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Symptom expression of zucchini infected with a single or multiple viruses: ZYMV, CMV, 

PRSV-W, WMV-2 and CGMMV were investigated.  Seven days after inoculation (dai) with a single 

virus; mottle and blistering symptoms were seen in the plants infected by ZYMV, mottling was 

observed with CMV and CGMMV infection and those infected with PRSV-W and WMV-2 showed 

mottling and vein clearing symptoms.  At 14 dai, zucchini infected with ZYMV showed mosaic, vein 

banding and deformed leaves, whereas typical mosaic was caused by CMV; abrupt cessation of 

growth, interveinal yellowing and deformed leaves by CGMMV; deformed apical leaves, mosaic, 

vein clearing and distortion by PRSV-W; and mosaic, vein clearing and blistering were caused by 

WMV-2.  Twenty one dai, plants infected singly with each virus showed stunting and deformed 

leaves. In addition, different symptoms were produced by individual viruses: yellow mosaic by 

ZYMV, strong mosaic by CMV, mosaic and blistering by PRSV-W and WMV-2, and strong growth 

retardation by CGMMV.  At 21 and 28 dai, stunting and growth retardation were observed with all 

single virus infections.   Twenty eight dai, CGMMV alone caused plant death, whereas ZYMV and 

PRSV-W alone produced plant death after 35 dai.  Inoculation of zucchini with multiple viruses 

produced systemic mottle and mild mosaic symptoms at 7 dai which was similar to infection by single 

viruses.  Double virus infections produced different symptoms than single infections at 14 dai 

including severe mosaic, vein clearing, blistering, vein banding and deformation leaves by either 

ZYMV and PRSV-W or ZYMV and CGMMV, whereas CMV and CGMMV induced mottle and 

yellow mosaic, and CMV and PRSV-W and/or WMV-2 showed mosaic, blistering, and vein clearing.  

For the triple and quadruple virus infections, blistered and deformed leaves were commonly found in 

all cases with certain variations induced by the virus combinations: mottling and vein clearing by 

CMV+PRSV-W+WMV-2; severe mottling, bubble patch, and blistering by ZYMV+PRSV-

W+WMV-2; mosaic and blistering by either PRSV-W or WMV-2 plus ZYMV and CGMMV.  After 

28-35 dai, some combinations with ZYMV and/or PRSV-W and/or CGMMV induced plant death.  

Synergistic interactions were rarely observed; at 28 dai CMV+PRSV-W+WMV-2 and 

ZYMV+CMV+PRSV-W+WMV-2 produced plant death.  Antagonistic effects were found in 

combinations that included either CMV or WMV-2 at 14, 21, 28 and 35 dai; that attenuation in the 

disease intensity included retardation or prevention of the death of infected zucchini by the CGMMV, 

PRSV-W and ZYMV at 28 and 35 dai. 
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Introduction 

 Zucchini (CucurbitapepoL.) is the most important cucurbit crop grown in the highland areas 

of Northern Thailand.  Viral diseases are commonly found and cause serious damage to this vegetable 

that lead to unmarketable produce.  More than 39 different viruses have been reported to infect 

cucurbit crops worldwide (Koet al., 2007; Yuki et al., 2000).  Papaya ring spot virus-W (PRSV-W), 

watermelon mosaic virus-2 (WMV-2), zucchini yellow mosaic virus (ZYMV), cucumber mosaic virus 

(CMV), squash mosaic virus (SqMV), and cucumber green mottle mosaic virus (CGMMV) were the 

most frequently encountered viruses in  cucurbits crops in major cucurbit growing areas of Thailand 

(Noda et al., 1993; Thonmo and Thummabenjapone, 2008; Nontajaket al., 2012 and 2013; and 

Unrueanet al., 2013).  Viral infection most often causes visible symptoms such as various forms of 

mosaic and distortion in plants with consequent reductions in crop growth and yield. In nature, viral 

infection is common in plants and it is not unusual for more than one virus species to infect the same 

host.  These mixed infections usually generate effects that are not observed in single infections 

(Zenget al., 2007).  In 2012, Nontajaket al. were reported that dual infections by ZYMV+CMV and 

ZYMV+PRSV–W were the common combinations of viruses found in infected cucurbit samples.  

