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Abstract

Simeonov, I., Iliev, A. & Krumov, S. (2022). Comparative study of the influence of the rootstock on the degree of 
drought resistance in the grapevine cultivar Kaylashki rubin. Bulg. J. Agric. Sci., 28 (4), 662–667

It was performed a comparative study on the drought resistance of the red wine cultivar Kailashki rubin, grafted on four dif-
ferent rootstocks. It was established that during the studied period 2017-2020 the tendency to significant warming and drought in 
Pleven region of Bulgaria was permanently outlined, expressed in increasing the values of the total temperature sum and reducing 
the total rainfall during the growing season. Under the specific climatic conditions for each year and on average for the period, 
in all studied cultivar-rootstock combination, water stress of different intensity was found. The performed statistical analysis of 
the data determines as reliable the differences in the values of the established water deficit as regards to the different rootstocks. 
Drought resistance, as a very important agrobiological characteristic, was the  highest in the cultivar-rootstock combination 
Kaylashki rubin/110 Richter and the lowest in Kaylashki rubin/Berlandieri x Riparia SO 4 (control). The combination Kaylashki 
rubin/44-53 Malegue also appears to be very promising in terms of its response to the studied abiotic stress factor.
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Introduction 

Climate change in recent years has a specific regional di-
mension, but in one way or another, in all affected regions 
there is a negative impact of global warming among all areas 
of economic activity. There has been a significant increase 
in the continent’s average temperatures, a decrease in pre-
cipitation in the southern parts of Europe and an increase in 
the northern part (EEA, 2012a). The number and intensity of 
the registered extreme hydro-climatic phenomena, such as 
floods, extremely high temperatures, storms, droughts, hail, 
etc. are increasing (EEA, 2012b). 

These climatic anomalies will lead to a very serious neg-
ative impact on agriculture and natural resources, mainly 
in terms of reduced yields and productivity of crop produc-
tion (Orlandini et al., 2008; The European Environment – 
State and Outlook 2010). In recent years in Bulgaria there 

is also a steady trend towards global warming, compared 
to previous periods, as well as an increase in the frequency 
of extreme weather events (Alexandrov et al., 2010; MEW, 
2012; Rachev & Dimitrova, 2016; Rachev & Asenova, 2017; 
Drought Management Centre for Southeastern Europe – 
DMCSEE).

According to its ecological plasticity, the vine (Vitis L.) 
belongs to the group of euribionts and tolerates a wider range 
of changes in climatic factors. Its tolerance to temperature 
and water fluctuations varies widely. For this reason, it is 
often mistaken to believe that the vine can be successfully 
grown at high temperatures, on poor and dry soils and with-
out irrigation (Karante, 1971). The resistance of the vine to 
drought is directly dependent on the soil, rootstock, cultivar 
and applied agricultural techniques. The rootstock protects 
the cultivated part of the vine plant from a number of harm-
ful environmental conditions, giving resistance to different 
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abiotic stress factors (Carbonneau, 1985; Ezzahouani & 
Williams, 1995; Kocsis et al., 1998; Boso et al., 2008). It is 
known that water consumption of the vine reaches its max-
imum during grain growth (Peacock et al., 2000; Wample, 
2001; Behboudian & Singh, 2001). Before that, due to the 
incompletely developed leaf mass and then due to the reduc-
tion of transpiration from the aged leaves, the need for water 
is lower. Some of the physiological reactions of the vines to 
water deficit include decreased cell division and expansion, 
stomata closure, decreased photosynthesis, and in the worst 
case, cell death and dehydration (Goodwin, 2002). It has 
been found that at the beginning of berry ripening, mild wa-
ter deficiencies can even have a positive effect by reducing 
the cell size, thus increasing the concentration of aromatic 
substances in the grapes (Smart, 1974). According to Lakso 
& Pool (2000) at excessive water stress begins to inhibit the 
develope taste of the grapes, resulting in wines with lower 
organoleptic qualities. 

Determining the leaf water potential (Ψ) allows to point 
out the most resistant to this stress factor cultivars and culti-
var-rootstock combinations and to determine with great ac-
curacy the moment of irrigation at them. The leaf water po-
tential (Ψ) is determined using an elevated pressure chamber 
(Scholander et al., 1965). There are 3 ways of measurement 
- Pre dawn leaf water potential (PLWP), Leaf water poten-
tial measured at midday (M LWP) and stem water potential 
(SWP). According to Deloire & Heyns (2011), these meth-
ods provide a short-term answer to the state of water stress 
and are influenced by the interaction between water content 
in the soil, climate, transpiration and cultivar. A number of 
authors show the importance of water deficit according to its 
duration on the phenological stages and quality indicators 
of the vine (Naor et al., 1997; Ojeda et al., 2001, 2002; Van 
Leeuwen et al., 2004; Deloire et al., 2004, 2005; Myburgh, 
2007).

