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Introduction
The increased heat in the air, higher temperatures 
near the earth’s surface, and decreasing snow cover 
registered in recent years have been among the ten 
key indicators showing global warming (MEW, 2012; 
IPCC, 2013). Higher temperatures and more intense 
and extreme meteorological phenomena would lead to 
very serious negative impacts on agriculture, natural 

resources, human health, etc., mainly in terms of 
reduced crop yields and productivity and hampering 
the ability of the countries to produce food (Hannah et 
al., 2013; Koleva-Lizama, 2017; Lazoglou et al., 2017; 
Santos et al., 2020).

Over the last 30 years in Bulgaria there had also been 
a steady trend towards global warming, compared to 
previous periods, as well as a rise in the frequency 
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of extreme meteorological and climatic phenomena 
(Vlaskov, 2014; Rachev and Dimitrova, 2016; Rachev 
and Asenova, 2017; Vlaskov, 2017). 

Due to these climatic changes, in recent years the vine 
as a crop had increasingly been adversely affected by 
some unpredictable meteorological phenomena such 
as late spring frosts and hail storms. Hail was usually 
associated with spring thunderstorms, but it might 
occur at any time of the year. It could cause serious 
damage to the vineyard, not only in terms of quantity 
and quality of grape production but also in terms of 
vineyard survival and long-term development (Sioutas 
et al., 2007; Papagiannaki et al., 2013). Most often, 
hail would cause significant damage to leaves, shoots, 
inflorescences, clusters, and berries, but at higher 
intensities, it might harm also the grapevine stems and 
cordons (Dry, 1986).

Depending on the weather and the hail intensity, as well 
as the clusters’ density and their location on the vine, 
the damage might vary from different leaf ruptures to 
complete defoliation of the vine and large damage to 
the shoots and complete loss of harvest (Fiola and De 
Marsay, 2013; Krstic et al., 2014; Gourieroux, 2019). 

Hail, through the damage they caused to the vine plant, 
most often affected its total leaf area, resulting in looser 
and smaller size and weight clusters and lower sugar 
content and total phenolic reserves of grapes. At the 
same time, hail-damaged vines had a larger leaf area of 
the lateral shoots and showed a greater accumulation 
of total soluble solids (TSS), but no adverse effects on 
photosynthesis, berry mass, grape acidity, and fertility 
the following year (Petoumenou et al., 2019).

The recovery rate of the vine plant depended entirely 
on the damage intensity and was individual for each 
vine and vineyard. Although very often hail damage 
could seem extreme, vine had the unique ability to 
recover very successfully through the development of 
shoots from different vine buds (Dry, 1986).

The objective of the study was to determine the 
response and the ability to recover the intraspecific red 
wine cultivar Storgozia after the hail.

Material and methodology

Plant material
The research work was carried out in the period 
2017–2019 in an experimental plantation of the 
intraspecific red wine cv. Storgozia (Roychev, 2012), 
in the Experimental base of the Institute of Viticulture 
and Enology (IVE) – Pleven.

The planting distance was 2.50 × 1.30 m, and the 
vines were grown on a semi-high training system with 
a stem height of 1 m. The vines were spur-pruned, with 
a loading of 18 eyes (9 × 2) per vine.

The objective of the study was to determine the response 
and the ability to recover Storgozia variety grapevines 
after the registered on May 15, 2018, intense hail and 
hurricane wind. The indicators reported for the same 
variety in the previous year 2017 and the following 
one – 2019 were used as controls.

Influence of hail on the vegetative 
and generative abilities of the cultivar
For the implementation of the set goals and 
objectives, the following groups of indicators had been 
reported:

	` To determine the impact of the damage caused by 
hail on the elements of actual fertility, the following 
indicators were recorded: ratio of developed eyes; 
ratio of fruit shoots; fertility rate per developed 
shoot and fruit shoot. The indicators characterizing 
the actual fertility were reported annually at the 
end of May for 10 vines (Katerov et al., 1990).

