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Abstract. Climate change causes major shifts in both the spatial distribution of wine-growing areas and
their specific types of wine production. With the increase of heliothermal resources, the viticultural
potential of temperate wine regions grows, becoming more suitable for quality wine production and for
the diversification of the wine types production. The shifts in the viticultural potential of the Averesti
wine-growing region from Romania during the last decades are evidence of these evolutions. Between
1961-2013, the average annual temperature in the area increased by 0.47 °C, the temperature of July by
1.26 °C, the sunshine duration by 78.6 h and the global radiation by 1.69 kcal/cm® Against this
background, the area passed from viticultural potential mainly for white table wines to viticultural
potential for quality white wines and red table wines. The new viticultural potential is exploited in the
Averesti wine-growing region after 2000 by expanding into culture the international winegrape varieties
for quality white wines and by introducing the Cabernet Sauvignon, Merlot and Pinot noir winegrape
varieties for red wines into cultivation. The study demonstrates the need to evaluate the new viticultural
potential generated by climate change and the need to delineate the viticultural homogeneous zones in the
wine-growing regions beneficiary of climate change, in order to correctly zone newly introduced
winegrape varieties in such areas.
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Introduction

The specific varieties of wine-growing regions have been established throughout the
time by maintaining in their area the winegrape varieties best suited to local relief,
climate and soil conditions. These environmental factors have a decisive influence on
grapevine growing and fruiting (van Leeuwen and Seguin, 2006; Winkler et al., 1974).
In relation to the influence of the climate, winegrape varieties whose grapes reach full
ripening each year and which best express their quality potential have been maintained
(Seguin, 1986). As a result, today each wine-growing region has its own specific
winegrape Vvarieties best adapted to the local environment and which provide the most
qualitative wines that can be obtained in the area (Wolkovich et al., 2018).

Due to this close dependence of winegrape varieties on the climate, one of the
consequences of climate change (IPCC, 2013) might be their modification and
implicitly, the one of the types of wine production specific to affected wine-growing
regions. The first predictions in this regard have been made since the 1990s by Kenny
and Harrison (1992), and confirmations of this evolution appear more and more
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frequent in recent years (Stock et al., 2005; Bucur and Dejeu, 2016; Irimia et al.,
2017b). The modification of wine-growing regions’ specific winegrape varieties is, in
fact, an adaptation of wine-growing regions to the new climatic context, with
particularities from one geographic area to another. For example, in case of the
Mediterranean wine-growing regions, where high temperatures already affect the well-
established sensory profile of wines (Nemani et al., 2001), it might be necessary to
replace local varieties with some more adapted to the warm climate ones (Wolkovich et
al., 2018). On the contrary, in cool vineyards where the climate becomes more suitable
to viticulture (Gaal et al., 2012; Kryza et al., 2015; Nesbitt et al., 2016; Kovacs et al.,
2017; Irimia et al., 2017a) varieties for white table wines, could be replaced by varieties
for quality white wines and even by varieties for red wines.

In the context of climate change (Busuioc et al., 2010; Piticar and Ristoiu, 2012;
Dumitrescu et al., 2014; Bandoc et al., 2018) recent studies indicate that Romania’s
viticulture undergoes structural and spatial changes of climatic suitability for viticulture
(Bucur and Dejeu, 2016; Irimia et al., 2017a). Climatic suitability for red wines is
advancing from S to N, overlapping traditional white wine production areas; climate
suitability for white wines is advancing northwards and at higher altitudes, beyond the
limits of traditional wine-growing areas. Significant shifts are also recorded in
vineyards on a fine scale (Irimia et al., 2017Db).

As a result of this evolution of climatic suitability for viticulture, the traditional
varieties of vineyards in the northern part of Romania, which is colder, have begun to
undergo important changes: In the vineyards of Transylvania, a wine-growing region
specialised in white wine production, Pinot noir, Merlot and the native Feteasca neagra
red varieties have recently been introduced (Urcan et al., 2016), while in the vineyards
of Moldavia, also producing white wines, Cabernet Sauvignon, Merlot, Pinot noir and
Feteasca neagra have been introduced.

