-banded thrips, Selenothrips rubrocinctus [Thysanoptera: Thripidae] [71]

China citrus citrus flatheaded borer, Agrilus auriventris Saunders [Coleoptera: Buprestidae] [88]
citrus tree borer, Chelidonium argentatum (Dalman) [Coleoptera: Cerambycidae] [88]
black and white citrus longhorn beetle, Anoplophora chinensis (Forster) [Coleoptera:
Cerambycidae] [88]
citrus leaf-mining beetle, Podagricomela nigricollis Chen [Coleoptera: Chrysomelidae] [88]
gold-dust weevil, Hypomeces squamosus (Fabricius) [Coleoptera: Curculionidae] [41, 52]
grey citrus weevil, Sympiezomias citri Chao [Coleoptera: Curculionidae] [88]
large green chafer beetle, Anomala cupripes Hope [Coleoptera: Scarabaeidae] [52]
scarab, Miridiba sinensis (Hope) (syn. Holotrichia sinensis Hope) [Coleoptera: Scarabaeidae] [88]
citrus blossom midge, Contarinia citri Barnes [Diptera: Cecidomyiidae] [89]
Asiatic citrus psyllid, Diaphorina citri Kuwayama [Hemiptera: Sternorrhyncha: Psyllidae] [28]
spined stink bug, Rhynchocoris poseidon Kirkaldy syn. R. humeralis (Thunberg) [Hemiptera:
Pentatomomorpha: Pentatomidae] [28, 52, 88]
green stink bug, Nezara viridula (L.) [Hemiptera: Pentatomomorpha: Pentatomidae] [88]
chequered swallowtail butterfly, Papilio demoleus L. [Lepidoptera: Papilionidae] [41]
swallowtail butterfly, Papilio xuthus L. [Lepidoptera: Papilionidae] [88]
yellow flower thrips, Thrips flavidulus (Bagnall) [Thysanoptera: Thripidae] [89]
banana flower thrips, Thrips hawaiiensis (Morgan) [Thysanoptera: Thripidae] [89]
melon thrips, Thrips palmi Karny [Thysanoptera: Thripidae] [89]
white flower thrips, Thrips vulgatissimus Haliday [Thysanoptera: Thripidae] [89]

litchi litchi stink bug, Tessaratoma papillosa (Drury) [Hemiptera: Pentatomomorpha: Tessaratomidae]
[41, 46]
India cashew tea mosquito bug, Helopeltis sp. [Hemiptera: Cimicomorpha: Miridae] [90]
mango brentid beetle, Estenorhinus sp. [Coleoptera: Brentidae] [91]

leaf twisting weevil, Apoderus tranquebaricus Olivier [Coleoptera: Curculionidae] [91]
red cotton stainer, Dysdercus cingulatus (Fabricius) [Heteroptera: Pyrrhocoridae] [91]
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mango flower webber, Eublemma versicolor Walker, [Lepidoptera: Noctuidae] [91]

mango shoot webber, Orthaga exvinacea Hampson [Lepidoptera: Pyralidae] [91]

mango leaf webber larvae, Orthaga euadrusalis Walker [Lepidoptera: Pyralidae] [91]
pongamia  stink bug, Cyclopelta siccifolia (Westwood) [Hemiptera: Pentatomoidea: Dinidoridae] [92])

Indonesia  cashew mosquito bug, Helopeltis sp. [Hemiptera: Cimicomorpha: Miridae] [93]
cocoa cocoa pod borer, Conopomorpha (Acrocerops) cramerella Snellen [Lepidoptera: Gracillariidae]
[94]
mango mango fruit weevil, Cryptorhynchus frigidus (Fabricius) syn. Cryptorhynchus gravis Fabricius
[Coleoptera: Curculionidae] [95, 96 2]
rubber Amblypelta lutescens papuensis Brown [Hemiptera: Pentatomomorpha: Coreidae] [97]
teak termites [Isoptera] [98]
Malaysia cacoa tea mosquito bug, Helopeltis theivora Waterhouse (syn. H. theobromae Miller) [Hemiptera:

Cimicomorpha: Miridae] [99]
mahogany mahogany shoot borer (cedar tip moth), Hypsipyla robusta (Moore) [Lepidoptera: Pyralidae] [100,

101])
oil palm bagworm, Pteroma pendula (de Joannis) [Lepidoptera: Psychidae] [102]
Papua coconut palm leaf beetle (Promecotheca papuana Ciski syn. antiqua Weise and P. opacicollis. Gestro)
New [Coleoptera: Chrysomelidae] [95, 103]
Guinea
coconut spathe bug (Axiagastus cambelli Distant) [Hemiptera: Pentatomomorpha: Pentatomidae]
[104, 105]
hoop pine  Araucaria looper or millionair moth (Milionia isodoxa Prout) [Lebidoptera: Geometridae] [106]
Philippines citrus citrus green bug (Rhynchocoris poseidon Kirkaldy syn. Rhynchocoris serratus Donovan)
[Hemiptera: Pentatomomorpha: Pentatomidae] [107]
citrus rind borer (Prays endolemma Diakonoff) [Lepidoptera: Yponomeutida] [108]
Solomon cocoa cocoa weevil (Pantorhytes biplagiatus (Guérin) [Coleoptera: Curculionidae] [109, 110]
Islands

coconut coconut bug (Amblypelta cocophaga China) [Hemiptera: Pentatomomorpha: Coreidae] [111]
coconut hispine beetle (Brontispa longissima (Gestro)) [Coleoptera: Chrysomelidae] [112]

SriLanka  cashew tea bug (Helopeltis antonii Signoret) {Hemiptera: Cimicomorpha: Miridae] [113]
coconut coconut black headed caterpillar (Opisina arenosella Walker) [Lepidoptera: Xyloryctidae] [114]

