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Abstract 
 
Potted Grapevine fleck virus-infected and virus-free grapevine belonging to V. vinifera L., Tămâioasă românească 
selection, have been subjected to progressive water deficit. At a daily thermal amplitude of 23.7-30.3°C, the soil 
temperature did not exceed 29.8°C. After 37 days the shoots of the plants were completely dry, the soil moisture 
reaching 4.8%. The difference in leaf angle values between drought and control plants was higher in infected 
grapevines as compared to healthy ones, at the beginning of plant wilting. The total water content decreased during the 
intensification of the wilting degree of the leaves, significant differences comparatively to the control in the virus-free 
plants being registered. Stomata opening decreased significantly in water stressed virus-infected plants at the onset of 
wilting, as compared to healthy water stressed plants. The water deficit did not influence significantly the content of 
assimilating pigments either in healthy or virus-infected plants. 
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INTRODUCTION 
 
Grapevine (Vitis vinifera L.) is an important 
crop in the temperate climates. Unfortunately, 
it is considered one of the most affected plant, 
by a large number of viruses. So far, a list of 
over 80 distinct viral species has been 
identified. About half of viruses (31) are 
associated with the four major disease 
complexes known as: infectious degeneration 
(12 Eurasian/European/Mediterranean 
nepoviruses) and decline (4 American 
nepoviruses); leafroll (5 viruses), rugose wood 
(6 viruses), and fleck (4 viruses) (Martelli, 
2017). Often, the grapevine plants go through 
periods of drought with high temperatures, 
especially because of the current conditions of 
climate changes. Both drought (one of the 
major abiotic stress factors) and virus infection 
(as a biotic stress factor), are limiting factors of 
the grapes quality and quantity (Malossini et 
al., 2003). The influence of stress caused by 
virus infection (Cui et al., 2015) or drought 
(Zhu, 2002) have been well presented regarding 
plant growth and development, photosynthetic 
capacity and grapes production. However, the 
studies on their combined effects have been 
limited. Plants grown in the field 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 resistance tolerance to abiotic stress. 
Consequently, the plant response to a single 
stress factor differs from that of several 
stressors and theirs simultaneous action can 
induce complex plant responses (Suzuki et al., 
2014). Thus, a better understanding of the 
effects of combining abiotic with biotic stress 
has a great importance and would allow the 
orientation of agricultural management 
strategies to ensure the durable development of 
agricultural production.  
The study deals with the response of a 
romanian grapevine variety, Tămâioasă 
românească selection, under combined stress 
induced by Grapevine fleck virus (GFkV) 
infection and drought, in the greenhouse 
conditions. 
GFkV has been chosen for investigations 
having a wide spread in all viticultural regions 
of the world, with typical symptoms of vein 
clearing on the sensitive indicator V. rupestris 
St. George and latent infection on V. vinifera 
cultivars, but often identified in mixed 
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infections with other more dangerous viruses 
(Buciumeanu et al., 2009; Martelli & Boudon- 
Padieu, 2006). 
 
MATERIALS AND METHODS 
 
Own-rooted grapevine plants, four years old, 
belonging to V. vinifera L., Tămâioasă 
românească selection, from two distinct batch 
(GFkV-infected and GFkV-free) have been 
subjected to progressive water deficit. Watered 
plants have been used as control in each batch. 
The plants were grown in greenhouse, in 10 l 
pots with a grapevine specific substrate. At the 
beginning of the experiment, the plants were 
uniform developed, with canes lengths of 19-22 
internodes. 
GFkV - infected plants are maintained in the 
grapevine virus collection belonging to 
NRDIBH Ștefănești-Argeș. The presence of the 
virus in naturally infected grapevine have been 
checked by DAS-ELISA (Clark & Adams, 
1977), with commercial reagents (Bioreba, 
Switzerland). GFkV-free grapevine plants have 
been obtained by in vitro chemotherapy 
elsewhere (Guță et al., 2014). 
Along 6 weeks, at 1 pm every day, the air 
temperature, the minimum and maximum 
temperature in the greenhouse, were recorded 
by Oakton RH/TempLog datalogger, as well as 
the temperature (with digital thermometer with 
15.5 cm probe) and soil moisture (with soil 
moisture meter TDR 300: rods of 10.5 cm) in 
the vegetative pots were monitored. The effects 
of water stress on the grapevine plants were 
evaluated based on the daily thermal amplitude 
(Tmax-Tmin) and the values of soil 
temperature and humidity that were calculated 
as averages of measurements made in the pots 
for each variant. To quantify the effects caused 
by the lack of water, the angle of the leaf, the 
stomata opening (pore) measurements have 
been done, total water and chlorophyll 
pigments were dosed on the leaves at the lower 
and upper part of the shoots in several phases: 
at the beginning of wilting, when the shoot was 
completely wilted and when the plant had half 
dry shoot. 
The angle of the leaf was measured manually 
with a protractor as the angle formed by the 
main vein of the leaf and its petiole. 

In order to study the stomata apparatus, leaf 
epidermal imprints were collected (Gokbayrak 
et al., 2008) from the underside of healthy/ 
GFkV-infected, control/water stress grapevines. 
Three different regions of a leaf were used 
(basal, lateral and apical zone of the shoot) and 
five fields/zone were investigated, using 
objective of 40x and 10x ocular. The stomata 
measurements have been made using Quick 
PHOTO MICRO 2.2 software (OLYMPUS BX 
41 microscope equipped with digital camera).   
The extraction of assimilating pigments from 
fresh leaf material was realized with 85% 
acetone (Holm, 1954). The assimilating 
pigments (chlorophyll a, chlorophyll b and 
carotenoids) concentration was expressed in 
mg/g fresh weight (f.w.). 
Statistical significance of differences was 
analyzed by SPSS 10 for Windows, taking 
P<0.05 as significant according to one-way 
ANOVA. 
 
