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Abstract  Surveys to identify potential vectors of a phytoplasma associated with coconuts were undertaken at three sites 
in Madang Province of Papua New Guinea. Sap-feeding insects from the families Delphacidae, Derbidae, Flatidae, 
Lophopidae and Pentatomidae were found to contain the Banana wilt associated phytoplasma (BWAP). Further research is 
underway to confirm the vectors of this phytoplasma.  
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1. Introduction 
Lethal-yellowing (LY) in various forms, affects a large 

number of palms throughout the world. Danyo (2011) [1] 
indicated that at least 40 species of palms may be affected 
although Cocos nucifera (coconut) has been the main species 
investigated due to its economic importance in some 
countries. Symptoms of LY in coconut include, but are not 
restricted to yellowing of leaflets, premature nut fall, flower 
necrosis and spear rot. The agents responsible for LY-type 
diseases in palms are mainly phloem-inhabiting 
phytoplasmas of different genetic origin [2], [3], [4]. 

Coconuts are cultivated extensively in coastal areas of 
Papua New Guinea (PNG) and are an integral part of the 
lifestyle as well as being a cash crop for rural populations. 
Coconut palms displaying LY-like symptoms including 
leaflet yellowing and necrosis, frond collapse and premature 
nut fall and their subsequent death in coconut groves and old 
plantations were first reported in several villages in the 
Bogia District of Madang Province, PNG, in 2008 [5]. The 
colloquial name “Bogia Coconut Syndrome” (BCS) was 
given to describe this disorder. A phytoplasma related to but 
distinct from the coconut lethal yellowing group (16SrIV) 
was detected in a few samples obtained from symptomatic 
coconuts in 2008 [6].  

Further sampling of coconut palms and banana plants 
from Bogia revealed a phytoplasma by nested-PCR. The  
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phytoplasma from coconut palms was identified as that 
reported by Kelly et al. 2011, [6] (C. Pilotti, unpublished). 
Davis et al. 2012, [7] subsequently identified a phytoplasma 
from banana plants with similar yellowing symptoms from 
neighbouring Provinces of Morobe and East Sepik, referring 
to it as Banana wilt associated phytoplasma (BWAP). The 
16S rRNA gene sequences from the phytoplasma associated 
with BCS and BWAP are identical. Since coconuts and 
bananas are important crops in PNG, this finding brought 
forth the need to implement control and containment 
programmes. Besides restriction of plant movement from 
Madang Province, screening of insect populations was 
necessary to confirm that the agent causing symptoms in 
banana and coconut was also present in insect fauna in the 
same locality.  

As phytoplasmas are phloem-inhabiting bacteria-like 
organisms that are transmitted by phloem-feeding insects [8], 
[9], our study focused on species within the Order Hemiptera 
which includes plant and leaf hoppers many of which are sap 
feeders with mouthparts adapted to piercing and sucking sap 
from leaves and soft tissues of plants. Because of their mode 
of feeding, potential vectors of BWAP would most likely be 
found among species within this group [9], [10]. 
Auchenorrhyncha (Hemiptera) have long been associated 
with diseases in coconut [11] but according to Weintraub 
2007, [9] vectors of phytoplasmas have only been confirmed 
from among the families Cicadellidae, Cixiidae, 
Delphacidae, Derbidae, Flatidae and Psyllidae. For example, 
Myndus spp. (Cixiidae) are plant hoppers responsible for 
diseases in coconut in Vanuatu and Christmas palm (Veitchia 
sp.) in Florida [12], [13], [14]. In the search for vectors of 
lethal yellowing-like diseases (LD) in Tanzania Mpunami et 
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al. 2000, [15], screened a large number of insects collected 
from LD infected coconut areas and positive products were 
found in a few individuals of Diostrombus mkurangi 
(Derbidae) and Meenoplus spp. (Meenoplidae). 