Thailand citrus gold-dust weevil (Hypomeces squamosus (Fabricius)) [Coleoptera: Curculionidae] [49]
mango mango leafhopper (ldioscopus clypealis (Lethierry)) [Hemiptera: Auchenorryncha: Cicadellidae]
[49]
Viétnam citrus Oriental fruit fly (Bactrocera dorsalis (Hendel) [Diptera: Tephritidae] [57, 58]
Asiatic citrus psyllid (Diaphorina citri Kuwayama) [Hemiptera: Sternorrhyncha: Psyllidae] [48,
60]

black citrus aphid (Aphis (Toxoptera) citricidus (Kirkaldy)) [Hemiptera: Sternorrhyncha:
Aphididae] [48, 60]
brown citrus aphid (Aphis (Toxoptera) aurantii Boyer de Fonscolombe) [Hemiptera:
Sternorrhyncha: Aphididae] [48, 60]
spined stink bug (Rhynchocoris poseidon Kirkaldy syn. R. humeralis (Thunberg)) [Hemiptera:
Pentatomomorpha: Pentatomidae] [60]
citrus butterflies (Papilio spp.) [Lepidoptera: Papilionidae] [48]

sao den Trioza hopeae Burckhardt & VVu [Hemiptera: Sternorrhyncha: Triozidae] [61]

@ Vo(te [96], citing Friederichs [95], mentions Chinese farmers at Tjilintjing in the vicinity of Batavia (Cilincing in Jakarta)
managing O. smaragdina populations in mango trees to make it impossible for mango fruit weevil to lay eggs on trees. Eggs
could only be found on trees not populated by the ant.

Macgowan [42, 43]: Dr Daniel Jerome Macgowan), citing an unidentified Chinese writer, briefly
mentions the use of ants, one clearly O. smargadina, as ‘insecticides’ to protect orange trees in
Guidngdong from the devastation of ‘worm’, the collecting rearing and marketing of ants, and use of
bamboo poles to facilitate movement of ants between trees. This information has been cited by several
authors including, McCook [44], Anon. [45], and Huang [40]. Groff and Howard [41] and Swingle [46]
recorded its use in 1918 to control the litchi stink bug (Tessaratoma papillosa (Drury) [Hemiptera:
Pentatomomorpha: Tessaratomidae]) on litchi near Gudngzhou in China, and mention use of the
silkworm (Bombyx mori (L.) [Lepidoptera: Bombycidae]) larvae to rear it. He (Hoffmann) and Zhou
[14] mentions it use in citrus orchards for the control of caterpillars, stink bugs, and other harmful
insects. Gressitt [47] recorded it use to suppress damage by destructive longhorned beetle borers in citrus
orchards on Hénan (Honan in Wade-Giles) Island in Guangzhou in the Pearl River Delta of Guangdong.
The island, now Haizha District, was also known as Honam and Honglok.
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Groff and Howard [41] questioned the value of O. smaragdina in the management of citrus pests
noting that its usefulness appeared be related to destruction of caterpillars and other large insects, ‘as it
did not destroy scale insects and not always plant lice’ (presumably Aphis aurantii Boyer de
Fonscolombe and or Aphis citricidus (Kirkaldy)) [Hemiptera: Sternorrhyncha: Aphididae], that ‘are also
serious enemies of citrus trees’. Nests were usually full of soft-scale insects that adult O. smaragdina
had tended for honeydew. However, Groff and Howard [41] noted, during observations of citrus trees
at the Canton Christian College (now Sun Yatsen University/Zhongshan Daxué) in Guangzhou, that
adult ants never seemed to tend the aphids, and that when the aphids were placed near a nest the ants
initially were aggressive towards the moving bodies of the aphids. The ants then seized the aphids with
their jaws and dropped them off the trees. They never seemed to tend the aphids, but colonies of soft
scales were carefully tended and their excretions eaten. One observation seemed to indicate that aphids
may be preserved by the ants under some circumstances. These observations were undertaken more than
10 years before D. citri was first recorded in mainland China. Van Mele et al. [48] and Offenberg et al.
[49] mention O. smaragdina controlling populations of Aph. aurantii and Aph. citricidus. However, it is
not clear if the ant killed the aphids, dislodged, deterred, or repelled these aphids, or whether low
populations of the aphids in the presence of the ant were related to effective biological control by their
parasitoids and predation by coccinellids, lacewings, and spiders in orchards where synthetic pesticide
use is negligible. The ant feeds on honeydew produced by the aphids and other trophobionts including
coccids, mealybugs, and margarodids.[50, 51]) The risk of trophobionts associated with the ant being
considered significant pests is considered minimal.[28, 52, 53]

In short-term studies in late spring and summer Chen [52] assessed the impact of O. smaragdina
on a range of insect pests in a citrus orchard at Huangtian (23.4203°N, 112.5363°E) ca 80 km WNW of
Guangzhou, where the ant was present at variable densities on trees and variably distributed within trees.
Incidence of citrus stink bug (Rhynchocoris poseidon Kirkaldy syn. Rhynchocoris humeralis (Thunberg)
[Hemiptera: Pentatomomorpha: Pentatomidae]) damage (fallen fruit) was significantly reduced when
the ant was sufficiently abundant. Damage related to other pests known to be controlled by the ant was
less effectively suppressed. Populations of trophobionts such as citriculus mealybug (Pseudococcus
cryptus Hempel syn. P. citriculus Green [Hemiptera: Sternorrhyncha: Pseudococcidae]), soft scales
(Coccus spp. [Hemiptera: Sternorrhyncha: Coccidae]) and cottony cushion scale (lcerya purchasi
Maskell [Hemiptera: Sternorrhyncha: Monophlebidae]) were not affected, nor were cerembycid larvae
and a moth bug, Lawana sp. [Hemiptera: Auchenorrhyncha: Flatidae], or natural other natural enemies
of pests. Variable beneficial impacts on reducing damage by pests, and costs and challenges of
maintaining ant populations in orchards led to the conclusion that the ant was not an ideal natural enemy.