The aim of the study was to determine the influence of 
the rootstock on the degree of resistance to drought of the 
red wine cultivar Kaylashki rubin and to establish the exact 
moment for the implementation of hydro-ameliorative activ-
ities in the vineyard. 

Material and Methods

The research work was carried out in the period 2017 - 
2020 in an experimental plantation of Institute of Viticulture 
and Enology - Pleven, Bulgaria. The plantation was estab-
lished in 2009 on an area of 2.6 da (0.26 ha), with a planting 
distance of 2.20 m between rows and 1.30 m inside the row. 
The object of study was the reaction to drought of the red 
wine cultivar Kaylashki rubin (Pamid x Hybrid VI 2/15) x 

(Gamay noir x Vitis amurensis) (Roychev, 2012), grafted on 
the following rootstocks:

American-American hybrids (Roychev, 2012)
Berlandieri x Riparia SO 4 - main for the Bulgaria (con-

trol).
Berlandieri x Rupestris 110 Rihter.
Riparia x (Cordifolia x Rupestris) 44-53 Malegue.
European-American hybrids (Roychev, 2012)
Fercal (BC1 /Berlandieri x Colombard № 1 A/ x 333 E. 

M. /Cabernet Sauvignon x Berlandieri/.
Each cultivar-rootstock combination consists of 75 vines, 

divided into 4 replications of 15 vines, formed by a medium 
stem (0.80 m), type double Guyot training system. The prun-
ing and loading of the vines is the same in all variants - 28 
buds (winter eyes), realized with 2 fruit shoots with 8 buds 
and 6 knots with 2 buds each.

To determine the ecological plasticity of all studied cul-
tivar-rootstock combination, the climatic indicators - total 
annual temperature sum (°С), average daily and total tem-
perature sum in the months of July and August (°С) and rain-
fall during the growing season (mm) were monitored annu-
ally from a meteorological cell located in the experimental 
area. To determine the need of vine plants for water annually 
during the growing season, the hydrothermal coefficient, 
HTC (Selyaninov, 1928) was calculated. 

The susceptibility of the studied cultivar-rootstock 
combinations to drought was determined by taking into 
account visual symptoms of moisture deficiency and leaf 
water potential (Ψ(leaf)) of the vines measured at midday 
(Scholander et al., 1965; Naor, 1998). The visual obser-
vations of moisture deficit (leaf wilting, yellow or dead 
leaves, necrotic edges on the leaves, suppressed growth, 
withered grains in the bunches) were performed regu-
larly, every week from the beginning of grape ripening 
until harvest. The Ψ(leaf) of the vines was determined an-
nually, in July and /or August, during the beginning of 
grape ripening, using a pressure chamber (PCI, model 
600). The measurements were performed at noon, when 
the water potential is in a relatively static position from 
the daily maximum deficit. Cloudless and windless days 
were chosen between 13.00 and 14.30 p.m. at an air tem-
perature not higher than 35°С. Samples of 3 fully devel-
oped leaves located on the sunlit side of 5 vines of equal 
growth strength from each cultivar-rootstock combination 
were measured. The measurement of water stress was per-
formed in negative (-) bars on the scale of Naor (1998), 
according to which at established pressure up to -10 bars 
- no stress, from -10 to -12 bars - mild stress, from - 12 
to -14 bars - moderate stress, from -14 to -16 bars – high 
stress and higher than -16 bars - severe water stress.
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Statistical processing of the experimental results was 
processed by the method of dispersion analysis (Dimova & 
Marinkov, 1999).

Results and Discussion

The values of the main climatic indicators for the studied 
period are presented in Table 1.

The presented data clearly show a stable increase over 
the years in the values of the indicator - total temperature 
sum (t° > 10°С). The highest value of this indicator for the 
studied  region was reported in 2019 – 4827.1°C, which was 
74.3°C higher than in 2020, 253.4°C higher than in 2018 
and 398.5°C higher than in 2017. There was a tendency to 
increase the total temperature sum over the last four years. 
According to this indicator, 2019 and 2020 are the warmest 
for the last ten years. The values of the indicators - aver-
age daily air temperature and the total temperature sum vary 
within narrow limits and were within the normal range for 
this period. In the last two years, an increase in the average 
daily air temperatures for August by more than 1°С has been 
registered. The reported values for this month were the high-
est for the last 15 years.

