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Abstract  

Zucchini (Cucurbita pepo) is a common vegetable crop worldwide. It 

belongs to Family Cucurbitaceae which is one of the largest plant families and 

has a high economic impact worldwide. Zucchini can be infected by several plant 

viral pathogens which cause severe losses in cucurbits production. This study 

aims to identify certain viruses which infect zucchini in Assiut governorate, 

Egypt using Reverse Transcription Polymerase Chain Reaction (RT-PCR). The 

response of four zucchini cultivars (Hytech, Safa, Malat, and 03) to viral 

infection was evaluated under both greenhouse and field conditions. The 

assessment was conducted through measuring some parameters including disease 

severity (D.S), yield, total chlorophyll, and total carbohydrates contents. In 

general, zucchini cultivars differed significantly in their susceptibility to the 

infection with Watermelon mosaic virus (WMV) and Papaya ringspot virus 

(PRSV). Cultivars 03 and Malat were the most tolerant cultivars while Hytech 

followed by Safa were the most susceptible ones. The obtained data showed that 

zucchini cultivars differ significantly in their total carbohydrate and chlorophyll 

contents post the infection with WMV and PRSV. The highest chlorophyll and 

carbohydrates contents were obtained in 03 and Malat cultivars while the lowest 

chlorophyll and carbohydrate contents were in case of Hytech followed by Safa 

under both greenhouse or field conditions. Further studies are required to 

establish safe and eco-friendly strategies to control these viruses. 

Keywords: Cultivars, Papaya ringspot virus, Watermelon mosaic virus, Tolerance, 

Zucchini. 

Introduction 

Zucchini (Cucurbita pepo L.) is an important vegetable crop worldwide 

which has many cultivars (Afechtal et al., 2019). It belongs to the family 

Cucurbitaceae. (Veronezi and Jorge, 2012) which is the second largest plant 

family after Solanaceae (Jeffrey, 1980). Family Cucurbitaceae includes about 

118 genera and 825 species. Among these species, the most common one are 

cucumbers, muskmelons, watermelons, Zucchini, squashes, gourds, and 

pumpkins (Painkra et al., 2019). However, cucurbits are infected by more than 
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70 different plant pathogenic viruses (Lecoq and Katis, 2014). These viruses can 

cause severe losses in annual production (Sastry et al., 2014), among these 

viruses Papaya ringspot virus - W (PRSV-W), and Watermelon mosaic virus 

(WMV) are considered the most common viruses infecting cucurbits worldwide. 

Both viruses belong to genus Potyvirus family Potyviridae and are being 

transmitted by different aphid species such as Aphis gossypii and Myzus persicae 

in non-persistent manner and has a wide host range (Yamamoto et al., 1982; von 

Wechmar et al., 1995; Fletcher et al., 2000; Damicone, et al., 2007; and Hasiów-

Jaroszewska et al., 2010). 

Both PRSV and WMV can limit the production of zucchini worldwide and 

application of insecticides to control these viruses is not efficient method to 

control these diseases because these viruses are being transmitted in non-

persistent manner as aphids, species can transmit these viruses within minutes. In 

addition, application of insecticides has many adverse effects on environments, 

so there is a need to find another alternative method to control these viruses. 

growing tolerant or resistant cultivars against plant viruses is an efficient and safe 

method to control these diseases and may present a promising alternative to 

control these viruses. Several studies have been conducted to assay the degree of 

susceptibility among cucurbits to viral infection (Yu et al. 2011; Ootani et al., 

2017). 

This study aimed to evaluate the degree of tolerance among the most 

common zucchini cultivars grown in Assiut governorate (Hytech - Malat - Safa - 

03) against the infection with WMV, PRSV or both viruses under greenhouse 

and field conditions during two successive growing seasons 2022-2023. 

Materials and Methods  

1. Source of viruses 

Samples of Cucurbitaceae plants such as pumpkin (Cucurbita maxima) and 

zucchini (Cucurbita pepo) plants showing viral-like symptoms including mosaic, 

yellowing, mottling, leaf deformation and stunting were collected from the Farm 

of the Faculty of Agriculture, Assiut University, Assiut, Egypt during 2022 

growing season. The collected samples showed symptoms of infection with 

Watermelon mosaic virus (WMV) or Papaya ring spot virus (PRSV-W). 

2. Identification of viruses 

In the present study, two-step Reverse-Transcription Polymerase Chain 

Reaction (RT-PCR) were used for molecular identification of PRSV and WMV 

using specific primers to amplify Coat Protein (CP) of WMV.   

To synthesize cDNA for RT-PCR, total RNA was extracted from fresh 

infected zucchini leaves (C. pepo) as well as healthy leaves using the ABT Total 

RNA Mini Extraction Kit according to the manufacturer’s instructions (Applied 

Biotechnology, EGYPT). Extracted RNA was then stored at -20 °C until use. 

Synthesis of cDNA for RT-PCR was performed using ABT H-minus cDNA 

synthesis kit according to the instructions of manufacturer. RNA template was 
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incubated with reverse transcriptase enzyme, dNTPs, WMV reverse primer and 

ribonuclease inhibitor at 50 °C for 60 min.  