In orchards in Sihui county northwest of Guangzhou, Yang [54] noted that R. humeralis was the
most effectively controlled of 10 citrus pests effected by O. smaragdina in orchards. He also mentioned
that farmers applied plant ash to tree trunks during the dry season or constructed water barriers at the
base of trunks to prevent the ants moving from trees to the ground. Mealybugs in these orchards were
parasitised by several parasitoid species, and ladybirds, spiders and green lacewings commonly existed
on trees.[54]

Before 1960 farmers in Guangdong applied 1-2 sprays annually to control citrus flea beetle, Clitea
metallica Chen [Coleoptera: Chrysomelidae].[28]) The farmers relied on O. smaragdina to control other
pests and, under such circumstances, D. citri was not regarded as a serious pest. Increased use of
synthetic pesticides after 1960 led to sprays being required annually for control of the psyllid, citrus red
mite (Panonychus citri (McGregor) [Acari: Tetranychidae]), citrus rust mite (Phyllocoptruta oleivora
(Ashmead) [Acari: Eriophyidae]), aphids, and R. humeralis. In many orchards, scale insects, whiteflies,
and leafrollers also became serious pests. Chen et al. [55] attributed ‘rampancy’ of citrus red mite after
the 1960s to the increased use of synthetic pesticides. It is now a citrus important pest in China.[56]

In a field experiment at South China Agricultural University in Guingzhou over five years from
1979, Chen [28] planted 55 sweet orange seedings in two blocks at Wandong (731, 23.4086°N,
112.5427°E), ca. 80 km WNW of Guangzhou, after the seedlings were heated at 49°C for 50 minutes to
kill ‘Clas’ and arthropods. Pests and natural enemies entered the blocks naturally from citrus trees
adjacent to the experiment. Trees in one block were maintained under natural control and insecticides
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were applied 12-18 times annually in the second block. Incidences of 22 pests, which included R.
humeralis, Pa. citri, Ph. oleivora, D. citri, Aph. aurantii, Aph. citricola, I. purchasi, a mealybug, a
mosquito bug, a fruit spotting bug, a leafroller, a shoot caterpillar, two whiteflies, four amroured scales,
two cerambycid borers, three leaf rollers, a butterfly, and citrus leafminer (Phyllocnistis citrella Stainton
[Lepidoptera: Gracillariidae]) in the block of trees under natural control, were, aside from Ph. oleivora,
low and HLB was not detected. D. citri was not regarded as a serious pest and survival from oviposition
to eclosion of adults was < 1%. The incidence of the pests on the trees sprayed with insecticides was
higher than on those under natural control and HLB was present. Survival of D. citri from oviposition
to eclosion of adults over 18 generations ranged from 2.2-17.5%.[28] The low survival rate of D. citri
under natural control suggests that O. smaragdina may have preyed on eggs and nymphs or removed
them from plant surfaces, and thus contributed to mortality beyond that caused by primary parasitoids
(Tamarixia radiata (Waterston) [Hymenoptera: Eulophidae]) and Diaphorencyrtus aligarhensis (Shafee,
Alam & Agarwal) [Hymenoptera: Encyrtidae]) and predation by coccinellids, lacewings and spiders.

Chevalier [57] summarised observations by Eugene Poilane related to the breeding of O.
smaragdina in Indochina for the defense of orange trees in Bén Tre (10.2442°N, 106.3754°E) in the
Mekong Delta of southern Viétnam. A mandarin and orange orchard visited by Poilane was remarkably
well-kept, each year producing very beautiful fruit. According to the farmer, it was essential to breed
and maintain the presence of the ant, and to use wires to provide a connecting medium between trees
for easy movement in order to make ‘war against bugs and moths that would bite the fruit (and also
probably the orange tree fly)’, the latter, it seems, Oriental fruit fly, Bactrocera dorsalis (Hendel) (B.
invadens Drew, Tsuruta & White) [Diptera: Tephritidae]: ‘Cette fourmi fait la guerre aux punaises et
aux papillons nocturnes qui viendraient piquer les fruits (et aussi probablement a la Mouche de
I'Oranger)’. Poilane believed that the ant plays protected fruit not only by attacking pests, but the odor
given off by the ants was often enough to ward off biting insects.[57]. Poilane [58] mentions use of the
ant to kill cerembycid borer larve and to protect fruit from ravages of the ‘Mouche de I'Oranger’. Farmers
said that fruit quality was poor and spongy, without the ant.[58] During pest and disease surveys in 1990
and 1991, Whittle [59] noted that backyard citrus trees in the Mekong Delta in southern Vi¢tnam were
practically free of foliar pests, largely because of O. smaragdina.

Van Mele & Cuc (Nguyén) [60] reported that pesticide use can be halved when the ant, known as
kién vang in Vietnamese, is present in citrus orchards in the Mekong Delta. Despite these reports and
that of Chen [28], it is not fully evident how O. smaragdina suppresses populations of D. citri. Worker
ants move rapidly within citrus tree canopies, including immature flush suitable for oviposition and
nymphal development (pers. obs). Nguyén (Ctc) et al. [61] reported experiments and surveys related to
ant activity, ACP populations, and HLB incidence in orchards in the same region. The ant reduced
populations of the psyllid and the incidence of HLB to low levels in the Delta (Table 2), and the extent
ant activity was related to the abundance of the psyllid in trees (Table 3). Nguyén (Cuc) et al. [61]
recorded O. smaragdina preying on eggs in laboratory studies (Table 4) but did not mention it removing
or preying on nymphs and adults in orchards. But it may: Vu et al. [62] observed it feeding on, and also
eggs and nymphs removal of, Trioza hopeae Burckhardt & Vu [Triozidae] on ‘sao den’ (Hopea odorata
Roxb. [Malvales: Dipterocarpaceae]) in southern Viétnam. This led to very few or no galls being formed
on immature leaves of the host.

Table 2. Trees expressing symptoms of HLB in the presence or absence of Oecophylla
smaragdina in Mekong Delta orchards: translated from Nguyén (Cuc) et al. [61]

Number of Pesticide Incidence of Oecophylla smaragdina HLB symptoms (rating 0-5)
orchards sprays trees with ants ants/tree/5 min mean range
10 common none 0 4.3 2-5
6 common < 50% <20 2 2
6 none 80-100% >30 0.3 0-1
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Table 3. Impact of Oecophylla smaragdina activity on Diaphorina citri on citrus trees in a
Mekong Delta citrus orchard: translated from Nguyén (Cuc) et al. [61]

Number of trees Ants/tree/5 min Mean number of Diaphorina citri/tree
30 0 10.56
30 >30 0.36

Table 4. Decline in Diaphorina citri (eggs and first and second instar larvae) 24 and 48 h after release
of Oecophylla smaragdina adults in laboratory studies: summary of two experiments translated from
Nguyén (Ctc) et al. [61]

Duration of observations  Replicates Ants per Mean number (range) of Diaphorina citri Percent
(hours) replicate before ants released after ants released decline

