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INTRODUCTION 

 
Grapevine (Vitis spp.) represents one of 

horticultural crop most widely cultivated in the 
temperate climates and an economically very 
important fruit crops at mondial level.   

Unfortunately, as a perennial plant, in addition 
to other pathogens, grapevine potentially can host 
many viral entities, the most aggressive limiting 
factors of the quality and quantity of grapes, plant 
development processes and vineyards lifetime. 
Assessing the effects of viruses and viral diseases is 
not as easy as one might think, as the severity of 
symptoms varies from one virus to another (even 
depending on the virulence of the strain), the 
genotype and age of the infected grapevine, and 
environmental conditions as abiotic stress factors 
(Manninni, 2003; Martelli and Boudon-Padieu, 2006; 
Mannini and Digiaro, 2017). 

Currently, approximately 80 viruses belonging 
to different families have been reported infecting 
grapevines. Of these, 31 viruses having worldwide 
economic importance are associated with the four 
major disease complexes known as: grapevine 
leafroll (5 viruses), rugose wood complex (6 viruses), 
infectious degeneration (12 
Eurasian/European/Mediterranean Nepoviruses) and 
decline (4 American Nepoviruses), and fleck diseases 
(4 viruses) (Martelli, 2017; 2018; Fuchs, 2020).  

Both viral diseases (as biotic stress factor) and 
drought (one of the biggest abiotic stress factors) are 
limiting factors of grapevine production (Malossini et 
al., 2003). The influence of stress caused by viral 
infection (Cui et al.., 2015) or drought (Zhu, 2002) 
were relatively well presented in terms of plant 
growth and development, photosynthetic capacity, 
production. However, studies on their combined 
effects have been limited.  

Field-grown plants are simultaneously 
exposed to abiotic and biotic stress factors. Abiotic 
stress has been shown to alter the resistance or 
tolerance of plants to pathogens. Similarly, biotic 
stress alters the host's resistance/tolerance to abiotic 
stress. Therefore, the response of the plant to a single 
stress factor differs from that to several stress factors 
and the concurrent action of multiple stress can 
induce complex plant responses (Suzuki et al., 2014).  

The study deals with the response of grapevine 
plants infected with different viruses to water deficit, 
both in vineyard and controlled setting. 

 
MATERIALS AND METHOD 

 
Grapevine plants infected with different 

viruses were studied in the field (Tanne et al. 1996; 
Gutha et al., 2010; Gambino et al., 2012; Moutinho-
Pereira et al. 2012; Repetto et al., 2012; Zahavi et al., 
2012; Verdegaal P., 2015; El Aou-ouad, 2017; 
Couzzo et al., 2018; Levin and Achala (2020),  in 
greenhouse (Pantaleo et al., 2016; Guţă and 
Buciumeanu, 2020), and in vitro conditions (Tanne et 
al. 1996; Cui et al., 2015) to assess their behaviour to 
an abiotic stress factor (water deficit) in combination 
with a biotic stress factor (the presence of virus 
infection).   

Most studies reviewed in the paper have been 
conducted on plants affected by leafroll disease, 
being   the most widespread and economically 
damaging grapevine virus disease in all growing 
region of the world (Naidu et al., 2014). 

 
RESULTS AND DISCUSSION 

 
Grapevine is a model plant to study plant–

virus interactions in woody species in both controlled 
and field conditions (Perrone et al., 2017). 

The damages caused by grapevine leafroll 
disease varies depending on growing conditions, 
clones, location, plant age, rootstock, virus or 
combination of viruses infecting plants, 
environmental conditions (Pesqueira et al., 2012).  