The RT-PCR assay was conducted using specific primers to amplify the 

Coat Protein (CP) gene of PRSV and WMV as described by (Ali et al., 2012). 

3. Mechanical Inoculation 

One week post planting, squash seedlings were mechanically inoculated 

with infected sap prepared by crushing 1 gm of symptomatic zucchini leaf in 1 

ml of sterilized phosphate buffer (K2HPO4 and KH2PO4), pH 7 in sterilized and 

cold mortar and pestle under greenhouse conditions. Cotyledon leaves were 

gently washed with distilled sterilized water, then leaves were dusted with 

carborundum powder (600 mesh), and then each cotyledon leaf was gently 

rubbed with 100 µl of plant sap from infected zucchini leaves. Then, the leaves 

were gently washed with distilled sterilized water and kept under insect-proof 

greenhouse conditions.  

4. Assessment of the reaction of four zucchini cultivars to the infection with 

certain viruses (WMV or PRSV or WMV+PRSV) under greenhouse 

conditions  

The most cultivated zucchini cultivars (Hytech - Safa - Malat - 03) under 

upper Egypt conditions   especially in Assiut governorate were tested for their 

reaction to the infection with (WMV), or (PRSV) or simultaneous infection with 

both viruses.  Zucchini cultivar seeds were sown in formaldehyde (5%) sterilized 

pots (30 cm in diameter) containing formaldehyde sterilized soil (clay and sand) 

Zucchini seedling at the first true leaf stage were mechanically inoculated 

separately in cotyledon leaves with sap from infected leaves with WMV and / or 

PRSV or both viruses together. Three replicates were done for each treatment, 

zucchini cultivar with either WMV or PRSV or both viruses. All treatments were 

kept under greenhouse conditions at a temperature ranging between 25 and 30 

°C.  

5. Assessment of the reaction of four zucchini cultivars to the infection with 

certain viruses (WMV or PRSV or WMV+PRSV) under field conditions 

The same zucchini cultivars used in greenhouse (Hytech - Safa - Malat - 03) 

were used in field experiments to evaluate their response against infection with 

WMV or PRSV or simultaneous infection with both viruses under natural 

infection. Four blocks were used, and each block contained one of these four 

tested zucchini cultivars. Natural infection was conducted through distribution of 

squash plants infected with either PRSV or WMV or PRSV & WMV around and 

inside the row in presence the insect vectors in field to make sure the occurrence 

of viral infection. 

6. Measurements and Disease Severity % (DS%) 

Data were recorded after three and six weeks from mechanical inoculation, 

symptoms severity index recorded by following rating scale for WMV as 

described by Abdalla et al. (2017) 
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0 = no symptoms at all, 1 = yellowing, 2 = yellowing and 

mosaic, 3 = severe mosaic and severe mottling, 4 = malformed leaves, stunting 

plant growth, severe mosaic, or death of the plant. 

The percentage of disease severity infection was calculated using the 

following formulation. 

Disease severity(DS) % = 
∑(𝐷𝑖𝑠𝑒𝑎𝑠𝑒 𝑔𝑟𝑎𝑑𝑒 ×𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡𝑠 𝑖𝑛 𝑒𝑎𝑐𝑕 𝑔𝑟𝑎𝑑𝑒) 

(𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡𝑠)×(𝑇𝑕𝑒 𝑕𝑖𝑔𝑕𝑒𝑠𝑡 𝑑𝑖𝑠𝑒𝑎𝑠𝑒 𝑔𝑟𝑎𝑑𝑒)
× 100 

     

0 1 2 3 4 

Fig. 1: Disease index to determine the disease severity of Papaya ringspot virus 

(PRSV) & Watermelon mosaic virus (WMV). 

7. Determination of physiological changes in zucchini cultivars due to viral 

infection  

Total chlorophyll  

Total chlorophyll was assessed using chlorophyll meter SPAD - 502 plus, 

made in Japan, (Khadka et al., 2020). 

Total carbohydrate 

 Using anthrone sulphuric acid method to estimate the total carbohydrates 

by hydrolyzing 25 g fine powder leaves with 0.2 N HCL for 24 H, then in water 

bath at 100°C for 2 H, after march -out the solution from water bath, it was 

filtrated into 50 ml measuring flask then completed to 50 ml by distilled water. 

Then put 1ml from this filtration and 5 ml from anthrone sulphuric acid indicator 

in tube, and then in water bath at 100°C for 5 m, after march-out measure 

calorimetrically at 620 nm wavelength (Hansen and Moller, 1975).    

8. Assessment of the yield in four zucchini cultivars infected with certain 

viruses  

To determine the difference in yield among the four zucchini cultivars due 

to viral infection squash fruit yield from each one of the four tested squash 

cultivars was estimated on the weekly basis after the ripening of first squash 

fruits. and the total yield was calculated at the end of the growing season. 