24 8 20-25 18.8 (15-20) 7.0 (0-15) 62.7

48 9 30-50 35.7 (21-69) 16.7 (4-37) 53.3

It is possible that abdominal Dufour’s gland secretions [63, 64] deposited as ant trails by O. smaragdina
workers on plant surfaces may repel D. citri adults. The secretions, which are produced by both O.
longinoda and O. smaragdina, persist on plant surfaces for extended periods. Deposits produced by O.
longinoda can be detected by workers 11 months after they have been deposited.[65] Offenberg [66]
proposed that deposit persistence and coverage throughout the ant territory could provide reliable cues
about ant presence and predation risk and, therefore, alert potential prey.. Van Mele et al. [35] reported
that female B. dorsalis are reluctant to land on fruits exposed to abdominal Dufour gland secretions of
O. longinoda, and that after landing female flies frequently take-off quickly and fail to oviposit.
Secretions of O. smaragdina are known to also repel pollinators.[67, 68]

Weaver ants bite humans and will attack if teased or disturbed.[41]. Risk of being bitten in
orchards can be readily addressed by enticing ants out of orchards when access to trees is required and
by application of wood ash to exposed limbs.[69]. Use of the ant in biological control is compatible with
other natural enemies and of minor concern with respect to attendance of honeydew-producing soft
scales and mealybugs.[53] Use with mineral oils is also compatible.[27, 70, 71] Most recent research on
the use of Oecophylla species in biological control of pests of tree crops has been in Africa and in
southern Viétnam.[72] There is a clear need for O. smaragdina to be extensively evaluated for use in
conjunction with other natural enemies to suppress populations of D. citri and incidence of HLB. It
could be used in environments where the ant occurs naturally and where it can be cultivated, nurtured,
and managed within orchards. Van Itterbeeck [73] discussed prospects for semi-cultivating the ant. It is
reared artificially on a small scale in Yogyakarta as food for feeding the Sunda pangolin (Manis javanica
Desmarest [Pholidota: Manidae]) [74]: see also https://www.youtube.com/watch?v=YytLOrIGi4s.

Research is required to empirically demonstrate that O. smaragdina secretions repel D. citri and,
if so, which of the known constituent molecules in the secretions affect psyllid behaviour, alone or in
specific proportions, and whether the compounds can be incorporated in sprays applied in orchards to
suppress psyllid populations. Repellent effects of mineral oils on D. citri [75-77] may be related to
mimicry of the O. smaragdina secretions, as has been postulated for responses of Bactrocera tryoni
(Froggatt) to deposits of horticultural and agricultural mineral oils.[78] The cost-effectiveness of mass-
rearing O. smaragdina for biological control of insect pests in orchards, including D. citri on citrus trees,
and for medicinal uses, food (animals and humans) and beverages should be determined.

4. Conclusion

Oecophylla smaragdina should be extensively evaluated in Asia for suppressing incidence of HLB
in both small family/village orchards, as in the Mekong Delta, and in larger commercial orchards. As
noted by Van Mele et al. [48], Biological control practices with predatory ants O. smaragdina are not
limited to traditional small-scale farming systems but also on large plantations as they play a key role in
reducing the incidence of major insect pests in commercial cashew plantations in Northern Australia,
where it is also an important component of the program. IPM in mango garden.[71, 79-83] Use of
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synthetic insecticides is not sustainable and their use has not prevented devastating consequences of
HLB.
The following leaflet and videos are recommended:
o https://assets.accessagriculture.org/upload/files/Access_Agriculture_leaflet 2021 ENGLISH.pd
f
https://www.accessagriculture.org/weaver-ants-against-fruit-flies
https://www.accessagriculture.org/promoting-weaver-ants-your-orchard
https://www.tapatalk.com/groups/antfarm/journal-of-oecophylla-smaragdina-a-k-a-asian-weave-
t18173-520.html
https://www.youtube.com/watch?v=S2Zz3YRJPDY
https://vtv.vn/video/chao-buoi-sang-23-7-2021-511815.htm?fbclid=IwAR06NK72j3Eb6ZPjm-
A9IN_ghQW_vSUKLOI-WXWRYApGfBRbvgKUEJODHwWRs. (Three minutes from 15.00 to
18.00 minutes)

References

[1] Bové J M 2014 Heat-tolerant Asian HLB meets heat-sensitive African HLB in the Arabia
Peninsula! Why? J. Citrus Pathol. 1 1-78

[2] Shimwela M M, Narouei-Khandan H A, Halbert S E, Keremane M L, Minsavage G V, Timilsina
S, Massawe D P, Jones J B and van Bruggen A H C 2016 First occurrence of Diaphorina
citri in East Africa, characterization of the Ca. Liberibacter species causing
huanglongbing (HLB) in Tanzania, and potential further spread of D. citri and HLB in
Africa and Europe Eur. J. Plant Pathol. 146 349-68

[3] Rwomushana I, Khamis F M, Grout T G, Mohamed S A, Sétamou M, Borgemeister C, Heya H
M, C. Tanga M, Nderit P W, Seguni Z S, Materu C L and Ekesi S 2017 Detection of
Diaphorina citri Kuwayama (Hemiptera: Liviidae) in Kenya and potential implication for
the  spread of huanglongbing disease in East Africa Biol. Invasions 19 2777-87

[4] Ajene I J, Khamis F, Ballo S, Pietersen G, van Asch B, Seid N, Azerefegne F, Ekesi S and
Mohamed S 2020 Detection of Asian citrus psyllid (Hemiptera: Psyllidae) in Ethiopia: a
new haplotype and its implication to the proliferation of huanglongbing J. Econ. Entomol.
113 1640-47

[5] Oke AO, Oladigbolu A A, Kunta M, Alabi O J and Sétamou M 2020 First report of the occurrence
of Asian citrus psyllid Diaphorina citri (Hemiptera: Liviidae), an invasive species in
Nigeria, West Africa Sci. Rep. 10 1-8

[6] Husain M A and Nath D 1927 The citrus psylla (Diaphorina citri, Kuw.) [Psyllidae: Homoptera]
Mem. Dep. Agric. India, Entomol. Ser. 10 2 5-27 1 plate

