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Abstract 
Mosaic disease has become epidemic in the zucchini (Cucurbita pepo L.) plantations on the island of Bali, but the 
cause of the disease is not yet known with certainty, although there are allegations of common causes including 
the Cucumber mosaic virus (CMV), Papaya ringspot virus (PRSV), Squash mosaic virus (SqMV), Watermelon 
mosaic virus (WMV), and Zucchini yellow mosaic virus (ZYMV). This study aims to ascertain the cause of the 
mosaic disease which was carried out by observation of the symptoms,  proving Koch’s postulates and using 
Indirect-ELISA serological tests. Indirect-ELISA method was carried out following the manufacturer’s 
instructions DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH) Germany using several 
antisera namely, Zucchini yellow mosaic virus (ZYMV, DSMZ, Germany), Cucumber mosaic virus (CMV, Agdia 
Inc., USA) and Papaya ringspot virus (PRSV, Agdia Inc., USA). Results showed that the occurrence of mosaic 
diseases in zucchini plantations with very diverse symptoms as malformation and distortion of the leaves and the 
fruits, blistering, vein clearing, vein banding and shoestring symptoms with disease ranging from 87.17% to 
92.72%. Following of Koch’s postulatesmechanical inoculations were carried out using mosaic diseased leaf 
extract obtained a success of transmission rate of 100%. Where, healthy zucchini plants that were inoculated with 
mosaic symptomatic plants exhibit the same symptoms as mosaic symptoms found in the field. The main findings 
of this study are serological tests with Indirect-ELISA showed that 75% of zucchini plants were infected by ZYMV 
and as many as 8.33% were positive to CMV. There are no plants infected with PRSV. It can be concluded that 
the causes of zucchini mosaics on the island of Bali are ZYMV and CMV. 
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1. Introduction 

The zucchini planting centers in Bali are several villages in Baturiti District, Tabanan Regency and Sukasada 
District, Buleleng Regency. Since the last three years production has decreased by around 65%. In fact, farmers 
do not get results because the plants do not bear fruit or the fruits are of poor quality. The decrease in the 
quantity and quality of zucchini is partly caused by pests and diseases. Symptoms of disease that occur in 
zucchini plantations are mosaic between dark and dark green on the leaves and around the leaf bone is greener 
than the leaves of the lamina (vein banding). Lamina leaves such as blisters on the green part (blistering), 
bleaching of leaf bones (vein clearing). Near young leaves, lamina growth is inhibited or even not formed at all 
so that the shape of the leaves is like shoelaces. Plants also show symptoms of malformation and distortion of 
leaves and fruit (Figure 1). 

The occurrence of mosaic disease in zucchini plants is due to  one or a combination of several types of viruses. 
The assumption is based on the fact, that there are several major mosaic-causing viruses that infect Cucurbitaceae, 
namely the Cucumber mosaic virus (CMV), Papaya ringpot virus (PRSV), Squash mosaic virus (SqMV), 
Watermelon mosaic virus (WMV), Zucchini yellow mosaic virus (ZYMV) (Coutts et al., 2011; Jossey and 
Babadoost, 2008) and Tobacco ringspot virus (TRSV) (Babadoost, 1999; Jossey and Babadoost, 2008). Lestari and 
Nurhayati (2014), reported the presence of several viruses on Cucurbitaceae plants found in West Java included 
CMV, SqMV and ZYMV. 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 1. The observation results on zucchini plants in the field, Healthy zucchini plants (A-B). Zucchini 
plants are diseased (C-D) 