The purpose of this study is to reveal the changes in viticultural potential as a result
of climate change in the Averesti wine-growing region, as well as the changes in its
specific winegrape varieties in this context. Previous studies have already revealed the
suitability of this area for white wine production (Irimia and Patriche, 2009, 2010). On
the background of climatic change, after 2000 winegrape varieties such as Cabernet
Sauvignon, Merlot, Pinot noir and Feteasca neagra were introduced in the area. For the
accumulation of anthocyanins and the production of quality wines, winegrape varieties
for red wine require high heliothermal resources (Dokoozlian and Kliewer, 1996). The
location of the new red winegrape varieties in the Averesti area was not based on a
zoning study, which is why this study aims to evaluate the accuracy of their zoning.
Inadequate location of a winegrape variety in a vineyard limits the expression of its
qualitative potential and produces ordinary wines (Asselin et al., 2001; Riou et al.,
1994).

Assessment of the viticultural potential is based on the analysis of the spatial
distribution and suitability for the winegrape varieties of the climate, relief and soil
factors (Jones and Duff, 2007; Tomasi et al., 2013; Irimia et al., 2014; Nowlin and
Bunch, 2016). Studies based on bioclimatic indices (Blanco-Ward et al., 2017; Quenol
et al., 2017), soil and lithological parameters (Morlat and Bodin, 2006) and their
combined influence (Jacquet and Morlat, 1997) are also used. This study uses the GIS-
based methodology for assessing the viticultural potential in temperate climate
conditions of Romania (Irimia et al., 2014), which takes into account the fine-scale
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spatial distribution and the suitability for winegrape growing of 15 parameters
representative for vineyards’ relief, soil and climate.

The study is designed in four parts, namely: the structure and suitability of the relief,
soils and climate in the area; the viticultural potential and the specific winegrape
varieties during 1961-1979; the viticultural potential of the 1981-2013 period and the
current winegrape varieties; the analysis of the current location of winegrape varieties in
the area.

Materials and methods
Study area

The study area is the Averesti wine-growing region, located in the eastern part of
Romania, at 46°46'S0" N latitude and 28°0'37" E longitudes (Fig. 1).
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Figure 1. The map of the Averesti wine-growing region and its geographical location

The area has a surface of about 670 ha and it is a compact massive vineyard, situated on
a long interfluvial plateau, bordered by river valleys in the east and west and having a
slope which causes a difference of about 80 m between the northern (338 m asl
elevation) and the southern limit (257 m asl). The area has a temperate continental
climate, Dfb in the Koppen-Geiger climate classification (Kottek et al., 2006), with
warm and sometimes dry summers, and harsh and sometimes frosty winters. Soils are
predominantly represented by Luvisols, with a higher content of clay and humus in the
plateau area and thinner, poorly fertile and well drained on east and west slopes.
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Methods

The climate data used for this study were extracted from ROCADA database
(Dumitrescu and Birsan, 2015) for one point situated in the middle of the vineyard
(46°47'94" N latitude, 28°0' 21.6" E longitude, 303.59 m asl). For this location, we
extracted daily values of climate parameters, including the mean, maximum and
minimum temperatures, precipitations, sunshine duration and relative humidity. The
values were exported in Excel for quality check and processing. The spatialization of
these punctual data was achieved in GIS environment, starting from a 5 x 5 m digital
elevation model (DEM) and vertical temperature and precipitation gradients (Patriche et
al., 2011). The DEM was computed with high accuracy, on the basis of the elevation
information extracted from 1:5000 topographic maps. The mean annual and monthly
vertical gradients for temperature and precipitations were derived from WorldClim
database (Hijmans et al., 2005) and SRTM elevation model for the entire Romanian
territory.

The potential solar radiation and sunshine duration maps were computed in SAGA-
GIS 2.0.8, using the Incoming Solar Radiation module and DEM as input raster. A
correction was then applied to the potential global radiation (Entekhabi, 1997), based on
the sunshine fraction, in order to achieve the actual global radiation. The actual sunshine
duration was derived by multiplying the potential sunshine duration and the sunshine
fraction.

The bioclimatic indices were achieved in GIS environment by applying the specific
formulas (Irimia et al., 2014).

The terrain slope and aspect were derived based on DEM, and the respective rasters
were classified according to the methodology.

For soil cover characterization, we used the data from 11 soil profiles taken from a
fine scale agrochemical study of Averesti vineyard. The clay content was interpolated
by ordinary kriging, while in the case of humus content a spline interpolation was
performed. Then, the spatial distributions and clay and humus contents were classified
according to the methodology. The analysed soils from Averesti vineyard had no
skeleton content in the first 50 cm.