[71 Brownlow C 1867-1868 The orange groves of Shalla (Khasia Hills) J. Agric. Hortic. Soc. India
1372-92

[8] Bonavia E 1888-1890 The cultivated oranges and lemons etc. of India and Ceylon (London: WH
Allen & Co)

[9] Capoor S P 1963 Decline of citrus in India Bull. Nat. Inst. Sci. India 24 48-64 3 plates

[10] Reinking O A 1919 Diseases of economic plants in southern China Philipp. Agri. 8: 109-35

[11] Zhao X Y 1981 Citrus yellow shoot disease (huanglongbing) in China — a review Proc. 4th Int.
Soc. Citriculture Cong. 9-12 November 1981, Tokyo, Japan 1 46669 ed K Matsumoto
(Riverside: International Society of Citriculture)

[12] da GragaJV 1991 Citrus greening disease Ann. Rev. Phytopath. 29 109-39

[13] Bové J M 2006 Huanglongbing: a destructive, newly-emerging, century-old disease of citrus J.
Plant Pathol. 88 7-37

[14] He F M (Hoffmann W E) and Zhou (Djou) Y W 1935 Notes on citrus pests Lingnan Agric. J. 2
165-218 (Chinese with English summary by W E Hoffmann)

[15] Jiang Z (Condit I J) and He F M (Hoffmann W E) and Wang H Z 1935 Observations on the culture
of oranges near Swatow, China Lingnan Agric. J. 1 175-248



1st International Conference on Agriculture, Food, and Environment 2021 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1018 (2022) 012030 doi:10.1088/1755-1315/1018/1/012030

[16]
[17]

(18]

[19]
[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

Hoffmann W E 1936 Diaphorina citri Kuw. (Homoptera: Chermidae), a citrus pest in Kwangtung
Lingnan Sci. J. 15 127-32

Raven P H and Axelrod D | 1974 Angiosperm biogeography and past continental movements
Ann. Mo. Bot. Gard. 61 539-673

Morley R J 1998 Palynological evidence for Tertiary plant dispersals in the SE Asian region in
relation to plate tectonics and climate Biogeography and Geological Evolution of SE Asia
ed R Hall and J D Holloway (Leiden: Backhuys Publishers) pp 211-34

Nelson W R, Munyaneza J E, McCue K F and Bové J M 2013 The Pangean origin of “Candidatus
Liberibacter” species J. Plant Pathol. 95 455-61

Tirtawidjaja S, Hadiwidjaja T and Lasheen A M 1965 Citrus vein-phloem degeneration virus, a
possible cause of citrus chlorosis in Java Proc. Am. Soc. Hortic. Sci. 86 235-43

Cortez R E 1973 Citrus rehabilation in Central and West Java. Report to the Government of
Indonesia FAO 86, AGP FF MC/9. 11 pp

Aubert B, Garnier M, Guillaumin D, Herbagyandono B, Setiobudi L and Nurhadi F 1985
Greening, a serious threat for the citrus productions of the Indonesian Archipelago. Future
prospects of integrated control Fruits 40 549-63

Tirtawidjaja S 1980 Citrus virus research in Indonesia Proc. 8th Conf. Int. Org. Citrus Virologists
23-25 May 1979 Mildura, Victoria, Australia pp. 129-32 ed E C Calavan S M Garnsey
and L W Timmer (University of California, Riverside: International Organization of Citrus
Virologists)

Aubert B 1990 Prospects for citriculture in Southeast Asia by the year 2000 FAO Plant Prot. Bull.
38 151-73

Weinert M P, Jacobson S C, Grimshaw J F, Bellis G A, Stephens P M, Gunua T G, Kame M F
and Davis R | 2004 Detection of huanglongbing (citrus greening disease) in Timor Leste
(East Timor) and in Papua New Guinea Australas. Plant Pathol. 33 135-36

Davis R I, Gunua T G, Kame M F, Tenakanai D and Ruabete T K 2005 Spread of citrus
huanglongbing (greening disease) following incursion into Papua New Guinea Australas.
Plant Pathol. 34 517-24

Beattie G A C 2020 Management of the Asian citrus psyllid in Asia Asian Citrus Psyllid: Biology,
Ecology and Management of the Huanglongbing Vector ed J A Qureshi and P A Stansly
(Wallingford, UK: CAB International) pp 179-209

Chen S J 1985 Integrated pest management especially by natural control in citrus orchards Nat.
Enemies Insects 7 223-31

Leong S C T, Abang F, Beattie A, Kueh R J H and Wong S K 2011 Seasonal population dynamics
of the Asian citrus psyllid, Diaphorina citri Kuwayama in Sarawak Am. J. Agric. Biol. Sci.
6 527-35

Leong S C T, Abang F, Beattie A, Kueh R J H and Wong S K 2012 Impacts of horticultural
mineral oils and two insecticide practices on population fluctuation of Diaphorina citri and
spread of huanglongbing in a citrus orchard in Sarawak Sci. World J Article 1D 651416. 7
pp.

Leong SC T, NgH L, Beattie G A C and Watson D M 2002 Comparison of a horticultural mineral
oil and two pesticide-based programs for control of citrus pests in Sarawak, Malaysia Spray
Oils Beyond 2000 ed G A C Beattie, D M Watson, M L Stevens, D J Rae and R N Spooner-
Hart (Penrith, NSW, Australia: University of Western Sydney) pp 432-43

Beattie G A C, Watson D M, Stevens M L, Rae D J, Spooner—Hart R N ed 2002 Spray Oils
Beyond 2000 (Penrith, NSW, Australia: University of Western Sydney)

Wetterer J K 2017 Geographic distribution of the weaver ant Oecophylla smaragdina Asian
Myrmecol. 9 1-12

Van Mele P, Vayssieres J-F, Van Tellingen E and Vrolijks J 2007 Effects of an African weaver
ant, Oecophylla longinoda, in controlling mango fruit flies (Diptera: Tephritidae) in Benin
J. Econ. Entomol. 100 695-701

Van Mele P, Vayssiéres J-F, Adandonon A and Sinzogan A 2009 Ant cues affect the oviposition
behaviour of fruit flies (Diptera: Tephritidae) in Africa Physiol. Entomol. 34 25661



1st International Conference on Agriculture, Food, and Environment 2021 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1018 (2022) 012030 doi:10.1088/1755-1315/1018/1/012030