Dual infection of ZYMV+PRSV-W was the common combination of viruses found in infected 

zucchini samples at 5.08% (Nontajaket al., 2013).  PRSV and ZYMV were reported to cause various 

types of symptoms e.g. mosaic, stunting, and malformation of foliage such as blistering and 

shoestring (Fletch et al., 2000).  Multiple infections of viruses in plants enable considerable 

opportunities for synergistic interactions leading to enhanced pathology in field-infected plants.  

Combinations of viruses causing synergistic symptom expression in cucurbits include the potyviruses 

and other viruses (Malik et al., 2010 and Wang et al., 2002).  While in an antagonistic interaction, 

only one of the viruses is likely to be the beneficiary, and its presence could lower the activeness of 

the second virus (Syller, 2012).  Mixed infection with tomato spotted wilt virus and peanut mottle 

virusdid not cause more severe symptoms than occurred with single infections of these viruses 

(Hoffmann et al., 1998).  The study of Nontajaket al. (2013) revealed that zucchini grown in the 

highland area of Northern Thailand were infected with many viruses.   Viruses detected in the 

previous study were spread efficiently by aphids or mechanical inoculation which is also reported by 

Sevik and Arli-Sokmen (2003).  So, this study investigated the various symptoms in zucchini caused 

by single and mixed infection of viruses, e.g. ZYMV, CMV, PRSV-W, WMV-2, and CGMMV. 

Materials and methods 

Isolation and purification of plant viruses 

Virus samples were collected from naturally infected cucurbits from 10 major cucurbit 

production areas in Northern Thailand under the Royal Project Foundation extension program.  

Infected viruses were tested using DAS-ELISA kits [ZYMV, CMV, PRSV-W, WMV-2 (Bioreba AG, 

Switzerland) and CGMMV (Agdia Inc., Elkhart IN, USA)].  Purification of viruses was done by serial 

inoculation of local lesion hosts with tissue from a single lesion.  After that, the viruses were 

multiplied and maintained on zucchini kept in an insect proof net house. 

 

Single and mixed virus infections 

Single and multiple inoculations were evaluated using8-day-old zucchini seedlings kept in an 

insect proof greenhouse (28±2
o
C). The experiments used single and combinations of following 

viruses: ZYMV, CMV, PRSV-W, WMV-2, and CGMMV.Inoculations of test plants were carried out 

mechanically by rubbing cotyledons with the virus inoculaafter dusting with carborundum powder. 

Inocula were extracted by grinding 5-10g of leaf tissue in 0.02 M potassium phosphate buffer (1:10 

w/v) at pH 7.0; at least four plants were inoculated for each virus. Mock inoculation was employed as 

the control.  When viral disease symptoms were observed, they were photographed before being 

verified by ELISA.Symptom development for each of the virus infections was evaluated using a 

symptom rating scale (0 to 6: 0, no disease symptoms; 1, mottle or mild mosaic on leaves; 2, typical  
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mosaic, vein clearing and blistering on leaves; 3, leaves near apical meristem deformed slightly, 

yellow and reduced size; 4, apical meristem with mosaic and deformation; 5, severe mosaic and 

serious deformation of leaves or plant, and stunting; 6, plant death).  At 7, 14, 21, 28and 35 days after 

inoculation (dai), 0.2 g of leaves from the second or third leaf were ground in PBS buffer [0.02 M 

PBST (phosphate buffered saline with tween, 1:10 w/v)] and centrifuged (10,000g) for 5 min.  The 

supernatants of ground leaf tissue were used for the ELISA. 