Zucchini yellow mosaic virus (ZYMV) is a member of the Potyviridae  family and is considered the most 
harmful virus that attacks cucurbit plants in the field (El-Aziz, 2020). This virus was first isolated in northern Italy 
(Lisa et al., 1981). Soon after, ZYMV was identified worldwide where cucurbit is cultivated, including 
Mediterranean countries, Japan, Germany, Central Europe, China, Chile, Australia, Mexico, Mauritius, Canada, 
and the United States (Desbiez and Lecoq, 1997; Prieto et al., 2001). In Australia, ZYMV was first detected in 
1984, but symptomatic cucurbit plants were recorded in Western Australia (WA) in 1973 . Subsequently, it became 
widespread in cucurbit-growing areas in tropical Kununurra (WA), Ayr (Queensland, Qld) and Darwin (Northern 
Territory, NT), subtropical Carnarvon (WA), and temperate Swan Hill (Victoria, Vic) (Greber et al., 1987; Greber 
et al., 1988). 
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This relatively new, but aggressive virus has spread rapidly throughout the world, exhibiting efficient plant-to-
plant transmission by several aphid species on a non-persistent basis (Lecoq and Pitrat, 1983) and long-distance 
distribution via infected seed (Davis and Mizuki, 1986; Schrijnwerkers et al., 1991; Fletcher et al., 2000). In Egypt, 
ZYMV was isolated from naturally infected pumpkin plants (Fath-Allah et al., 2011). 

Zitter and Murphy (2009) reported that distinct strains of viruses could differ serologically. The second 
possibility is that the crops were infected by other distinct cucurbits viruses. Many authors reported that cucurbits 
could be infected by many viruses, commonly CMV, PRSV, ZYMV,WMV and others both in single or mix 
infection that induce a variety of symptoms including symptoms of CMV infection such as mosaic, vein clearing, 
vein banding and malformation (Zitter and Murphy  2009; Romay et al., 2014; Barbosa et al., 2016; Sydanmetsa 
and Mbanzibwa, 2016). 

This study aims to identify the virus that causes mosaic disease in zucchini plants in Indonesia, especially on 
the island of Bali, which is the center of zucchini cultivation by observation of the symptoms, proving Koch’s 
postulates and using Indirect-ELISA serological tests. 

2. Materials and Methods 

2.1. Observation of percentage of mosaic disease 

The study was conducted in the zucchini plantations of Baturiti District, Tabanan Regency and Sukasada 
District, Buleleng Regency in Bali Province. Observations were made on the plant population and the number of 
mosaic symptom plants were recorded. Zucchini plants that are sampled are those that show symptoms of 
contracting the virus with symptoms of a combination of mosaics, necrosis, vein clearing and malformations. The 
incidence of mosaic diseases for each zucchini plantation location is determined based on the percentage of 
disease events. The equality (1) used is:  

n/N x 100%            (Eq.1) 

Where in: n = number of symptomatic plants, and N = number of observed plants 

2.2. Detection of viruses on Zucchini 

The presence of viruses in the zucchini plants was also observed through fulfill the Koch’s postulates and 
serological tests with indirect-ELISA. Koch's postulate is a procedure to determine the cause of a plant disease 
caused by biotic agent, which consists of pathogen isolation, inoculation on similar healthy plants, re-isolation, 
and re-inoculation. ZYMV virus isolation to obtain infected leaf fluid was carried out by grinding 0.1 grams of 
infected leaves in phosphate buffer containing 1% -mercaptoethanol (0.01 M, pH 7.0) with a ratio of 1:10 (w/v). 
ZYMV inoculation was done mechanically by applying infected leaf fluid to healthy leaves after being sprinkled 
with 600 mesh carborundum. The inoculated leaves were then rinsed with water to clean the remaining infected 
leaf fluid. Plants showing symptoms of ZYMV were then identified for the presence of the virus through I-ELISA 
using ZYMV, CMV, and PRSV specific antiserums. The indirect-ELISA method is carried out in accordance 
with DSMZ (Deutsche Sammlung von. Mikroorganismen und Zellkulturen GmbH) -Germany uses several 
antiserums namely, Zucchini yellow mosaic virus (ZYMV, DSMZ, Germany), Cucumber mosaic virus (CMV, 
Agdia Inc., USA) and Papaya spot ring virus (PRSV, Agdia Inc., USA). Negative controls were used from healthy 
zucchini plant extracts while positive controls were extracts of infected plants of different viruses (Agdia, USA). 
Virus accumulation is read quantitatively using ELISA Reader model 550 (Bio-Rad, USA) at a wavelength of 
405 nm. ELISA results are positive, if the absorbance value of the sample is twice higher than the absorbance 
value of the negative control (Matthews, 1992). 

