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cropping (mainly cucumbers) may be grown all year round. 
The economic contribution of cucurbit commodities to 
Australia is valued at approximately $520 million annually 
(Horticulture Innovation Australia Limited 2020). Growers 
can experience severe economic impacts due to persistent 
disease outbreaks with incidences as high as 100% (Persley 
2012).

For growers to apply effective management strategies 
they first need to understand the composition and incidence 
of viral populations across production areas. For instance, 
producers may select suitable plant varieties tolerant of key 
viral pathogens in their area. A challenging aspect of man-
aging cucurbit viruses is their sheer number and diversity, 
in addition to a wide range of insect vectors and modes of 
transmission. Globally 194 distinct viruses have been char-
acterized for the Potyvirus genus alone, over 35 of which 
have been detected in cucurbits to date around the world 
(Ward and Shukla 1991; Lecoq et al. 1998; Lecoq and Des-
biez 2012; Sharma et al. 2016; ICTV 2022). At least 59 
viruses from the dominant plant virus families have been 
detected in cucurbit production systems (Lecoq and Desbiez 
2012).

Introduction

Viruses affecting cucurbit production are widespread 
throughout mainland Australian production regions and 
globally are a key limiting factor in cucurbit production 
(Lecoq and Desbiez 2012; Persley 2012). Viral infec-
tion negatively affects plant growth and can cause signifi-
cant reductions in yield and product quality, leaving fruit 
deformed and unmarketable. Production is focused primar-
ily on Cucurbita pepo (zucchini and squash), C. moschata 
and C. maxima (pumpkin), Citrullus lanatus (watermelon) 
and Cucumis sativus (cucumber). Typically, field cucurbit 
crops in New South Wales (NSW) are grown over the sum-
mer from September through to April whereas protected 
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Cucurbits are an important crop grown across peri-urban, coastal and inland regions of New South Wales, Australia. Viral 
infection is a persistent issue across cucurbit commodities, different production methods and production regions. In this 
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frequently detected viruses. Melon necrotic spot virus and beet pseudo yellows virus were detected at low rates. Cases 
of mixed infections of papaya ringspot virus and watermelon mosaic virus were also detected in some samples. Further-
more, cucumber green mottle mosaic virus, a “notifiable disease”, was detected for the first time in New South Wales. A 
newly described virus, watermelon crinkle leaf associated virus-1, was also detected using next- generation sequencing 
technology. The latter two virus records represent a geographic range expansion and first report for Australia respectively.
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In NSW, broad scale surveys of cucurbit pathogens are 
conducted infrequently. More commonly, samples with 
suspected viral infection are received by diagnostic labo-
ratories on an ad hoc basis for pathogen determination, and 
a broader map of virus incidence is not generated through 
this process. This results in a disconnect between growers, 
diagnosticians and researchers. Prior to this study, the most 
recent regional survey in NSW was conducted in 2010-11 
and focused on a relatively small grower group in the Sydney 
Basin (Persley 2012). At that time, surveys focused only on 
C. pepo (zucchini) production and tested for three prevalent 
endemic potyviruses (family Potyviridae): zucchini yellow 
mosaic virus (ZYMV), watermelon mosaic virus (WMV) 
and papaya ringspot virus (PRSV). WMV and ZYMV were 
prevalent on the surveyed farms with incidence as high as 
100%, whilst only low levels of PRSV were detected.

Based on survey results from other states, we expected 
that cucurbit viruses such as cucumber mosaic virus (CMV) 
(family Bromoviridae), would be largely absent from the 
NSW production areas due to a lack of detection in other 
production regions (Persley 2012; Coutts and Jones 2005). 
CMV was not specifically screened for during the last NSW 
survey so true incidence levels were unknown. Cucumber 
green mottle mosaic virus (CGMMV) is a notifiable disease 
in NSW but the true incidence of this virus across the state 
was unclear. CGMMV is a highly transmissible cucurbit 
virus responsible for significant crop losses particularly for 
field grown cucurbits. CGMMV belongs to the family Vir-
gaviridae, genus Tobamovirus, and can induce yield reduc-
tion, fruit discolouration, and deformation. The internal 
quality of the fruit can be so severely impaired as to render 
the fruit unmarketable (Dombrovsky et al. 2017). Verifying 
if CGMMV was present in NSW was a critical aspect to 
this study as surveillance data underpins support for market 
access. Several NSW growers export their product interna-
tionally and it is a requirement of certain trade agreements 
that the property demonstrate freedom from CGMMV 
infection. Broader regional surveys for this pathogen may 
assist this process by demonstrating area freedom.

