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“Bujoru viticulture and wine making research facility, Romania

Abstract

Climate change concept includes all forms of climate variability on time scales greater than 10 years,
regardless of the cause. Bujoru viticulture and winemaking research facility, is situated in the S-E
geographical area of Romania, whit a specific 800m elevation for all vine plantations. Significant climate
change manifestations has been documented since 2002. The most common phenomena witnessed
was the manifestation of extreme drought. This phenomenon has amplified in recent years due to the
lack precipitation during specific growing periods of the vines and high temperatures during vegetative
phenophases. Climatic factor augmentation have obvious repercussions on grape quality and quantity.
Our comparative climate data analysis has shown climatic parameter variations specific to both decades
studied. Average values tell the truth about the extent of climate change. Soil moisture and water
availability, calls into question sustainable viticulture strategies in Southeastern Romania.
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Introduction

The World Meteorological Organization has established the use of “climate change”
concept, to include all forms of climate variability reported on a time scale greater than
10 years, regardless of phenomenon etiology [1]. In 2013, the Intergovernmental Panel on
Climate Change concluded that global warming was unequivocal (Intergovernmental Panel
on Climate Change 2013) [2]. According to the latest IPCC report (IPCC, 2021), climate
projections show that climate change phenomena will intensify during the 21 century. This
will have a major impact on natural areas and ecosystems whit repercussions on human
standard of life [3]. Different predictive climatic scenarios with varying intensities regarding
the negative effects of climate change indicate an overall increase in global temperature [4].

Climate factors directly influence production yields in all types of vegetable foods and
as a result can vary from year to year, therefore climate change inherently affects this sector
[3,5]. Grape cultivation is not immune to variable environmental conditions [6]. These
changes subject vines to climatic conditions that no longer fit specific weather norms for
the viticultural area [7]. Wine quality and yield being strongly influenced by the climatic
conditions [8,9]. Complex interactions between temperatures, water availability, plant
material and viticultural techniques can alter wine defining aroma, in this sense constant
viticultural technique adaptations are made in order to counteract climatic factor variations
[2]. Weather data indicates that global ambient temperatures are increasing whit negative
effects on vegetative phenophases [10]. Higher average temperatures during spring and
summer modify harvest periods in all vineyards present around the world, with important
variations in production yields and quality indices in the wine obtained for that certain vintage
[11,12]. The present study looks at two different decades from a climate change perspective
and how specific grape maturation indices are modified as a result of new environmental
factor implication.
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Material and Method

Experiments were carried out at “Bujoru” Research Facility,
Galati County, Romania. 4 main grapevine genotypes were included
in the study: White maiden, Muscat Ottonel, representing white
grapevine varieties and respectively: Cabernet Sauvignon, Black
maiden, for red grapevine varieties. For time dependent climate
analysis two extremes where chosen: the first-time interval was
1989-1999 and the second was 2013-2023.

Climate analysis followed the variation of: Global heat balance,
(2t°g); Active thermal balance, (£t°a); Useful heat balance, (£t°u);
Average temperatures in July, °C; Average temperatures in August,
°C; Average temperatures in September, °C; Temp. min. absolute
in air, °C; Maximum air temperature, °C; £ annual precipitation,
mm; X precipitation during the vegetation period, mm; ¥ hours
of insolation per vegetation period, hours; Average maximum
temperatures in August, °C; Average temperature from the first and
second decades of June; No. days with temp. maximums >30 °C;
Duration of the bioactive period, no. days; Real Heliothermal Index
(IHr); The Hydrothermal Coefficient (CH), the Bioclimatic Index
(Ibcv); Oenoclimatic Aptitude Index (IAOe); Huglinheliothermic
Index (IH); Night Cooling Index (IF).

Grape ripening evaluation, as well as environmental factors
influence on grape quality and subsequently wine quality was

carried out by monitoring the following parameters: endogenous
amount of sugar/Kg in grapes, total acidity and specific constant
mass for 100 grape berries. All determinations were performed in
triplicate.