The viticultural potential of the area was assessed using Irimia et al. (2014)
methodology for viticultural potential assessment in Romanian wine-growing regions
conditions. According to this method, the averages of 15 climatic, pedological and
topographical parameters for the Averesti area for two time periods (1961-1979 and
1980-2013) were mapped and then classified into three suitability classes, ranked from
5 to 10 points (Table 1). What is more, the values within the range defined by each
suitability class determine and characterize under the temperate continental climate of
Romania, a certain type of wine production (Irimia et al., 2014). The choice of the two
periods is based on a previous study (Irimia et al., 2017b), which points out that the
warming process began consistently in the 1980°s for the neighbouring wine-growing
region of Cotnari (Romania). Also, the charts made up at Global and European level
(EEA, 2017) show that the beginning of abrupt temperature change occurred during the
same time period.

The spatial information layers for each ecological category and for each time period
were further combined into a GIS database, and the average ranking points (arp) at the
pixel level (5 x 5 m) were calculated in order to obtain topographical, pedological and
climate suitabilities. The three maps of suitability for each time period were further
combined into a GIS database, and the average of ranking points at the pixel level (5 x 5
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m) was calculated in order to obtain the viticultural potential. According to this
methodology, the averages of ranking points have the following meanings (Table 2): 5
arp = viticultural potential for white table wines, sparkling wines and wines for
distillates (WTW, SW, WD); 6 arp = viticultural potential for white table wines,
sparkling wines, wines for distillates as well as for white quality wines in warmer
growing seasons (WTW, SW, WD + QWW); 7 arp = viticultural potential for quality
white wines (QWW); 8 arp = viticultural potential primarily for quality white wines and
secondarily for red table wines (QWW + RTW); 9 arp = viticultural potential primarily
for quality red wines and secondarily for quality white wines (QRW + QWW); 10 arp =
viticultural potential for quality red wines (QRW). The 10 arp and 9 arp were grouped
into class | — QRW; 8 arp and 7 arp into class Il - QWW; 6 arp and 5 arp into class Il -
WTW, SW, WD; and the pixels where restrictive values appeared were classified as
class 1V, as unsuitable for wine production (Table 2).

Table 1. Ecological factors and bioclimatic indices ranked according to their suitability for
different types of wine production in temperate continental climatic conditions of Romanian
wine-growing regions (according to Irimia et al., 2014)

Suitability Unsuitable | Suitability classes/ranking points
Parameters interval 1V/0 11/5 11/8 1/10
Ecological s within . - T
category (abbLerz]\intguon | Romanian Res?(;lftlve Type of wine production
winegrowing . WTW, SW.,
regions grapevine WD QWW QRW
growing
factors A - - NW,N,NE| EW |SE S, SW
AAT (°C) 8.5-11.2 <85 8.5-9.3 9.4-10.0 10.1-11.2
TWM (°C) 18.0-22.0 <18.0 18.1-19.7 | 19.8-21.0 | 21.1-22.0
GR (kcal/cm?) 80.0-92.0 <80.0 80-83.9 84.0-86.9 | 87.0-92.0
ASD (hours) 1280-1610 <1280 1280-1450 | 1451-1550 |1551-1610
Climatic factors|  pp (mm) 250-390 - > 390 <250 251-390
and bioclimatic
indices t, (°C) 1045-1675 <1045 | 1045-1200 | 1201-1400 |1401-1675
LGS (days) 160-210 < 160 160-175 176-190 > 190
lha 1.36-2.66 <1.36 1.36-1.70 | 1.71-2.20 | 2.21-2.66
Ibcv 3.9-13.0 <39 3.9-5.0 5.1-8.0 8.1-13.0
IAQe 3793-4600 <3793 3793-4300 | 4301-4600 | > 4600
Cly (%) 6-40 >40.0 <15 25-40 15-25
Pego'og'ca' Hum (%) 1.5-4.0 ; 31-40 | 2130 | 15-20
actors
Gra (%) 0-40 >40.0 <10 30-40 10-30

“S = slope; A = terrain aspect; AAT = annual average temperature; TWM = warmest month temperature;
GR = global radiation; ASD = actual sunshine duration; PP = precipitation during the growing season;
2t, = sum of effective temperatures; LGS = length of the growing season; lha = actual heliothermal
index; Ibcv = bioclimatic index Constantinescu; IAOe = oenoclimate aptitude index; Cly = clay; Hum =
humus; Gra = gravel