Cucurbits such as zucchini are predominantly summer 
crops in NSW, and producers need to understand where 
viruses are overwintering in the landscape (Jones 2004; 
Desbiez and Lecoq 1997). Vegetable producers, particu-
larly around the Sydney Basin, persist on the peri-urban 
fringe. A diverse mosaic of land uses surrounds these 
properties presenting a complex vegetation community of 
garden ornamentals, weed species, native vegetation, and 
other vegetable crops. This situation provides an abundant 
resource of host plants to harbor both cucurbit viral patho-
gens and their insect vectors (Lecoq and Desbiez 2012; 
Dombrovsky et al. 2017; Desbiez and Lecoq 1997). These 
virus reservoirs are poorly understood by growers and not 

typically incorporated into current disease management pro-
grams. Research efforts to identify new host species have 
largely been conducted overseas and there is a real need to 
verify the host range in an Australian context, particularly 
concerning Australian native or naturalised species (Tessi-
tori et al. 2002; Lecoq and Desbiez 2012; Gibbs et al. 2008). 
Another key objective of this project was to identify com-
mon weed species hosting cucurbit viruses. Knowledge of 
where viruses can be found in high densities within a land-
scape can assist producers in managing common viral host 
species (beyond their cropping varieties).

Our study aimed to conduct surveillance for a broad 
range of cucurbit viruses across numerous production areas 
of NSW. Key surveillance targets included zucchini, squash, 
cucumber, pumpkin and melon host crops to provide a con-
temporary snapshot of viral populations. The objective was 
to verify the etiology of viruses impacting cucurbit produc-
tion, understand virus incidence across geographic regions 
and confirm the absence of CGMMV in field grown melon 
crops. An assessment of alternative plant hosts was incor-
porated to better understand how the NSW viral popula-
tion persists within the landscape in the absence of summer 
cucurbit crop hosts. As part of a contribution to a larger 
national screening process for endemic viruses several 
symptomatic cucurbit samples collected in NSW during this 
survey were also subjected to next generation sequencing 
(NGS). These samples had returned a positive result for one 
of the target viruses of this survey and the intention of the 
NGS was to further contribute to the knowledge base of the 
diversity of Australian viral pathogens.

Materials & methods

Surveys of both field grown and protected cropping cucur-
bit production areas across NSW were undertaken between 
September 2018 and November 2021. The primary target 
was zucchini, however, where possible, samples were taken 
from pumpkin, squash, cucumber, rockmelon and water-
melon crops. Host plants such as weeds and other vegetable 
crops were sampled from within, or in close proximity to, 
symptomatic cucurbit crops to identify alternative virus 
hosts (Table 1 lists all species sampled). Alternative plant 
hosts were typically present at low densities therefore, at 
least 3 specimens per species were collected where possible, 
but incidence rates (of observable virus symptoms) for this 
cohort were not recorded.

Surveys were conducted using a standardized proto-
col where a minimum of 300 plants per crop (6 randomly 
selected blocks of 50) were visually inspected and the per-
centage with observable viral disease symptoms recorded. 
Crops were walked in a W- or Z-pattern to include edges 
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and internal sections of the block. Symptomatic plants were 
sampled for further analysis to confirm the pathogen iden-
tity, with at least three leaf samples of each symptom col-
lected and a minimum of three asymptomatic leaves from 
each crop. Both symptomatic and asymptomatic alternative 
hosts were sampled. Farms were typically less than 20 ha 
therefore, all available cucurbit crops per farm were sur-
veyed on each visit. Additionally, aphid vectors were peri-
odically collected in ethanol and identified to species during 
the survey period. Aphids were collected from within symp-
tomatic cucurbit crops and immediately transferred to 70% 
ethanol for preservation. Morphological identification of the 
aphids was performed by the Biosecurity Collections Unit 
at the NSW Department of Primary Industries Orange Agri-
cultural Institute.

There were five primary viral pathogens targeted for 
screening during the surveillance period: ZYMV, WMV, 
PRSV, CMV and CGMMV. In addition, several symptom-
atic cucurbit samples that did not return a positive result for 

the virus panel just described were subjected to additional 
testing to determine the causal agent. This included specific 
investigation for melon necrotic spot virus (MNSV) beet 
pseudo yellows virus (BPYV) based on observed symp-
toms, and confirmatory diagnostics for watermelon crinkle 
leaf associated virus-1 (WCLaV-1) in response to its detec-
tion during Next Generation Sequencing (see below).

Serological diagnostics

Serological screening was performed for target pathogens 
CMV, PRSV, WMV, and ZYMV. Leaf samples (approxi-
mately 2cm2) were placed in 2 mL tubes with a stainless-steel 
ball bearing and 400 µL of buffer before being homogenized 
using a Qiagen TissueLyser™ (QIAGEN, Hilden, Ger-
many) at 50 Hz/s for 2 min. Samples were screened by the 
standard double antibody sandwich enzyme linked immu-
nosorbent assay (DAS-ELISA) [Cat. No.: WMV – SRA 
54,001/0096] and Agdia Pathoscreen™ kits, in accordance 