9. Experimental site and soil type 

The greenhouse experiments were conducted at Greenhouse at Faculty of 

Agriculture - Assiut University, while field experiments were conducted in the 

Experimental Farm Faculty Agriculture, Assiut University during two successive 

growing seasons of summer 2022 and summer 2023.  The used soil was clay 
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loamy to sand at 3:1 ratio in case of greenhouse conditions. While the soil was 

clay in case of farm experiments. 

10. Statistical analysis  

The design of experiments was randomized complete block design (RCBD) 

in Greenhouse and Field conditions. Statistical analysis was performed using 

Costat software (CoHortSoftware, 2006; Birmingham, UK), depending on two-

way ANOVA test.  All data were tested by utilizing Two-way Randomized 

Blocks methodology, and then compare mean to generate L.S.D. at (P≤0.05). 

Results  

1. Identification of Papaya ring spot virus and Watermelon mosaic virus  

Using specific forward and reverse primers to amplify the CP gene of 

PRSV and WMV resulted in production of PCR bands that have the same 

expected size to be amplified of these primers of 1000 bp in case of PRSV and 

1500 bp in case WMV specific primer (Fig 2). These results confirm the 

identification of Papaya ringspot virus and Watermelon mosaic virus. 

 

Fig. 2: Reverse transcription polymerase chain reaction (RT-PCR) results of 

Papaya ringspot virus (PRSV) and Watermelon mosaic virus (WMV). 

2. Assessment of the reaction of four zucchini cultivars to the infection with 

Papaya ringspot virus (PRSV) or Watermelon mosaic virus (WMV) or 

(WMV +PRSV) under greenhouse conditions, Mean of the three methods 

The four tested zucchini cultivars were significantly different in their 

response to the infection with PRSV or WMV or mixed infection between PRSV 

&WMV at both growing seasons, three- and six-weeks post inoculation (Table 

1,2). 

 In general, Data of disease sseverity % (DS) at the 1
st
 season after three 

weeks showed that cultivar 03 followed by Malat were the most tolerant cultivars 

against the infection with either PRSV alone, WMV alone, or mixed infection 

between WMV & PRSV. The means of DS % were 13.6 and 16.7%, 

respectively. The most susceptible cultivars were Hytech followed by Safa, 
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(mean of DS % were about 47.2 and 30.6%, respectively). Meanwhile, after six 

weeks, the results showed that cultivar Malat and 03 were the most tolerant 

cultivar to the infection of tested viruses, as the means of DS % were 33.3 and 

38.8%, respectively, but cultivar Hytech followed by Safa were the most 

susceptible after infection with these viruses, as the means of DS % were 69.4 

and 63.8%, respectively.  

Data at the 2
nd

 season showed that the most tolerant cultivar were 03 

followed by Malat three and six weeks post the inoculation with the tested 

viruses as the means of DS % were 11.11 and 16.7% post three weeks and 19.4 

and 33.3% after six weeks, respectively. While Safa followed by Hytech were the 

most susceptible cultivars after infection with the tested viruses, as the means of 

DS % were 33.3 and 30.5% after three weeks while Hytech followed by Safa 

after six weeks had mean DS % of 58.3 and 41.7%, respectively. 

Table 1. Response of zucchini cultivars to viral infection under greenhouse 

conditions during summer 2022. 

Table 2. Response of certain zucchini cultivars to viral infection under greenhouse 

conditions during summer 2022. 

Cultivars 

Disease severity  )%(  

Growing season 0202 

After 3 weeks After 6 weeks 

WMV PRSV W+P Mean WMV PRSV W+P Mean 

Hytech 41.7 25 25 30.5 58.3 50a 66.7 58.3 

Malat 16.7 25 8.3 16.7 41.7 25d 33.3 33.3 

Safa 33.3 33.3 33.3 33.3 41.7 33.3 50 41.7 

03 8.3 8.3 16.7 11.11 8.3 25 25 19.4 

Mean 25 23 21  43.8 37.5 33.3  

L.S.D at 0.05 

Varieties (A) 

Viruses (B) 

A x B 

 

12.6 

10.9 

21.8 

 

13.1 

11.3 

22.6 

3. Determination of total chlorophyll in four zucchini cultivars due to viral 

infection under greenhouse conditions 

Data in Table (3) demonstrated that there was a significant difference in 

total chlorophyll content among four different zucchini cultivars as response to 

the infection with either PRSV alone or WMV alone or PRSV+WMV at both 

seasons tested.  

Cultivars 

Disease severity  )%(  

Growing season 0200 

After 3 weeks After 6 weeks 

WMV PRSV W+P Mean WMV PRSV W+P Mean 

Hytech 50 41.7 50 47.2 66.7 66.7 75 69.4 

Malat 25 16.7 8.3 16.7 41.7 33.3 25 33.3 

Safa 33.3 33.3 25 30.6 66.7 58.3 66.7 63.8 

03 8.3 25 8. 13.9 25 50 41.7 38.8 

Mean 29.2 29.2 22.9  52.1 52.1 50  

L.S.D at 0.05 

Varieties (A) 

Viruses (B) 

A x B 

 

11.1 

9.6 

19.2 

 

14.1 

12.2 

19.2 
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In general, the highest total chlorophyll content (30.41) was observed in 03 

cultivar followed by the Malat cultivar (29.78 reading/plant), while the least total 

chlorophyll content was observed on Hytech cultivar was 22.16 followed by the 

Safa cultivars (26.08 SPAD reading/plant at the 1
st
 season). While at the 2

nd
 

season, the highest total chlorophyll contents were observed in Malat or 03 

cultivars (15.9 and 15.4 SPAD reading/plant respectively), and the least total 

chlorophyll content observed on Hytech or Safa cultivars (11.5 and 12.8 SPAD 

reading/plant respectively). 

