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Production quantities of 

Pumpkins, squash and 

gourds by country

2014-2024



Cucurbita spp.

CMV

ZYMV

SqMV Acidovorax avenae

Xanthomonas cucurbitae

Pseudomonas syringae

Stagonosporopsis cucurbitacearum

Fusarium spp.

Alternaria spp.

Paramyrothecium roridum

Albifimbria verrucaria

Main diseases cucurbits Seeds

Viruses Bacteria

Fungi

Seeds represent an efficient 

vehicle for the dispersion of 

seedborne pathogens







4 regions; 6 

Farmers; 29 Fruits; 

3 cv. Aspen, Naples 

Long, Butternut 

5 regions; 20 

Farmers; 37 

Fruits; 3 cv. 

Bjaoui, 

Galaoui, Batati

Tunisia

Italy

Stagonosporopsis

cucurbitacearum

Fusarium  solani

Alternaria

alternata

Asymptomatic fruits

Smptomatic fruits



Blotter test

1

2

3

200  Seeds/Lot

After 14 days of 

incubation

50 unitis

Pycnidia, Perithecia, Conidia
LAS 

software 

(version 

3.8; Leica 

DFC 295),

DNA extraction from mycelia

93 isolates

PCR amplification 

using specific 

primer 

Design of specific primers 

Genes Primer

ITS region ITS1/ITS4

TUB EF1-728F/EF1-986R

CALM CAL228F/737R

EF 1α Bt2a/Bt2b

HIS CYLH3F/CYLH3R

Morphological identification Molecular identification



14 fungal species were detected from the squash seeds

• Alternaria alternata

• Stagonosporopsis cucurbitacearum

• Fusarium fujikuroi

• Fusarium solani

• Albifimbria verrucaria*

• Stemphylium vesicarium*

• Pramyrothecium roridum*

• Fusarium oxysporum

• Curvularia spicifera

Target species Primer

namea

Sequence (5' to 3')

Albifimbria

verrucaria

Myroverr

F1

5’-TGTGAACCTTACCATATTGTTGC-3’

Myroverr

R1

5’-CGTTCCAACTGCGAGGTTGT-3’

Paramyrothecium

roridum

Myroror F1 5’-CCCTTTGTGAACCTTACCTAT-3’

Myroror R1 5’-AGCTCCAATGCGAGTTGTG-3’

Stemphylium

vesicarium

Pleo F 5’-TACACAATATGAAAGCGGGTTG-3’

PleoR 5’-AAGGCTGATTCAAAGTGCAAG-3’

Pleo F1 5’-ATTCACCCATGTCTTTTGCG-3’

PleoR1 5’-AAATGTGGTCTTGATGGATGC-3’

Specific primers designed



ITALY

20 symptomatic fruits 
Alternaria alternata
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Sample code

Incidence of A. alternata (%)

Curvularia spicifera

Seeds

Stagonosporopsis cucurbitacearum

Seeds

9 asymptomatic fruits 

Group RGII



A. alternata
11 Symptomatic fruits 

TUNISIA
S. cucurbitacearum C. spicifera

seeds can be infected indirectly through the fruit

Indirect invasion
seeds 

26 Asymptomatic Fruits 

22 Fruits

14 Fruits

12 Fruits

Group RGII

Present in the first 

time in Tunisia and 

Italy on Cucurbita



DBF1 (5’-TCGAATGGCTCAGAGAAGGT-3’) 

DBR1 (5’-AAGTCCACGTCAGACCCATC-3’)

208bp
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Specific primers designed for  

dectection S. cucurbitacearum

18 Asymptomatic

fruits

1.5% to 65.4% 
Incidence of Stagonosporopsis 

cucurbitacearum on seeds



Droplet Digital Polymerase Chain ReactionQuantitative real-time PCR 

Blotter and ddPCR tests 

showed a high degree of 

correlation (R2 = 0.986, p ≤ 

0.01).





Distilled water

Lavandin

Lavandula hybrida

Tea tree

Melaleuca alternifolia

Marjoram#1

Origanum majorana L. 1

Marjoram#2

O. majorana L. 1

Lavender

Lavandula dentata L.

Bay laurel

Laurus nobilis L.
Lemongrass

Cymbopogon citratus

Fungicide

25 g/L difenoconazole plus 25 g/L 

fludioxonil

A.alternata
S. cucurbitacearum

7 EOs

0.1; 0.2; 0.3; 0.4; 0.5; 0.6; 0.7; 0.8; 0.9 and 1 mg/mL

PDA   +



Mycelial growth inhibition of Alternaria 

alternata by lemongrass EO



Mycelial growth inhibition of 

Stagonosporopsis cucurbitacearum by the 

seven essential oils



Blotter test

1

2

3

0.5 mg/mL concentration

400 Naturally infected 

seeds/Treatment 

Germination rate of seeds and length of 

the radicle
After 14 days of incubation



Effects of seven essential oils at 0.5 mg/mL on incidence of seed infections



Treatment Plantlets infection 

(%)

Disease incidence (%) Plantlets 

lengths (cm)
Leaves stems roots

C. citratus 30.04.4 b 18.73.3 a 28.34.5 a 18.14.3 a 30.51.1 b

Fungicide 16.81.9 a 9.71.6 a 17.31.9 a 172.1 a 30.2 1.2 b

Control 49.92.9 c 30.35.2 b 434.4 b 43.13.2 b 23.31.2 a

 



This study represents the first base-line characterization of seedborne fungi of 

squash in Mediterranean Countries as Tunisia and Italy, where the majority of 

growers extract themselves the seeds. 

Uses of healthy seeds are the best weapon to prevent many 

diseases, and sowing seeds of local varieties is the best weapon 

against climate change and hunger. 

Conclusions

The cultural practices

Routine visual inspection of fruit

Not enough to guarantee that the seeds 

inside these fruits are healthy
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