RESULTS AND DISCUSSIONS  
 
The grapevine is a mesophytic plant with high 
ecological plasticity, which can adapt relatively 
easily to humidity variations. Grapevine 
growing on sloping or sandy soils led to the 
impression that this plant is not moisture 
demanding. Achieving satisfactory results in a 
poorer humidity regime is due to the strong 
root system, which explores a large volume of 
soil and the high absorption capacity through 
which it can provide water with the necessary 
nutrients. What is certain is that the lack of 
water in the soil decreases the efficiency of 
photosynthesis and the accumulation of dry 
matter (Oprea, 2001). 
During the study, the minimum temperatures in 
the greenhouse did not fall below 11°C, most 
values being in the range of 19-22°C, while the 
maximum temperatures were in the range 39-
52.1°C. It is estimated that, during the 
vegetation period, the optimal temperature 
level for grapevine is between 25 and 35°C, the 
physiological processes taking place with a 
maximum yield (Oprea, 2001). The studied 
plants maintained in the greenhouse where the 
maximum temperatures have exceeded often 
40°C were subjected under the influence of 
both thermal and water stress. Thus, at a daily 
thermal amplitude of 23.7-30.3°C, the soil 

 

temperature in the vegetation pots in the first 
15 cm depth, reached values between 22.6 and 
29.8°C. The soil temperature in the pots that 
did not exceed 30°C being at the level that 
determines the growth of the roots of grapevine 
(Țârdea & Dejeu, 1995). This high temperature 
caused a progressive decrease in soil moisture 
in the first 10 cm of substrate in vegetation pots 
subjected to water stress, which led to the 
dehydration of grapevine plant tissues, 
expressed by wilting of leaves from the upper 
to the lower part of the shoot. At a slightly 
variable level of daily temperature amplitude 
and soil temperature, the first signs of shoot 
wilting, visible on the leaves at the upper part, 
appeared after 10 days, when the average soil 
moisture dropped from 32.8% at the beginning 
of the experiment, at 11.3%. After 5 days, 
when the soil moisture reached an average 
value of 8.72%, the process of wilting of the 
leaves covered the entire length of the shoot. 
The degradations caused by the lack of water 
continued with the drying of the tendrils and 
the appearance of the first yellowed leaves, at 
the base of the plant, when the soil moisture 
decreased to 6.7%, after another 2 days. The 
drying of the leaves started from the base of the 

plants continued reaching, after another 4 days, 
the lower half of the shoot (Figure 1). 
 

 
Figure 1. Wilting and drying symptoms on grapevine 
(Tămâioasă românească selection), under water deficit 
 
After 37 days from the beginning of the 
experiment, the grapevines were declared dry. 
Slight increases in soil moisture in vegetation 
pots subject to water stress, which deviated 
from the linear decrease, were determined by 
variations of air temperature and humidity in 
the greenhouse, as the studied plant lot was not 
completely isolated from the control plants, 
watered periodically as needed (Figure 2). 
 

 
Figure 2. Evolution of soil moisture (SM) depending on the daily thermal amplitude (DTA) and soil temperature 

in vegetation pots (ST). *Marking the progressive phenomena of grapevine plants degradation subjected to water stress 
(starting of wilting on the top of the shoot; wilting the entire shoot; drying of the tendrils and the appearance of the first 

yellow leaves on the base of the shoot; drying of the leaves on the lower half of the shoot; drying the plant) 
 

When the process of leaves drying reached the 
lower half of the cane, the others being 
withered, watering was resumed on some of the 
plants subjected to water stress. Even the next 
day, the very young leaves located at the top of 
the shoots remained withered and those located 
immediately below began to regain their turgor. 

After 15 days from the watering 
recommencing, the appearance of secondary 
shoots towards the top of the cane marked the 
fact that the plants resumed their physiological 
processes, producing new vegetative organs. 
The capacity of recovering after water stress 
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Figure 2. Evolution of soil moisture (SM) depending on the daily thermal amplitude (DTA) and soil temperature 
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(starting of wilting on the top of the shoot; wilting the entire shoot; drying of the tendrils and the appearance of the first 
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When the process of leaves drying reached the 
lower half of the cane, the others being 
withered, watering was resumed on some of the 
plants subjected to water stress. Even the next 
day, the very young leaves located at the top of 
the shoots remained withered and those located 
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After 15 days from the watering 
recommencing, the appearance of secondary 
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fact that the plants resumed their physiological 
processes, producing new vegetative organs. 
The capacity of recovering after water stress 



134

 
Table 1. The difference between the value of the leaf 
angle in Tămâioasă românească selection grapevine 

subject to drought and control 
(M1 - leaf wilting at the top of the shoot, M2 - wilting of 

the leaves along the entire length of the shoot) 

Leaf 
position 

Grapevine leaf angle (°) 
Healthy GFkV - infected  

M1 M2 M1 M2 
Base  24.00 31.20 29.20 16.65 
Top 18.35 81.65 64.20 51.80 

 
Other authors have noted in their studies on the 
effects of drought on plants, the phenomenon 
of leaf twisting that reduced the area exposed to 
thermal radiation (Duan et al., 2018). In the 
studied grapevine genotype, the leaves lost 
their turgor until they dried, without showing 
the twisting phenomenon. 
Total water 
The presence of sufficient water is an essential 
factor for the survival, growth and development 
of plants. Depending on the external factors, 
the water content depends on its absorption and 
loss by plants.  
The existence of a continuous flow of water 
through the body of the plant is an essential 
condition of metabolic activity and therefore of 
plant survival. These processes are modified at 
the same time by some environmental factors 
such temperature, humidity and air movements, 
which strongly influence the degree of 
hydration of tissues (Boldor et al., 1981). 
Despite all the losses, the leaves must maintain 
a high water content, about 75-85% of their 
fresh weight (Târdea and Dejeu, 1995). 