Result
Climatic data

Global heat, active and useful thermal balance were the
first set of climatic factors analyzed. Figure 1 shows the specific
variation of the mentioned climatic factors. Statistical analysis
for 1989-1999 time interval revealed maximum values for: global
heat -3860-, active -3836- and thermal -2036- balance specific
to 1994. By comparison for 2013-2023, maximum values of the
same parameters registered the following values: 3561 (global
heat balance), 3527(active thermal balance) and 1737 (useful heat
balance). These parameter maxima were registered in 2018. From
these results higher values for global and active thermal balances
were specific for 1989-1999 time interval. In the case of useful
heat balance monitored from 2013-2023, a decline of maximum
values by 14.68% was observed when compared to the first decade.
Important variation of temperature indices was seen between the
two analyzed decades. Highest absolute values were seen for the
analyzed periods (Figure 2).
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Figure 1: Global heat, active and useful thermal balance variation specific to studied decades.
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Figure 2: Temperature indices variation.
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Temperature indices reveal the highest average temperature of
39.5 °C recorded in 1994 with average annual values of 11.65 °C.
Lower maximum temperatures were characteristic for 2013-2023
whit a value of 38.0 °C and higher medium temperature values of
11.8 °C for 2023. On the other hand, minimum values for average
temperatures specific for 2013-2023 interval was 10.8 °C recorded
in 2014 and 2017 by comparison whit a value of 10.6 °C recorded
in 1997. Absolute minimum values remain specific to January and
February for both decades studied. Average absolute minimum
temperatures from 2012-2023 were situated at a value of -17.1 °C,
0.2 °C higher than -17.3 °C an average value obtained from 1989-
1999. Statistical data analysis showed low points in absolute
minimum temperatures to values of -23 °C (year 2015), were as the
minimum absolute temperature value for the first analyzed decade
reached -19 °C (year 1996).

In depth analysis of temperature variations revealed that,
specific for 1989-1999 decade, average temperature values
reached high points in July whit gradual temperature decreases
of 5.45% in August and 29.12% in September. When the same
statistical analysis was applied for 2013-2023 time interval, July

temperature values of 22.74 °C, were lower by 2.15% compared
to the maximum August average temperature of 23.24 °C. For the
month of September, temperature declines registered a 22.75%
drop compared to July values and a 24.39% drop compared to
August average values.

The average maximum temperature specific for August
increased by 1.03 °C, between the two studied decades. Maximum
average temperatures in August reached 29.98 °C from 2013-
2023, while from 1989-1999 maximum average temperatures in
August reached 28.95 °C. Total number of days whit temperatures
over 300C increased by 13.1 when 1989-1999 interval was used
as a reference. The Oeno-climatic Aptitude Index (IAOe) suffered a
2.99% increase, whit average values of 4700.25 for 213-2023 and
4599.25 for 1989-1999. Real Heliothermic Index (rHI) had a base
average value of 2.22 and increased to 2.45 in the time interval
2013-2023. Data regarding mentioned climatic parameters are
detailed in Table 1. Soil water availability has recently gone on
a downward trend. Figure 3 shows annual precipitations and
precipitations during vegetation periods.