In the field, grapevine plants of red cultivars 
affected by leafroll disease showed symptoms earlier 
when they were stressed by deficit irrigation. Based 
on this observation, a non-grafting protocol was 
described that allowed the rapid expression of 
symptoms of infection with Grapevine leafroll-
associated virus 3 (GLRaV-3) on in vitro grown 
microshoots by the addition of 4% sorbitol to induce 
water stress (water deficit) in virus disease affected 
shoots. Thus, the leafroll symptoms were expressed 
after 4-8 weeks of in vitro culture, depending on the 
grapevine genotype (Tanne et al., 1996). Saline stress 
and drought induced by NaCl and polyethylene 
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glycol (PEG) 8000 may improve in vitro biological 
indexing of GLRaV-3 in red grapevine varieties. The 
expression of viral symptoms was more obvious and 
safer when in vitro plants were stressed with NaCl 
than with PEG. The techniques would have potential 
applications for GLRaV-3 indexing of red grapevine 
varieties (Cui et al., 2015).  

Another study concluded that the irrigation of 
grapevine plants (Cabernet Sauvignon variety) 
affected by leafroll disease influenced the expression 
of symptoms, after the formation of fruit strongly 
irrigated vines showing more pronounced symptoms 
than those poorly irrigated (Zahavi et al., 2012). 

The combination of GLRaV-3 infection with 
water stress decreased most of the physiological 
parameters in the grapevines (Malvasia de 
Banyalbufar and Giro ros varieties) but it did not 
further increase the effects on plant growth or 
parameters regarding the gas exchange at the level of 
the leaves, as compared to the individual water stress. 
At the metabolic level, the responses to the combined 
stress were specific and they were not quantitatively 
anticipated from the sum of the responses to each 
unique stress. Specific adjustment of respiratory 
metabolism may explain the maintenance of carbon 
balance in the leaves and the growth of the grapevine 
under conditions of combined stress (El Aou-ouad, 
2017). 

Grapevine rupestris stem pitting-associated 
virus (GRSPaV) caused a profound change in the 
expression of genes involved in hormones 
metabolism, transcripts related to the biosynthetic 
pathways of ethylene, cytokinins, gibberellins, β-
indolylacetic acid have been activated, and other 
auxin-signaling genes have been repressed. In 
addition, a significant overlap of cellular responses 
was observed between GRSPaV infection and abiotic 
stress, such as water deficit and salinity (Gambino et 
al., 2012). 

The irrigation and application of proper 
fertilizers reduced the stress on the grapevine and 
helped to decrease the negative effect of nematodes 
on the roots (e.g., Xiphinema index, X. americanum, 
vectors for Grapevine fanleaf virus – GFLV 
(Verdegaal, 2015). 

Surprisingly, Grapevine leafroll-associated 
viruses 1 and 3 (GLRaV-1 and GLRaV-3) have been 
shown to increase the intrinsic efficiency of water 
use in the Touriga Nacional genotype under field 
conditions (Moutinho-Pereira et al. 2012). Also, the 
interaction between GRSPaV and grapevine appears 
to have improved the plant's tolerance to drought in 
greenhouse conditions (Pantaleo et al., 2016). 

Regarding the eco-physiological performance, 
the presence of double infection with GLRaV-1 and 
Grapevine virus A (GVA) severely penalized all 
parameters involved, as compared to healthy 
grapevines: photosynthesis, transpiration and the 
concentration of substomatal CO2. The reduction in 
photosynthetic activity has been evident starting from 

the early assessment (June) and it has increased 
during the summer. When only GVA infection was 
present, the reduction of photosynthesis was delayed 
until July and became apparent in August, when 
climatic conditions caused water stress. However, the 
difference between GVA-infected and healthy 
grapevines in the physiological behavior of plants 
was less significant as compared to that involving 
double viral infection (Couzzo et al., 2018). 

Grapevine fleck virus (GFkV) infection 
induced fiziological modification in potted grapevine 
belonging to a Tămâioasă românească selection, 
more pronounced than in healthy plants during the 
progressive water deficit, in greenhouse conditions 
(Guţă and Buciumeanu, 2020).  

