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Abstract: Following requirements of the European Cooperative Programme for Plant 
Genetic Resources (ECPGR) and the European Genebank Integrated System (AEGIS), 
a total of 172 accessions from the Agrobioinstitute grapevine genebank including 
varieties, rootstocks, wild grapes, local autochthonous varieties and new selected forms 
were periodically checked for their virus health status. The results obtained showed that 
total of 16.27% of the DAS-ELISA tested accessions were infected by one (89.29%) or 
more viruses (10.71%). The most of tested plants were infected by Grapevine leafroll 
associated virus 3 (GLRaV-3) (14.53%), followed by Grapevine leafroll associated virus 
1 (GLRaV-1) (2.91%), while the Grapevine fanleaf virus (GFLV) (0.58%) was scarcely 
represented. Mixed infections (GLRaV-1 + GLRaV-3) were detected in 6 plants (3.48%). 
All tested genebank accessions for Grapevine fleck virus (GFkV) were virus free. Infected 
plants were quarantined. Additional sanitization work, including tissue culture combined 
with thermotherapy and treatment with antiviral chemicals was initiated.

INTRODUCTION

The grapevine is an economically important fruit crop worldwide. The 
germplasm potential in grapevines remains unexplored with a big number of 
officially registered varieties (about 10,000), from which only 35 account for 
approximately 70% of the worldwide vineyards (Alleweldt & Dettweiler-Münch, 
1994). This negative trend is fully valid for Bulgaria, as a country whose viticulture 
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is one on the main economically important agricultural sectors. Creation of true 
to type and disease free stocks (genebanks) contributing directly to increase of 
the quality of the planting material, increase of the profitability of vineyards, and 
sustainable development of the grape and wine industry (Gollino et al., 2017). In 
addition, the core collections play a key role in the preservation and efficient use 
of the local germplasm biodiversity. 

A total of 64 viruses belonging to different genera and families have been 
reported in grapevines, including some that seriously affect the production 
and profitability of vineyards. Virus diseases on grapevine have a significant 
economic impact on plant growth, yield and fruit quality, as they can affect the 
graft compatibility, rooting capacity, winter hardiness, longevity of the vines 
and lead to plant mortality of up to 75% of the vineyards (Maliogka et al., 
2015). The EC legislation concerning the certification of the grapevine required 
that the propagating material should be free of five economically important 
viruses: Grapevine fanleaf virus GFLV), Grapevine leafroll associated virus-1 
(GLRaV-1), Grapevine leafroll associated virus-3 (GLRaV-3), Grapevine fleck 
virus (GFkV) and Arabis mosaic virus (ArMV). Strategically targeted sanitary 
selection is necessary to reduce the presence of viruses in propagation material 
through the maintenance and upgrading of clean stocks (genebanks) from which 
high-quality (pre-basic) planting material could be derived (Tsvetkov et al., 
2005). In cases of high incidence of infectious diseases in breeding vineyards 
and impossibility to select authentic and disease-free material of a particular 
variety or rootstock, several therapeutic methodologies have been proposed, such 
as: thermotherapy (Mannini et al., 1998), chemotherapy (Golino et al., 1993), 
electrotherapy (Burger, 1989), in vitro shoot-tip culture (Duran-Vila et al., 1988), 
in vitro meristem culture (Monis et al., 1997), in vitro shoot-tip culture combined 
with thermotherapy (Fanizza et al., 1988), adventitious organogenesis, somatic 
embryogenesis (Torregrosa et al., 1993) and somatic embryogenesis combined 
with thermotherapy (Goussard et al., 1992). Assessment of sanitation-treated 
material should be carefully carried out. There is need of re-confirmation of the 
trueness to type and re-indexing for all known diseases. In cases of introduction of 
material from overseas sources, a long quarantine period and thorough indexing 
are absolutely necessary (Martelli, 1999; Martelli, 2014).