3. Results and Discussion 

3.1. The occurrence of mosaic disease in zucchini 

The occurrence of mosaic diseases in zucchini plantations appeared with very diverse symptoms of infection 
as malformation and distortion of leaves and fruit, blistering, vein cleansing, vein bending, and shoestring 
syptoms with disease ranging from 87.17% to 92.72% (Tables 1 and Figure 2). Koch’s postulates were 
conducted by mechanical transmission using leaf extract resulted mosaic symptoms obtained 100% success rate. 
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Where, the inoculated healthy zucchini plants inoculated with mosaic symptomatic plants exhibit the same 
symptoms as diseased plants found in the field. Symptoms of mosaic disease in the field vary greatly. Where, 
variations in symptoms appear as the response of plants to viral infections and are influenced by each 
susceptibility of the plant variety (genotype), viruses or insect vectors (Matthews, 1992).  

The emergence of symptoms variations type on test plants can be caused the plant factors and virus strains 
(Walkey, 2012). According to Matthews (1992), the plant’s symptoms variations infected with viruses are 
influenced by several factors, namely, plant age, cultivars, plant genotype and plant growth phases. Other factors 
also influence the symptoms of virus infections like environmental factors including soil fertility and climate as 
well. 

Table 1. The occurrence of mosaic diseases on several zucchini plant centers in Bali 

Zucchini  planting 
location 

Plant 
population 

x 1.000 

Zucchini attacked 
mosaics 
X 1.000 

Disease occurrence 
(%) 

Pekarangan 3.140 2.750 87.17 
Apit Yeh 3.090 2.865 91.09 
Sandan 2.518 2.195 92.00 
Titigalar 1.886 1.718 87.36 
Batunya 1.826 1.680 87.94 
Batusesa 2.516 2.198 87.58 
KembangMerta 4.395 3.865 92.72 
Asah Gobleg 3.722 3.288 88.34 
Angseri       3.740   3.392  90.70 
Total  26.833 23.951 - 
Average  - 89.43 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The variations on mosaic disease symptoms in zucchini 
(A) malformation, (B) leaf distortion, (C) blistering, (D) shoe-string 
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3.2. Results of serological tests 

For serological tests specific antisera were used detecting existance of ZYMV, PRSV and CMV. Regarding 
the samples with symptoms variety of 12 zucchini plantations, namely from Pekarangan, Apit Yeh, Sandan, 
Titigalar, Kembang Merta, Asah Gobleg, Angseri, Batunya, and Batusesa showed 75% were positive infection 
to ZYMV: 8.33% were positive to CMV and 0% were infected by PRSV (Table 2). 

Dwiwiyati (2014) stated that the symptoms of ZYMV infected plants vary greatly. As on cucumber plants in 
Sleman and Subang the symptoms appear on the leaves are not like yellow mosaic, and blistering. Symptoms of 
ZYMV on green kabocha squash in Bogor region showed  vein opening, yellow-green mosaics, leaf malformations, 
chlorosis or dominantly bright green leaves blistering or dark green pox (Nurjannah, 2014). 

In Hosseini et al. (2007), and Coutts et al. (2011b) study, ZYMV infected zucchini plants showed mosaic 
symptoms, blistering and leaf distortion. ZYMV infection mainly has occurred on squash, melon and watermelon. 
Symptoms of ZYMV on the plants are great yellow mosaics on leaves, leaf shape changes, changes on leaf size 
to be small and plants become stunted. On the pumpkin and squash, ZYMV infection causes discoloration and 
deformation cause changes on fruit shape (Provvidenti 1996; Tobias et al., 2003; Coutts, 2006).  