Evaluation of the total water content in the 
leaves positioned at the base and upper part  of 
the cane at the time of the first signs of wilting 
at the end of the plant led to the following 
observations: water stress does not seem to 
influence the total water in the leaves at the 
base or top of healthy plants; in virus-infected 
plants subjected to water stress, the total water 
was significantly higher both at the base and at 
the top of the shoot as compared to the virus-
infected control (values are not statistically 
assured), due to the suction processes 
intensification as a result of water loss through 
perspiration (Table 2). 
At the time when the grapevine shoots of the 
plants subjected to water stress showed drying 
phenomena of the leaves on the lower half, the 
total water content in the leaves located on the 
upper half was significantly lower at P < 0.05 
as compared to the control, to healthy plants. 
Similarly, the total water content varied in 
plants infected with GFkV, but the values were 
not statistically assured (Table 3). 
Stomata opening  
Losing water in the form of vapor, the 
grapevine is protected from excessive tempe-
ratures, so that the leaves can normally carry 
out the photosynthesis and other physiological 
and biochemical processes (Târdea and Dejeu, 
1995).  

 

Table 2. Variation of the total water content and stomata opening (SO) to the leaves of plants subjected to drought as 
compared to the control, depending on the virological status of the plant and the position on the cane, when wilting was 

visible on the leaves at the top of the cane  

Grapevine 
virological status 

Variants Leaf position  
on the cane 

Total water 
(%) 

SO ± sd 
(µm) 

Healthy Control Base 74.195 ± 1.492 5.15 ± 0.3536 
Tip 76.375 ± 0.7707 5.35 ± 0.9192 

Water stress Base 74.975 ±7.77E-02 6.25 ± 1.0607* 

Tip 76.865 ± 1.3081 6.10 ± 1.8385 
GFkV- infected Control Base 74.440 ± 0.7071 4.80 ± 0.000 

Tip 74.750 ± 1.6405 4.75 ± 0.212 
Water stress Base 75.465 ± 0.5728 4.20 ± 0.5657* 

Tip 75.780 ± 0.2546 5.00 ± 0.4243 
*significant difference at P < 0.05 between the experimental variants 

 

 

 

 

was not influenced by the presence of viral 
infection. 
Surprisingly, Grapevine leafroll-associated 
virus serotype 1 and 3 (GLRaV-1, GLRaV-3) 
have been shown to increase the intrinsic 
efficiency of water use in the Touriga Nacional 
grapevine variety under field conditions 
(Moutinho-Pereira et al., 2012). Also, the 
interaction between Grapevine rupestris stem  
pitting-associated virus (GRSPaV) and 
grapevine seems to have improved the plant's 
tolerance to drought in greenhouse conditions 
(Pantaleo et al., 2016). 
 
Leaf angle  
Studies on the symptoms caused by the water 
stress in the grapevine have highlighted the 
decrease in the angle formed by the main vein 
and the petiole of the leaf (Pool & Lakso, 
2000). 
The angle of the leaf is an indicator of the 
plant-water relationship, as it changes 
depending on the water supply state and tissue 
turgor (Smart, 1974). Another observation was 
that changing the angle of the leaves was 
involved in tolerance to water stress. Thus, 
variation of leaf angle can reduce the thermo-
radiative load on leaves, contributing to water 
conservation (Gamon & Pearcy, 1989; Palliotti 
et al., 2008). 

Measurements made on the leaves at the base 
and top of the plants showed a decrease in leaf 
angle (Figure 3), with increased drought both in 
healthy and GFkV-infected grapevines at both 
moments of the study (M1 - leaf wilting at the 
top of the shoot, M2 - wilting of the leaves 
along the entire length of the shoot). In the case 
of healthy grapevines, when the wilting 
covered the entire plant, the angle of the leaves 
located at the apical extremity was significantly 
lower at P < 0.05 as compared to the control 
(Figure 4). 
 

 
Figure 3. Leaf angle decreasing under the influence of 

water deficit (Tămâioasă românească, selection) 

F
Figure 4. Variations of the leaves angle placed the lower and upper part of the shoots on healthy and GFkV-infected 
grapevine (Tămâioasă românească selection), subject to progressive water deficit. Bars indicate standard deviations 
of measurement averages, letters mark the significance of differences at P < 0.05 (M1 - leaf wilting at the top of the 

shoot, M2 - wilting of the leaves along the entire length of the shoot) 
 

Regarding the influence of virus infection on 
the expression of drought symptoms in 
grapevines, wilting is more pronounced in 
infected plants. The difference in leaf angle 
values between plants subjected to drought and 
control is higher in GFkV-infected grapevine as 

compared to the healthy one, both at the base 
and at the top of the cane, at the first 
measurement (M1). When wilting was evident 
along the entire length of the shoot (M2), this 
difference could not be maintained (Table 1). 
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a high water content, about 75-85% of their 
fresh weight (Târdea and Dejeu, 1995). 

Evaluation of the total water content in the 
leaves positioned at the base and upper part  of 
the cane at the time of the first signs of wilting 
at the end of the plant led to the following 
observations: water stress does not seem to 
influence the total water in the leaves at the 
base or top of healthy plants; in virus-infected 
plants subjected to water stress, the total water 
was significantly higher both at the base and at 
the top of the shoot as compared to the virus-
infected control (values are not statistically 
assured), due to the suction processes 
intensification as a result of water loss through 
perspiration (Table 2). 
At the time when the grapevine shoots of the 
plants subjected to water stress showed drying 
phenomena of the leaves on the lower half, the 
total water content in the leaves located on the 
upper half was significantly lower at P < 0.05 
as compared to the control, to healthy plants. 
Similarly, the total water content varied in 
plants infected with GFkV, but the values were 
not statistically assured (Table 3). 
Stomata opening  
Losing water in the form of vapor, the 
grapevine is protected from excessive tempe-
ratures, so that the leaves can normally carry 
out the photosynthesis and other physiological 
and biochemical processes (Târdea and Dejeu, 
1995).  