	` To find out the effect of damage caused by hail on the 
vine growth strength, the maturation of the shoots 
was taken into account. The degree of maturation 
of the shoots was reported visually in late October 
and early November. After the shoots ripening, the 
following indicators were determined: average 
length per shoot (cm) – total mature and green 
part; the average length of the mature part of the 
shoot (cm); ratio of the mature part compared to 
the total length of the shoot; average thickness of 
the shoot in the 5th internode zone (mm) (Katerov 
et al., 1990).

	` To determine the influence of damage caused by 
hail on some physiological processes occurring 
in the vine, the following indicators were 
reported: leaf area – the surface per leaf (cm2), 
determined by linear parameters of the leaf blade 
and mathematical factors according to advanced 
Carbonneau method (Belberova and Tsvetanov, 
2014; Belberova and Tsvetanov, 2017) and leaf 
area per vine (m2) – determined by the defoliation 
per vine before harvest.

	` To determine the effect of damage caused by hail on 
the quantitative yield indicators, it was accounted 
the average mass per cluster (g), the average mass 
per 100 berries, (g), the average yield per vine (kg) 
(Katerov et al., 1990).
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Chemical analysis of grapes
To determine the effect of damage caused by hail on 
the qualities and chemical composition of grapes, the 
generally accepted methods in winemaking were used 
(Ivanov et al., 1979): sugars (g/dm3) – hydrometer of 
Dujardin; glucose and fructose (g/dm3) – iodometric 
method; titratable acids (g/dm3) – titration with NaOH; 
tartaric and malic acid (g/dm3) – Pochinok’s method; 
pH – рН meter. The phenolic availability in the grape 
skins was also determined concerning the content of 
anthocyanins (mg/dm3) – method of Ribéreau-Gayon 
et Stonestreet and total phenolic compounds (TPC) – 
method of Singleton and Rossi (1965).

Statistical analysis
The statistical processing of the results was performed 
by analysis of variance (Dimova and Marinkov, 1999).

Results and discussion
The natural disasters that have become more frequent 
in recent years are attracting in the increasing interest 
due to their great social and economic significance and 
the growing financial losses they have caused (Messner 
and Meyer, 2006; MunichRe, 2012; Papagiannaki et al., 
2014). Due to the effects of climate change (such as 
heat waves, drought, frost, flood, wind), grape growers 
face problems in managing vineyards (Takahashi et al., 
1976; Flexas et al., 2002; Webb et al., 2010; Morales et 
al. al., 2014; Mosedale et al., 2015).

Although rare, hail can cause significant damage to 
vineyards in a short time, having a direct impact on 
vine growth, grape harvest, and quality during the year 
with registered hail and the following year (Bora et al., 
2014; Bora et al., 2016; Theodore, 2018; Staffne and 
Carol, 2019).

There are a number of other studies in the literature 
on the effect of hail damage on various crops, such as 

apple (Tartachnyk and Blanke, 2002), cranberry (Wells 
and MacManus, 2013), potato (Jalali, 2013), maize 
(Miya et al., 2017).

On May 15, 2018, at about 5.00 p.m., a very rare Bulgaria 
meteorological phenomenon called mesocyclone was 
registered in the region of Pleven. In its nature, that 
was a thunderstorm, characterized by the presence 
of a mesocyclone – a powerful and constantly rotating 
upward air current. The element was accompanied by 
hurricane winds (gusts of over 150 km/h) and intense 
hail (Figure 1).

A large part (over 80 %) of the main shoots are in the 
experimental plantation of cv. Storgozia were broken 
from the base or at different heights, the leaf mass was 
torn, most of the inflorescences were destroyed or 
severely damaged. 