Table 3. Chlorophyll contents in certain zucchini cultivars (SPAD measurement) 

as response to viral infection under greenhouse conditions during 2022 and 

2023. 

Cultivars 

Total Chlorophyll contents (SPAD Reading) 

Growing season 2022 Growing season 2023 

WMV PRSV W+P Mean WMV PRSV W+P Mean 

Hytech 19.49 25.11 21.88 22.16 12.3 11.2 10.8 11.5 

Malat 34.52 27.23 27.37 29.78 12.9  10.8 14.6 15.9 

Safa 25.77 27.07 25.32 26.08 17.4 13.1 17.2 12.8 

03 27.58 32.77 30.93 30.41 15.9 17.3 13 15.4 

Mean 26.81 28.04 26.37  14.6 13.1 13.9  

L.S.D at 0.05 

Varieties (A) 

Viruses (B) 

A x B 

 

3.8 

3.3 

19.2 

 

2 

1.7 

24.4 

4. Determination of total carbohydrates in four zucchini cultivars due to 

viral infection under greenhouse conditions 

Results in Table (4) showed that there was a significant difference in total 

carbohydrates content among the four zucchini cultivars after infection with 

either PRSV or WMV or WMV+PRSV at both seasons tested.    

In general, the highest total carbohydrates content was observed in Malat 

cultivar followed by 03 cultivar which contained 6.7 and 6.28 %/plant, 

respectively, while the least total carbohydrates content was observed in Hytech 

and Safa cultivars (4.26 and 4.34 %/plant respectively at the 1
st
 season. 

Also, in 2
nd

 season the highest total carbohydrate contents were observed in 

case of Malat or 03 cultivars as were 6.42 and 6.36 %/plant respectively and the 

least total carbohydrate contents observed on Hytech or Safa cultivars were 3.7 

and 4.96 %/plant respectively. 
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Table 4. Total carbohydrates contents (%) in different zucchini cultivars as 

response to viral infection under greenhouse conditions during summer 2022 

and 2023. 

Cultivars 

Carbohydrates contents (%) 

Growing season 2022 Growing season 2023 

WMV PRSV W+P Mean WMV PRSV W+P Mean 

Hytech 4.12 4.32 4.36 4.26 3.66 3.56 3.9 3.7 

Malat 6.8 7.28 6 6.7 6.02 6.22 7.02 6.42 

Safa 4.14 4.38 4.5 4.34 4.72 5.3 4.84 4.96 

03 5.58 6.62 6.68 6.28 4.92 8.5 5.66 6.36 

Mean 5.16 5.64 5.38  4.84 5.9 5.36  

L.S.D at 0.05 

Varieties (A) 

Viruses (B) 

A x B 

 

0.58 

0.5 

1 

 

1.32 

0.74 

2.28 

5. Assessment of the reaction of four zucchini cultivars to the infection with 

certain viruses (Mean of three methods WMV or PRSV or WMV +PRSV) 

under field conditions 

Results in Table (5,6) showed that the tested zucchini cultivars differed 

significantly in their response to the infection with PRSV alone, WMV alone and 

mixed infection between WMV+PRSV at two growing seasons.  

In general, cultivar Malat was the most tolerant cultivar against the viral 

infection with  PRSV, WMV, or PRSV+ WMV followed by 03 cultivar as the 

mean of DS were 8.3 and 15% three weeks  post viral inoculation and 40 and 

43.3%  post  six weeks, while that the most susceptible cultivar to viral infection 

was Hytech Followed by Safa cultivar as the mean of DS were 31.7, 23.3%  after 

three weeks and 66.7 and 50% after six weeks during the 1st season tested. 

Additionally, the data revealed that the DS at the 2nd  season  showed that 

cultivar Malat was the most tolerant zucchini cultivar followed by cultivar (03) 

three weeks viral inoculation as the mean of DS were 16.7, 18.3% but after six 

weeks from inoculated were cultivar 03 more tolerance then Malat cultivar, as 

DS were 25, 30% respectively, while the most susceptible cultivar was Hytech 

followed by Safa among after three weeks and  six weeks as the mean of DS 

were 31.7, 21.7% after 3 weeks and 61.7, 40% after 6 weeks. 

Table 5. Response of zucchini cultivars to viral infection under field conditions 

during summer 2022. 