[36]

[37]

[38]

[39]

[40]

[41]
[42]
[43]
[44]
[45]
[46]
[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Césard N and Azhar | 2004 Kroto, ant larvae and pupae Riches of the Forest: Food, Spices, Crafts
and Resins of Asia ed C Lopez and P Stanley (Bogor, Indonesia: Center for International
Forestry Research) pp 38-40

Césard N 2004 Le kroto (Oecophylla smaragdina) dans la région de Malingping, Java-Ouest,
Indonésie: collecte et commercialisation d’une ressource animale non négligeable
Anthropozoologica 39 2 15-31

Sribandit W, Wiwatwitaya D, Suksard S and Offenberg J 2008 The importance of weaver ant
(Oecophylla smaragdina Fabricius) harvest to a local community in northeastern Thailand
Asian Myrmecol. 2 129-38

Offenberg J and Wiwatwitaya D 2010 Sustainable weaver ant (Oecophylla smaragdina) farming:
harvest yields and effects on worker ant density Asian Myrmecol. 3 55-62

Huang H T 1986 Plants and insects in man’s service. Biological pest control Science and
Civilisation in China: Volume 6, Biology and Biological Technology, Part 1: Botany ed J
Needham (Cambridge: Cambridge University Press) pp 519-53

Groff G W and Howard C W 1924 The cultured citrus ant of South China Lingnan Agric. Rev. 2
108-14

Macgowan D J 1882a Utilization of ants as grub-destroyers in China North China Herald 28 (772)
4 April 1882

Macgowan D J 1882b Dr Macgowan on the utilization of ants as grub destroyers in China
Scientific American Supplement 336 5365-66

McCook H C 1882 Ants as beneficial insects Proc. Acad. Nat. Sci. Philadelphia 34 263-71

Anon 1883. A curious use for ants. Supplement to the Burra Record 13 April 1883

Swingle W T 1942 Our agricultural debt to Asia The Asian Legacy and American Life ed A E
Christy (New York, John Day) pp 84-114

Gressitt J L 1942 Destructive longhorned beetle borers at Canton, China Spec. Publ. Lingnan Nat.
Hist. Surv. Mus. 1 1-60 41 text figs

Van Mele P, Cuc N T T and Van Huis A 2002 Direct and indirect influences of the weaver ant
Oecophylla smaragdina on citrus farmers’ pest perceptions and management practices in
the  Mekong Delta, Vietnam Int. J. Pest Manag. 48 225-32

Offenberg J, Cuc N T T and Wiwatwitaya D 2013 The effectiveness of weaver ant (Oecophylla
smaragdina) biocontrol in Southeast Asian citrus and mango Asian Myrmecol. 5 13949

Blithgen N and Fielder K 2002 Interactions between weaver ants Oecophylla smaragdina,
homopterans, trees and lianas in an Australian rain forest canopy J. Anim. Ecol. 71 793—
802

Lim G T, Kirton L G, Salom S M, Kok L T, Fell R D and Pfeiffer D G 2008 Host plants and
associated trophobionts of the weaver ants Oecophylla spp. (Hymenoptera: Formicidae)
CAB Rev.: Perspect. Agric. Vet. Sci. Nutr. Nat. Resour. 2008 3 035

Chen S J 1962 The earliest biological control method in the world—the liberation and breeding
of the yellow citrus ant (Oecophylla smaragdina Fabr.) in citrus orchard and its significance
in practice Acta Entomol. Sin. 11 401-8

Huang H T and Yang P 1987 The ancient cultured citrus ant BioSci. 37 66571

Yang P 1982 Biology of the yellow citrus ant, Oecophylla smaragdina, and its utilization against
citrus pests Sun Yat-sen Univ. J. (Nat. Sci. Ed.) 3 102-5.

Chen S J, Chou F W, Zhuang S G and Chen H L 1980 An investigation on the cause of the
rampancy of citrus red mite, Panonychus citri McG., and control measures J. S. China
Agric. College 1 101-11

Hu J F, Wang C F, Wang J, You Y and Chen F 2010 Monitoring of resistance to spirodiclofen
and five other acaricides in Panonychus citri collected from Chinese citrus orchards Pest
Manag. Sci. 66 1025-30

Chevalier A 1934 Elevage des fourmis en Indochine pour la défense des orangers (Breeding of
ants in Indochina for the defense of orange trees) Rev. Bot. Appl. Agric. Colon. 14 977-8

Poilane E 1943 Observations sur les Agrumes d'Indochine Rev. Bot. Appl. Agric. Colon. Bull.
257-259 36-37

10



1st International Conference on Agriculture, Food, and Environment 2021 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1018 (2022) 012030 doi:10.1088/1755-1315/1018/1/012030

[59] Whittle A M 1992 Diseases and pests of citrus in Viet Nam FAO Plant Prot. Bull. 40 75-81

[60] Van Mele P and Cuc N T T 2000 Evolution and status of Oecophylla smaragdina (Fabricius) as
a pest control agent in citrus in the Mekong Delta, Vietnam Int. J. Pest Manag. 46 295-301

[61] Nguydn TTC(CucNTT), Ngo T B, Nguyén V P, Nguyen V H, Nguyén V D, Nguyén V T and
Nguyén N H 1995 Mot sé két qua nghién cau vé su lién hé giita kién vang Oecophylla
smaragdina va bénh greening trén cam quyt (Some preliminary studies about the relation
between the greening disease and the citrus ant Oecophylla smaragdina) Plant Prot. Bull.
Vietnam 6 16-9

[62] Vu N T, Eastwood R and Burckhardt D 2012 Life history, damage assessment and control of
Trioza hopeae (Hemiptera: Psylloidea), a serious pest on Hopea odorata (Malvales:
Dipterocarpaceae) in Vietnam Entomol. Res. 42 11-8

[63] Bradshaw J W S, Baker R and Howse P E 1979 Chemical composition of the poison apparatus
secretions of the African weaver ant, Oecophylla longinoda, and their role in behaviour
Physiol. Entomol. 4 39-46

[64] Keegans S J, Billen J and Morgan E D 1991 Volatile secretions of the green tree ant Oecophylla
smaragdina (Hymenoptera: Formicidae) Comp. Biochem. Physiol. 100B 681-85