 

Table 2. Variation of the total water content and stomata opening (SO) to the leaves of plants subjected to drought as 
compared to the control, depending on the virological status of the plant and the position on the cane, when wilting was 

visible on the leaves at the top of the cane  

Grapevine 
virological status 

Variants Leaf position  
on the cane 

Total water 
(%) 

SO ± sd 
(µm) 

Healthy Control Base 74.195 ± 1.492 5.15 ± 0.3536 
Tip 76.375 ± 0.7707 5.35 ± 0.9192 

Water stress Base 74.975 ±7.77E-02 6.25 ± 1.0607* 

Tip 76.865 ± 1.3081 6.10 ± 1.8385 
GFkV- infected Control Base 74.440 ± 0.7071 4.80 ± 0.000 

Tip 74.750 ± 1.6405 4.75 ± 0.212 
Water stress Base 75.465 ± 0.5728 4.20 ± 0.5657* 

Tip 75.780 ± 0.2546 5.00 ± 0.4243 
*significant difference at P < 0.05 between the experimental variants 

 

 

 

 

was not influenced by the presence of viral 
infection. 
Surprisingly, Grapevine leafroll-associated 
virus serotype 1 and 3 (GLRaV-1, GLRaV-3) 
have been shown to increase the intrinsic 
efficiency of water use in the Touriga Nacional 
grapevine variety under field conditions 
(Moutinho-Pereira et al., 2012). Also, the 
interaction between Grapevine rupestris stem  
pitting-associated virus (GRSPaV) and 
grapevine seems to have improved the plant's 
tolerance to drought in greenhouse conditions 
(Pantaleo et al., 2016). 
 
Leaf angle  
Studies on the symptoms caused by the water 
stress in the grapevine have highlighted the 
decrease in the angle formed by the main vein 
and the petiole of the leaf (Pool & Lakso, 
2000). 
The angle of the leaf is an indicator of the 
plant-water relationship, as it changes 
depending on the water supply state and tissue 
turgor (Smart, 1974). Another observation was 
that changing the angle of the leaves was 
involved in tolerance to water stress. Thus, 
variation of leaf angle can reduce the thermo-
radiative load on leaves, contributing to water 
conservation (Gamon & Pearcy, 1989; Palliotti 
et al., 2008). 

Measurements made on the leaves at the base 
and top of the plants showed a decrease in leaf 
angle (Figure 3), with increased drought both in 
healthy and GFkV-infected grapevines at both 
moments of the study (M1 - leaf wilting at the 
top of the shoot, M2 - wilting of the leaves 
along the entire length of the shoot). In the case 
of healthy grapevines, when the wilting 
covered the entire plant, the angle of the leaves 
located at the apical extremity was significantly 
lower at P < 0.05 as compared to the control 
(Figure 4). 
 

 
Figure 3. Leaf angle decreasing under the influence of 

water deficit (Tămâioasă românească, selection) 

F
Figure 4. Variations of the leaves angle placed the lower and upper part of the shoots on healthy and GFkV-infected 
grapevine (Tămâioasă românească selection), subject to progressive water deficit. Bars indicate standard deviations 
of measurement averages, letters mark the significance of differences at P < 0.05 (M1 - leaf wilting at the top of the 

shoot, M2 - wilting of the leaves along the entire length of the shoot) 
 

Regarding the influence of virus infection on 
the expression of drought symptoms in 
grapevines, wilting is more pronounced in 
infected plants. The difference in leaf angle 
values between plants subjected to drought and 
control is higher in GFkV-infected grapevine as 

compared to the healthy one, both at the base 
and at the top of the cane, at the first 
measurement (M1). When wilting was evident 
along the entire length of the shoot (M2), this 
difference could not be maintained (Table 1). 
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Table 3. Variation of the total water content, the stomata opening and the content of assimilating pigments,  
in the leaves of plants subjected to drought as compared to the control, depending on the grapevine virological status 

and the position on the cane, when the drought induced the dry of the leaves on the lower half 

*significant difference at P < 0.05 between experimental variants at the same indicator 
 
The water elimination takes place mainly 
through the ostioles of the stomata. Variations 
in the degree of ostioles opening may be due to 
the variations in the turgor of the stomatal cells 
and variations in the turgor of the epidermal 
cells adjacent to the stomata. The passage of 
water from the epidermal cells to the stomatal 
ones determines the increase of the ostioles 
opening degree. The temperature decisively 
influences the sweating process in the sense 
that as the temperature increases, the 
perspiration intensifies to an optimum, around 
30°C. Above the optimum temperature, 
perspiration decreases sharply to a temperature 
of 45°C, and the further increase in temperature 
becomes pathological due to damage of the 
protoplasm. The cell permeability increases, the 
stomata increase again the degree of opening, 
the tissues wither and the plant dies, the water 
in it continuing to be lost by evaporation. On 
the other hand, the lack of water in the soil 
causes the stomata to decrease the degree of 
opening of the ostiole to limit water loss, 
increase osmotic pressure, increase respiration, 
reduce the intensity of photosynthesis (Boldor 
et al., 1981). 
The high temperature in the greenhouse and the 
progressive water decrease of in the vegetation 
pots determined an imbalance between the 
physiological processes in the studied 
grapevine plants. 
When the first obvious signs of wilting of the 
leaves located at the top of the shoots appear, in 
healthy plants the water stress seems to cause a 
higher opening of the stomata along the entire 
length of the shoot while in virus-infected 
plants an increase can be observed only in the 
upper part of the plant (values are not 

statistically assured). The degree of stomata 
opening can be influenced by the presence of 
virus infection as the average values of ostiole 
width are higher in healthy plants, even to those 
under water stress (values are not statistically 
assured). The average value of stomata opening 
was significantly lower at P < 0.05 for the 
leaves at the base of the shoot of virus-infected 
plants subjected to water stress as compared to 
the same level of healthy plants without water 
(Table 2). 
When the lack of water in the soil determined 
the maintenance of the foliar apparatus only in 
the upper half of the shoots in plants subjected 
to water stress, there was a higher opening of 
the stomata both in healthy and virus-infected 
plants, significant differences as compared to 
the control at P < 0.05 registering in healthy 
plants (Table 3). 
GRSPaV-infection caused a profound change 
in the expression of genes involved in hormone 
metabolism. In addition, a significant overlap 
of cellular responses was observed between 
GRSPaV-infection and abiotic stress, such as 
water deficiency and salinity (Gambino et al., 
2012). 
Assimilating pigments 
Another approach to quantifying the effects 
caused by the lack of water in the soil on 
grapevine was the assessment of the photosyn-
thesis process by monitoring the content of 
chlorophyllous pigments and carotenoids. 
Photosynthesis is influenced by the degree of 
hydration of the assimilating tissues. At water 
deficits higher than 13%, the process progre-
ssively decreases and stops at a water deficit 
between 40-50%. Research on the influence of 
the amount of assimilating pigments in 