In all years of the study there was a different uneven 
quantitative distribution of rainfall during the growing sea-
son. In 2017, the rainiest months were March, May, July and 
October, in 2018 - March, June and July, in 2019 - April, 
May and August, and in 2020 - March and October. The 
trend of the last seven years continues, the amount of precip-
itation in September to be significantly less than the norm for 
the region, and in 2019 an absolute record was set - only 3.2 

mm. With some exceptions (2017 and 2020) a similar picture 
is observed for the month of October. The total amount of 
precipitation during the individual vegetations of the period 
2017 - 2020 varied in a wide range (Table 2). The differenc-
es in quantitative terms were from 451.4 mm/m2 (2019) to 
759.2 mm (2017), which defines these years as relatively dry 
and relatively wet, respectively.  The year 2020 was also dry 
with a rainfall of 452.8 mm. In recent years, there has been 
a tendency to reduce the number and total rainfall during 
the growing season. With a few exceptions, during the veg-
etation periods of 2019 and 2020, the days with registered 
precipitation were less than the previous four years. Against 
the background of less rainfall, the number of days with one-
time but abundant rains increases significantly.

The supply of the vine plant with water, expressed by 
the hydrothermal coefficient, was different both in the stud-
ied  years and in the separate months of each of them (Table 
3). At the beginning and the end of the vegetation periods, 
during the months of April, May, June and October, the wa-
ter supply of the vine (optimal value of HTC for vine = 1) 
is generally very good. At certain moments of these periods, 
critically high values of HTC were reported, in which case 
one can expect even unfavorable for the development of 
the vine influence of water and a negative manifestation of 
certain signs and processes. In the remaining months, most 
often the water supply of the vines was insufficient and they 
experienced water stress. During these periods, the values of 
HTC were low (0.41 – 0.80), and often even with critical val-
ue (0.12 – 0.31), which had an adverse effect on the devel-
opment of all physiological and biochemical processes in the 
vine. At similar values of HTC, for the normal development 

Table 1. Values of climatic indicators in the region of Institute of Viticulture and Enology - Pleven, for the period 
2017–2020
Year Total temperature 

sum, tºС > 10ºС
Temperature sum, °С Average daily air temperature, °С Sum of precipitation 

for the vegetation 
period, mm

July August July August

2017 4428.6 734.9 744.7 23.7 24.1 759.2
2018 4573.7 712.3 740.1 22.9 23.8 593.4
2019 4827.1 726.3 770.8 23.4 24.9 451.4
2020 4752.8 731.7 767.8 23.6 24.8 452.8

Table 2. Monthly amount (mm) of precipitation during the vegetation for the period 2017–2020
           Month
Year

March April May June July August September October
mm mm mm mm mm mm mm mm

2017 80.8 56.0 135.2 66.0 210.4 25.8 37.6 147.4
2018 90.2 38.6 38.6 170.0 189.6 21.6 19.4 25.4
2019 29.0 84.4 121.2 86.0 47.4 62.8 3.2 17.4
2020 92.4 13.2 74.2 58.4 58.6 8.6 19.8 127.6
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of the vines and the high quality grape production it is neces-
sary to carry out hydromelioration activities in the vineyards.

Due to unfavorable weather conditions in July and Au-
gust, 2018 (large number and amount of precipitation, cloud-
iness, low average daily air temperatures) no  leaf water po-
tential (Ψ(leaf)), analyzes were performed.

 During the three years of the study and on average for 
the period, the highest water stress was characterized by 
Kaylashki rubin grafted on the control (SO 4), followed by 
the variants grafted on the Fercal, 44-53 Malegue and 110 
Richter rootstocks. In 2017, the variation was in the range 
from -17.0 bars (110 Richter) to -18.5 bars (SO 4), in 2019 
from -10.2 bars (110 Richter) to -13.8 bars (SO 4) and in 
2020 from -11.7 bars (110 Richter) to -17.0 bars (SO 4). In 
2017, very high water stress was reported in all variants. In 
2019, for the 110 Richter and 44-53 Malegue rootstocks, the 
stress was moderate, and for Fercal and SO 4  - medium. 
In 2020, at 110 Richter, water stress was again moderate, at 
44-53 Malegue - medium, at Fercal – severe stress, and at 
control - very high. On average for the period, the data were 
similar, the cultivar-rootstock combination Kaylashki rubin/
SO 4  (control) was the most sensitive to drought variant, 
and the cultivar-rootstock combination Kaylashki rubin/ 110 

Richter was the most resistant (Table 4). According to Bogart 
(2013), the first irrigation for red cultivars should be applied 
when the leaf water potential (Ψ(leaf)) measured at midday is 
from -14 to -15 bar.