In determining the productive potential of cv. Storgozia 
is characterized by high fertility, which varied within 
narrow limits during the individual years (Table 1). In 
2017, the ratio of developed eyes (96.94 %) and fruit 
shoots (88.03 %) was high but shoots with 1 cluster 
predominated that initiated slightly lower rates of 
developed shoots (1.38) and fruit shoots (1.58). 
In 2018, before the registration of the hail storm, 
the rates of the recorded indicators were high. The 
developed eyes per vine were almost the same as those 
of the previous year (96.11 %), while the fruit shoots 
were less (83.03  %), but the shoots with 2 clusters 
predominated, which gave higher fertility rates – 
1.81  clusters per developed shoot and 2.13 clusters 
per fruit shoot. After the hail and the green pruning, 
87.78 % of the buds developed, 53.91 % of them 
were fruit-bearing, and the ratio of shoots with 1 and 
2 clusters was almost the same. In 2019, the fertility of 
cv. Storgozia was very high, compared to the previous 
two years, which clearly showed that despite the 
significant damage caused by hail in 2018 on the green 

Figure 1	 Mesocyclone and hail in the Pleven region (May 15, 2018) 
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parts of the vine, the formation of inflorescences in the 
winter eyes during the same growing season occurred 
normally and a phenomenon of this type and during 
that period of vegetation did not affect the fertility of 
cv. Storgozia for the following year.

Table 2 presented the results determining the 
influence of hail and the damage caused by it on the 
growing strength and the degree of shoot ripening of 
cv. Storgozia vines. The data revealed that the extreme 
meteorological phenomenon of hail had a direct 
impact only on the indicator of average shoot length, 
which was smaller (83.10 cm) compared to the other 
two years of the study (90.45 cm and 127.35 cm). 
By the end of the vegetation season, all shoots were 
fully mature, accompanied by the accumulation of the 
maximum amount of plastic substances in their tissues 
that determined the vine cold resistance. There was 
also a significantly increased growth in the year after 
the hail (2019), which showed the positive recovery 
response of cv. Storgozia, determined by its genetically 
enhanced resistance to stress factors.

From the statistical analysis of the data determining the 
actual fertility of the vines of cv. Storgozia, it was found 
that in 2018, before hail, the values of the number of 
inflorescences per vine, the fertility rate of developed 
and fertility rate of fruiting shoots are higher, compared 
to the control year 2017, after which, with varying 
degrees of evidence, hail has an adverse effect on the 
studied productivity indicators. The high regenerative 
abilities of cv. Storgozia are fully manifested in 2019, 
when the values of all studied indicators are proven to 
be higher than the period after the hail in 2018 and the 

control year 2017, except for the number of developed 
vine eyes in the control period.
The results in determining the hail impact on some 
physiological processes occurring in the vine were 
similar (Table 3). When measuring the average size 
of the leaves of cv. Storgozia vines, it was found that 
after the hail the sizes of the main shoots’ leaves were 
considerably smaller. In 2018, they were respectively 
27.5 and 21.6 % smaller compared to 2019 and 2017. 
The reduced size of the main shoots’ leaves reflected 
the size of the lateral shoots’ leaves that were larger 
after the hail. The average rates showed an insignificant 
decrease in the total size of leaf per vine after the hail, 
which would not have a negative impact on the course 
of the various physiological and biochemical processes 
in them. 
In determining the leaf area per vine, it was found that 
for cv. Storgozia, in the year with the registered hail, 
the total leaf area was almost the same compared to 
both control years. The main difference was that in 
2018, 28.7 % of it was formed by the leaves of the main 
shoots and 71.3 % from the lateral shoots’ leaves, while 
in both years without hail ratio was respectively 81.5 
and 18.5 % (2017) and 82.3 and 17.4 % (2019).
Similar results were obtained by Petoumenou et al. 
(2019), according to which lateral shoots can provide 
assimilation to support their growth and send the 
surplus to the main shoot, which contributes to the 
ripening of the crop. Based on the results by Baniță et 
al. (2020), the natural hailstorm caused an alteration 
in vegetative growth grapevines due to shoot damage 
induced by the hailstorm.

