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1 INTRODUCTION 

 

Pepino mosaic virus (PepMV) is a member of the genus Potexvirus which infects mainly solanaceous plants, 

including tomato, potato and tobacco. Pepino mosaic virus was first found in Peru in 1974 on pepino. Since 

then, the virus was first reported on greenhouse tomato (Lycopersicon esculentum) in the Netherlands and 

United Kingdom in 1999. Based on the PepMV genomic RNA analysis, the North American strains (US 

genotypes), PepMV-US1 and PepMV-US2, are closely related to each other but they differ from the 

European (EU tomato genotype), Chilean (CH2 genotype) and Peruvian (LP genotype) strains. PepMV is 

considered as a highly infectious and readily transmittable and it systemically infects tomato. 

Symptoms 

PepMV can cause various symptoms in tomato. Reports on the disease severity of infected plants vary from 

minor to severe depending on the type of PepMV strain, age, vigour and cultivar of tomato plant and 

climatic/growing conditions. Symptoms are often expressed during fall and winter months when 

temperatures and light levels (daylight) are minimal. Initial symptoms usually appear 2-3 weeks after 

infection. Early symptoms are noticeable on the growing terminals (heads) of infected plants with light-

green, thin or needle-like leaves and stunted growth. On leaves symptoms appear as yellow angular spots 

and bubbly areas, mild interveinal chlorosis (yellowing) and leaf distortions such as spindly leaves. Streaks 

of browning may appear on stems and flowering clusters that may affect the development of flowers and 

fruits. Fruits sometimes show discoloration of yellow-red mosaic patterns, called marbling and may lead to 

uneven fruit ripening. Severely affected plants become stunted and distorted.  

PepMV is transmitted mechanically, particularly by contact. PepMV is readily transmitted by contaminated 

tools, workers’ hands and clothing. Direct plant-to-plant contact and propagation by grafting can also 

spread the virus.  

In 2012-2013 a project was carried out in The Netherlands in protected tomato to examine whether tomato 

plants can be protected against PepMV (agEU) by a preceding infection with an attenuated isolate of this 

virus (VX1).  The project was conducted conform GEP (Good Experimental Practice) standards.  

 

One efficacy & crop safety trial was carried out, situated in a  (I-12-6703-1). The trial 

consisted of two objects: one object with agEU and one object with VX1 followed by agEU.  

 

The purposes of the project were: 

- evaluation of mild virus isolate VX1 in tomato for the control of a virulent isolate 

- determine crop safety 

 

In chapter 2 the materials and methods used in this project will be explained. The results obtained from the 

trial will be discussed in chapter 3 and the conclusions drawn are given in chapter 4. 

Appendix 1 contains the GEP certificate for recognition of efficacy testing and the BBCH growth stage scale 

is given in appendix 2. Appendix 3 contains the climatic data. Appendix 4 contains the raw data of the 

assessments. 
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2.4 Assessment details 

 

Assessments on virus symptoms in the apical leaves and foliage were carried out weekly or with a longer 

interval. Per plot the percentage nettle head, mosaic, yellow spots, leaf necrosis, stem necrosis, leaf distortion 

and chlorosis was recorded. Furthermore, flowering and setting of trusses was assessed and fruits were 

evaluated on viral symptoms. Occurrence of phytotoxic symptoms and crop condition was assessed according 

to the following scale: 
 
Crop safety (10-1): 

10 no phytotoxic symptoms compared to the untreated control 

9 symptoms hardly visible 

8 a small trace of symptoms 

7 light, but clearly visible symptoms 

6 light till moderate symptoms 

5 moderate symptoms 

4 severe symptoms 

3 very severe symptoms 

2 crop almost dead 

1 crop dead 

 

 

Crop condition (10-1) 

10 excellent crop condition, 

9 very good crop condition, 

8 good crop condition, 

7 reasonable crop condition, 

6 moderate crop condition, 

5 unsatisfied crop condition, 

4 bad crop condition, 

3 very bad crop condition, 

2 crop nearly dead, 

1 crop dead 
 

 

Tomato fruits (in total three trusses per plant) were harvested nine times from the end of January till mid 

February. On the day of harvest, fruits were rated for the presence of marbling, fruit discolourations, damage 

and deformations. 

 

A very strict hygiene protocol was implemented to avoid contaminations between treatments. All personnel 

followed a specific working order to reduce the consequences of accidental contamination between 

treatments. The uninfected treatment was always visited prior to the other treatment. 
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2.5 Guidelines  

 

The project was carried out according to the following EPPO guidelines: 

  

PP 1/135(3) Phytotoxicity assessment. 

PP 1/152(4) Design and analysis of efficacy evaluation trials. 

PP 1/181(4) Conduct and reporting of efficacy evaluation trials. 