Despite the apparent widespread occurrence of 
phytoplasmas in coconuts in Africa, Asia and the Caribbean 
[2], [16], many of the vectors of LY type coconut diseases 
have not been identified. The vector for the long known Cape 
St Paul wilt disease (CSPWD) of coconuts in Ghana remains 
elusive although two species, a Derbidae (Diostrombus sp.) 
and a Cixiidae, Myndodus adiopodoumeensis (Myndus 
adiopodoumeensis) were found to contain the CSPWD 
phytoplasma but transmission trials were inconclusive (1), 
[17]. 

Recently, Dollet et al. 2011, (4) detected the LY Group 
16SrXXII phytoplasma in pentatomid bugs (Platacantha 
lutea) collected from areas in Mozambique where coconuts 
were displaying symptoms associated with lethal yellowing 
type syndrome (LYTS).  

This study was initiated as a prerequisite to more detailed 
research on the biology of BWAP, which will ultimately 
include identifying the vector (s), understanding the biology 
and transmission and determining the host plant range of this 
phytoplasma. 

The search for potential insect vectors of BWAP was 
undertaken in Madang Province where reports of BCS 
originated and where earlier sampling of coconuts revealed 
the presence of BWAP (C. Pilotti, unpublished).  

2. Materials and Methods 
2.1. Field Collections 

Insects were collected from Furan (majority of 
collections), Omuru and Vidaro in Madang Province (Fig. 1). 
Collections were made during April 2012 (end of the rainy 
season) and from August to October 2012 (lower rainfall 
period). Target insect taxa were Hemiptera (especially 
Cicadellidae, Derbidae, Delphacidae, Flatidae and 
Lophopidae). Collections were made by either “tubing” 
single insects directly from the plants or by using nets to 
sweep specimens from the fronds or branches of larger trees. 
All insects were placed individually into 95% ethanol after 
collection. Representative specimens of insects collected 
were retained by PNG Oil Palm Research Association 
(PNGOPRA) at Dami, West New Britain Province and at the 
National Agricultural Insect Collection (NAIC) at Kilakila, 
Port Moresby, PNG as reference materials.  

2.2. Sample Preparation 

Individual insects were removed from alcohol and placed 
on paper towels for a minimum of 1h to evaporate the 
alcohol. DNA was extracted from whole insects or insect 
heads using the Qiagen DNeasy Blood & Tissue Kit (Qiagen, 
Valencia, CA, USA) according to the manufacturer’s 
instructions. DNA quality was checked by electrophoresis to 
ensure adequate amounts of high molecular weight DNA in 

the extracts. 

2.3. PCR Analysis  

PCR was carried out using phytoplasma-specific (16S 
rRNA gene) primers and TopTaq™ Master Mix Kit (Qiagen) 
according to the manufacturer’s instructions. The reaction 
volume of 25μl contained 1 × master mix with 5µM primers. 
In the first round PCR, the primers used were 
R16mF2/R16mR1 [18] with 1µl undiluted template DNA. 
Nested-PCR was carried out on 1µl undiluted or 1/20 diluted 
templates using primer pair R16F2n/R16R2 [18]. Conditions 
used were as also described in Gunderson & Lee, 1996 [18] 
using a Techne gradient thermal cycler. For first round PCR: 
2min. at 94˚C then 35 cycles of 1min. at 94˚C, annealing for 
2min. at 60˚C, primer extension 3min. at 72˚C with a final 
step of 10min. at 72˚C. Nested-PCR conditions were as for 
first-round PCR but with an annealing temperature of 55˚C. 
Positive (LY phytoplasma) and no template controls were 
included with each batch of samples analysed. After 
amplification, 10μl of the reaction mixture was run on 1.2% 
agarose gels and stained with ethidium bromide for viewing 
and photography. 