Some virus-induced alterations may partly 
explain grapevine reduced susceptibility to fungal 
infection. GLRaV-3 causes several detrimental 
effects in grapevine determined by a number of 
molecular and physiological changes which may 
inhibit the fungal pathogenicity. The red color of 
symptomatic leaves in GLRaV-3-infected plants may 
be due to the accumulation of de novo synthetized 
anthocyanins and could consider an up-regulation of 
genes involved in their biosynthesis (Gutha et al., 
2010). Due to the fact that stilbene amount and 
defense-related gene expression increased in virus-
infected plants, can explain why grapevines infected 
with GLRaV-3 showed an increased resistance in the 
field to the fungal pathogen Plasmopara viticola 
(Repetto et al., 2012). 

A study performed by Levin and Achala 
(2020) showed that the application of water deficit to 
grapevine infected with Grapevine Red Blotch Virus 
(GRBV) did not improve the quality of Pinot noir 
grapes. In some cases, water deficit can reduce fruit 
quality, but this may depend on the age and the water 
severity itself. Biologically, the study confirmed that 
the negative effects of the disease produced by 
GRBV are strongly controlled by the virus, probably 
at the molecular level, and shows that this control 
cannot be reversed by any water deficit. The virus 
presence changes the carbon metabolism from the 
grapevine leaf to the whole plant level, which in turn 
negatively influences secondary metabolism on 
short-term and possibly the long-term grapevine 
productivity. Therefore, it is not known whether 
water deficit can amplify or exacerbate the negative 
effects of the disease on fruit quality or they can be 
attenuated.  

The indirect effects of climate change on the 
resources and ecosystems conditioning an activity 
lead in viticulture to a level of incertitude which 
applies in the cases of water supply, pests and 
diseases (Viguie et al., 2014). 

These two stress factors (drought and viral 
diseases) are often found simultaneously in many 
grapevine growing areas of the world. Thus, a better 
understanding of the effects of combining abiotic 
stress with biotic stress is of great importance and 
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would allow the orientation of management strategies 
to ensure the sustainable development of agricultural 
production. 
  

CONCLUSIONS 
 

The works regarding the reaction of virus-
infected grapevine in water stress conditions 
reviewed in this paper have been conducted on plants 
having different virus infection as: Grapevine 
leafroll-associated virus 1 and 3, Grapevine rupestris 
stem pitting-associated virus, Grapevine virus A, 
Grapevine fanleaf virus, Grapevine fleck virus, 
Grapevine Red Blotch Virus. Most of the studies 
referred to the leafroll disease, being   the most 
widespread and economically detrimental grapevine 
virus disease in all growing region of the world.  

Both viral diseases (as biotic stress factor) and 
drought (one of the most important abiotic stress 
factors) often found simultaneously in many 
grapevine growing areas of the world.   

The behaviour of the grapevine to a single 
stress factor differs from that to several stress factors 
and the simultaneous action of multiple stress can 
induce complex plant responses.  

In vitro conditions, the expression of viral 
symptoms in plants with Grapevine leafroll-
associated virus 3   infection was more obvious when 
the grapevines of red grape varieties were saline and 
drought stressed.  

Better understanding the effects on grapevine 
to the combining of abiotic (environmental) with 
biotic ones stress factors (diseases, pests) is of high 
importance and would allow the orientation of 
management strategies to ensure the durable 
development of viticultural production, under the 
conditions of climate changes.  
 

ABSTRACT 
 

Grapevine (Vitis spp.) is a model plant for the 
plant-virus interactions studies of woody species in 
both controlled (greenhouse, in vitro) and field trials.  
Grapevine is potentially infected by numerous viral 
entities. A few studies have been performed on 
pathogenic viruses infecting this crop, in some 
environmental conditions (water stress) and in 
different grapevine genotype - virus combinations.  
These works, still in quite reduced number, 
highlights the importance of deepening the biology 
underlying the plant-virus interactions. 
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