 

 

2.6 Statistical analysis 

 

Data were analyzed statistically by regression analysis (GENSTAT). Values followed by the same letter did 

not differ significantly (p=0.05). 
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4 CONCLUSIONS 

 

In 2012-2013 a project was carried out in The Netherlands to test the efficacy of attenuated isolates of Pepino 

mosaic virus for cross-protection in protected tomato. Because of a cross-contamination in trial I-12-6702-2; 

in treatment VX1/agEU also agCH was detected, an additional trial was carried out. The project consisted of 

one trial with two treatments: untreated/agEU and VX1/agEU. 

 

 

PepMV related symptoms on leaves and fruits were strongly reduced in plants infected with an attenuate 

virus isolate before treating the plants with an aggressive viral isolate. However, no reduction in flowering, 

setting of trusses and yield was noticed in plants treated with only the aggressive viral isolate agEU when 

compared with plants that were treated with the attenuated isolate first before treating the plants with the 

aggressive viral isolate agEU.  

 

Stunting of the plants was observed in the virulent virus control agEU. 
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5 TEST FACILITY  

 

 is officially recognised as an organisation for efficacy testing (see appendix 3) as has been laid 

down in the “Regulation Crop Protection Products and Biocides” of September 26, 2007. 

 

All raw data of this project will be stored at . The archived data and documents will be 

retained for a period of 10 years. Thereafter the sponsor will be contacted. No archived material will be 

disposed of without the permission of the sponsor. 

 

 

 

 





Project number: I-12-6703  page 24 of 34 

 

 

APPENDIX 2  BBCH GROWTH STAGE SCALE 
 
 

________________________________________
Code  Description 

___________________________________________ 

0  Germination, sprouting, bud development 

 00 Dry seed 

 01 Beginning of seed imbibition 

 03 Seed imbibition complete 

 05 Radicle (root) emerged from seed 

 06 Elongation of radicle, form. of root hairs 

 07 Hypocotyl breaking through seed coat 

 08 Hypocotyl growing towards soil surface 

 09 Emergergence: cotyl. break through soil surf. 

1  Leaf development (main shoot) 

 10 Cotyledons completely unfolded 

 11 1 true leaf, leaf pair or whorl unfolded 

 12 2 true leaves, leaf pairs or whorls unfolded 

 13 3 true leaves, leaf pairs or whorls unfolded 

 14 4 true leaves, leaf pairs or whorls unfolded 

 15 5 true leaves, leaf pairs or whorls unfolded 

 16 6 true leaves, leaf pairs or whorls unfolded 

 17 7 true leaves, leaf pairs or whorls unfolded 

 18 8 true leaves, leaf pairs or whorls unfolded 

 19 9 or m. true leaves, l. pairs, whorls unfolded 

2  Formation of side shoots 

 21 First side shoot visible 

 22 2 side shoots visible 

 23 3 side shoots visible 

 24 4 side shoots visible 

 25 5 side shoots visible 

 26 6 side shoots visible 

 27 7 side shoots visible 

 28 8 side shoots visible 

 29 9 or more side shoots visible 

3  Stem elong. or rosette growth, shoot dev. 

 31 Stem (rosette) 10% of final lenght (diam.) 

 32 Stem (rosette) 20% of final lenght (diam.) 

 33 Stem (rosette) 30% of final lenght (diam.) 

 34 Stem (rosette) 40% of final lenght (diam.) 

 35 Stem (rosette) 50% of final lenght (diam.) 

 36 Stem (rosette) 60% of final lenght (diam.) 

 37 Stem (rosette) 70% of final lenght (diam.) 

 38 Stem (rosette) 80% of final lenght (diam.) 

 39 Max. stem lenght or rosette diam. reached 

Code  Description 

___________________________________________ 

4  Devel. of harvestable vegetat. plant parts 

 41 Harvest. veg. plant parts begin to develop 

 43 Harvest. veg. plant parts 30% of final size 

 45 Harvest. veg. plant parts 50% of final size 

 47 Harvest. veg. plant parts 70% of final size 

 49 Harvest. veg. plant parts have final size 

5  Inflorescence emergence 

 51 Inflorescence or flower buds visible 

 55   1. individual flowers vis. (still closed) 

 59 1. flower pedals vis. (in petalled forms) 

6  Flowering (main shoot) 

 60 First flowers open 

 61 10% of flow. open or 10% of plants in bloom 

 63 30% of flow. open or 30% of plants in bloom 

 65 Full flow.: 50% flow. open/50% pl. in bloom 

 67 Flower. finishing: majority of petals fallen 

 69 End of flowering: fruit set visible 

7  Development of fruit 

 71 10% fruits h. final size/fr. 10% of final size 

 73 30% fruits h. final size/fr. 30% of final size 

 75 50% fruits h. final size/fr. 50% of final size 

 77 70% fruits h. final size/fr. 70% of final size 

 79 Nearly all fruits have reached final size 

8  Ripening or maturity of fruit and seed 

 81 Beginning of ripening or fruit colouration 

 85 Advanced ripening or fruit colouration 

 89 Fully ripe 

9  Senescence, beginning of dormancy 

 93 Leaves begin to change colour or fall 

 95 50% of leaves discoloured or fallen 

 97 End of leaf fall: plants dead or dormant 

 99 Harvested product 

 