Grapevine 
virological 

status 
Variants Total water 

(%) 
SO ± sd 

(µm) 
Chl a 

(mg/g f.w.) 
Chl b 

(mg/g f.w.) 
Carotenoids 
(mg/g f.w.) Chl a/Chl b 

Healthy 
Control 74.6 ± 

0.4808* 
5.15 ± 

0.6364* 
1.082 ± 

3.111E-02 
0.566 ± 

1.838E-02 
0.820 ± 
0.112 

1.912 ± 
7.071E-02* 

Water 
stress 

69.76 ± 
0.3677* 

6.75 ± 
0.3536* 

1.025 ± 
5.869E-02 

0.601 ± 
2.404E-02 

0.736 ± 
6.858E-02 

1.706 ± 
2.757E-02 

GFkV -
infected 

Control 73.8 ± 
0.4879 

5.4 ± 
0.1414 

1.459 ± 
0.20718 

0.648 ± 
0.1272 

0.911 ± 
0.128 

2.265 ± 
0.12445* 

Water 
stress 

72.44 ± 
1.6263 

6.1 ± 
7.071E-02 

1.388 ± 
0.239 

0.680 ± 
5.656E-02 

0.947 ± 
0.115 

2.034 ± 
0.18314 

 
chloroplasts did not lead to a correlation 
between the amount of pigments and the 
intensity of photosynthesis. The amount of 
assimilating pigments becomes a limiting factor 
only in cases of etiolation of plants caused by 
lack of light (Boldor et al., 1981). 
In terms of eco-physiological performance, the 
presence of double infection with GLRaV-1 
and Grapevine virus A (GVA) penalized all the 
parameters involved, as compared to the 
healthy plants. The reduction of photosynthetic 
activity has been evident since the early 
assessment and has increased during the 
summer. When only GVA infection was 
present, the reduction of photosynthesis was 
delayed when climatic conditions caused water 
stress. However, the difference between GVA-
infected and healthy grapevine in the 
physiological behaviour of plants  was less 
important as compared to that in which double 
infection was involved (Couzzo et al., 2018). 
In our experiment there were no correlations of 
the concentration of chlorophyllous pigments 
and carotenoids in the leaves located in the 
upper part of the half-dried shoot, with the lack 
of water in the soil. Viral infection appears to 
influence the Chl a/Chl b ratio. In GFkV-
infected control plants, a significantly higher 
value was recorded at P < 0.05 as compared to 
healthy control plants. Water stress did not 
significantly influence this parameter (Table 3). 
The combination between GLRaV-3 infection 
and water stress decreased most physiological 
parameters in vines Banyalbufar and Giro ros 
Malvasia varieties, but did not increase further 
the effects on plant development or parameters 
regarding the gas exchange at the level of 
leaves, as compared to the individual water 
stress.  
At the metabolic level, responses to combined 
stress were specific and are not anticipated 
quantitatively from the sum of 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). 
Further studies will complete the knowledge 
regarding the combined drought and virus-
infection effects on the quality and quantity of 
grape production.  

CONCLUSIONS 
 
In our study, the degradation processes of the 
grapevine V. vinifera L., Tămâioasă 
românească selection, subjected to water stress, 
began with the wilting of the leaves from the 
upper to the lower part of the cane, followed by 
the leaves drying that started with the mature 
ones located at the base of the plant. The lack 
of water in the soil induced the decrease of the 
absorption capacity through the roots and the 
aerial part, continuing to perspire, determined 
an imbalance expressed by the withering of the 
leaves, influenced also by the mesophilic 
structure and the degree of cuticle permeability. 
The first signs of water stress appeared after 10 
days of water stress, the process being 
reversible if the plant still has enough foliar 
apparatus to resume physiological processes. 
The complete drying of the plants was 
registered after 37 days of water deficit, in a 
restricted vegetation volume and subjected to 
maximum daily temperatures of over 40°C. 
The soil temperature in the vegetation pots that 
did not exceed 30°C, being within the range 
that allows the growth of the grapevine roots.  
GFkV infection induced fiziological 
modification during the progressive water 
deficit. The wilting process expressed by 
lowering the leaf angle was more pronounced 
in virus-infected plants. Also, the loss of turgor 
of tissues affected the dynamics of the stomata 
opening, the por being smaller in infected 
grapevine. 
The management of the grapevine crop in the 
current climate changes involves the interaction 
between genetic resources and phytosanitary 
status in order to obtain quantitative and 
qualitative productions.  
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Table 3. Variation of the total water content, the stomata opening and the content of assimilating pigments,  
in the leaves of plants subjected to drought as compared to the control, depending on the grapevine virological status 

and the position on the cane, when the drought induced the dry of the leaves on the lower half 

*significant difference at P < 0.05 between experimental variants at the same indicator 
 