MATERIALS AND METHODS

The grapevine genebank of Agrobioinstitute was maintained in a greenhouse 
in the region of Pazardzhik in the period of 11 years (2009-2020) following 
the technological scheme (Fig. 1), based on the best practices of the European 
Cooperative Programme for Plant Genetic Resources (ECPGR) and the European 
Genebank Integrated System (AEGIS) (Weise et al. 2018). The collection 
consisted of 172 stock accessions and included grape varieties, rootstocks, wild 
grapes, local autochthonous varieties and new selected forms. All of the genebank 
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Figure 1: Technological scheme for maintenance, propagation and upgrading of the ABI 
grapevine genebank

accessions from the Agrobioinstitute grapevine genebank were analyzed during 
its vegetation in 2015 year, in terms of four economically and certification- 
important viral diseases. 

These plants were tested by double antibody sandwich-enzyme linked 
immunosorbent assay (DAS ELISA) test for the next 4 viruses: Grapevine fanleaf 
virus- (GFLV), Grapevine leafroll associated virus-1 (GLRaV-1), Grapevine 
leafroll associated virus-3 (GLRaV-3) and Grapevine fleck virus) (GFkV) as 
described by Voller et al. (1976). Old leaves with petioles (before leaf-fall at the 
end of vegetation) were collected and used as plant samples. Standard protocols 
for sample preparation and analysis were followed as given by the manufacturer 
(BIOREBA®) with some modifications. After the addition of 100 mL freshly 
prepared p-nitrophenylphosphate in substrate buffer (1 mg mL-1) the plates were 
incubated at room temperature and photometric measurement was done at 405 
mn after 2 h. Samples were considered as positive if their absorbance values were 
more than three times higher than the negative control.
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RESULTS AND DISCUSSION

The results obtained (Table 1) showed that a total of 16.27% of the DAS-
ELISA tested accessions were infected by one (89.29%) or more viruses (10.71%). 
The most of the tested plants were infected by Grapevine leafroll associated 
virus 3 (GLRaV-3) (14.53%), followed by Grapevine leafroll associated virus 
1 (GLRaV-1) (2.91%) while the Grapevine fanleaf virus (GFLV) (0.58%) was 
scarcely represented. Mixed infections (GLRaV-1 + GLRaV-3) were detected 
in 6 samples (3.48%). All tested genebank accessions for Grapevine fleck virus 
(GFkV) were virus free. The results obtained confirmed the data from the few 
previous monitoring studies in Bulgaria during the periods 1999- 2003 and 2004- 
2006 (Yankulova et al., 2007; Kamenova et al., 2007) regarding the relatively 
high prevalence of Grapevine leafroll associated virus 3, Grapevine leafroll 
associated virus 1 and Grapevine fanleaf virus. While both authors reported 
Grapevine fleck virus as the most widespread in Bulgaria our results showed 
its absence in the genebank tested material. This could be explained by the 
specificity of the tested plant material (pre-basic greenhouse genebank - in our 
case and basic mother vineyards - in the above mentioned 2 cases). Genotype 
tolerance to individual viruses and the specificity of plant-pathogen interaction 
also play a decisive role (Yamakava, 1989; Reynolds, 2017). In this regard, our 
results showed no viral infection in rootstocks, wild grapes and autochthonous 
forms. With regard to mixed infections, the GLRaV-1 + GLRaV-3 combination 
clearly remains the most commonly found in the country. Infected plants were 
quarantined and additional sanitization work, including tissue culture combined 
with thermotherapy and treatment with antiviral chemicals was initiated.

CONCLUSION

The results obtained confirmed the data from the few previous monitoring 
studies in Bulgaria, regarding the relatively high prevalence of Grapevine leafroll 
associated virus 3, Grapevine leafroll associated virus 1 and Grapevine fanleaf 
virus.

The absence of a detected Grapevine fleck virus (GFkV) infection could be 
explained by the specificity of the controlled growing conditions of the tested 
plant material.