[65] Beugnon G and Déjean A 1992 Adaptative properties of the chemical trail system of the African
weaver ant Oecophylla longinoda Latreille (Hymenoptera, Formicidae, Formicinae)
Insectes Soc. 39 341-46

[66] OffenbergJ 2007 The distribution of weaver ant pheromones on host trees Insectes Soc. 54 248—
50

[67] Tsuji K, Hasyim A, Harlion and Nakamura K 2004 Asian weaver ants, Oecophylla smaragdina,
and their repelling of pollinators Ecol. Res. 19 669-73

[68] Rodriguez-Gironés M A, Gonzélvez F G, Llandres A L, Corlett R T and Santamaria L 2013
Possible role of weaver ants, Oecophylla smaragdina, in shaping plant—pollinator
interactions in South-East Asia J. Ecol. 101 10006

[69] Van Mele P, Nguyén T T C (Clc N T T) 2007 Ants as Friends: Improving Your Tree Crops with
Weaver Ants (UK: CABI Bioscience)

[70] Huynh T D, Trac K L and Pham T H 2002 Using horticultural mineral oil to control mandarin
pests in the Mekong Delta, Vietnam Spray Oils Beyond 2000 ed G A C Beattie, D M
Watson, M L Stevens, D J Rae and R N Spooner—Hart RN (Penrith, NSW, Australia:
University of Western Sydney) pp 502-5

[71] Peng RK and Christian K 2004 The weaver ant, Oecophylla smaragdina (Hymenoptera:
Formicidae), an effective biological control agent of the red-banded thrips, Selenothrips
rubrocinctus (Thysanoptera: Thripidae) in mango crops in the Northern Territory of
Australia Int. J. Pest Manag. 50 107-14

[72] Van Mele P 2008 A historical review of research on the weaver ant Oecophylla in biological
control Agric. For. Entomol. 10 13-22

[73] Van Itterbeeck J 2014 Prospects of semi-cultivating the edible weaver ant Oecophylla smaragdina
PhD thesis, Wageningen University, Wageningen, NL

[74] Asfiya W and Yulianto 2014 Oecophylla smaragdina, semut agresif sarat manfaat Fauna Indon.
1329-16

[75] Rae DJ, Liang W G, Watson D M, Beattie G A C and Huang M D 1997 Evaluation of petroleum
spray oils for control of the Asian citrus psylla, Diaphorina citri (Kuwayama) (Hemiptera:
Psyllidae), in China Int. J. Pest Manag. 43 71-5

[76] Poerwanto M E 2010 The impact of horticultural and agricultural mineral oils to the feeding and
oviposition behavior of Diaphorina citri Kuwayama (Hemiptera: Psyllidae) PhD
Dissertation, Universitas Gadjah Mada, Yogyakarta, Java, Indonesia

[77] Yang Y P, Beattie G A C, Spooner-Hart R N, Huang M D, Barchia | and Holford P 2013

Influences of leaf age and type, non—host volatiles, and mineral oil deposits on the
incidence, distribution, and form of stylet tracks of Diaphorina citri Entomol. Exp. Appl.
147 33-49

11



1st International Conference on Agriculture, Food, and Environment 2021 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1018 (2022) 012030 doi:10.1088/1755-1315/1018/1/012030

[78]

[79]

(80]

[81]

(82]

(83]

[84]

[85]

(86]

(87]

(88]
[89]

[90]

[91]

[92]
[93]

[94]

[95]

Nguyen V L, Beattie G A C, Meats A W, Holford P and Spooner-Hart R N 2017 Oviposition
responses of Queensland fruit fly (Bactrocera tryoni) to mineral oil deposits on tomato fruit
Entomol. Exp. Appl. 165 19-28

Peng R K and Christian K 2005 The control efficacy of the weaver ant, Oecophylla smaragdina
(Hymenoptera: Formicidae), on the mango leafhopper, Idioscopus nitidulus (Hemiptera:
Cicadellidea) in mango orchards in the Northern Territory Int. J. Pest Manag. 51 297-304

Peng R K and Christian K 2006 Effective control of Jarvis's fruit fly, Bactrocera jarvisi (Diptera:
Tephritidae), by the weaver ant, Oecophylla smaragdina (Hymenoptera: Formicidae), in
mango orchards in the Northern Territory of Australia Int. J. Pest Manag. 52 275-
82

Peng R K and Christian K 2007 The effect of the weaver ant, Oecophylla smaragdina
(Hymenoptera: Formicidae), on the mango seed weevil, Sternochetus mangiferae
(Coleoptera: Curculionidae), in mango orchards in the Northern Territory of Australia Int.
J. Pest Manag. 53 15-24

Peng R K and Christian K 2008 The dimpling bug, Campylomma austrina Malipatil (Hemiptera:
Miridae): the damage and its relationship with ants in mango orchards in the Northern
Territory of Australia Int. J. Pest Manag. 54 173-79

Peng R K, Christian K and Gibb K 2005 Ecology of the fruit spotting bug, Amblypelta lutescens
lucescens Distant (Hemiptera: Coreidae) in cashew plantations, with particular reference
to the potential for its biological control Aust. J. Entomol. 44 45-51

Peng R K, Christian K and Reilly D 2012 Biological control of the frruit-spotting bug Amblypelta
lutescens using weaver ants Oecophylla smaragdina on Africal mahoganies in Australia
Agric. For. Entomol. 14 428-33

Peng R K, Christian K and Reilly D 2011 The effect of weaver ants Oecophylla smaragdina on
the shoot borer Hypsipyla robusta on African mahoganies in Australia Agric. For. Entomol.
13 165-71

Peng R K, Christian K and Reilly D 2013 Using weaver ants Oecophylla smaragdina to control
two important pests on African mahogany Khaya senegalensis in the Northern Territory of
Australia Aust. For. 76 76-82

Peng R K, Christian K and Gibb K 1995 The effect of the green ant, Oecophylla smaragdina
(Hymenoptera: Formicidae), on insect pests of cashew trees in Australia Bull. Entomol.
Res. 85279-84

Yang P 2002 Historical perspective of the red tree ant, Oecophylla smaragdina, and its utilization
against citrus insect pests Chinese J. Biol. Control 18 28-32