 

 

 

 

________________________________________
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Setting and flowering 

 

datum 22-2-2013 

gemiddelde decimale bloei ras         

mild ag     Eindtotaal 

geen agEU 4,17 4,17 4,47   4,27 

VX agEU 3,80 4,27 4,37 3,67 4,03 

Eindtotaal   3,98 4,22 4,42 3,67 4,13 

datum 8-3-2013 

gemiddelde decimale bloei ras         

mild ag     Eindtotaal 

geen agEU 5,53 5,27 6,07   5,62 

VX agEU 5,53 5,47 5,73 5,47 5,55 

Eindtotaal   5,53 5,37 5,90 5,47 5,58 

toename bloei tussen 22 feb 8 mrt 

toename decimale bloei ras         

mild ag     Eindtotaal 

geen agEU 1,37 1,10 1,60 0,00 1,36 

VX agEU 1,73 1,20 1,37 1,80 1,53 

Eindtotaal   1,55 1,15 1,48 1,80 1,45 

Verschil bloei-gezet op 22 febr 2013 

    ras         

mild ag     Eindtotaal 

geen agEU 1,20 0,43 0,77 0,00 0,80 

VX agEU 0,47 0,67 0,60 0,50 0,56 

Eindtotaal   0,83 0,55 0,68 0,50 0,66 

Verschil bloei-gezet op 8 mrt 2013 

    ras         

mild ag     Eindtotaal 

geen agEU 0,60 0,30 1,03 0,00 0,64 

VX agEU 0,60 0,40 0,63 0,80 0,61 

Eindtotaal   0,60 0,35 0,83 0,80 0,62 
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Sum of 
neusrot 

Sum of open 
vrucht 

Sum of 
aantvruchten  

0 0 363 

0 3 326 

0 0 326 

0 1 321 

0 0 296 

0 1 350 

0 0 316 

 

 

Som van trossen ras         

mild agressief     Eindtotaal 

geen agEU 82 78 74   234 

VX agEU 73 66 76 69 284 

 

 

Fruit 
yield         

Som van vruchten   datum       

mild ag ras 02-22-13 03-01-13 03-08-13 Eindtotaal 

geen agEU  48 79 93 220 

     57 62 74 193 

     61 80 91 232 

VX agEU  59 66 91 216 

     59 73 94 226 

     65 73 93 231 

     55 60 91 206 

# trossen ras         

vak     Eindtotaal 

7 54 57 59   170 

8 53 57 57 49 216 

Eindtotaal 107 114 116 49 386 
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Som van gewicht   datum       

mild agressief ras 
25-3-
2013 2-4-2013 5-4-2013 

12-4-
2013 

geen agEU  0,3 4,06 3,15 1,07 

     0,29 3,69 0,56 2,59 

     2,06 0,91 0 1,2 

VX agEU  0,5 3,62 0 4,37 

     0,52 1,68 0 4,12 

     0,49 0,62 2,31 3,93 

     0 0,7 0,77 3,82 

            

16-4-
2013 

19-4-
2013 

23-4-
2013 

26-4-
2013 

29-4-
2013 Eindtotaal 

3,51 3,2 8,54 2,77 9,7 36,3 

0,78 1,73 7,2 6,9 5,84 29,58 

5,4 3,62 6,22 0 5,4 24,81 

3,74 2,79 6,22 0,41 6,22 27,87 

7,44 1,99 5,08 3,33 5,38 29,54 

3,71 2,11 5,52 0,31 4,04 23,04 

5,02 2,12 6,86 1,3 7,86 28,45 

 

Som van trossen   datum       

mild agressief ras 
25-3-
2013 2-4-2013 5-4-2013 

12-4-
2013 

geen agEU  1 14 9 3 

     1 13 2 8 

     14 4 0 4 

VX agEU  2 14 0 13 

     2 6 0 11 

     6 3 8 14 

     0 4 4 14 

            

16-4-
2013 

19-4-
2013 

23-4-
2013 

26-4-
2013 

29-4-
2013 Eindtotaal 

9 8 17 6 15 82 

4 6 18 16 10 78 

15 10 16 0 11 74 

10 6 15 1 12 73 

17 4 11 6 9 66 

11 6 16 1 11 76 

12 5 14 3 13 69 
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Som van gewicht (kg) ras         

mild agressief     Eindtotaal 

geen agEU 36,3 29,58 24,81   90,69 

VX agEU 27,87 29,54 23,04 28,45 108,9 

  

 