Detection of viruses 

DAS-ELISA was used to detect ZYMV, CMV, PRSV-W, and WMV-2 (Bioreba AG, 

Switzerland) and CGMMV (Agdia Inc., Elkhart IN, USA) in inoculated plants following the protocol 

described by the companies.  Two replicates were used for each sample.  The ELISA plates (certified 

Nunc-Immuno Plates MaxiSorp F96) was coated with 100 µl IgG at a 1:1000 dilution in coating 

buffer and incubated at 30
o
C for 4 h.  The plates were washed three times for 3 min with PBST.  One 

hundred µl of the sap samples were pipetted into each well and incubated overnight at 4
o
C.  The plates 

were then washed as described above.  One hundred µl of alkaline phosphatase IgGs at a 1:1000 

dilutions in conjugate buffer were pipetted into the wells and incubated at 30
o
C for 5 h.  The plates 

were washed as described above and 100 µl of 1 mg/ml p-nitro phenyl phosphate in substrate buffer 

were pipetted into the wells.  The plates were incubated at room temperature for 60 min to obtain a 

clear reaction.  The reaction was colorimetrically evaluated at 405 nm using an ELISA plate reader 

(Sunrise basic TECAN, Austria).  

 

Results 

Symptoms caused by single viruses 

Infection by single and multiple viruses was confirmed by ELISA.  Inoculation of zucchini 

with single virus resulted in a symptom rating of 1 and induced systemic mottle or mosaic symptoms 

in plants at 7 dai; zucchini infected with ZYMV showed mottling and blistering on leaves (Figure 

1A).   Mottling was caused by CMV and CGMMV (Figures 1B and 1E, respectively).  PRSV-W and 

WMV-2 produced systemic mottle and vein clearing on leaves (Figure 1C and 1D, respectively).  At 

14 dai, symptom ratings increased to between 2 and 4; typical and severe mosaic, vein clearing, 

blistering, vein banding and deformation appeared on zucchini leaves.    Severe symptoms occurred 

on the apical leaves, which included crinkling and other types of leaf deformation at 14 dai (Figure 2).  

During the subsequent development of plants, severe stunting and leaf symptoms were observed 

including deformation and yellow mosaic.  CGMMV-inoculated zucchini showed an abrupt cessation 

of growth, interveinal yellowing and deformed leaves (Figure 2E).  PRSV-W caused severe stunting 

over time, mosaic, distorted and wrinkled leaves (Figure 2C).  WMV-2 caused mosaic, vein clearing 

and blistering (Figure 2D).Infection with ZYMV caused severe mosaic, vein banding, curled and 

deformed leaves (Figure 2A).  CMV elicited severe mosaic (Figure 2B). At 21 and 28 dai, stunting 

and growth retardation were observed with all single virus infections.  After 28 dai, CGMMV alone 

caused plant death whereas the same phenomenon was caused by ZYMV and PRSV-W alone at 35 

dai (Table 1). 

Symptoms caused by multiple virus infections 

Inoculation of zucchini with multiple viruses caused a symptom rating of 1 and produced 

systemic mottle and mosaic symptoms in plants at 7 dai.The systemic symptoms caused by multiple 

viruses were initially similar to the single virus infection.At 14 dai, a symptom rating of 4 was 

commonly found with triple or quadruple virus combinations; severe mosaic, vein clearing, blistering, 

vein banding anddeformation of leaves were observed. Inoculation of zucchini with PRSV-W+WMV-

2 and PRSV-W+CGMMV caused severe mosaic and green bubbles on leaves (Figure 3F and 3G); 

whereas mosaic and vein clearing were produced by ZYMV+PRSV-W (Figure 3A); vein banding was 

caused by ZYMV+CGMMV (Figure 3D); interveinal yellowing by PRSV-W+CMV (Figure 3E); 

mottling by ZYMV+CMV (Figure 3B); yellow mosaic by CMV+CGMMV (Figure 3I); yellow patch 
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by ZYMV+WMV-2 (Figure 3C) and WMV-2+CGMMV (Figure 3J).  Triple and quadruple virus 

infections produced blistering and deformed leaves. Inoculation of zucchini with CMV+PRSV-