Table 1:
Climatic Parameters 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999
Average July temperatures, °C 22.8 239 27.3 23.1 23 25.2 259 24.2 229 24.6 25.3
Average temperature in August, °C 23.6 22.8 21.8 26.5 23.3 24 23.1 22.1 22.1 21 23.3
Average temperature in September, °C 16.2 17.1 17.8 17.1 17.7 21.8 17 14.3 14.9 17.7 18.5
Average maximum temperatures in August, °C 30.1 29.2 27.4 34.4 29.8 30.5 29 26.8 24.7 28.7 27.8
No. days with maximum temp. >30 °C 28 39 43 42 58 45 35 9 31 37
Real Heliothermic Index (IHr) 1.92 2.41 2.11 2.22 2.28 2.44 2.19 1.89 2.26 2.35
Oenoclimatic Aptitude Index (IAOe) 4477 | 4905 | 4366 | 3408 | 4669 | 5013 | 4839 | 4523 | 4197 | 4916 | 4839
Climatic Parameters 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Average July temperatures, °C 21.5 22.1 23.7 229 21.6 21.9 21.7 23.3 23.5 239 24.1
Average temperature in August, °C 26.4 22.2 22.3 23 22.3 22.3 23.2 23.4 219 23.8 249
Average temperature in September, °C 15 17 17.6 17.8 17.8 17.7 19.3 15.4 16.6 20.2
Average maximum temperatures in August, °C 29.2 239 30.5 29.5 30.3 31.3 31.4 31 29.1 30.7 329
No. days with maximum temp. > 30 °C 27 33 52 45 51 54 69 37 55 61
Real Heliothermic Index (IHr) 2.4 2.03 2.49 2.33 2.4 2.67 2.68 2.75 2.2 2.69 2.47
Oenoclimatic Aptitude Index (IAOe) 4549 | 4870 | 4721 | 4623 | 4141 | 5057 | 4766 | 4950 | 4460 | 4856 | 4710
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Figure 3: Annual precipitations and precipitations during vegetation periods variations.
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Water input had an average value of 497.6mm and average
values for precipitations during vegetative phases of 302.1mm
recorded for 2013-2023. Minimum average values of 346.6mm
were recorded consecutively in 2022 and 2023. Compared to 1989-
1999 decade average precipitations suffered an increase of 7.55%.
Even though the availability of water in soil increased, the quantity
of precipitations during vegetative periods decreased by 4.43%.
Compared to a maximum value of 713.1mm for total precipitations
specific to 2013, the values recorded in 2022 and 2023 suffer a
reduction by 48.56%. The lowest values in precipitations for 1989-
1999 were recorded in 1994 (286.1mm), whit a value for total

quantity of precipitations during vegetative periods of 194.1mm.

Average precipitation values during vegetation periods is
another climatic factor that has a major influence on the vineyard
plantations. In this sense, in 2023 water accumulated as a result of
precipitation during vegetation periods reached an average value
of 233mm. This value represents the minimum recorded for the
time period included in the study, namely 2012-2023. Cool night
index an important climatic parameter that has great influence
over grape maturation showed important variations (p<0.5) whit
maximum values 14.1 in 1994 and 13.6 in 2015. Average values
reached 10.33 (2013-2023) and 10.81 (1989-1999) (Figure 4 & 5).
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Figure 4: Cool night values (1989-2023).
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Figure 5: Huglin Index variation (1989-2023).

The average values of 2256.64, for Huglin index, suffered a
slight increase for 2013-2023 interval. Maximum values for Huglin
index reached a value of 2469 specific for 2020 whit am minimum
of 2066 specific for 2021. By comparison, Huglin index values for
1989-1999 reached an average of 2213.55 and maximum values
were 4.26% higher than those registered in 2020. The minimum
value of 1867 was 9.63 % lower than the minimum value specific
for the second decade studied.

Maturation Parameters Analysis

Grape maturity evaluation with the help of specific parameters
identified specific variations dependent on vine variety and climatic
conditions (Figure 6). Analysis reveals differences of 4.4% on total
sugar concentrations between white and red wine varieties from
2013-2023 compared to the difference of 3.2% registered from
1989-1999. Minimum sugar concentration was specific to White
maiden, 171g/kg, and Merlot wines 181g/kg, values registered
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in 2013. This ranking was reversed for the first decade studied,
whit minimum values characteristic for Muscat Ottonel, 119g/kg
and 166g/kg for Black maiden. Between 1989-1999 maximum
total sugar content reached a value of 229g/kg, the highest value
recorded for both time intervals studied. Total sugar content varied
between 166-229g/kg, extreme values belonging to 1989-1999

interval. For the second decade, maximum values showed an 8%
variation between varieties, whit maximum values reached in
2023. Highest sugar concentration in red genotypes, were specific
for Cabernet Sauvignon whit 208g/kg followed by Black maiden
207g/kg, white genotypes were characterized by values of 204g/kg
in Muscat Ottonel 2019.
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Figure 6: Total Sugar content specific to genotype and vitage.