Weed species Vegetable and other species
Amaranth spp. Abelmoschus esculentus (okra)
Anagallis arvensis (scarlet pimpernel) Beta vulgaris (beetroot, silverbeet)
Araujia sericifera (moth vine) Brassica rapa (mizuna, wombok)
Asparagus asparagoides (bridal creeper) Capsicum annuum (chilli)
Brassica rapa (turnip weed) Citrullus lanatus (watermelon)
Cardiospermum grandiflorum (balloon vine) Cucumis sativus (cucumber)
Capsella bursa-pastoris (shepherds purse) Cucumis melo (rockmelon)
Cestrum parqui (green cestrum) Cucurbita pepo (zucchini, squash, spaghetti squash)
Chenopodium album (fat hen) C. moschata/ C. maxima (pumpkin, potkin)
Conyza bonariensis (fleabane) Cynara cardunculus (artichoke)
Cucumis myriocarpus (paddymelon) Lactuca sativa (lettuce, Chinese cabbage)
Datura stramonium (thornapple) Limonium carolinianum (sea lavender)
Echium plantagineum (paterson’s curse) Lobelia spp.
Foeniculum vulgare (fennel) Lupinus spp. (lupins)
Jacobaea vulgaris (ragwort) Medicago sativa (lucerne)
Lactuca serriola (prickly lettuce) Phaseolus vulgaris (bean)
Lantana camara (lantana) Raphanus sativus (daikon radish)
Lycium ferocissimum (African boxthorn) Rheum spp. (rhubarb)
Malva spp. (mallow weed) Solanum melongena (eggplant)
Onopordum acanthium (Scotch thistle) Solanum tuberosum (potato)
Physalis acutifolia Typha orientalis (typha)
Phytolacca octandra (inkweed) Vicia faba (broadbean)
Portulacca oleracea (purslane)
Raphanus raphanistrum (wild radish)
Rumex spp. (dock)
Senecio madagascarensis (fireweed)
Sida rhombifolia (Paddy’s lucerne)
Solanum nigrum (blackberry nightshade)
Sonchus oleraceus (sowthistle)
Stellaria media (chickweed)
Tribulus terrestris (caltrop)
Verbena bonariensis (purpletop)
Xanthium spinosum (Bathurst burr)

Table 1  Full list of host species 
sampled during surveillance 
activities
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Massachusetts, USA)), according to the manufacturer’s 
instructions. Invitrogen SuperScript™ III One-Step RT-PCR 
System with Platinum™ Taq DNA Polymerase was used for 
the end-point RT-PCR assays (Invitrogen, Waltham, Mas-
sachusetts, USA). For real-time RT-PCR CGMMV analysis, 
the QuantaBio qScript XLT 1-Step RT-qPCR ToughMix™ 
(QuantaBio, Berverly, Massachusetts, USA) or RNA Ultra-
Sense™ One-Step Quantitative RT-PCR System (Life Tech-
nologies, Frederick, Maryland, USA) kits were used.

The purified RT-PCR products were sequenced in both 
directions at the Australian Genome Research Facility Ltd 
(Sydney, Australia), with automated sequencing using an 
Applied Biosystems 3730xl capillary sequencer (www.agrf.
org.au). Sequences were quality checked and aligned using 
Geneious Prime 2021 (www.geneious.com).

NGS library preparation

As an additional screening mechanism next generation 
sequencing (NGS) using the Illumina™ platform was 
applied to six randomly selected watermelon samples with 
the assistance of Agriculture Victoria Research at AgriBio 
in Victoria, Australia, followed by additional RT-PCR veri-
fication using the protocol outlined in Xin et al. 2017. Total 
RNA was extracted from leaves of symptomatic watermelon 
plants using the RNeasy Plant Mini Kit (Qiagen). Samples 
were subjected to library preparation using the NEBNext® 
Ultra™ RNA Library Prep Kit (New England BioLabs, Ips-
wich, Massachusetts, USA) following the manufacturer’s 
instructions. The library was sequenced using MiSeq cycle 

with the manufacturer’s instructions (Agdia Inc., Elkhart 
Indiana, USA) [Cat. No.: CMV – PSA 44,501/0096; PRSV 
– PSA 53,500/0096; ZYMV – PSA 77,700/0096]. Sam-
ples with absorbance values (read at 405 nm) greater than 
twice the mean of negative controls were considered posi-
tive (EPPO 2015). Cucurbit samples from each farm sur-
veyed were pooled (maximum of 5 leaves) and tested for 
CGMMV using the lateral flow Agdia ImmunoStrip® test 
for CGMMV, as part of the sample triaging process, as per 
the manufacturer’s instructions (Agdia Inc.). Samples with 
positive ImmunoStrip® results or symptoms consistent with 
CGMMV were subjected to further serological and molecu-
lar analyses. Serological diagnostics were performed using 
two CGMMV specific DAS-ELISA kits (either singly or in 
tandem) as per the manufacturer instructions (Agdia Inc.; 
Prime Diagnostics, Wageningen University & Research, 
Netherlands). For MNSV, serological diagnostics were per-
formed using a specific DAS-ELISA assay as per the manu-
facturer’s instructions (Agdia Inc.).