The water elimination takes place mainly 
through the ostioles of the stomata. Variations 
in the degree of ostioles opening may be due to 
the variations in the turgor of the stomatal cells 
and variations in the turgor of the epidermal 
cells adjacent to the stomata. The passage of 
water from the epidermal cells to the stomatal 
ones determines the increase of the ostioles 
opening degree. The temperature decisively 
influences the sweating process in the sense 
that as the temperature increases, the 
perspiration intensifies to an optimum, around 
30°C. Above the optimum temperature, 
perspiration decreases sharply to a temperature 
of 45°C, and the further increase in temperature 
becomes pathological due to damage of the 
protoplasm. The cell permeability increases, the 
stomata increase again the degree of opening, 
the tissues wither and the plant dies, the water 
in it continuing to be lost by evaporation. On 
the other hand, the lack of water in the soil 
causes the stomata to decrease the degree of 
opening of the ostiole to limit water loss, 
increase osmotic pressure, increase respiration, 
reduce the intensity of photosynthesis (Boldor 
et al., 1981). 
The high temperature in the greenhouse and the 
progressive water decrease of in the vegetation 
pots determined an imbalance between the 
physiological processes in the studied 
grapevine plants. 
When the first obvious signs of wilting of the 
leaves located at the top of the shoots appear, in 
healthy plants the water stress seems to cause a 
higher opening of the stomata along the entire 
length of the shoot while in virus-infected 
plants an increase can be observed only in the 
upper part of the plant (values are not 

statistically assured). The degree of stomata 
opening can be influenced by the presence of 
virus infection as the average values of ostiole 
width are higher in healthy plants, even to those 
under water stress (values are not statistically 
assured). The average value of stomata opening 
was significantly lower at P < 0.05 for the 
leaves at the base of the shoot of virus-infected 
plants subjected to water stress as compared to 
the same level of healthy plants without water 
(Table 2). 
When the lack of water in the soil determined 
the maintenance of the foliar apparatus only in 
the upper half of the shoots in plants subjected 
to water stress, there was a higher opening of 
the stomata both in healthy and virus-infected 
plants, significant differences as compared to 
the control at P < 0.05 registering in healthy 
plants (Table 3). 
GRSPaV-infection caused a profound change 
in the expression of genes involved in hormone 
metabolism. In addition, a significant overlap 
of cellular responses was observed between 
GRSPaV-infection and abiotic stress, such as 
water deficiency and salinity (Gambino et al., 
2012). 
Assimilating pigments 
Another approach to quantifying the effects 
caused by the lack of water in the soil on 
grapevine was the assessment of the photosyn-
thesis process by monitoring the content of 
chlorophyllous pigments and carotenoids. 
Photosynthesis is influenced by the degree of 
hydration of the assimilating tissues. At water 
deficits higher than 13%, the process progre-
ssively decreases and stops at a water deficit 
between 40-50%. Research on the influence of 
the amount of assimilating pigments in 

Grapevine 
virological 

status 
Variants Total water 

(%) 
SO ± sd 

(µm) 
Chl a 

(mg/g f.w.) 
Chl b 

(mg/g f.w.) 
Carotenoids 
(mg/g f.w.) Chl a/Chl b 

Healthy 
Control 74.6 ± 
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0.6364* 
1.082 ± 

3.111E-02 
0.566 ± 

1.838E-02 
0.820 ± 
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1.912 ± 
7.071E-02* 

Water 
stress 

69.76 ± 
0.3677* 

6.75 ± 
0.3536* 

1.025 ± 
5.869E-02 

0.601 ± 
2.404E-02 

0.736 ± 
6.858E-02 

1.706 ± 
2.757E-02 

GFkV -
infected 

Control 73.8 ± 
0.4879 

5.4 ± 
0.1414 

1.459 ± 
0.20718 

0.648 ± 
0.1272 

0.911 ± 
0.128 

2.265 ± 
0.12445* 

Water 
stress 

72.44 ± 
1.6263 

6.1 ± 
7.071E-02 

1.388 ± 
0.239 

0.680 ± 
5.656E-02 

0.947 ± 
0.115 

2.034 ± 
0.18314 

 
chloroplasts did not lead to a correlation 
between the amount of pigments and the 
intensity of photosynthesis. The amount of 
assimilating pigments becomes a limiting factor 
only in cases of etiolation of plants caused by 
lack of light (Boldor et al., 1981). 
In terms of eco-physiological performance, the 
presence of double infection with GLRaV-1 
and Grapevine virus A (GVA) penalized all the 
parameters involved, as compared to the 
healthy plants. The reduction of photosynthetic 
activity has been evident since the early 
assessment and has increased during the 
summer. When only GVA infection was 
present, the reduction of photosynthesis was 
delayed when climatic conditions caused water 
stress. However, the difference between GVA-
infected and healthy grapevine in the 
physiological behaviour of plants  was less 
important as compared to that in which double 
infection was involved (Couzzo et al., 2018). 
In our experiment there were no correlations of 
the concentration of chlorophyllous pigments 
and carotenoids in the leaves located in the 
upper part of the half-dried shoot, with the lack 
of water in the soil. Viral infection appears to 
influence the Chl a/Chl b ratio. In GFkV-
infected control plants, a significantly higher 
value was recorded at P < 0.05 as compared to 
healthy control plants. Water stress did not 
significantly influence this parameter (Table 3). 
The combination between GLRaV-3 infection 
and water stress decreased most physiological 
parameters in vines Banyalbufar and Giro ros 
Malvasia varieties, but did not increase further 
the effects on plant development or parameters 
regarding the gas exchange at the level of 
leaves, as compared to the individual water 
stress.  
At the metabolic level, responses to combined 
stress were specific and are not anticipated 
quantitatively from the sum of 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). 
Further studies will complete the knowledge 
regarding the combined drought and virus-
infection effects on the quality and quantity of 
grape production.  