Table 1	 Actual fertility of cultivar Storgozia vines for the period 2017–2019
Year Developed eyes 

per vine (%)
Fruit shoots 
per vine (%)

Number of 
inflorescences per vine

Fertility rate per 
developed shoot

Fertility rate per 
fruit shoot

2017 control 96.94 88.03 23.75 1.38 1.58

2018 before hail 96.11 n. s 83.03 n. s 31.30 + 1.81 ++ 2.13 ++

2018 after hail 87.78 -- 53.91 --- 12.80 --- 0.81 --- 1.30 --

2019 95.00 n. s 93.06 + 30.90 + 1.65 + 1.78 +
Notes: n. s. – not significant; + significant; ++ well insured; +++ very well insured

Table 2	 Growth strength and degree of shoot ripening of cultivar Storgozia in the period 2017–2019
Year 
 

Average shoot 
length (cm) 

Average 
internode length 

(cm)

Average length of 
the shoot mature 

part (cm)

% of the mature part 
compared to the total 

shoot length

Average shoot 
thickness in the 5th 

internode zone (mm)

2017 control 90.45 4.96 89.80 98.75 5.72

2018 83.10 -- 6.25 +++ 83.10 - 100.00 n. s 6.46 +

2019 127.35 +++ 6.16 +++ 111.25 +++ 90.34 n. s 7.01 ++
Note: n. s. – not significant; + significant; ++ well insured; +++ very well insured
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Mathematical evaluation of the data determining the 
strength of growth and the degree of maturation of 
shoots shows that hail has a proven negative impact 
only on the total length of shoots and the length of their 
mature part. With the indicators length and thickness 
of the internodes, the phenomenon initiates the 
formation of proven longer and thicker internodes of 
the individual shoots. The positive reaction of the vines 
of the studied cv. Storgozia is confirmed by the data in 
2019, when for all indicators of growth and maturation 
of shoots, higher values are reported, compared to the 
control year 2017.

In determining the impact of hail damage on the 
quantitative and qualitative yield parameters and 
the chemical composition of the must, it was found 
that hail most clearly had a negative effect on this 
group of indicators (Table 4). The smaller number of 
inflorescences in the year 2018 with hail had a positive 
influence on the average mass per cluster that was 
higher than the other two years. The clusters were 
larger in size, but looser in structure. Despite the higher 
average mass per cluster, in 2018 the lowest average 

yield per vine was reported, due to the less number of 
clusters and the smaller berries in them.

Statistical analysis of the data shows that, as a result 
of the hail, the size of the main leaves and the leaf area 
formed by them are smaller, and those of the side shoots 
are larger, compared to the control. The summary 
indicator leaf area of 1 vine has almost the same values 
and the differences are unproven. The positive reaction 
and high recovery potential of cv. Storgozia, after 
hail, are confirmed by the results obtained in 2019, 
when all indicators of the leaf show proven positive 
differences compared to 2017, and in terms of leaf 
area, the differences between the two studied periods 
are minimal and mathematically unproven.

Regarding the quality characteristics of grape yield, 
it was found that all indicators showed a significant 
negative impact of hail on its chemical composition 
and the opportunities for the production of quality 
wines from the 2018 harvest. Due to the later cluster 
formation, the sugar content in grapes was considerably 
lower than in 2017 and 2019, while the acids are higher. 
However, glucose and fructose rates were within the 

Table 3	 Leaf size and leaf area of vines of the Storgozia variety for the period 2017–2019
Year Average size per leaf (cm2) Leaf area per 1 vine (m2)

main 
leaves

lateral 
leaves

average 
per leaf 

main 
leaves

lateral 
leaves

total 
(cm2)

leaf area 
per vine

2017 control 76.20 25.50 50.85 38 698.10 8 752.54 47 450.64 4.75

2018 59.75--- 33.53++ 46.64- 13 639.80--- 33 799.12+++ 47 438.94 n. s 4.74 n. s

2019 82.40+ 30.11+ 56.26+ 37 228.68 n. s 7 863.58- 45 092.26 n. s 4.51 n. s
Notes: n. s. – not significant; + significant; ++ well insured; +++ very well insured