RT-PCR diagnostics

For molecular confirmation, samples were progressed 
through to end-point or real time reverse transcription poly-
merase chain reaction (RT-PCR) using the primer sets and 
protocols described in Table  2. Total RNA was extracted 
from symptomatic leaf tissue using commercially available 
column-based extraction methods (RNeasy Plant Mini Kit 
(Qiagen, Germantown, Maryland, USA) and the Invitrogen/
Ambion PureLink RNA Mini Kit (Invitrogen, Waltham, 

Table 2  RT-PCR protocols used to detect viruses in plant samples
Pathogen Target Primer names Protocol reference
Potyvirus (PRSV, 
WMV, ZYMV)

Nib (replicase gene) U341-F, Poty1-R Harper et al. 2019 using 
the primers described in 
Gibbs and Mackenzie 
1997 and Langeveld et 
al. 1991, performed as 
a One-Step RT-PCR

Cucumovirus (CMV) Coat protein CPTALL-5, CPTALL-3 Choi et al. 1999
CGMMV Movement protein

Coat protein
MP F1, UTR R1
MP-F, MP-R
CP-F, CP-R

Ling et al. 2014

Coat protein
Movement protein

CP-F, CP-R
MP-F, MP-R

Reingold et al. 2015

CGMMV genome position 
62-1115

F-62, R-1115 Shargil et al. 2019

3’ Noncoding region (NCR) CGMMV-sense, CGMMV-antisense, CGMMV-probe Hongyun et al. 2008
Movement protein RZ_CGMMVmp01, RZ_CGMMVmp03, RZ_CGMMVmp04 Berendsen and Ooster-

hof 2015
WCLaV-1 Movement protein MP-1 F, MP-1R

MP-2 F, MP-2R
Xin et al. 2017

Nucleocapsid protein NP-1 F, NP-1R
NP-2 F, NP-2R

BPYV Minor coat protein BP CPm F, BP CPm R Tzanetakis and Martin 
2004
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in all 5 NSW production regions surveyed and the virus 
population dynamic was noted to vary by region (Tables 3 
and 4).

Cucurbit viruses and hosts identified during the surveil-
lance are listed in Table 4. A total of 224 cucurbit, and 390 
weed and other vegetable crop samples were collected from 
284 crop inspections between 2018 and 2021. Viral patho-
gens were detected in 44% of cucurbit samples using sero-
logical and molecular screening methods. From the targeted 
screening panel used in this survey CMV, PRSV and WMV 
were detected in 19% of all plant samples tested (i.e. cucur-
bit, vegetable and weed hosts) and were identified on 22 of 
34 properties surveyed.

When only considering the cucurbit samples, WMV 
had the highest overall prevalence (46% of virus positive 
samples) followed by PRSV (21%) and CMV (8%). WMV 
and CMV had the highest frequency of detection across all 
farms and regions surveyed, recorded on 11 of 34 properties 
respectively, in both cucurbit and alternative plant hosts. The 
highest concentration of infection was recorded within the 

2 × 251 bp (Illumina, San Diego, California, USA) to gen-
erate paired-end reads. The NGS raw sequence reads were 
trimmed using Trim galore (Version 0.6.4) (Krueger 2012), 
followed by de novo assembly using SPAdes (Version 
3.14.0) (Bankevich et al. 2012). For homology confirmation 
the de novo assembly contigs were analysed using BLASTn 
(Altschul et al. 1997).

Results

Thirty four individual farms were included in the surveys. 
During the survey period, 85 farm visits across 5 regions 
were conducted with a total of 284 crop inspections (most 
properties were surveyed more than once and multiple crops 
were inspected on each farm, each recorded as a separate 
crop inspection). Most properties surveyed were in the Syd-
ney Basin (24), but properties were also surveyed in the 
Central Coast (2), Riverina (1), Hunter (2), and Sunraysia 
(5) regions of NSW (Fig. 1). Cucurbit viruses were detected 

Fig. 1  Location of surveyed NSW cucurbit production regions
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as did the DAS-ELISA. RT-PCR analysis detected ampli-
cons of the expected size for CGMMV. BLASTn analysis to 
the NCBI database revealed that different isolates exhibited 
homology to various accessions (Table 5), both within Aus-
tralia and internationally.

Records of disease incidence in the field were based on 
observable symptoms and ranged from 0 to 90%. Virus 
detections peaked in May 2019, and incidence typically 
increased towards the end of the growing season. The indi-
vidual breakdown of incidence per virus for each produc-
tion area is shown in Table 3.

Several different zucchini cultivars were assessed dur-
ing the surveillance period. Observable incidence of virus 
symptoms varied between cultivars and between seasons. 