“WTW, SW, WD = white table wines, sparkling wines and wines for distillates; QWW = quality white
wines; QRW = quality red wines
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Table 2. Characterizing viticultural potential according to the average of ranking points
(arp) (Irimia et al., 2014)

Class Average of ranking Viticultural potential of the area
points (arp)

10 Viticultural potential for quality red wines (QRW)

| 9 Viticultural potential primarily for quality red wines and secondarily

for quality white wines (QRW + QWW)

8 Viticultural potential primarily for quality white wines and

| secondarily for red table wines (QWW + RTW)
7 Viticultural potential for quality white wines (QWW)

Viticultural potential for white table wines, sparkling wines, and

6 wines for distillates, as well as for quality white wines in very

11 suitable years, in terms of climate (WTW, SW, WD + QWW)
5 Viticultural potential for white table wines, sparkling wines, and

wines for distillates (WTW, SW, WD)
v 0 Unsuitable for grape growing (UNS)

The accuracy of the current winegrape varieties zoning was carried out by
comparative analysis of the red varieties plots location with the viticultural potential of
the area in which they are situated. In the case of red winegrape varieties, we assed the
framing of their plots into areas with viticultural potential for RTW; and in the case of
white wine varieties, we assed their framing into areas suitable for QWW and RTW.

Results
Structure and suitability of topography, soils and climate of the studied area

The Averesti winegrowing region is situated in a hilly area with an important
variation of the slope and of terrain aspect (Fig. 2). The slope varies between 0 and
45%, with a predominance of < 8% on about 80% of the area (Fig. 2a), while the terrain
aspect is represented by all types, from those unsuitable for grapevine growing such as
the northern ones to the very suitable ones like south (Fig. 2b). However, the eastern
terrain aspect is predominant in the area by 38.6%, followed by northeastern by 11.2%
and by southern and southeastern by about 9%.

Spatial variation of the slope and of the terrain aspect make the Averesti area present
all topographical suitability classes for wine production, were classes Ill and Il are
predominant (Fig. 3 and Table 3): class Ill, suitable for WTW, SW and WD,
characterizes 50% of the area, while class 11, suitable for QWW, characterizes 35.6% of
the area. 14% of the surface is characterized by class | of topographic suitability
(QRW), and by slopes of 8-15% inclination with southern and predominantly southern
terrain aspects.

Regarding the pedological suitability, the whole area is characterized by class I,
suitable for QWW, of which 66% has an average of 7 arp (QWW), and 34% has an
average of 8 arp (QWW + RTW) (Fig. 3 and Table 3). Pedological suitability is given
by the low humus content, ranging from 0.14 to 1.99% (class 1) for 100% of the area;
lack of limestone fragments from soils (class I11) on 100% of the surface; and a clay
content of 14-29% (class I1) for 100% of the area. The low humus content of the soil is
a factor that favours grape quality and is not restrictive when it falls below 1.5%
because it is corrected by fertilization.
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Figure 2. Slope (a) and terrain aspect (b) in the Averesti wine-growing region
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Figure 3. Topographical (a) and pedological suitability (b) for the Averesti wine-growing
region
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Table 3. Structure of the topographical and pedological suitability for wine production in
the Averesti wine-growing region, during the 1961-2013 time period

Topographical suitability Pedological suitability
Share for 1961-2013 Share for 1961-2013
Class arp Class arp

ha % ha %

" 5 71.2 10.6 " 5 0.0 0.0

6 265.6 39.4 6 0.0 0.0

" 7 220.2 32.7 " 7 443.4 66.0

8 21.1 3.1 8 228.9 34.0

9 76.9 11.4 9 0.0 0.0

! 10 19.2 29 ! 10 0.0 0.0
Total 674.3 100.0 Total 672.2 100.0

While relief and soils are stable ecological factors that do not cause temporal
variations in the quality of wine production, climate is the factor that determines both
spatial and temporal variation (Le Roux et al., 2017). In the case of Averesti wine-
growing region, the changes caused by the climate change in climate suitability for wine
production between 1961 and 2013 are obvious in the data from Table 4 and in the
maps in Figure 4.