The 1,250bp R16F2n/R16R2 products from 30 insects 
were sequenced directly using the same primers at EcoGene®, 
Auckland, New Zealand. Sequence analysis was performed 
in Geneious version 5.5.6 created by Biomatters 
(http://www.geneious.com/). Forward and reverse sequence 
reads were trimmed to remove regions of low quality and 
were then assembled resulting in fragments ranging from 
943bp to 1,146bp. The consensus sequences were searched 
against the GenBank database for homologous sequences 
using BLASTn [19] network service available at the 
National Centre for Biotechnology Information (Bethesda, 
MD, USA). The sequence from one Zophiuma pupillata 
(Hemiptera: Lophopidae) specimen has been submitted to 
Genbank (Accession # KJ826504). 

3. Results 
Samples were deemed positive for phytoplasma if the 

nested-PCR produced a detectable band of the same size as 
the positive control (1,250bp). Samples which produced an 
amplicon in the first-round PCR but not in the nested-PCR 
were considered to be negative with the cause likely due to 
other bacteria being amplified (Harrison et al. 2002(3). 

Of the 302 insect samples analysed by nested-PCR, 96 
(32%) were positive for phytoplasma (Table 1).  

Z. pupillata (Fig.2B) was the most frequently collected 
insect, and phytoplasma was detected in 57/121 (47%) of 
samples tested. Phytoplasmas were detected in nymphs as 
well as adults of both sexes. The majority of Z. pupillata 
were collected from coconut and betel nut hosts, although a 
small number were also collected from bananas (Table 1). 
Specimens from all three hosts tested positive for 
phytoplasma as did one insect collected from Pandanus sp. 
Sequence analysis of 16 Z. pupillata confirmed that the 
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phytoplasma detected by nested-PCR was BWAP (Table 2). 

Table 1.  Number of insect specimens tested by nested-PCR and the number in which phytoplasma was detected at Furan, Omuru and Vidaro Villages in 
Madang Province, PNG in 2012 

Insect taxon Total no. of 
specimens tested Total no. PCR positive Hosts 

Coleoptera 3 0 
M. sagu 
Musa sp. 

Diptera (Tephritidae) 3 0 Cocos nucifera 

Hemiptera (Cicadellidae) 6 0 

Areca catechu 
C. nucifera 

M. sagu 
Spathodea campanulata 

Hemiptera (Cicadoidea) 1 1 A. catechu 

Coleoptera (Chrysomelidae) 1 0 Musa sp. 

Hemiptera (Delphacidae) 23 9 
A. catechuA 

Musa sp.A 

Pandanus sp. 

Hemiptera (Derbidae) 45 16 
A. catechuA 

C. nucifera 
Musa sp.A 

Hemiptera (Flatidae) 18 6 

A. catechuA 

C. nucifera 
Musa sp.A 

S. campanulata 
T. catappaA 

Hemiptera (Fulgoridae) 2 0 
Musa sp. 

S. campanulata 

Hemiptera (indet.) 6 0 
Saccharum sp. 

 

Hemiptera (Lophopidae:         
Z. pupillata) 121 57 

A. catechuA 

C. nuciferaA 

Musa sp.A 

Pandanus sp.A 

T. catappa 

Hemiptera (Membracidae) 1 0 Not recorded 

Hemiptera (Pentatomidae) 3 1 Musa sp. 

Hemiptera (Ricaniidae) 45 4 

A. catechu 
Colocasia sp. 

Musa sp.A 

Tectona grandisA 

S. campanulataA 

Hymenoptera (indet.) 1 0 Not recorded 

Isoptera (indet.) 4 0 Not recorded 

Lepidoptera (indet.) 1 0 S. campanulata 

Orthoptera (Tettigonidae) 13 2 
A. catechu 

C. nuciferaA 

Musa sp. 