CONCLUSIONS 
 
In our study, the degradation processes of the 
grapevine V. vinifera L., Tămâioasă 
românească selection, subjected to water stress, 
began with the wilting of the leaves from the 
upper to the lower part of the cane, followed by 
the leaves drying that started with the mature 
ones located at the base of the plant. The lack 
of water in the soil induced the decrease of the 
absorption capacity through the roots and the 
aerial part, continuing to perspire, determined 
an imbalance expressed by the withering of the 
leaves, influenced also by the mesophilic 
structure and the degree of cuticle permeability. 
The first signs of water stress appeared after 10 
days of water stress, the process being 
reversible if the plant still has enough foliar 
apparatus to resume physiological processes. 
The complete drying of the plants was 
registered after 37 days of water deficit, in a 
restricted vegetation volume and subjected to 
maximum daily temperatures of over 40°C. 
The soil temperature in the vegetation pots that 
did not exceed 30°C, being within the range 
that allows the growth of the grapevine roots.  
GFkV infection induced fiziological 
modification during the progressive water 
deficit. The wilting process expressed by 
lowering the leaf angle was more pronounced 
in virus-infected plants. Also, the loss of turgor 
of tissues affected the dynamics of the stomata 
opening, the por being smaller in infected 
grapevine. 
The management of the grapevine crop in the 
current climate changes involves the interaction 
between genetic resources and phytosanitary 
status in order to obtain quantitative and 
qualitative productions.  
 
ACKNOWLEDGEMENTS 
 
This work was supported by a grant of the 
Romanian Ministry of Research and 
Innovation, CCCDI-UEFISCDI, project 
number PN-III-P1-1.2-PCCDI-2017-
0332/Project 2, contract 6PCCDI/2018. 
 
REFERENCES  
 
Boldor, O. (coord), Trifu, M., Raianu, O. (1981). 

Fiziologia plantelor. Bucharest, RO: Editura 
Didactică și Pedagogică.  



138

 
Buciumeanu, E.C., Guţa, I.C., Semenescu, F. (2009). A 

survey of grapevine viruses in native cultivars in old 
plantations of Ştefăneşti-Argeş vineyard, România. 
Extended abstracts of the 16th Meeting of ICVG, 
Dijon, France, August 31 - September 4, 2009, (Le 
Progrės Agricole et Viticole.  ISSN 0369-8173), 
247‒248. 

Clark, M.F. &Adams, A.N. (1977). Characteristics of the 
microplate method of the enzyme-linked 
immunosorbent assay for the detection of plant 
viruses. Journal of General Virology, 34(3), 
475‒483. 

Cui, Z.H., Bi, W.L., Chen, P., Xu, Y., Wang, Q.C. 
(2015). Abiotic stress improves in vitro biological 
indexing of Grapevine leafroll-associated virus- 3 in 
red grapevine cultivars. Australian Journal of Grape 
and Wine Research, 21(3), 490–495. doi: 
10.1111/ajgw.12146 

Cuozzo, D., Chitarra, W., Ferrandino, A., Gribaudo, I., 
Gambino, G., Mannini, F. (2018). Field performances 
and grape quality of the same clone of ʻNebbiolo’ 
(Vitis vinifera L.) when infected by GLRaV-1+GVA, 
GVA or healthy. Proceedings of the 19th Congress of 
ICVG, Santiago, Chile, April 9-12, 2018, 140‒141. 

Duan, L., Han, J., Guo, Z., Tu, H., Yang, P., Zhang, D., 
Yuan, F., Guoxing, C., Lizhong, X., Mingqiu, D., 
Wiliams K., Korke, F., Doonan, J.H., Yang, W. 
(2018). Novel digital features discriminate between 
drought resistant and drought sensitive rice under 
controlled and field conditions. Frontiers in Plant 
Science, 9, 492. 10.3389/fpls.2018.00492. 

El Aou-ouad, H. (2017). Interactive effects of grapevine 
leafroll associated virus-3 (GLRaV-3) and water 
stress on the gas exchange, water use efficiency, plant 
hydraulics and metabolism in local grapevine 
cultivars. PhD Thesis, Universitat de les Illes   
Balears, 209 pp.  

Gambino, G., Cuozzo, D., Fasoli, M., Pagliarani, C., 
Vitali, M., Boccacci, P., Pezzotti, M., Mannini, F. 
(2012). Effects of Grapevine Rupestris Stem Pitting-
Associated Virus on Vitis vinifera L. Proceedings of 
the 17th Congress of ICVG, Davis, California, USA, 
October 7-14, 2012, 90–91. 

Gamon, J.A. & Pearcy, R.W. (1989). Leaf movement, 
stress avoidance and photosynthesis in Vitis 
californica. Oecologia, 79(4), 475–481. 

Gokbayrak, Z., Dardeniz, A., Bal, M. (2008). Stomatal 
density adaptation of grapevine to windy conditions. 
Trakia Journal of Sciences, 6(1), 18‒22. 

Guţă, I.-C., Buciumeanu, E.-C., Vișoiu, E. (2014). 
Elimination of Grapevine fleck virus by in vitro 
Chemotherapy. Notulae Botanicae Horti 
Agrobotanici Cluj-Napoca, 42(1), 115‒118.  

Holm, G. (1954). Chlorophyll mutation in barley. Acta 
Agriculture Scandinavica, 4, 457‒471. 

Malossini, U., Ciccoti, A.M., Gragagna, P., Vindimian, 
M.E., Moser, S., Versini, G., Nicolini, G. (2003). 
Changs in agronomical and oenological performances 
of clones of the grapevine cv. Gewurtztraminer after 
Grapevine Fanleaf virus elimination by heat therapy. 
Proceedings of the 14th Congress of ICVG, 
Locorotondo (Bari), Italy, September 2-17, 2003, 
252‒253. 

Martelli, G.P. (2017). An Overview on Grapevine 
Viruses, Viroids, and the Diseases They Cause. In: 
Meng, B., Martelli, G.P., Golino, D., Fuchs, M. (eds) 
Grapevine Viruses: Molecular Biology, Diagnostics 
and Management. Springer, Cham., 31-46 DOI: 
10.1007/978-3-319-57706-7_2. 

Martelli, G.P. & Boudon-Padieu, E. (2006). Options 
méditeranéenes. Serie B: Studies and Research, 55, 
99‒107. 