Sydney Basin, a direct correlation with the large number of 
vegetable growers surveyed in this region. Mixed infections 
of PRSV and WMV were detected in 8 zucchini samples 
from 2 separate properties. ZYMV was not detected in any 
plant sample during the entire survey period. MNSV was 
detected in 7 watermelon samples from a single property 
and BPYV was detected in 1 cucumber sample from a single 
property. CGMMV was detected on two properties growing 
greenhouse cucumbers during the survey period, one on the 
Central Coast and one in the Sydney Basin, and on a fur-
ther two melon growing properties in the Sunraysia region. 
These are the first reported detections of CGMMV in NSW. 
Samples from all four affected properties produced a posi-
tive reaction with the Agdia CGMMV ImmunoStrip® tests 

Table 3  Viruses detected in cucurbit crops in vegetable production zones of NSW during 2018–2021 surveys
Region No. farms with virus 

detected/ total no. 
farms surveyed

No. site visits/no. 
crop inspections

Range of virus incidence 
(%)

Viruses detected (No. farms with 
each virus)

Cucurbit crops 
surveyed

Sydney Basin 15/24 71/238 WMV- 0–90%
PRSV- 0–90%
CMV- 0–75%

WMV (9)
PRSV (5)
PRSV + WMV (3)
CMV (10)
CGMMV (1)
BPYV (1)

Zucchini, 
squash, cucum-
ber, rockmelon, 
watermelon, 
potkin, 
pumpkin

Central Coast 2/2 6/14 WMV- 0-0.25%
CGMMV- 0–70%

WMV (1), CGMMV (1) Cucumber, 
Zucchini

Hunter 1/2 2/12 CMV – 100%* CMV (1) Cucumber
Sunraysia 2/5 5/12 WMV- 25%

WCLaV-1- 5-25%
CGMMV- 0–25%

WMV (1)
WCLaV-1 (1)
CGMMV (2)

Watermelon, 
zucchini, 
pumpkin

Riverina 1/1 1/8 MNSV – 0–5% MNSV (1) Watermelon
*represented a single plant

Table 4  Cucurbit virus detections by host during 2018–2021 NSW surveys
Plant Host No. Samples collected No. of positive detections

WMV PRSV CMV CGMMV WCLaV BPYV MNSV
Cucumber (Cucumis sativus) 19 - - 1 3 - 1 -
Potkin (Cucurbita maxima) 1 1 - - - - - -
Pumpkin (Cucurbita maxima) 11 3 - 1 - - - -
Rockmelon (Cucumis melo) 2 1 - - - - - -
Spaghetti squash (Cucurbita pepo) 1 - - 1 - - - -
Squash (Cucurbita pepo) 8 2 2 - - - - -
Watermelon (Citrullus lanatus) 55 3 - - 2 4 - 7
Zucchini (Cucurbita pepo) 144 45 22 7 - - - -
Broadbean (Vicia faba) 8 - - 1 - - - -
Bean (Phaseolus vulgaris) 4 - - 2 - - - -
Blackberry nightshade (Solanum nigrum)* 6 - - 1 - - - -
Fleabane (Conyza bonariensis)* 6 - 4 1 - - - -
Moth vine (Araujia sericifera)* 13 - - 4 - - - -
Purslane (Portulaca oleracea)* 4 - - 1 - - - -
Sowthistle (Sonchus olearaceus)* 8 - 1 1 - - - -
Thornapple (Datura stramonium)* 6 1 - - - - - -
Turnip weed (Brassica rapa)* 15 - - 1 - - - -
Total Number of Positive Detections 56 29 22 5 4 1 7
* Non-crop host
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Typical symptoms of the common viruses encountered 
during the NSW surveys can be found in Figs.  2 and 3. 
WMV and CMV affected zucchini and pumpkin plants 
exhibited leaf chlorosis, faint mosaic and leaf distortion, and 
were considered mild to moderate in severity. Some fruit 
discoloration and deformity was observed, particularly for 
WMV affected plants. Alternatively, PRSV induced severe 
symptoms such as leaf bubbling/rugosity, discolouration, 
necrosis, severe leaf distortion and fruit symptoms including 

The two dominant cultivars of zucchini ‘Rosa’ and ‘Eva’ 
recorded disease incidence of 0–82% and 0–90% respec-
tively. A newer zucchini cultivar, cv. ‘Nitro’ had very low 
virus incidence (0–2%) based on observable symptoms, 
however it should be noted that the surveyed blocks were 
planted early in the growing season, ahead of virus peaks. 
Another new cultivar being trialed by some growers, cv. 
‘Apollonia’ exhibited a similarly low level of viral symptom 
expression to that of ‘Nitro’.