Isoptera (Termitidae) 5 0 C. nucifera 

AHosts from which positive samples were obtained 
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Figure 1.  Map of Papua New Guinea showing the Madang Province and inset: the main locations of insect collection sites in Madang Province 

BWAP was detected in Z. pupillata collected from both 
symptomatic and asymptomatic hosts at 3 sites (Furan, 
Omuru and Vidaro) which are separated by tens of 
kilometres (Figure 1, Table 2). Twenty-two Z. pupillata were 
collected from young coconuts at Omuru of which19 (86%) 
tested positive for phytoplasma by nested-PCR (data not 
shown). Five specimens were confirmed as hosts of BWAP 
after sequencing (Table 2). The appearance of the coconut 
host plants at Omuru was not recorded, although a 
generalised yellowing of fronds was observed in many of the 
mature palms in this plantation. 

Delphacidae collected from banana and betel nut hosts at 
Furan also tested positive for phytoplasmas (9/23, 39%). 
Two specimens (one each from banana and betel nut plants) 
were confirmed to be carrying BWAP (Table 2). A single 
Delphacidae collected from Pandanus sp. was negative by 
nested-PCR (Table 1). 

Derbidae also returned phytoplasma-positive results after 
nested-PCR (16/45, 35%, Table 1). Representatives of this 
family were morphologically identical on all hosts and are 
grouped together as Proustia sp. Most of the Derbidae (86%) 
were collected from banana plants at the Furan sampling 
sites. Five Derbidae were collected from young, 
asymptomatic coconut palms and these were PCR-negative, 
while a single specimen from a betel nut palm tested positive 
for phytoplasma. The presence of BWAP from the Derbidae 
was confirmed by sequencing the PCR product from four 
Derbidae specimens collected from both symptomatic and 
asymptomatic banana plants (Table 2).  

Other groups with individual specimens testing positive 
for phytoplasma were from the hemipteran families 

Cicadidae, Flatidae, Pentatomidae, Ricaniidae (Fig. 2), as 
well as orthopteran family Tettigoniidae (Segestes decoratus) 
(Table 1). 

The single specimen representing Cicadidae was obtained 
from a betel nut palm. This specimen tested positive by 
nested-PCR, but the product was not sequenced (Table 1).  

Flatidae were obtained from Terminalia sp. and banana 
hosts. The presence of BWAP in Flatidae was confirmed by 
sequencing the PCR product from two insect specimens 
collected from Terminalia sp. (Table 2).   

Of the 3 Pentatomidae collected from banana plants only 
one was PCR-positive and the phytoplasma-positive 
Ricaniidae were collected from banana, teak (Tectona 
grandis) and African tulip trees (Spathodea campanulata) 
(Table 1). BWAP was confirmed in two specimens of 
Ricaniidae collected from banana plants. 

Sequencing of the PCR product from two S. decoratus 
(Orthoptera) revealed that this insect also contained BWAP 
(Table 2). This result was unexpected and will need to be 
verified by further collection and testing of this species.  

Insect representatives from Orders Coleoptera, Diptera, 
Isoptera, Lepidoptera, and from the hemipteran families 
Cicadellidae, Fulgoridae and Membracidae were negative 
for phytoplasma (Table 1).  

Banana and betel nut plants contained the highest diversity 
of insect species with representatives from eight and six 
families collected respectively (Table 3). Five taxa were 
recorded from coconut with four of these (Derbidae, Flatidae, 
Lophopidae, Ricaniidae) also common to banana and betel 
nut (Table 3). All taxa collected except Pentatomidae, 
appeared to be polyphagous with insects from the family 
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Ricaniidae occurring on the largest range of six host plants 
(Table 3). Z. pupillata was found on five different hosts 
including the dicotyledon tree, T. catappa.  

4. Discussion 
Hemiptera were target taxa in this study as they are known 

sap-feeders and vectors of diseases on palms in other 
countries [8], [10]. A number of different insect species 
representing Hemiptera were found at the sampling sites in 
Madang Province. BWAP was detected and confirmed by 
sequencing in specimens from the hemipteran families 
Delphacidae, Derbidae, Flatidae, Lophopidae, Pentatomidae 
and Ricaniidae and Tettigonidae (Orthoptera).   