 

Cultivars 

Disease severity (%) 

Growing season 2022 

After 3 weeks After 6 weeks 

WMV PRSV W+P Mean WMV PRSV W+P Mean 

Hytech 25 45 25 31.7 55 70 75 66.7 

Malat 10 5 10 8.3 20 45 55 40 

Safa 25 20 25 23.3 50 50 50 50 

03 15 10 20 15 40 40 50 43.3 

Mean 20 20 18.7  41.2 51.2 57.5  

L.S.D at 0.05 

Varieties (A) 

Viruses (B) 

A x B 

 

12.8 

11.1 

22.1 

 

16.6 

14.4 

28.9 
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Table 6. Response of zucchini cultivars to viral infection under field conditions 

during summer 2023. 

 

Cultivars 

Disease severity (%) 

Growing season 2023 

After 3 weeks After 6 weeks 

WMV PRSV W+P Mean WMV PRSV W+P Mean 

Hytech 04  35  20 31.7 55  65 55 61.7 

Malat 15 15 20 16.7 30 25 35 30 

Safa 15 20 30  21.7 25 40 55 40 

03 20 20 15 18.3 30 20 25 25 

Mean 22.5 22.5 21.2  37.5 37.5 42.5  

L.S.D at 0.05 

Varieties (A) 

Viruses (B) 

A x B 

 

10.9 

9.4 

18.9 

 

12.4 

10.7 

21.5 

6. Determination of mean total chlorophyll in four zucchini cultivars due to 

viral infection under field conditions 

Results in Table (7) showed that there was a significant difference in total 

chlorophyll content among four different zucchini cultivars as response after 

infection with either (PRSV or WMV or PRSV+WMV) at both growing seasons.  

In general, the highest total chlorophyll content was observed in Malat 

cultivar followed by 03 cultivars in both season as chlorophyll content were 29.2 

and 27.9 SPAD reading/plant, respectively in at 1
st
 season and 43.3 SPAD 

reading/plant for both cultivars in the 2
nd

 season. 

While the least total chlorophyll contents observed on Hytech followed by 

Safa at both seasons as mean chlorophyll contents of the three infection methods 

were 21.6 and 25.9 SPAD reading/plant in the 1
st
 season and 25.3, 37.8 SPAD 

reading/plant at the 2
nd

 season respectively. 

Table 7. Chlorophyll contents in certain zucchini cultivars (SPAD measurement) 

as response to viral infection under field conditions during summer 2022 and 

2023 

Cultivars 

Tota chlorophyll contents (SPAD reading) 

Growing season 2022 Growing season 2023 

WMV PRSV W+P Mean WMV PRSV W+P Mean 

Hytech 18.4 28 21.3 21.6 26.8 29  20.1 25.3 

Malat 27.3 33.5 26.9  29.2 45.1 43.5 41.3 43.3 

Safa 26.5 26.4  24.8 25.9 37.6 38.3  37.6 37.8 

03 22  31.3 30.5 27.9 45.8 44.9 43.1  43.3 

Mean 23.5 29.7  25.8   38.8 38.9 35.3  

L.S.D at 0.05 

Varieties (A) 

Viruses (B) 

A x B 

 

4.1 

3.6 

7.2 

 

2.9 

2.6 

5.2 

7. Determination of total carbohydrate in four zucchini cultivars due to viral 

infection under field conditions 

Results in Table (8) indicated that there was a significant difference in total 

carbohydrates content within four different zucchini cultivars after the infection 

with PRSV, WMV, or PRSV+WMV at both seasons tested.   
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The highest mean total carbohydrates content (for the three inoculation 

methods) was observed in case of Malat and 03 (6.96 %/plant for both cultivars), 

and the least total carbohydrates content was observed in case of Hytech or Safa 

(were 3.88 and 4.86 %/plant, respectively) at the 1
st
 first season. While the 

highest total carbohydrates content was observed in case of Malat followed by 03 

(10.24 and 8.7 %/plant, respectively), and the least total carbohydrate contents 

was observed in case of Hytech or Safa (were 4.68, 5.28 %/plant respectively) at 

the 2
nd

 second season. 

Table 8. Total carbohydrates contents (%) in certain zucchini cultivars as response 

to viral infection under field condition during summer of 2022 and 2023. 

Cultivars 

Carbohydrates contents (%) 

Growing season 2022 Growing season 2023 

WMV PRSV W+P Means WMV PRSV W+P Means 

Hytech 4.86 2.48 4.26 3.88 4.24 4.28 5.5 4.68 

Malat 7.64 6.42 6.84 6.96 11.26 9.62 9.82 10.24 

Safa 6.16 5.38 3.04 4.86 5.12 6.14 4.58 5.28 

03 8.36 6.76 5.76 6.96 8.66 8.16 9.28 8.7 

Means 6.76 5.26 4.98  7.32 7.04 7.3  

L.S.D at 0.05 

Varieties (A) 

Viruses (B) 

A x B 

 

2.3 

1.98 

3.98 

 

0.46 

0.4 

0.8 

8. Assessment of the yield in four zucchini cultivars infected with certain 

viruses under field conditions 

Results in Table (9) showed that there was a significant difference in total 

yield among four different zucchini cultivars as response after infection with 

either (PRSV, WMV, or PRSV+WMV) at both seasons tested.   