Zhang Z B, Gao S D, Zhou M and Li G H 2010 Effects of Oecophylla smaragdina on the insect
pests of grapefruit at flowering stage Chinese J. Ecol. 29 329-32

Mahapatro G K and Mathew J 2016 Role of red-ant, Oecophylla smaragdina Fabricius
(Formicidae: Hymenoptera) in managing tea mosquito bug, Helopeltis species (Miridae:
Hemiptera) in cashew Proc. Natl. Acad. Sci. India Sect. B Biol. Sci. 86 497-504

Nalini T and Ambika S 2019 Colony inhabitation of weaver ant, Oecophylla smaragdina Fabricius
(Hymenoptera: Formicidae) in different plant hosts and their impact on the yields of
selected horticultural crops Plant Arch. 19 Suppl. 2 1935-40

Hosetti B B and Rudresh B S 2012 Studies on Oecophylla smaragdina as a bio-control agent
against pentatomid bug infesting on Pongamia tree J. Environ. Biol. 33 1103-06

Karmawati E 2010 Pengendalian ha ma Helopeltis spp. pada jambu mete berdasarkan ekologi:
strategi dan implementasi Pengembangan Inovasi Pertanian 3 10219

Fatahuddin, Gassa A and Junaid 2010 Population development of several species of ants on the
cocoa trees in South Sulawesi (Pengembangan populasi beberapa spesies semut pada
pertanaman kakao di Sulawesi Selatan) Pelita Perkebunan 26 101-10

Friederichs K 1920 Weaver ants and plant protection (Weberameisen und Pflanzenschutz)
Tropenpflanzer 23 5-6 142-50

12



1st International Conference on Agriculture, Food, and Environment 2021 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1018 (2022) 012030 doi:10.1088/1755-1315/1018/1/012030

[96] Voiate A D 1935 Cryptorrhynchus gravis and the causes of its multiplication in Java
(Cryptorrhynehus gravis F. und die Ursachen seiner Massen vermehrung in Java) Arch.
Neerl. Zool. 2 112-42

[97] Szent-lvany JJ H and Catley A 1960 Notes on the distribution and economic importance of the
Papuan tip-wilt bug, Amblypelta lutescens papuensis Brown (Heteroptera: Coreidae)
Papua New Guinea Agric. J. 13 59-65

[98] Musyafa, Bahri S H and Supriyo H 2019 Potential of weaver ant (Oecophylla smaragdina
Fabricius, 1775) as biocontrol agent for pest of teak stand in Wanagama Forest,
Gunungkidul, Yogyakarta, Indonesia The UGM Annual Scientific Conference Life
Sciences 2016 (Dubai, UAE: KnE Life Sciences) pp 239-44

[99] Way M J and Khoo K C 1991 Colony dispersion and nesting habits of the ants, Dolichoderus
thoracicus and Oecophylla smaragdina (Hymenoptera: Formicidae), in relation to their
success as biological control agents on cocoa Bull. Entomol. Res. 81 341-50

[100] Lim G T 2007 Enhancing the weaver ant, Oecophylla smaragdina (Hymenoptera: Formicidae),
for biological control of a shoot borer, Hypsipyla robusta (Lepidoptera: Pyralidae), in
Malaysian mahogany plantations PhD Dissertation, Virginia Polytechnic Institute and State
University

[101] Lim G T, Kirton L G, Salom S M, Kok L T, Fell R D and Pfeiffer D G 2008 Mahogany shoot
borer control in Malaysia and prospects for biocontrol using weaver ants J. Trop. For. Sci.
20 147-55

[102] Pierre E M and Idris A H 2013 Studies on the predatory activities of Oecophylla smaragdina
(Hymenoptera: Formicidae) on Pteroma pendula (Lepidoptera: Psychidae) in oil palm
plantations in Teluk Intan, Perak (Malaysia) Asian Myrmecol. 5 163-76

[103] Gressitt J L 1959 The coconut leaf-mining beetle Promecoiheca papuana Papua New Guinea
Agric. J. 12 119-48

[104] O’Sullivan D F 1973 Observations on the coconut spathe bug Axiagastus cambelli Distant
(Hemiptera: Pentatomidae) and its parasites and predators in Papua New Guinea Papua
New Guinea Agric. J. 24 79-86

[105] Baloch G M 1973 Natural enemies of Axiagastus cambelli Distant (Hemiptera: Pentatomidae) on
the Gazelle Peninsula, New Britten Papua New Guinea Agric. J. 24 41-45

[106] Wylie F R 1974 The distribution and life-histrory of Milionia isodoxa Prout (Lepidoptera,
Geometridae), a pest of planted hoop pine in Papua New Guinea Bull. Entomol. Res. 63
649- 59

[107] Garcia C E 1935 A field study of the citrus green bug, Rhynchocoris serratus Donovan Philipp.
J. Agric. 6 311-25

[108] Garcia C E. 1939 The citrus rind borer and its control Philipp. J. Agric. 10 89-93 2 plates

[109] Friend D. 1973. Aspects of the cocoa weevil borer Pantorhytes biplagiatus (Guer.) in the British
Solomon Island Protectorate Papua New Guinea Agric. J. 24 61-9

[110] Stapley J H 1980 Using the predatory ant, Oecophylla smaragdina, to control insect pests of
coconuts and cocoa Information Circular — South Pacific Commission 85

[111] O’Connor B A 1950 Premature nutfall of coconuts in the British Solomon Islands Protectorate
Fiji Agric.J. 21 1-221-42

[112] Stapley J H 1980 Coconut leaf beetle (Brontispa) in the Solomons Alafua Agric. Bull. 5 4 17-22

[113] Wijetunge P M A P K and Ranaweera B 2015 Rearing of red weaver ant (Oecophylla smaragdina
F.) for the management of Helopeltis antonii Sign. (Hemiptera: Miridae) in

cashew (Anacardium occidentale L.) Acta Hortic. 1080 401-8

[114] Way M J, Cammell M E, Bolton B and Kanagaratnam P 1989 Ants (Hymenoptera: Formicidae)
as egg predators of coconut pests, especially in relation to biological control of the coconut
caterpillar, Opisina arenosella Walker (Lepidoptera: Xyloryctidae), in Sri Lanka Bull.
Entomol. Res. 79 219-34.

13