The most abundant insect in the locality was Z. pupillata 
(Hemiptera: Lophopidae). This species appears to be 
polyphagous as it was found on coconut, betel nut and 
banana plants in significant numbers with a few specimens 
collected from T. catappa. The high numbers found on palms 
and banana plants and its scarcity on other hosts indicate that 
Z. pupillata is primarily associated with monocotyledons. 
The common occurrence of Z. pupillata on coconut palms in 
and the observation of egg masses on coconut frond bases 

suggest that the species may complete its breeding cycle on 
coconut as does Z. butawengi (formerly Z. lobulata) [20]. 
Little is known about this insect and the male of this species 
was only recently described [21]. A closely related species, Z. 
butawengi is the vector for Finschhafen Disorder of coconut 
in PNG while Painella simondsi has been associated with a 
yellowing disorder of coconuts in Solomon Islands however, 
phytoplasmas have not been implicated in these disorders 
[22]. Z. pupillata is a potential vector for transmission of 
BWAP in coconut because it was widespread on coconuts at 
the sampling sites. Insects were collected from both 
symptomatic and asymptomatic plants at Furan, Omuru and 
Vidaro. A high proportion of the Z. pupillata from Omuru 
were found to contain BWAP. The significance of the results 
from Omuru is not clear. There may be highly susceptible 
coconut germplasm in the area or an abundance of 
alternative hosts at Omuru which could contribute to a 
localised epidemic. The large number of these hoppers 
observed at Omuru would also increase the probability of 
acquisition or transmission of the phytoplasma to and from 
host plants and this may be the reason for the high detection 
rate of BWAP. Clearly, more detailed studies are required in 
this area.  

Table 2.  Sequence results from insects which were positive for phytoplasma by Nested-PCR, collected in the vicinity of Furan, Omuru and Vidaro Villages 
in Madang Province, PNG, in 2012. f = female, m = male 

Sample Location Taxon Form Host Host status Sequence A 
PNG5 Furan Delphacidae Adult A. catechu Not recorded BWAPB (JN872863, 99%) 
PNG24 Furan Delphacidae Adult Musa sp. Not recorded BWAP (JN872863, 99%) 
PNG10 Furan Derbidae Adult Musa sp. Asymptomatic BWAP (JN872863, 99%) 
PNG11 Furan Derbidae Adult Musa sp. Symptomatic BWAP (JN872863, 99%) 
PNG18 Furan Derbidae Adult Musa sp. Not recorded BWAP (JN872863, 99%) 
PNG25 Furan Derbidae Adult Musa sp. Not recorded BWAP (JN872863, 99%) 
PNG1 Furan Flatidae Adult T. catappa Asymptomatic BWAP (JN872863, 99%)b 
PNG21 Furan Flatidae Adult T. catappa Asymptomatic BWAP (JN872863, 99%) 
PNG15 Furan Ricaniidae Adult Musa sp. Not recorded BWAP (JN872863, 99%) 
PNG19 Furan Ricaniidae Adult Musa sp. Not recorded BWAP (JN872863, 99%) 
PNG2 Furan S. decoratus Adult C. nucifera Not recorded BWAP (JN872863, 99%) 
PNG26 Furan S. decoratus Nymph C. nucifera Symptomatic BWAP (JN872863, 99%) 
PNG6 Omuru Z. pupillata Adult, f C. nucifera Symptomatic BWAP (JN872863, 99%) 
PNG9 Omuru Z. pupillata Nymph C. nucifera Not recorded BWAP (JN872863, 99%) 
PNG17 Omuru Z. pupillata Adult, f C. nucifera Not recorded BWAP (JN872863, 99%) 
PNG22 Omuru Z. pupillata Adult,m C. nucifera Not recorded BWAP (JN872863, 99%) 
PNG23 Omuru Z. pupillata Adult, f C. nucifera Not recorded BWAP (JN872863, 99%) 
PNG7 Furan Z. pupillata Nymph A. catechu Not recorded BWAP (JN872863, 99%) 
PNG8 Vidaro Z. pupillata Nymph C. nucifera Not recorded BWAP (JN872863, 99%) 
PNG12 Furan Z. pupillata Adult, m Musa sp. Asymptomatic BWAP (JN872863, 99%) 
PNG13 Furan Z. pupillata Adult, m A. catechu Symptomatic BWAP (JN872863, 99%) 
PNG14 Furan Z. pupillata Adult, f A. catechu Asymptomatic BWAP (JN872863, 99%) 
PNG16 Furan Z. pupillata Adult, f A. catechu Not recorded BWAP (JN872863, 99%) 
PNG20 Furan Z. pupillata Nymph Musa sp. Not recorded BWAP (JN872863, 99%) 
PNG27 Furan Z. pupillata Adult, m C. nucifera Not recorded BWAP (JN872863, 99%) 
PNG28 Furan Z. pupillata Adult, f Musa sp. Not recorded BWAP (JN872863, 99%) 
PNG29 Furan Z. pupillata Nymph Musa sp. Not recorded BWAP (JN872863, 99%) 
PNG30 Furan Z. pupillata Adult, f C. nucifera Not recorded BWAP (JN872863, 99%) 