The highest yield per plant was obtained in case of Malat followed by Safa 

and 03 as the mean of yield was 3.3, 2.6, 2.4 kg / plant or plot respectively, and 

the least yield occurred on Hytech as yield per plant was 1.3 k/plant the 1
st
 

season. While in 2
nd

 season the highest yield per plant was recorded in case of 

Malat and 03 followed by Safa as the mean of yield was 3.8, 3.6, 3.2 kg/plant 

respectively, and the least yield per plant was recorded in case of Hytech cultivar 

as was 1.8 kg/plant in second season. 

Table 9. Effect of viral infection on the yield of certain zucchini cultivars under 

field conditions during summer of 2022 and 2023 (kilogram per plant). 

Cultivars 

Yield 

Growing season 2022 Growing   season 2023 

WMV PRSV W+P Mean WMV PRSV W+P Mean 

Hytech 1.1 1.2 1.7 1.3 1.7 1.9 1.8 1.8 

Malat 3.3 2.9 3.5 3.3 3.7 3.9 3.8 3.8 

Safa 2.2 2.5 2.9 2.6 3.2 3.2 3 3.2 

03 2.3 3 1.8 2.4 3.4 3.7 3.6 3.6 

Mean 2.2 2.4 2.5  3.01 3.2 3.05  

L.S.D at 0.05 

Varieties (A) 

Viruses (B) 

A x B 

 

0.45 

0.38 

0.77 

 

0.43 

0.37 

0.75 
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Discussion 

Cucurbits are being infected by several plant pathogenic viruses, among 

these viruses PRSV and WMV are being considered the most important viruses 

(Jossey and Babadoost, 2008; Ali et al., 2012) 

Management of plant pathogenic viruses infecting cucurbits is a difficult 

task, as there is no efficient method to control these viruses, especially because 

these viruses are being transmitted by aphids in non-persistent manner. One of 

the promising methods to control plant viruses is using resistant or tolerant 

cultivars (Matthews and Hull, 2002; Murphy and Dane, 2009; Ghosh and 

Biswas, 2018 and Shrestha et al. 2021). 

This study aims to determine the degree of resistance among certain 

zucchini cultivars to the infection with PRSV or WMV. 

The results of the current experiment revealed that there was a significant 

difference in the cultivar’s susceptibility to viral infection, but there was no 

complete resistant zucchini cultivar against viral infection among tested cultivars 

in this experiment. 

In general, Malat followed by 03 were the most tolerant cultivars against 

infection, while the Hytech and Safa were the most susceptible zucchini 

cultivars.  

These results agree with previous results that indicated that the using 

resistant cultivars is an efficient method to control plant viruses (Rahman et al., 

2002; Nawar and Kuti, 2003; and Wu et al., 2018). Using resistant or tolerant 

cultivars proved to be an efficient method to control many fungal and viral 

diseases (Bao et al., 2004). But using tolerant cultivars is not enough to control 

plant viruses alone and should be accompanied with another management 

methods.  

Carbohydrates and chlorophyll contents were measured in the four zucchini 

cultivars after infection with PRSV or WMV or both viruses. 

The result of the experiment showed that these zucchini cultivars varied in 

their content of carbohydrate and chlorophyll either in greenhouse or field 

conditions. 

In general, 03 and followed by Malat are the highest cultivars in 

carbohydrate and chlorophyll contents, while Hytech followed by Safa had the 

lowest carbohydrate and chlorophyll contents. 

The results are in partial agreement with results obtained by Técsi et al. 

(1994); Srivastava and Tiwari (1998), and Radwan et al. (2007) who suggest that 

viral infection can significantly affect the carbohydrate and chlorophyll contents 

in plants and lead to certain physiological changes in infected plants.  

This study concluded that using resistant or tolerant zucchini cultivates may 

be useful to reduce the disease severity of viral infection, but this method is not 

enough alone to control these viruses completely, and there is a need to be 
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applied beside another management method. Therefore, this study recommends 

the application of an integrated strategy to control plant viruses infecting 

zucchini plants and using tolerant cultivars is one of the essential elements of this 

strategy. 

Reference  

Abdalla, O. A., Bibi, S., and Zhang, S. (2017). Application of plant growth- promoting 

rhizobacteria to control Papaya ringspot virus and Tomato chlorotic spot virus. 

Archive of Phytopathology and Plant Protection, 50: 584- 597.   

Afechtal, M., Aarabe, A., Chebli, B., and Mounir, M. (2019). The occurrence of major 

viruses infecting Zucchini Squash (Cucurbita pepo L.) in Morocco. Eur. Sci. 

J., 15: 188-196.  

Ali, A., Mohammad, O., and Khattab, A. (2012). Distribution of viruses infecting 

cucurbit crops and isolation of potential new virus-like sequences from weeds in 

Oklahoma. Plant Disease, 96 (2): 243-248. 

Bao, J., Frarel, D., Lazaovils, G., Chellemi, D., Berkum, P., and Neil, O. (2004). 