MoutinhoPereira, J., Correia, C.M., Gonçalves B., 
Bacelar, E.A., Coutinho, J.F., Ferreira H.F., Lousada, 
J.L., Cortez, M.I. (2012). Impacts of leafroll- 
associated viruses (GLRaV-1 and 3) on the 
physiology of the Portuguese grapevine cultivar       
‘Touriga Nacional’ growing under field conditions. 
Annals of Applied Biology, 160(3), 237‒249. 
https://doi.org/10.1111/j.1744-7348.2012.00536.x. 

Oprea, Ș. (2001). Viticultură. Cluj-Napoca:  
AcademicPres Publishing House. ISBN 973-8266-
09-2. 

Palliotti, A., Silvestroni, O., Petoumenou, D., Vignaroli, 
S., Berrios J.G. (2008). Evaluation of low-energy 
demand adaptive mechanisms in Sangiovese 
grapevine during drought. OENO One, 42(1), 41–47. 
10.20870/oeno-one.2008.42.1.832 

Pantaleo, V., Vitali, M., Boccacci, P., Miozzi, L., 
Cuozzo, D., Chitarra, W., Mannini F., Lovisolo, C., 
Gambino, G. (2016). Novel functional microRNAs 
from virus-free and infected Vitis vinifera plants 
under water stress. Scientific Report, 6, 1‒14. DOI: 
10.1038/srep20167. 

Pool, R. & Lakso, A.N. (2000). Recognizing and 
Responding to Drought Stress in Maturing 
Grapevines. Proc 29th Annual New York Wine 
Industry Workshop, NYS Agric. Exper. Sta., 102-
114. 
https://ecommons.cornell.edu/handle/1813/39799. 

Smart, R.E. (1974). Aspects of water relations of the 
grapevine (Vitis vinifera). American Journal of 
Enology and Viticulture, 25, 84–91. 

Suzuki, N., Rivero, R.M., Shulaev, V., Blumwald, E., 
Mittler, R. (2014). Abiotic and biotics stress 
combinations. New Phytologist, 203(1), 32–43. 
doi:10.1111/nph. 12797. 

Țârdea, C. & Dejeu, L. (1995). Viticultură. Bucharest, 
RO: Editura Didactică și Pedagogică.  

Zhu, J. (2002). Salt and drought stress signal 
transduction in plants. Annual Review of Plant 
Biology, 53, 247‒273. 

 

 
 
 

DEVELOPMENT OF AN EFFECTIVE TECHNIQUE FOR IN VITRO 
Agrobacterium-MEDIATED GENETIC TRANSFORMATION OF  

WINTER RAPE Brassica napus L. 
 

Iryna HNATIUK1, 2, Oksana VARCHENKO1, 2, Maria BANNIKOVA1, Mykola KUCHUK1, 
Myroslav PARII2, 3, Yuriy SYMONENKO1, 2 

 
1Institute of Cell Biology and Genetic Engineering, National Academy of Sciences of Ukraine, 

Kyiv 
2Ltd “Ukrainian Scientific Institute of Plant Breeding” (VNIS), Kyiv, Ukraine 

3National University of Life and Environmental Sciences of Ukraine, Kyiv 
 

Corresponding author email: ignatyuk94@gmail.com 
 

Abstract  
 
The aim of the research was to improve the genetic transformation and adaptation conditions of commercial winter 
rapeseed line Brassica napus L. with subsequent production of transgenic seeds.It was optimized the technique of 
Agrobacterium-mediated genetic transformation of winter rapeseed Bn1 line (Brassica napus L.) using hypocotyls of 6-
day-old seedlings as explants. GUS activity histochemical analysis showed a positive reaction in calli cultures and 
regenerant plant leaves obtained after Agrobacterium tumefaciens GV3101transformation, which carried pCB203 
plasmid with gus and bar genes. The optimal transformation conditions were determined as follows: the bacterial 
suspension optical density at a 600 nm wavelength - OD = 0.5, 10 min of inoculation and 48 h of co-cultivation. Stable 
integration of marker genes was confirmed by both histochemical and PCR analysis. 
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INTRODUCTION 
 
In many countries of the world, rapeseed is 
primarily cultivated as an oilseed. In the United 
States, canola’s oil has an official safe status 
for human consumption since 1985. The 
improvement in the rapeseed oil quality has 
caused a sharp increase in demand for it 
throughout the world. Oilseed rape varieties – 
winter (Brassica napus var. oleiferabiennis) 
and spring (Brassica napus var. oleifera annua) 
do not differ morphologically 
(U S Pharmacopeia, 1989). However, among 
the oilseed Brassicaceae family winter rape 
takes first place in oil content, which in its 
seeds contain 48-52%, 16-29% of proteins, 
6.7% of fats and 17% carbohydrates. Rapeseed 
oil consumes in kind, and it is the best material 
for the production of sandwich butter, 
margarine, mayonnaise, dressings and 
confectionery. Rapeseed oil also produces 
plastics, paints, varnishes. 
In order to improve the genetic characteristics 
of rapeseed, protocols have been developed for 
its Agrobacterium-mediated transformation 
since the late 1980s (Fry et al., 1987; De Block 

et al., 1989; Moloney et al., 1989). Genetic 
transformation using agrobacteria has several 
advantages and remains one of the most 
common methods for modifying the plant 
genome. The efficiency of genetic 
transformation depends on many factors, 
including the genotype of the original plant, its 
susceptibility to transformation, explants type, 
transformation and cultivation conditions. The 
ability to regenerate plants from transformed 
cells is also essential for successful 
transformation (Bhalla & Singh, 2008). 
Although some commercial rapeseed lines have 
already been successfully transformed 
(Bhalla & Singh, 2008; Mashayekhi et al., 
2008; Rahnama & Sheykhhasan, 2016; Bates 
et al., 2017), to maximize the release of 
transgenic plants the Agrobacterium-mediated 
genetic transformation protocol should be 
optimized for each individual genotype. The 
urgency of the work is that the transformation 
conditions for the Ukrainian breeding winter 
rapeseed commercial line should be optimize. 
This protocol allows obtaining the first 
transgenic plants in 3-4 months after the 
beginning of the experiment, and the seeds in 