Table 2. The existence of ZYMV, CMV, and PRSV  by ELISA 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kece and Kamberoglu (2016), reported that biological, serological and molecular detection and identification 
of WMV-2 in watermelon growing fields in Adana, Mersin and Osmaniye provinces in the spring and summer 
months of 2012, showed that the presence of WMV infection in collected 182 samples were firstly investigated 
by ELISA and infection ratio was determined as 46.7%. Selected WMV-2 isolates were used in mechanical 
inoculation and RT-PCR studies. In mechanical inoculation studies, squash (Cucurbita pepo L.), melon (Cucumis 
melo L.), cucumber (C. sativus L.) and watermelon (Citrillus lanatus (Thunb.) Matsum & Nakai) produced mosaic, 
mottle, deformation and vein banding while C. quinoa Willd., C. amaranticolor Coste and Reynier and G. globosa 
L. showed chlorotic local lesions of leaves. WMV-2 did not induce any symptoms in tobacco species (N. tabacum 
L., N. benthamiana L., N. glutinosa L. and N. rustica L.). In another study conducted by Önder and Korkmaz 
(2008), to determine prevalence of virus and viroid diseases using biological indexing for Exocortis and Satsuma 
dwarf, DAS-ELISA for Psorosis and DAS-ELISA and biological indexing for Citrus tristeza virus. DAS-ELISA 
test reveal that while 38 of 156 samples were infected with Citrus tristeza virus, none of the 10 samples tested 

Sample source 
I-ELISA  with specific antiserum 

ZYMV CMV PRsV 
Buffer - - - 
Positive control + + + 
Negative control - - - 

Field sample    
Pekarangan + - - 
Apit Yeh + - - 
Sandan 1 + - - 
Sandan 2 + - - 
Titigalar + - - 
Batuya - - - 
Batusesa - - - 
Kembang Merta + - - 
Gobleg 1 - + - 
Gobleg 2 + - - 
Angseri 1 + - - 
Angseri 2 + - - 

Mechanical transmission 
Pekarangan + - - 
Apit Yeh + - - 
Kembang Merta + - - 
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was positive for Psorosis. Biological indexing showed that 1 of 20 samples tested was infected with Exocortis 
viroid, however no symptoms were observed from the Satsuma dwarf samples. 

In Cucurbitaceae plantations in parts of Australia, the viruses causing severe production losses to reach 100% 
infection of pumpkin plants. Two potyviruses are responsible for mosaic disease, Papaya ringspot virus (PRSV-
W), previously known as the watermelon mosaic virus (WMV-1), which has been known to cause problems for 
Cucurbitaceae since 1977. The second potyvirus is the Zucchini yellow mosaic virus (ZYMV). It has also been a 
cause of mosaic disease since 1989. Lestari and Nurhayati (2014) reported the presence of several viruses on 
Cucurbitaceae plants found in West Java included Cucumber mosaic virus (CMV), Squash mosaic virus (SqMV), 
and Zucchini yellow mosaic virus (ZYMV). ZYMV has been known in 22 countries on five continents (Zitter et 
al., 1996), including Indonesia. ZYMV is an important virus attacks plants belonging the Cucurbitaceae family 
worldwide. It has an important influence on Cucurbitaceae plants due to causing serious quantitative, qualitative 
and thereby serious economic lossest (Lin et al., 2000; Simmons et al., 2011). 

Zucchini yellow mosaic potyvirus (ZYMV) was first identified in northern Italy. It likes other species of the 
family Potyviridae. ZYMV has been recorded in many countries since 1981. The efficient intercontinental spread 
of the virus can be explained by the international trading of infected seeds. Since coat protein (CP) analysis has 
become a primary method for taxonomic assignment of potyviruses the aims were to characterize this genomic 
region of ZYMV originating from virus-infected cucurbitaceous seedlings. Virus infection in cucurbits is typically 
associated with mosaic symptoms on leaves and lumpy, distorted fruit. The range of symptoms produced by each 
virus can overlap and plants are commonly infected by more than one virus at once. The viruses are spread by 
many species of aphids moving through or within a crop. Control options include: destroying old cucurbit crops 
as soon as harvesting is completed destroying weeds and wild cucurbits, in and around plants. This situation will 
harbor viruses and/or aphids that separate new plants from mature plants as these will have a high viral infection 
rate to avoid overlapping cucurbit plants. 

4. Conclusions 

1) The occurrence of zucchini yellow mosaic virus in Bali show very diverse symptoms, namely malformation, 
distortion on leaves and fruit, blistering, vein clearing, vein-banding and shoestring like symptom. 

2) The serology test resulted of the zucchini plantation  with 75% positive infection by ZYMV, while 8.33% 
of the plants were infected by CMV and no zucchini plants were infected by PRSV 
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