Biocontrol genotypes of Fusarium oxysporum f.sp. tomato field in Florida. 

Phytoparasitica, 32 (1):9-20. 

 Damicone, J. P., Edelson, J. V., Sherwood, J. L., Myers, L. D., and Motes, J. E. (2007). 

Effects of border crops and inter-crops on control of cucurbits virus diseases. 

Plant disease, 91(5): 509-516.  

Fletcher, J. D., Wallace, A. R., and Rogers, B. T. (2000). Poty viruses in New Zealand 

buttercup squash (Cucurbits maxima Duch.): yield and quality effects of ZYMV 

and WMV 2 virus infections. New Zealand Journal of Crop and Horticultural 

Science, 28 (1): 17-26.  

Ghosh, T., and Biswas, M. (2018). Host resistance of pumpkin germplasms against 

mosaic disease. Bio. Nature: 38 (1): 58-65.  

Hansen, J., and Muller, I. B. (1975). Percolation of starch and soluble carbohydrates 

from plant tissue for quantitative determination with anthrone. Analytical 

biochemistry, 68(1): 87-94.  

Hasiów-Jaroszewska, B., Borodynko, N., Rymelska, N., and Pospieszny, H. (2010). 

First report of Papaya ringspot virus infecting zucchini plants in Poland. Plant 

Disease, 94 (5): 633-633.   

Jeffrey, C. (1980). A review of the Cucurbitaceae. Botanical Journal of the Linnean 

society, 81(3): 233-247.  

Jossey, S., and Babadoost, M. (2008). Occurrence and distribution of pumpkin and 

squash viruses in Illinois. Plant Disease, 92 (1): 61-68.  

Khadka, K., Earl, H. J., Raizada, M. N., and Navabi, A. (2020). A physio-

morphological trait-based approach for breeding drought tolerant wheat. Frontiers 

in Pplant Science, 11: 715.  

Lecoq, H., and Katis, N. (2014). Control of Cucurbit viruses. In Advances in Virus 

Research. Academic Press, 90: 255-296.   

Matthews, R. E. F., and Hull, R. (2002). Matthews' Plant Virology. Gulf Professional 

Publishing.  Plant Virology. 4th ed. New York, NY, USA.  

Murphy, J. F., and Dane, F. (2009). Evaluation of ‘AU-Performance watermelon for its 

response to virus inoculation. Hort. Technology, 19 (3): 609-612.  



 
Farouk et al., 2024 

Assiut J. Agric. Sci. 55 (4) 2024 (80-93)  92 

 Nawar, H. F., and Kuti, J. O. (2003). Wyerone acid phytoalexin synthesis and 

peroxidase activity as markers for resistance of broad beans to chocolate spot 

disease. Journal of Phytopathology, 151 (10): 564-570.   

Ootani, M. A., Aguiar, R. W. D. S., Maciel, G. P. D. S., Carvalho, F. L. D. A., Lopes, L. 

A., and Evangelista, M. P. (2017). Susceptibility assessment of watermelon and 

pumpkin cultivars to potyvirus in Tocantins. Biosci. j. (Online):1535-1543. 

Painkra, K. L., Kerketta, A., and Jha, M. K. (2019). Pest management of cucurbits. 

Journal of Entomology and Zoology Studies, 7(2): 1371-1373.  

Radwan, D. E. M., Fayez, K. A., Mahmoud, S. Y., Hamad, A., and Lu, G. (2007). 

Physiological and metabolic changes of Cucurbita pepo leaves in response to 

Zucchini yellow mosaic virus (ZYMV) infection and salicylic acid treatments. 

Plant Physiology and Biochemistry, 45(6-7): 480-489.  

Rahman, M. Z., Honda, Y., Islam, S. Z., Muroguchi, N., and Arase, S. (2002). Leaf spot 

disease of broad bean (Vicia faba L.) caused by Alternaria tenuissima — a new 

disease in Japan. Journal of General Plant Pathology, 68: 31-37.  

Sastry, K. S., A. Zitter, T., Sastry, K. S., and Zitter, T. A. (2014). Management of virus 

and viroid diseases of crops in the tropics. Plant virus and viroid diseases in the 

tropics. Epidemiology and Management, 2: 149-480.  

Shrestha, S., Dhakal, M., Sapkota, S., Gautam, I. P., Pandey, S., and Shrestha, Y. 

(2021). Evaluation of zucchini (Cucurbita pepo L.) genotypes for spring season 

production in the Mid–Hills of Nepal. Nepal Journal of Science and Technology, 

20 (1): 73-81.  

Srivastava, A. K., and Tiwari, C. B. (1998). Phenolic contents of cucumber as 

influenced by the infection of Cucumber green mottle mosaic virus (CGMMV).  

Journal of Living World, 5:1-3. 

Técsi, L. I., Maule, A. J., Smith, A. M., and Leegood, R. C. (1994). Metabolic 

alterations in cotyledons of Cucurbita pepo infected by Cucumber mosaic virus. 