Table 4	 Quantitative and qualitative characteristics of grape yield from cultivar Storgozia for the period 2017–2019
Indicators Year

2017 control 2018 2019

Average yield per vine (kg) 3.450 2.667 -- 4.606 +++

Average mass per cluster (g) 145.14 169.43 + 140.92 n. s

Average mass per 100 berries (g) 212.06 182.31 -- 188.46 -

Sugars (g/dm³) 237.00 204.00 --- 234.00 n. s

Titratable acids (g/dm³) 5.88 6.62 ++ 5.39 n. s

Tartaric acid (g/dm³) 2.54 4.61 +++ 1.05 --

Malic acid (g/dm³) 4.20 4.99 + 4.20 n. s

Glucose (g/dm³) 96.30 72.00 --- 103.50 n. s

Fructose (g/dm³) 147.70 132.00 - 130.50 n. s

pH 3.43 3.58 n. s 3.50 n. s

Anthocyanins in skins (mg/dm³) 439.48 285.65 --- 473.46 +

TPC (g/dm³) 0.85 0.38 --- 0.90 n. s
Notes: n. s. – not significant; + significant; ++ well insured; +++ very well insured
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normal ranges with a predominance of fructose, which 
was observed in all three years. The anthocyanins 
and TPC content in the grape skins from 2018 were 
significantly lower, respectively 285.65  mg/dm³ and 
0.38 g/dm³. Their quantity was almost twice less 
than their content in the grapes from 2017 and 2019 
harvests. The negative impact of hail on the analysed 
indicators, however, was completely overcome by 
cv. Storgozia the following year and the vintage had 
a  chemical composition, without deviations from the 
variety typical specification.

Statistical analysis of the data determining the 
quantitative indicators of yield shows that hail has 
a  proven negative effect on grain mass and yield of 
1  vine. Due to the smaller number of bunches, their 
mass is proven to be higher than in 2017. In 2019, the 
mass of 1 bunch is approximately the same as in 2017, 
but most of the formed inflorescences initiate a higher 
yield of grapes and smaller grains in the bunches 
compared to the control period.

The results of the analysis of the quality of obtained 
grapes confirm the significant negative impact of the 
hail phenomenon established so far. In all examined 
indicators, with different degrees of evidence, compared 
to the control year 2017, lower (sugars, anthocyanins, 
TPC) or higher values (acids) are reported, which 
determine the quality of the obtained raw material 
from grapes as unsatisfactory. In 2019, the quality of 
the obtained grapes of the cv. Storgozia is identical to 
that in 2017 (control), which shows the high recovery 
potential of the studied variety after the hail.

From the above data, it could be argued that with the 
hail, registered at the beginning of the growing season, 
the yield and its quality from cv. Storgozia were 
significantly reduced, however the obtained grapes 
had satisfactory quantity and quality, minimizing 
the  losses from this extreme meteorological 
phenomenon.

Conclusions
The damages caused by hail on the green parts of the 
vine in 2018 did not have a negative impact on the 
process of formation of inflorescences in the winter eyes 
and did not affect the vine productivity of cv. Storgozia 
in the following year. The damages caused by hail at 
the beginning of the growing season had little effect on 
the growing strength and the degree of shoot ripening. 
The leaves and leaf area of the main shoots are proven 
to be smaller in size in the year with hail, compared to 
the other two years, which reflects on the size of the 
leaves and leaf area of the lateral shoots, which are 

proven to be larger after the registered hail. The total 
leaf area per vine had remained almost the same in all 
three years, as the difference was only in the leaf area 
ratio of the main and lateral shoots in 2018 that did 
not result in disruption of the vital for the vine plant 
physiological and biochemical processes in the leaves. 
Hail had a considerable negative effect on the structure 
of the cluster, the berry size, the yield per vine. The 
overall assessment of the quality of the grapes from 
the three harvests shows that with varying degrees 
of evidence for the individual indicators, hail has 
a significant adverse effect on its chemical composition 
in terms of sugar, titratable acids, anthocyanins, and 
phenolic compounds.
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