Table 5  CGMMV detections in NSW
Isolate Host Location Highest % blast similarity Origin of GenBank isolate
AWM0504 Cucumber Central Coast 99.78% to MH427279.1 CGMMV GenBank accessions Northern Territory, Australia
AWM0775 Watermelon Sunraysia 99.74% identity to KY115174.1 CGMMV GenBank accession Western Australia, Australia
AWM0776 Watermelon Sunraysia 99.74% to MH271442.1 GenBank accession USA
AWM0777 Cucumber Sydney Basin 99.74% to MH271419.1 GenBank accessions Netherlands

Fig. 3  Viral symptoms of CMV detected in alternative plant hosts in NSW surveys: a - CMV leaf mottle and yellow discoloration in moth vine; 
b - CMV leaf mottle in bean

 

Fig. 2  Typical viral symptoms encountered in NSW surveys: a - PRSV leaf mottle and deformation in squash; b - PRSV fruit deformation in zuc-
chini; c – CMV leaf mosaic in zucchini; d – WMV leaf mottle and deformation in zucchini
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Symptomatic watermelon leaf tissue was collected from 
the Sunraysia region during surveillance activities in 2019. 
Following RT-PCR, an amplicon of the correct size for a 
potyvirus was detected from the original AWM0161 sam-
ple. BLASTn analysis identified a 96% homology to various 
WMV accessions lodged in GenBank. This isolate was then 
subjected to NGS for further analysis. It was at this point that 
full genomes of watermelon crinkle leaf associated virus-1 
(WCLaV-1) and WMV were identified (deposited in Gen-
Bank under accessions OM884315 and OM884316). Con-
firmatory RT-PCR returned a positive result for WCLaV-1 
on this isolate. This property was revisited and additional 
samples of watermelon collected. Further RT-PCR again 
detected single infections of WCLaV-1. The WCLaV-1 iso-
late had a high sequence homology to watermelon isolates 
from China (Mulholland et al. 2022).

Aphid vectors

Three species of aphids were identified during the surveil-
lance and are listed in Table 6 along with the viruses they 
are known to vector and those that were detected during the 
field surveys.

Discussion

Farms included in the surveillance were typically 10–20 ha 
and grew an array of vegetable crops year-round. Melon 
growers in the Riverina and Sunraysia regions typically 
grew a mix of rockmelons and watermelons with field crops 

lumps, distorted growth and discoloration. One grower 
experienced successive PRSV outbreaks towards the end of 
the 2018–2019 growing season and reported around 30% 
yield loss from this virus alone in his zucchini crops. Some 
WMV and CMV viral infections were noted to be asymp-
tomatic. CGMMV symptoms on cucumber included severe 
leaf mottle, leaf bubbling/rugosity and downward curling 
(Fig. 4). Some fruit exhibited faint blotches across the skin 
surface. The watermelon samples exhibited necrotic lesions 
on the stem and peduncle of the fruit.

A total of 55 alternative host species were sampled during 
this project with virus positive results presented in Table 4. 
For alternative plant hosts (i.e. all other weed and non-cucur-
bit crop species), 17% of the samples tested positive for at 
least one virus. CMV was the most frequently encountered 
virus in non-cucurbit alternative hosts (12% of virus posi-
tive samples). The frequency of potyviruses was noticeably 
lower in non-cucurbit hosts, with WMV and PRSV detected 
in 2% and 5% of virus positive samples respectively. For 
Araujia sericifera (moth vine), 30% of collected samples 
tested positive for CMV. This weed species was observed 
as highly prevalent across the Sydney Basin, particularly in 
disturbed areas. Symptoms on weeds ranged from asymp-
tomatic to leaf mottle, bubbling on leaves and stunted 
growth. The following species were the most common 
weed species observed across NSW production areas: Arau-
jia sericifera (moth vine), Datura stramonium (thornapple), 
Sonchus olearaceus (sowthistle), Malva spp.(mallow), Por-
tulaca oleracea (purslane), Conyza bonariensis (fleabane), 
Solanum nigrum (blackberry nightshade), Bidens pilosa 
(farmers friends), and Brassica rapa (turnip weed).

Fig. 4  CGMMV symptoms observed in cucumber during NSW surveys: a - leaf mottle and downward curling of leaves; b - mottle and dimpling 
in cucumber fruit; c - leaf mosaic

 

1 3

346



Distribution and diversity of viruses affecting cucurbit production in New South Wales, Australia

to potyviruses (Clause 2015). Given the high rates of poty-
virus detection and severe symptoms observed on infected 
plants, particularly the impact to marketable fruit, it may 
indicate that the tolerance is now less effective against the 
current potyvirus variants circulating in commercial crops 
and growers may need to assess the need for including addi-
tional cultivars into their crop management rotation.