Our results showed no viral infection in rootstocks, wild grapes and 
autochthonous forms. This could be partly explained by the higher tolerance of 
the mentioned genotypes to viral diseases and also with a reduced presence of 
virus-transmitting vectors in the sanitary controlled growing conditions in the 
greenhouse. 

The study highlights the needs of continuing of the programs for maintenance 
and evaluation of the grapevine genetic resources genebanks. This will ensure 
the conservation and effective use of the grapevine biodiversity as well as the 
reduction of viral diseases in certified plant propagating material.
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Table 1: Incidence of GLRaV-1, GLRaV-3, GFLV and GFkV in the plants of the grapevine 
genebank accessions

Stock Accessions
Number of 
genotypes 
analyzed

Number of 
virus infected 
genotypes (%)

Type of infection/Viruses

Bulgarian red wine varieties 26 4 (15.38)
2 single (GLRaV-3)

2 mixed (GLRaV-3+ GLRaV-1)

Introduced red wine varieties 12 - -

Bulgarian white wine varieties 20 2 (10.0) 2 mixed (GLRaV-3+ GLRaV-1)

Introduced white wine varieties 5 3 (60.0) 3 single (GLRaV-3)

Bulgarian table white seeded
varieties 25 7 (28.0)

6 single (GLRaV-3)

1 single (GLRaV-1)

Introduced table white seeded
varieties 9 4 (44.4) 4 single (GLRaV-3)

Bulgarian table red seeded
varieties 20 4 (20.0)

2 single (GLRaV-3)

2 mixed (GLRaV-3+ GLRaV-1)

Introduced table red seeded
varieties 6 3 (50.0) 3 single (GLRaV-3)

Bulgarian table white seedless
varieties 11 - -

Introduced table white seedless
varieties 3 - -

Bulgarian table red seedless
varieties 4 - -

Introduced table red seedless
varieties 2 1 (50.0) 1 single (GFLV)

Rootstocks 7 - -

Wild grapes and autochthonous
forms 14 - -

Bulgarian new breeded forms 8 - -

Total 172 28

20 single (GLRaV-3); 1 single 
(GFLV); 6 mixed (GLRaV-3 + 

GLRaV-1)



17

Acknowledgement: As a part of EC COST Action CA 17111, this work received 
financial support from the National Science Fund Project for the provision of 
national co-financing for participation of Bulgarian teams in approved actions 
under the European program for cooperation in the field of research and 
technology COST (NSF Contract № КП-06-КОСТ/5 /14.12.2018 г.). 

Declaration: I hereby declare no conflict of interests and confirm the 
involvement of the authors (Y.Iv.T., I.K., I.T., Y.E., Y.T.) in the presented study.

REFERENCES

1.	 Alleweldt, G. & E. Dettweiler-Münch.1994. The Genetic Resources of Vitis. World 
List of Grapevine Collections. Institut für Rebenzüchtung Geilweilerhof /2nd edi-
tion/.

2.	 Burger, J. 1989. Electrotherapy: a possible method to eliminate grapevine fanleaf 
virus from grapevines. Phytoparasitica 17: 72-73.

3.	 Duran-Vila, N., Juarez, J., Arregui, J. 1988. Production of viroid-free grapevines 
by shoot tip culture. American Journal of Enology and Viticulture, 39(3): 217-220.

4.	 Fanizza, G., Ricciardi, L. 1988. The response of a range of genotypes of Vitis vin-
ifera to sequential shoot tip cultures at high temperatures. Euphytica, 39 (1): 19-23.

5.	 Golino, D., Fuchs, M., Sim, S., Farrar, K., Martelli, G. 2017. Improvement of grape-
vine planting stock through sanitary selection and pathogen elimination. In: Spring-
er, Cham (Eds.). Grapevine Viruses: Molecular Biology, Diagnostics and Manage-
ment, pp. 561-579. 