W+WMV-2 produced mosaic (Figure 4G); severe mosaic and green bubble was caused by 

ZYMV+CMV+CGMMV and CMV+PRSV-W+WMV-2 (Figure 4C and 4D); mosaic, 

interveinalchlorosis and deformed leaves by ZYMV+CMV+PRSV-W, ZYMV+CMV+WMV-2, 

CMV+PRSV-W+CGMMV, PRSV-W+WMV-2+CGMMV, CMV+PRSV-W+CGMMV and PRSV-

W+WMV-2+ CGMMV (Figure 4A, 4B, E, 4F, 4H and 4I). Systemic blistering and deformed leaves 

occurred at 14 dai after multiple virus infection (Figure 5).Symptoms that appeared at 21-28 dai were 

severe mosaic, blistering, vein banding, deformation, stunting and death in zucchini.  At 28 dai, 

CGMMV alone and in combination with other viruses (ZYMV+CGMMV, ZYMV+CMV+CGMMV, 

ZYMV+PRSV-W+CGMMV, CMV+PRSV-W+WMV-2, ZYMV+CMV+PRSV-W+WMV-2 and 

ZYMV+CMV+PRSV-W+CGMMV) caused plant death. At 35 days, ZYMV and PRSV-W alone and 

in combination with certain viruses (ZYMV+WMV-2+CGMMV, ZYMV+CMV+WMV-2+CGMMV, 

and ZYMV+PRSV-W+WMV-2+CGMMV) produced plant death (Table 1). 

 

Comparison of symptoms produced in zucchini by infection with single and multiple viruses 

The results of the single and multiple virus infections are summarized in Table 1.  

Remarkably, the combination of CMV and WMV-2 with ZYMV, PRSV-W and CGMMV led to a 

reduction of symptoms (indicated by *).  The symptom ratings strongly agree with visual symptoms 

presented in Figures 1-5.  Synergistic interactions were rarely observed; at 28 daiCMV+PRSV-

W+WMV-2 and ZYMV+CMV+PRSV-W+WMV-2 produced plant death.CMV and WMV-2 

appeared to suppress symptoms produced by ZYMV, PRSV-W and CGMMV at 14, 21, 28 and 35 

dai.  Antagonistic effects were found at 14 dai that showed diminishing symptom intensity in the case 

of double infections while single infection by the three more virulent produced severe symptoms.   

ZYMV alone (Figure 2A) and in combination with PRSV-W (Figure 3A) produced typical yellow 

mosaic and deformed leaves, while ZYMV+CMV produced mild mottle symptom (Figure 3B).   

 In the case of plant death, CGMMV alone caused plant death at 28 dai, whereas ZYMV and 

PRSV-W alone produced plant death at 35 dai.  Multiple virus infections including CGMMV alone 

and in combination with other viruses:  ZYMV+CGMMV, ZYMV+CMV+CGMMV, ZYMV+PRSV-

W+CGMMV, CMV+PRSV-W+WMV-2, ZYMV+CMV+PRSV-W+WMV-2 and ZYMV+CMV+ 

PRSV-W+CGMMV) caused plant death at 28 dai.  Reduction of symptoms was observed when CMV 

and/or WMV-2 was combined with other virus, and no plant death was found at either 28 or 35 dai 

(Table 1).  
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Table 1 Symptom severity ratings of single and mixed virus infection on zucchini leaves at 7, 14, 21, 

             28 and 35 days after inoculation (dai).  