Journal of Experimental Botany, 45 (11): 1541-1551.  

Veronezi, C. M., and Jorge, N. (2012). Bio-active compounds in lipid fractions of 

pumpkin (Cucurbita sp.) seeds for use in food. Journal of Food Science, 77(6): 

653-657.  

von Wechmar, M. B., Jaffer, M. A., and Purves, M. (1995). Zucchini yellow mosaic 

virus (first report) and other cucurbit-infecting viruses in South Africa. S. Afr. J. 

Sci., 91: 1989-1993.  

Wu, Z., Mo, C., Zhang, S., and Li, H. (2018). Characterization of Papaya ring spot virus 

isolates infecting transgenic papaya ‘Huanong No. 1’in South China. Scientific 

Reports, 8 (1): 8206.  

Yamamoto, T., Ishii, M., Katsube, T., and Sorin, M. (1982). Transmission of 

Watermelon mosaic virus by aphid species (Hemiptera: Aphididae), Japanese 

Journal of Applied Entomology and Zoology, 26 (4): 218-223. 

Yu, T. A., Chiang, C. H., Wu, H. W., Li, C. M., Yang, C. F., Chen, J. H., and Yeh, S. D. 

virus (2011). Generation of transgenic watermelon resistant to Zucchini yellow mosaic 

371.-359 , 30: Plant cell reports type W.  spot virus ring and Papaya 



 
Reaction Assessment of Certain Zucchini Cultivars … 

      
 

Assiut J. Agric. Sci. 55 (4) 2024 (80-93)  93 

 لإلييبعضسعريس جييتست تعقييلست يقاييتساييتست عبعييب س تعييس  سسضتقيييياستجييت بعضسعصييفسالييسب ست   جيي 
ست عطيخستيتس س  ست ل عضس ت يقل

سععدسالله،سامبلساعستهياسعست ت،سا سيس لال،ساجبمضسععدست يقس*يمبدةسععدست سيياسابس ق

 مصر.أسٌوط،  أسٌوط،قسم أمراض النبات، كلٌة الزراعة، جامعة 

ست ماخصس

 مة  وهةًتعد الكوسة أحد محاصٌل الخضر الهامةة يةً العةالم، التةً تنتمةً للعاللةة ال رعٌةة 
أكبر العاللات النباتٌة ذات التأثٌر الاقتصادي المرتفع يً العالم. ومع ذلك، تصاب الكوسةة بالعدٌةد 

والتً تسبب خسالر كبٌرة يً انتاج الكوسةة. وتهةده هةذ   المسببة لأمراض النبات م  الفٌروسات
 . وذلةكمصةر –الدراسة الى تعرٌه بعض الفٌروسةات التةً تصةٌب الكوسةة يةً محاييةة أسةٌوط 

ت ٌةٌم اسةتجابة أربعةة  وكةذا .(RT-PCR) باستخدام ت نٌةة النسةا العكسةً لتفاعةل البلمةرة المتسلسةل
للإصةةابة بالفٌروسةةات تحةةت يةةروه الح ةةل  (40و ومالٌةةتوهاٌتةةك )صةةايا  أصةةناه مةة  الكوسةةة

والصوبة. وتم الت ٌٌم بت دٌر بعض ال ٌاسةات مثةل الةةدة المرضةٌة، وكمٌةة المحصةول، والمحتةو  
الكلى للنبات م  الكلورويٌل والكربوهٌدرات. بصفة عامة، كانت هناك يروق معنوٌة بٌ  حساسٌة 

ويٌةةةروس تب ةةةع البابةةةاي الحل ةةةً  (WMV)س موزٌةةةك البطةةةٌا أصةةةناه الكوسةةةة للإصةةةابة بفٌةةةرو
(PRSV،)   الصةنه ٌتبعة   ومالٌت أكثر الأصةناه تحمةلا ، بٌنمةا الصةنه هاٌتةك 40 ا صنفالوكا

الأربعةة  يروق معنوٌة يةً محتةو  أصةناه الكوسةة النتالج وجودصايا أكثرهم حساسٌة. أيهرت 
وقد وجةد أ  ، PRSVأو    WMVالمختبرة م  الكربوهٌدرات والكلورويٌل بعد اصابتها بفٌروس 

ومالٌت، بٌنما أقل محتو   03حالة صنفً  الكلى يًأعلى محتو  يً الكربوهٌدرات والكلورويٌل 
 ل م  الكربوهٌدرات والكلورويٌل الكلى كا  يً حالة صنه هاٌتك ٌتبع  صايا، تحت يروه الح

اسةةتخدم بعةةض أصةةناه الكوسةةة المحتملةةة للإصةةابة  الدراسةةة أ هةةذ   اوضةةحت نتةةالجوالصةةوبة.  
 لمكايحةةةالفٌروسةةٌة ٌسةةاهم يةةً ت لٌةةل ةةةدة ارصةةابة الفٌروسةةٌة، وٌسةةاعد يةةً وضةةع اسةةتراتٌجٌة 

  الفٌروسات بطرٌ ة امنة وصدٌ ة للبٌلة.
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