6.	 Golino, D., Hargis, P., Phillips, J., Rowhani, A., Gonsalves, D. 1993. Ribavirin as an 
antiviral agent for treating selected grapevine viruses. American Journal of Enology 
and Viticulture, 44: 356-357.

7.	 Goussard, P., Wiid, J. 1992. The elimination of fanleaf virus from grapevines using 
in vitro somatic embryogenesis combined with heat therapy. South African Journal 
of Enology and Viticulture, 13(2): 81-83.

8.	 Kamenova, V., Tsvetkov, I., Atanassov, A. 2007. Virus testing of grapevine certified 
material in Bulgaria. Biotechnology & Biotechnology Equipment, 21(1): 66-68. 

9.	 Maliogka, V., Martelli, G., Fuchs, M., Katis, N. 2015. Control of viruses infect-
ing grapevine. In: Academic Press (Eds.). Advances in Virus Research, Vol. 91, pp. 
175-227. 

10.	 Mannini, F., Gerbi, V., Credi, R. 1998. Heat-treated V. Virus-infected grapevine 
clones: agronomical and enological modifications. Acta Horticulturae, 473: 155-
164.

11.	 Martelli, G. 1999. Infectious diseases and certification of grapevines. In: CINEAM 
(Eds.), ISSN 1016-1228, Options Mediterraneennes. Serie B: Studies and Research, 
No. 29, pp. 47-64. 

12.	 Martelli, G. 2014. Directory of virus and virus-like diseases of the grapevine and 
their agents. Journal of Plant Pathology, 96 (1S): 1–136.

13.	 Monis, J., Bestwick, R. 1997. Serological detection of grapevine associated clos-
teroviruses in infected grapevine cultivars. Plant Disease, 81(7): 802-808.



18

14.	 Reynolds, A. 2017. The grapevine, viticulture, and winemaking: a brief introduc-
tion. In: Springer, Cham (Eds.). Grapevine Viruses: Molecular Biology, Diagnos-
tics and Management, pp. 3-29. 

15.	 Torregrosa, L., Bouquet, A. 1993. Culture in vitro: apports actuels et perspectives 
pour la multiplication et l'amélioration de la vigne (suite et fin). Le Progrès agricole 
et viticole (Montpellier), 110(6): 127-134.

16.	 Tsvetkov, I., Atanassov, A., Jankulova, M., Vulchev, V., Todorov, I., Pandeliev, S., 
Katerov, K., Atanassov, I., Hvarleva, T., Tsvetkov, Y., Genov, I., Dzambazova, T., 
Antonov, I., Marinov, L., Dimitrov, E., Panamska, M., Varadinova, G., Slavova, K., 
Atanassov, I., Shishmanov, G., Ivanova, N., Laginova, M. 2005. Grapevine Plant 
Genetic Resources- Improvement, Preservation and Biodiversity. Biotechnology & 
Biotechnology Equipment, 19: 13- 21.

17.	 Voller, A., Bartlett A., Bidwell D., Clark M., Adams A. 1976. The detection of vi-
ruses by enzyme-linked immunosorbent assay (ELISA). J. Gen. Virol., 33: 165-167.

18.	 Weise, S., Oppermann, M. 2018. Best practices for setting up a repository of phe-
notypic data for European germplasm holdings. Biodiversity Information Science 
and Standards, D1003.

19.	 Yamakava, Y. 1989. Virus Reinfection on Virus-Free ‘Cabernet Sauvignon’and 
‘Cabernet Franc’Vines. Journal of the Japanese Society for Horticultural Science, 
58(2): 297-302.

20.	 Yankulova, M., Tsvetkov, I., Kamenova I., Kondakova, V., Atanassov, A., Vulchev 
V. 2007. Grapevine viral diseases in Bulgaria. Viticulture & Enology (in Bg), 1: 
19- 25.