AThe R16F2n/R16R2 PCR product was sequenced. 
BThe organism with the highest hit in the GenBank database is listed with the accession number and the nucleotide identity in 
parentheses. BWAP: banana wilt-associated phytoplasma (Davis et al. 2012). 
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Table 3.  Number of Hemipteran taxa collected from various plants growing in coconut groves and village gardens in Madang Province, PNG 

Insect taxon 
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Total Number of 
hosts for taxon 

Cicadellidae 1 2   1  1   5 

Chrysomelidae   1       1 

Delphacidae  19 3 1      23 

Derbidae 6 1 40  2     49 

Flatidae 2 1 1   14    18 

Fulgoridae   1    1   2 

Lophopidae 52 35 37 1  1    121 

Pentatomidae   3       3 

Ricaniidae 4 3 6    28 1 1 43 

Total taxon per host 5 6 8 2 2 2 3 1 1  

 

Specimens of Delphacidae were collected from betel nut 
palms and banana plants at Furan. Species within this family 
are known carriers and vectors of phytoplasmas and are 
primarily associated with Poaceae worldwide [8], [10], [16]. 
Several species of Delphacidae are responsible for 
phytoplasma diseases in rice and sugar cane in Asia, Cuba 
and PNG [16]. 

We also suggest that species within this family are 
potential vectors and may contribute to the spread of BWAP 
amongst other monocotyledons as they were found on betel 
nut, banana and Pandanus sp. hosts. However, because of 
their low abundance they are not considered to be primary 
vectors of BCS in coconut but they could contribute to 
persistence of BWAP in other hosts such as grasses.  

A species of Derbidae tentatively identified as Proustia sp. 
was collected almost exclusively from banana plants around 
Furan Village. Many of the specimens were obtained from 
asymptomatic banana plants and it was not possible to 
correlate PCR-positive assays with symptoms in banana. All 
other collections of Derbidae were from palms (coconut, 
betel nut and sago), and this suggests that there is a capacity 
for this insect to transmit BWAP from coconut to banana or 
vice versa. Notably, Proustia moesta is recorded as a vector 
of Coconut root wilt disease and Sugarcane grassy shoot 
disease in SE Asia (16). In addition, 16SrIV phytoplasmas 
have been detected in Cedusa sp. (Derbidae) in Jamaica [23]. 
Brown et al. 2006 (23) found that almost half of the small 
number of Derbidae analysed carried different strains of the 
16SrIV group phytoplasma although they were all closely 
related to the strains in Florida (97-98% similarity). This has 
interesting implications for future work on BCS although in 
this study, BWAP was not found to vary among the different 
host insects. This may be due to the uniformity of the 
organism in the host plant species from which the insects fed. 
More extensive collections of insect fauna in the area may 
prove otherwise. Insufficient information is available about 
the feeding behaviour of the Derbidae recorded in this study 
to make any conclusions as to their role in the transmission 