 

Viruses 

Symptoms rating on leaves at (dai) 

7 14 21 28      35 

ZYMV 1 4 5 5 6 

CMV 1 2 4 5 5 

PRSV-W 1 4 5 5 6 

WMV-2 1 2 4 5 5 

CGMMV 1 4 5 6 6 

ZYMV+CMV 1 1* 4* 5 5* 

ZYMV+PRSV-W 1 3* 5 5 5* 

ZYMV+WMV-2 1 2 4 5 5* 

ZYMV+CGMMV 1 4 5 6 6 

CMV+PRSV-W 1 3* 5 5 5* 

CMV+WMV-2 1 2 4 5 5 

CMV+CGMMV 1 2* 4* 5 5* 

PRSV-W+WMV-2 1 3* 4* 5 5* 

PRSV-W+CGMMV 1 3* 5 5 5* 

WMV-2+CGMMV 1 2 5 5 5* 

ZYMV+CMV+PRSV-W 1 4 5 5 5* 

ZYMV+CMV+WMV-2 1 4 5 5 5* 

ZYMV+CMV+CGMMV 1 4 5 6 6 

ZYMV+PRSV-W+WMV-2 1 4 5 5 5* 

ZYMV+PRSV-W+CGMMV 1 4 5 6 6 

ZYMV+WMV-2+CGMMV 1 4 5 5* 6 

CMV+PRSV-W+WMV-2 1 3* 5 6** 6 

CMV+PRSV-W+CGMMV 1 4 5 5* 5* 

CMV+WMV-2+CGMMV 1 4 5 5* 5* 

PRSV+WMV-2+CGMMV 1 4 5 5* 5* 

ZYMV+CMV+PRSV-W+WMV-2 1 4 5 6** 6 

ZYMV+CMV+PRSV-W+CGMMV 1 4 5 6 6 

ZYMV+CMV+WMV-2+CGMMV 1 4 5 5* 6 

ZYMV+PRSV-W+WMV-2+CGMMV 1 4 5 5* 6 

CMV+PRSV-W+WMV-2+CGMMV 1 4 5 5* 5* 

0=no disease symptoms; 1=mottle or mild mosaic on leaves; 2=typical mosaic, vein clearing and 

blistering on leaves; 3=leaves near apical meristem deformed slightly, yellow and reduced size;       

4=apical meristem with mosaic and deformation; 5=severe mosaic and serious deformation of leaves 

or plant, and stunting 6=plant death. An asterisk (*) indicates that a reduction of symptoms was 

observed; a double asterisk (**) indicates that an increase in symptoms was observed. 
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Figure 1 Foliar symptoms on zucchini at 7 dai with single infection: mottling and blistering by ZYMV 

(A), mottling by CMV and CGMMV (B and E), mottling and vein clearing by PRSV-W and 

WMV-2 (C and D). 

 

 

 

 

Figure 2  Foliar symptoms on zucchini at 14 dai with single infection: mosaic and vein banding by 

ZYMV (A), mottling by CMV (B), blistering by PRSV-W (C), vein clearing and mottling 

by WMV-2 (D), and internal vein yellowing by CGMMV (E). 
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Figure 3  Foliar symptoms on zucchini at 14 dai with double virus infection: mosaic and vein clearing 

by ZYMV+PRSV-W (A), mottling by ZYMV+CMV (B); yellow patch by ZYMV+WMV-2 

and WMV-2+CGMMV (C and J, respectively); vein banding by ZYMV+CGMMV (D); 

interveinal yellowing by PRSV-W+CMV (E); severe mosaic and green bubble on leaves (F 

and G); mosaic by CMV+WMV-2 (H); yellow mosaic by CMV+CGMMV (I). 

 

A B C 
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G 

G 
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Figure 4 Foliar symptoms on zucchini at 14 dai with triple virus infection: mosaic, 

interveinalchlorosis and deformed leaves by ZYMV+CMV+PRSV-W (A), 

ZYMV+CMV+WMV-2(B), CMV+PRSV-W+CGMMV (E), PRSV-W+WMV-2+CGMMV 

(F), CMV+PRSV-W+CGMMV (H) and PRSV-W+WMV-2+CGMMV (I); mosaic by 

CMV+PRSV-W+WMV-2 (G); severe mosaic and green bubble by 

ZYMV+CMV+CGMMV and CMV+PRSV-W+WMV-2 (C and D). 