Virus incidence typically did not peak until late in the 
summer growing season. Additionally, asymptomatic infec-
tions were encountered, particularly for WMV, indicating 
that visual surveys may be underestimating the true inci-
dence of virus infection. Cucurbit viruses are commonly 
detected at low levels soon after the first crops are planted in 
spring. However in 2018, cucurbit viruses were not detected 
until the end of December and viruses were not frequently 
intercepted that season until February. Aphid numbers were 
also observed to be abnormally low for the early part of 
the 2018 growing season, possibly owing to the prolonged 
severe drought experienced by much of NSW at that time 
(BOM 2022). Rainfall around February 2019 correlated 
with an increase in virus and aphid vector detections. The 
mild winter of 2019 saw cucurbit production extend far 
into May and resume again in early August. Furthermore, 
mild winter conditions contributed to elevated numbers of 
aphid vectors early in the 2019-20 growing season and virus 
detections were correspondingly also much earlier than the 
previous year (October 2019 compared to December 2018). 
Three common aphid species were detected during the sur-
veillance. All three species are known viral vectors although 
their transmission efficacy differs (Contangelo et al. 1994; 
Marino et al. 2010).

The detection of CGMMV in key production zones is 
a concerning development for the vegetable and melon 
industries of NSW. This is the first detection of CGMMV 
in NSW, and a geographic range expansion in Australia. 
This infection was found in different hosts across a wide 
geographic range which may indicate there have been mul-
tiple introductions of this virus into NSW. Investigations are 
ongoing to understand the transmission pathway and source 
of infection, be it from within Australia or an international 
source via seed. This virus was first detected in Australia in 
the Northern Territory in 2014 and has since been detected 
in Western Australia, South Australia and Queensland 
(Dombrovsky et al. 2017; Tesoriero et al. 2016). CGMMV 
is a particularly stable virus persisting on hard surfaces for 
long periods (Reingold et al. 2015). Its high transmission 

often exceeding 20–40 ha. Many of the surveyed peri-urban 
properties were bounded by small rural landholdings and 
encroaching suburbia, selling to local farmers’ markets and 
central markets in Sydney, Melbourne, Brisbane and New-
castle. Larger melon farms have markets in most Austra-
lian states and a small volume is exported to New Zealand, 
Singapore, United Arab Emirates and Japan (Horticulture 
Innovation, 2020).

The findings from this surveillance program indicate that 
the population of viral pathogens causing economic losses 
to cucurbit growers, particularly around the Sydney Basin, 
has altered over time when compared to the findings of the 
last survey of NSW cucurbit commodities some 11 years ago 
(Persley 2012). Virus incidence and diversity was highest 
in the Sydney Basin compared with other regions surveyed 
although this is likely an outcome of the large number of 
growers and subsequent crop inspections undertaken in this 
region. WMV was identified as the dominant viral pathogen 
detected across NSW cucurbit production areas during our 
survey and currently PRSV is far more abundant when com-
pared with the 2011 survey data. CMV is more prevalent 
within NSW cucurbit production areas than first thought. 
This may be in part due to the lack of targeted screening for 
this virus during previous surveys, or seasonal differences 
in weather and associated virus phenology in alternative 
hosts. Historical records sourced from the Australian Plant 
Pest Database (APPD, 2019) illustrate that CMV has been 
recorded across a broad range of hosts in NSW since 1961, 
with the primary cucurbit host record from cucumber.

ZYMV was not detected in any of the samples during this 
survey period. This was a surprising outcome as it was one 
of the most prevalent viruses detected during previous large-
scale NSW surveys (Persley 2012; Pilkington 2011). The 
APPD database holds a single record of ZYMV from the 
Sydney Basin in a cucumber host from 2001. It is unclear 
whether the absence of ZYMV during this survey period is 
due to natural variation in the population or that its envi-
ronmental niche has been encroached upon by other viruses 
such as PRSV or CMV. Also, it is plausible that ZYMV tol-
erant varieties have gradually reduced the inoculum load of 
this virus in the landscape to a point below significant envi-
ronmental and economic damage to production.

Symptom expression did vary on virus-infected zuc-
chini. Cultivars ‘Eva’ and ‘Rosa’ currently constitute the 
major zucchini cultivars grown in the Sydney Basin. His-
torically, both cultivars have claimed intermediate tolerance 

Species Common name Known virus vector Host plant
Aphis gossypi (Glover) Melon/cotton aphid Yes – potyviruses, CMV Sowthistle (Sonchus 

oleraceus), zucchini
Aulacorthum solani 
(Kaltenbach)

Foxglove/glasshouse-
potato aphid

Yes – potyviruses, CMV Zucchini, pumpkin

Myzus persicae (Sulzer) Green peach aphid Yes – potyviruses, CMV Zucchini, pumpkin

Table 6  Aphid species detected 
during NSW field surveys
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a function of sample size (Xin et al. 2017). The impact or 
potential host range for other cucurbit species such as zuc-
chini requires further investigation. In the NSW isolates, a 
mixed infection was recorded with WMV, and this is the 
first record of this type of mixed infection. Co-infection 
with groundnut ringspot virus (GRSV) and WCLaV-1 were 
recorded in Brazil (Maeda et al. 2021). Symptoms within 
the Australian production system seem to be less severe than 
reported in overseas however the true impact on cucurbit 
production is yet to be resolved. Further investigation is 
required to properly assess the epidemiology of this virus 
in Australia.