Average concentrations for total sugar content registered an
increase in values for white varieties. Average values for White
maiden and Muscat Ottonel varieties were significantly higher
(p<0.5), whit values of 183.91g/kg and 191.36g/kg, 2013-2023
decade. By comparison total sugar content for studied white
varieties were situated at values of 168g/kg (White maiden) and
173.6g/kg (Muscat Ottonel) for 1989-1999 time interval. Red
varieties average sugar content reached values of 197.55g/kg
(Black maiden), 198.73g/kg (Cabernet Sauvignon) for 1989-1999
interval and 195.67g/kg (Black maiden), 196.92g/kg (Cabernet
Sauvignon) for 2013-2023 time interval. Average values for
red varieties showing slightly lower average concentrations by
comparison between the two analyzed decades (p<0.05).

Total acidity registered a descending trend whit average
values of 5.50 (White maiden), 4.76 (Muscat Ottonel), 7.45 (Black
maiden) and 6.81(Cabernet Sauvignon) when compared to 1989-
1999 initial average values. Figure 7 shows total acidity decrease
in all genotypes studied. Minimum values decreased by 14.21% in
white varieties and 1.65% for red ones. Red genotypes registered
higher total acidity values when compared to white genotypes
whit maximum values specific to Black maiden (9.8). Constant
mass for 100 grape berries ranged from 78-236g in white varieties
and 82-163g for red varieties, 1989-1999, whit minimum values
specific to 1994. From 2013-2023 constant mass variation specific
for 100 grape berries ranged from 80-215g in white genotypes,
with minimum values observed in 2012 for White maiden. For
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red genotypes, a consecutive decline in constant mass values was  73g/100 grape berries. Figures 7 & 8 show average value variations
observed in 2022 and 2023 whit values ranging between 105- of total acidity and constant mass of 100 grape berries.
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Figure 8: Constant mass for 100 grape berries 1989-2023.

Average values for 100 grape berries varied between 204.36g Discussion
for Muscat Ottonel and 129.82g for Cabernet Sauvignon varieties.
From 2013-2023 constant mass average values were situated
between 176.91g and 99.92g. Maximum average values being
specific for Muscat Ottonel for both intervals monitored. Berry

Statistical analysis performed on meteorological data collected
at Bujoru wine and viticulture research station shows the impact
of climate change on specific grape maturation and wine quality
parameters. Average global temperature increased corroborated
with a decrease in of precipitation in vegetative periods following
a trend observed in previous studies carried out by Enache et al.
[13]. The starting point for climate data collection for the specific
Bujoru viticultural area was 1986 and shifts in the water and
thermal regime were observed since 2010 [14]. In the current
study climatic data obtain from 1989-1999 time interval were

mass declined whit variable amounts dependent on genotype
characteristics. The most notable decline in constant mass for 100
grape berries was seen in White maiden varieties that registered an
average 28.02% reduction. For red varieties, Cabernet Sauvignon
suffered a 23.03% in constant mass reduction, followed by Muscat
Ottonel 11.43% and Black Maiden whit 11.62%.
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considered the baseline for climate change evaluation. Analysis
of this meteorological data surprisingly showed that 1994 was an
atypical year that registered extreme values when compared even
to 2013-2023 interval. Although this year was characterized by
extreme values, it wasn’t stricken out of our statistical analysis and
latest average temperature analysis showed significant increases
of temperature indices like: Global heat balance, (Xt°g); Active
thermal balance, (2t°a); Useful heat balance, (£t°u). Climatic studies
conducted in the western part of Balkans showed that climacteric
parameters suffered similar changes [15]. Results obtained by
Trbic et al. [15] using climatic previsions confirm some data seen
by us in 2022 and 2023. Studies carried out in the Mediterranean
viticultural areas also confirmed current data collected by our study
[16,17]. Significant increase in number of days with temperatures
>300C and average maximum temperatures in August °C (p<0.5)
documented in our research were also observed by Costa et al. [17]
in their study. A shift in maximum temperature normally specific
for the month of July, according to data collected and analyzed from
1989-1999, was observed. New climatic data obtain as a result of
statistical analysis from 2013-2023 showed gradual temperature
parameter decreases in July whit specific increases in August, that
suggest season shifts. Climate projections obtained from 2018
climatic studies done by Lazoglou et al. [8] confirm latest data
obtain, involving temperature parameters [8]. Important variations
of Oenoclimatic Aptitude Index (IAOe); Huglinheliothermic
Index (IH); Night Cooling Index (IF) that determine vital in grape
maturation and wine yield and quality were observed. Increase
of the mentioned parameters threatens current vine plantation
sustainability. Previous previsions regarding Romanian vine
sustainability done by Irimia et al. [18], are confirmed by current
study results.