 

 

Figure 5 Foliar symptoms on zucchini at 14 dai with quadruple virus infection: mosaic, 

interveinalchlorosis and deformed leaves by ZYMV+CMV+PRSV-W+WMV-2 (A), 

ZYMV+PRSV-W+WMV-2+CGMMV (D) and CMV+PRSV-W+WMV-2+CGMMV (E); 

interveinalchlorosis and green bubbles by ZYMV+CMV+PRSV-W+CGMMV (B), and 

yellow mosaic by ZYMV+CMV+WMV-2+CGMMV (C).   
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G H I 
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Discussion 

  Zucchini plants infected with either single or multiple viruses exhibited similar symptoms 

during the early stages of infection.  Common symptoms observed at 7 dai were mottle and mosaic on 

young leaves.  According to the paper of Choi et al., (2002) reported that ZYMV produced similar 

symptoms in zucchini at 7-10 dai including severe yellow-green mosaic and leaf malformation.  In 

2003, Fattouhet al. reported that infection with PRSV alone caused severe mosaic symptoms on all 

zucchini plants, while plants infected with ZYMV mild strain alone presented, as expected, milder 

leaf symptoms. WMV was reported to cause vein clearing, mosaic, and blistering of zucchini leaves at 

7-10 dai (Moradi and Jafarpour, 2010).  Inoculation of zucchini with ZYMV, PRSV-W and CGMMV 

alone at the seedling stage also reduced plant growth.  Our findings showed that the strains of 

CGMMV, PRSV-W and ZYMV used  in this study were highly virulent and caused severe mosaic, 

deformed apical leaves and plant death, whereas the less virulent strains of CMV or WMV-2 

produced  mosaic, mottling and vein clearing.  In general, the interactions between these two groups 

were identified as antagonistic.   In nature plants are commonly infected by two or more viruses 

(Hull, 2002), therefore  different interactions among viruses have been observed, such as synergism, 

helper-dependence, cross-protection, replacement, mutual suppression, and a mixture of antagonistic 

and synergistic interactions (Zenget al., 2007). Combination with CMV and/or WMV-2 lessened the 

symptoms caused by ZYMV, PRSV-W and CGMMV at 14, 21, 28 and 35 dai.  Antagonistic effects, 

shown by the attenuation of symptoms including prevention of plant death during the experiment, 

were first observed at 14 dai with the mixed infection of the CMV and/or WMV-2 with the other 

viruses or virus combinations.  These results do not agree with previous reports that indicated that 

mixed infections of viruses from the family Potyviridae and those from other genera typically produce 

synergism in plants (Gil-Salas et al., 2011).  Zucchini plants doubly infected with ZYMV and CMV 

have been shown to exhibit a severe synergistic pathological response and showed a strong increase in 

the level of accumulation of CMV, with no increase in the accumulation of ZYMV (Kosaka, 1997; 

Zenget. al., 2001; Choi et al., 2002; Wang et al., 2002; Fattouh, 2003; Bonilhaet al., 2000).  

Nevertheless, plant virus interactions did not always induce synergistic symptoms (Wang et al., 2004; 

Untiveroset al., 2007) and the outcome depended on the particular combination of virus species 

(Kokkinos and Clark, 2006).  In another case, peanut plants inoculated with the tomato spotted wilt 

virus and peanut mottle virus did not result in an intensification of  symptom severity compared with 

either virus alone (Hoffmann et al., 1998).  The interactions between plant viruses in mixed infections 

are generally categorized as synergistic or antagonistic, creating usually unpredictable biological and 

epidemiological consequences (Zhang et al., 2001; Syller, 2012).  The clear mechanisms of these 

effects are still unknown.  Our research identified more antagonistic than synergistic effects of the 

mixed plant virus infections, but more data is still needed in order to elucidate a concrete explanation 

of this effect.  
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