of phytoplasmas amongst host plants. However, from the 
evidence in other tropical countries [16], [23], and because 
of their abundance on banana and betel nut hosts in the study 
area, it is proposed that these insects are likely vectors of 
BWAP and should be targeted in future transmission studies. 
Davis et al. 2012, (7) found different phytoplasmas in 
banana plants from other Provinces but it is noted that in this 
study, all insects extracted and tested from banana carried 
only a single organism. 

The few specimens testing positive for phytoplasma from 
families such as Cicadellidae, Flatidae and Pentatomidae 
suggest that these species are not primary vectors of BWAP 
and may be chance carriers. The low numbers of these taxa 
found and collected from the study site reinforce this view 
but this could be a seasonal effect, and it is important to carry 
out surveys throughout the year to obtain representative 
collections of insect fauna. It is noteworthy that some species 
of Cicadellidae and Pentatomidae complete their life cycle 
on palms (10), and Pentatomidae eggs were collected from 
coconut palm leaflets during this study. The16SrXXII group 
phytoplasma responsible for lethal yellowing type syndrome 
(LYTS) in coconuts in Mozambique was identified in P. 
lutea (Pentatomidae) feeding on symptomatic palms and it 
was hypothesised that this species is a vector of the causal 
agent (4). Insects within this family should therefore 
continue to be investigated in future studies. 

Two Ricaniidae (Hemiptera) specimens that contained 
BWAP were collected from banana plants, one symptomatic 
and the other asymptomatic. The small number of 
PCR-positive assays (4/45, 9%) obtained for this insect 
species indicates a low capacity for transmission of 
phytoplasmas as they were quite abundant in the area but 
more frequently collected from the dicotyledon tree 
Spathodea campanulata (African Tulip) although a small 
number were also found on coconut and betel nut palms. 
This may be the first record of phytoplasmas in species of 
Ricaniidae. 

Positive PCR assays were obtained for S. decoratus 



 International Journal of Agriculture and Forestry 2014, 4(5): 365-372 371 
 

 

collected from coconut and betel nut, and BWAP was 
confirmed by sequencing. This is probably the first report of 
Tettigoniidae being tested for phytoplasmas as these insects 
are not usually target taxa in studies on phloem-inhabiting 
bacteria. Since they are large grasshoppers that chew on the 
leaflets of palms, the presence of BWAP is most likely a 
result of contamination of the mandible from feeding on 
infected plant tissue. Indeed, one of the specimens was 
collected from a symptomatic coconut palm. 

In many cases the status of the host plants from which 
insect collections were made was not recorded hence, strong 
associations between phytoplasmas in insect and plant hosts 
could not be ascertained in this study. Some coconut, betel 
nut and banana plants sampled from within the study area 
contained BWAP (C. Pilotti, unpublished). 

There may be more than one vector of the BWA 
phytoplasmas at Furan, Omuru and Vidaro, and this 
possibility presents some challenges with regard to control of 
BCS. Weintraub 2007, (9) indicated that in many cases, 
vector host range is the major factor that limits spread of 
phytoplasma diseases rather than the behavior of the insect 
vectors themselves. Even given this scenario, it will be the 
polyphagous vectors with large mobile populations that will 
be the most difficult to manage in our quest to contain BCS 
in Madang Province.  

5. Conclusions 
This study has identified species within the hemipteran 

families Delphacidae, Derbidae, Flatidae and Lophopidae as 
carriers of BWAP, and we propose some species within 
Derbidae and Lophopidae as putative vectors of BCS in 
Madang Province. Further research is required to clarify the 
role of these insects in the transmission of BWAP, determine 
their distribution, and identify appropriate control measures. 
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