Precipitation decreases all year round determining the
appearance of a new set of challenges in terms of ensuring
viticultural sustainability. Studies by Llana & McGregor (2022)
also identify a frost risk potential in vineyards as a result of a lack
snowfalls. These risks may also apply to the Bujor viticulture areal
area as a result of the negative day and night temperatures that are
specific in the winter months. Minimum temperature data analysis
revealed that even though minimum average temperatures have
increased, there are some extreme values registered reaching
values below -20 °C. Due to season shifts, there is a real risk of
early spring frost damage documented by Poni et al. [19] in studies
conducted in Tuscany region of Italy [19].

Comparative analysis of precipitation parameters for the
selected decades showed a sustained water deficit specific for 2022
and 2023. Not all data collected suggest that, from 1989 to 1999,
water availability was greater, but the latest data underlines the fact
that average water input has diminished. Santorini climate change
studies confirm data seen in 2022 and 2023 in Bujoru viticultural
area. Results obtained by Xyrafis et al. [16] offer possible climate
perspectives and precipitation previsions [17]. Decreases in X
annual precipitation, mm; X rainfall during the vegetation period,
mm had a negative impact on production yields and quality of
wines obtained [16,17]. As observed in Bujoru wine yield registers.
Vegetative phase delays been described since 2005 in of some

viticultural areas located in the southern regions of Italy, due to
environmental change as a result of climatic factors values listed
previously [5].

Deficient distribution of precipitation during spring and early
summer causes lengthen drought periods [20]. These changes
cause an increase in the amount of total sugar, decrease in pH and
grape berry weight. These modifications were apparent as a result
of comparative data analysis between the two decades analyzed by
our research. Maturation parameter alteration has a negative impact
on production yields but also can modify wine zonal specificity.
Such changes were recorded by Droulia F & Charalampopoulos
I [21], through data analysis reported from multiple viticulture
areals situate in southwestern Europe.

Ripening indicators alterations are a consequence of climate
factor modifications and have a direct impact on wine quality for
that certain vintage [22]. Similar implications because of climate
distortions were documented in southeastern Australia, producing
changes both in specific vegetative phases and ripening indices [8].
Temperature increase, as well as soil moisture reduction, during the
critical vineyard vegetative periods greatly modify all qualitative
indices and production yields [23].

Climate change determines fundamental modifications for
viticultural areas, causing a decrease in plant material quality
and implicitly in finished product quality [24]. Some viticultural
practices involve the use of plant growth regulators in order to
counteract diminishing yields as a direct result of climate change
[25]. Plant growth regulator overuse in vegetable cultivation
has been documented in recent studies, whit values above EU
current legislation [26]. Therefore, strategies that involve the
use of this class of chemicals must take into account current food
security legislation [27]. The worrying fact is that according to
the latest meteorological data a trend that involves prolonged
uncharacteristic periods of severe drought is repeating itself whit
higher and higher frequency [28-37].

Conclusion

The present study highlights the extent and speed with which
climate changes are occurring in a microclimate such as Bujoru
viticultural area, whit possible extension to global interpretation.
Even though our comparative climate data analysis has shown
climatic parameter variations specific to both decades, average
values tell the truth about the extent of climate change. Global
warming phenomenon determines the use of new strategies thataim
at preserving traditional genotypes specific to Bujoru viticultural
area that include the use of precision agriculture techniques and
yield augmentation via plant growth regulators. Results showed a
direct correlation between climate change and ripening indicators.

Climate analysis for 2022 and 2023 raises alarms regarding
parameter modifications resulting prolonged drought phenomenon,
which is becoming more common. Drought interval prolongation
with drastic effects on soil moisture and water availability, calls
into question sustainable viticulture strategies in Southeastern
Romania. Current trend of extreme weather phenomena has
devastating effects on vine plantations and should not be neglected
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[33]. Even though our comparative climate data analysis has shown
climatic parameter variations specific to both decades, average
values tell the truth about the extent of climate change.
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