Cucurbit viruses were detected in several weed species 
that were sampled in close proximity to affected cucurbit 
host crops. Internationally, alternative host plant species 
from over 28 different plant families have been identified 
as hosts of either ZYMV, PRSV or WMV. WMV has been 
reported in over 170 plant species and the host range for 
CMV is over 1,000 species (Lecoq and Desbiez 2012). Cur-
rently, there are 29 known host plant species including 16 
cucurbit species for CGMMV (Dombrovsky et al. 2017). 
From these known host lists, weed hosts of concern for 
NSW cucurbit production regions include Solanum nigrum, 
Portulaca oleracea, Sonchus oleraceus and various Ama-
ranth spp. These weed species were prevalent during the 
surveillance in NSW vegetable production regions and have 
the potential to act as hosts for a variety of viral pathogens. 
Approximately 30% of the Araujia sericifera samples col-
lected in the Sydney Basin were infected with CMV. CMV 
has a reported host range of over 1,000 species, but cur-
rently moth vine only has a single record of being a CMV 
host in Italy (Yoon et al. 2019). Therefore, we believe our 
results constitute a host range expansion for this virus in 
Australia and confirm the Italian record that moth vine 
can host this virus. This weed is long-lived, highly fecund 
and very prevalent in the peri-urban areas of the Sydney 
Basin, Central Coast and Hunter regions and may be act-
ing as an important reservoir for CMV. Additionally, CMV 
was detected in non-cucurbit vegetable crop species such 
as bean. Alternative plant hosts can provide a green bridge 
within and between fields potentially facilitating both 
mechanical and insect vectored transmission. Furthermore, 
these alternative hosts are providing a reservoir for the virus 
to overwinter in between seasonal summer cucurbit crops 
(Jones 2004; Desbiez and Lecoq 1997).

Positive in-field identification of viruses is difficult 
given the large overlap of symptoms and many growers 
were noted to be misidentifying the viruses affecting their 
crops, attributing symptoms to fungal or bacterial patho-
gens or nutritional issues. Additionally, many growers were 
not fully aware of the transmission mechanisms, vectors or 
host range of viruses in their area. This lack of awareness 

efficacy can rapidly spread infection throughout a crop and 
management is problematic as it can persist in dead vegeta-
tive material, water and soil for long periods of time (Choi 
et al. 2004; Li et al. 2016; Park et al. 2010). Eradication is 
unlikely in the affected regions and will necessitate grow-
ers expand their virus management programs to include this 
pathogen.

The impact of the NSW detection of CGMMV on 
domestic markets should be minimal, other than the direct 
implications for yield at harvest. The other implication 
for some producers is the impact on international trade as 
CGMMV-free trading partners may opt to reject shipments 
from affected areas (DAWE 2019). None of the CGMMV 
detections reported in this study occurred in close proxim-
ity to producers engaged in international trade of cucurbits. 
NSW is able to continue to export fresh produce safely with 
the development of Pest Free Places of Production (PFPP; 
ISPM 10 2016) around key export production regions and 
ensuring rigorous biosecurity measures are in place for 
growers with international trade linkages.

Global spread of CGMMV has largely been attributed to 
the commercial distribution of infected seed (Li et al. 2016). 
This places Australia in a particularly vulnerable situa-
tion as virtually all commercial cucurbit seed is imported 
(Tesoriero et al. 2016), although commercial seed is tested 
pre- or post-border for CGMMV (DAWE 2019). There is no 
known insect vector for CGMMV, however honeybees have 
been implicated in potentially transporting infected pollen 
on a local scale (Liu et al. 2014; Darzi et al. 2018). NSW 
melon crops are routinely serviced by apiarists for pollina-
tion (Keogh et al. 2010). Therefore, more work is needed to 
understand how long viable CGMMV may persist within 
the hive and if moving hives between farms throughout the 
season may permit greater spread of infection.

Significantly, our survey generated the first record of 
WCLaV-1 in Australia (Mulholland et al. 2022). This virus 
was only reported for the first time in China in 2017 and very 
little is known about its epidemiology (Xin et al. 2017). This 
virus is composed of a bipartite genome and belongs to a 
novel taxon in the family Phenuiviridae, tentatively named 
a member of the genus Coguvirus (Zhang et al. 2021). It 
is unclear how long this virus has been present or how it 
came to be in Australia. It is possible that the virus is seed 
borne. We suspect that this transmission pathway is increas-
ingly likely, given that it was recently detected in the United 
States (Hernandez et al. 2021; Hendricks et al. 2021) and 
Brazil (Maeda et al. 2021). The sudden WCLaV-1 global 
range expansion indicates that this virus may be an emerg-
ing pathogen for the melon industry. Greenhouse bioassays 
confirmed that the virus can be mechanically transmitted 
to watermelon. Successful mechanical transmission was 
not achieved with other cucurbit species, but this may be 
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highlighted by the number of CGMMV detections (50% of 
NSW detections) from formal targeted surveys.
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