From the performed mathematical analysis of the data it 
was established that compared to the control with good reli-
ability are the differences in the results of the rootstock 110 
Richter, and proved on the rootstock 44-53 Malegue. The 
scion-rootstock combination Kaylashki rubin/Fercal had a 
better resisted to drought compared to control Kaylashki ru-
bin/SO 4, but without statistical evidence (Table 4).

The comparative analysis of the data between the differ-
ent variants of the Kailashki rubin cultivar revealed mathe-
matically proven differences with a positive orientation of 
the 110 Richter rootstock compared to the SO 4  (control), 
as they are very well provided, and for the Fercal rootstock 
- proven. There are no proven differences in drought resis-
tance between the variants grafted on the 110 Richter and 
44-53 Malegue rootstocks, but in all years and on average 
for the period they were always in favor of the 110 Richter 
rootstock.  All these results and dependencies determine the 
cultivar-rootstock combination Kaylashki rubin/110 Rich-
ter as the most drought resistant, followed by combination 

Table 3. Hydrothermal coefficient during the vegetation for the period 2017 – 2020
          Month

Year
April May June July August September October

2017 1.55 2.58 0.96 2.86 0.35 0.65 3.84
2018 0.77 0.64 2.61 2.66 0.46 0.43 0.77
2019 2.33 2.31 1.47 0.65 0.69 0.53 0.41
2020 0.38 1.41 0.92 0.80 0.12 0.31 2.90

Table 4. Leaf water potential (Ψ(leaf), /-/ bars), for Kaylashki rubin cultivar, grafted on different rootstocks
Cultivar Rootstocks Leaf water potential (Ψ(leaf), /-/ bars)

2017 2019 2020 Average
Kaylashki rubin SO4  (control) -18.5 -13.8 -17.0 -16.43

Ferkal -17.6 -13.2 -15.3 -15.37 n.s.
44-53 Malegue -17.2 -12.0 -13.5 -14.23 +

110 Richter -17.0 -10.2 -11.7 -12.97 ++
GD(5.0%) = t*S~d = 1.744; GD(1.0%) = t*S~d = 2.642; GD(0.1%) = t*S~d = 4.247

Table 5. Proof of the differences in determining the leaf water potential (Ψ(leaf), /-/ bars), compared to the control, when 
comparing between the different rootstocks
Kaylashki 
rubin

x~ SO4 (control) Ferkal 44-53 Malegue 110 Richter
difference proof difference proof difference proof difference proof

SO4 (control) -16.43 x x 1.067 n.s. 2.200 + 3.467 ++
Ferkal -15.37 -1.067 n.s. x x 1.133 n.s. 2.400 +
44-53 Malegue -14.23 -2.200 – -1.133 n.s. x x 1.267 n.s.
110 Richter -12.97 -3.467 – -2.400 – -1.267 n.s. x x

GD(5.0%) = t*S~d = 1.744; GD(1.0%) = t*S~d = 2.642; GD(0.1%) = t*S~d = 4.247
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Kaylashki rubin/44-53 Malegue compared to all other vari-
ants. With good prospects, under different soil and climatic 
conditions, the combination Kaylashki rubin/44-53 Malegue 
is also characterized, as the difference and respectively the 
resistance to drought, compared to the control is proven to 
be higher (Table 5). 

In all years of the study, in none of the studied culti-
var-rootstock combinations no symptoms of water deficien-
cy was observed. 

Conclusions

A significant increase in the total temperature amount has 
been established in the last four years, and according to this 
indicator 2019 and 2020 were characterized as the warmest, 
compared to the previous ten-year period. There was also a 
tendency to reduce the total amount of rainfall during the 
growing season, as well as the number of days with regis-
tered precipitation, but significantly increase the days with 
one-time and heavy rainfall.

Under the specific climatic conditions for each year and 
on average for the period, at all cultivar-rootstock combi-
nations were found different in intensity of water stress. 
The performed statistical analysis of the data determines as 
reliable the differences in the values of the reported water 
deficit in relation to the different rootstocks. Drought resis-
tance, as a very important agrobiological characteristic, was 
the highest in the cultivar-rootstock combination Kaylashki 
rubin/110 Richter and lowest in Kaylashki rubin/Berlandieri 
x Riparia SO 4 (control). The combination Kaylashki rubin 
/44-53 Malegue also appears to be very promising in terms 
of its response to the studied abiotic stress factor.
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