Table 4. Structure of climate suitability for wine production in the Averesti wine-growing
region, for the 1961-1979 and 1980-2013 time periods

Climate suitability 1961-1979 Climate suitability 1980-2013
Share
Class arp Class arp

ha % ha %
5 0.0 0.0

i i
6 665.4 98.7 6 1.7 0.2
" 7 0.0 0.0 | 7 434.5 64.4
8 0.0 0.0 8 238.2 35.3
| 9 0.0 0.0 | 9 0.0 0.0
10 0.0 0.0 10 0.0 0.0
Total 674.3 100 Total 672.2 100

Between 1961 and 1979, 100% of the Averesti wine-growing region was
characterized by climate suitability for WTW, SW, WD and for QWW in the warm
growing season (Table 4). This reduced climatic suitability is due to low values of
heliothermic factors (Table 5): AAT of 8.47 °C, below the lower limit for the
economical cultivation of wine varieties; Xt, of 1110 °C, value at the lower limit of
suitability for wine production; ASD of 1447 h, sufficient only for the production of
white wines; LGS of 172 days, sufficient only for early winegrape varieties; 1AOe of
4178 units, sufficient only for the production of white wines.
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Figure 4. Climate suitability for the 1961 to 1979 (a) and for the 1980 to 2013 time period (b)
for the Averesti wine-growing region

Table 5. Statistics on climate parameters defining climate suitability for the wine production
in the Averesti wine-growing region, for the 1961-1979 and the 1980-2013 time periods

1961-1979 1980-2013
Parameter - -

Mean Min Max Range Mean Min Max Range

AAT 8.47 8.31 8.72 0.40 8.94 8.79 9.19 0.40

WMT 19.46 19.27 19.77 0.50 20.72 20.53 21.03 0.50
GR 88.79 72.99 96.10 23.12 90.48 74.37 97.93 23.55
ASD 1447.72 | 1245.95 | 1501.97 | 256.02 | 1526.30 | 1313.58 | 1583.49 | 269.91
PP 347.63 338.10 353.45 15.34 333,51 323.98 339.32 15.34

>ty (°C) 1110.72 | 1080.04 | 1161.50 | 81.46 1225.3 1195.7 1274.1 78.3
LGS 171.78 170.09 174.53 4.43 173.98 172.37 176.62 4.25
IHa 1.61 1.41 1.70 0.29 1.87 1.64 1.97 0.33
Ibcv 6.86 6.00 7.22 1.22 7.55 6.60 7.93 1.33
IAOe 4178.6 3994.5 4266.0 271.4 43114 4118.6 4395.7 277.1

Climate suitability during the 1980-2013 period is much higher than the one for the
1961-1979 time period (Table 4): class Il of climate suitability has practically
disappeared, currently characterizing only 0.2% of the area; class Il has appeared and
currently characterizes 99.8% of the surface, of which 64.4% is suitable for QWW and
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35.3% suitable for QWW and RTW, which is an absolutely new type of suitability for
this area. This change in suitability is due to the increase in averages of the heliothermic
factors, amid a slight decrease in precipitation (Table 5): AAT is of 8.94 °C in the
recent period, higher by 0.47 °C than the one between 1961-1979; WMT increased by
1.26 °C reaching the value of 20.72 °C today; GR is higher by 1.69 kcal/cm?; ASD is
also higher by 78.6 h; PP are smaller by 14.1 mm; and IAOe is higher by 133 units, the
current value of 4311.4 units placing 1AQOe in the class of suitability for QWW and
RTW.

The viticultural potential and the structure of winegrape varieties during 1961-1979

The results of the research reveal the existence of three viticultural homogeneous
zones in the area, characterized by 6, 7 and 8 arp, but whose surface and share in the
area radically changed between the 1961 and 2013 as a result of climate change
(Table 6).

Table 6. Structure of the viticultural potential for the wine production in the Averesti wine-
growing region, for the 1961-1979 and 1980-2013 time periods

Viticultural potential 1961-1979 Viticultural potential 1980-2013
Class arp Share Class arp Share
ha % ha %
6 486.2 72.3 6 161.7 24.1
I 7 176.4 26.3 I 7 440.1 65.5
8 9.4 1.4 8 70.4 10.5
9 0.0 0.0 9 0.0 0.0
! 10 0.0 0.0 ! 10 0.0 0.0
Total 672.2 100 672.2 100

Between 1961-1979, Averesti wine-growing region provided mainly WTW, SW,
WD and QWW, its viticultural potential having the following structure (Table 6):
0.03% of the area was characterized by a mean of 5 arp, the viticultural potential for
WTW, SW, WD; 72.3% of the area was characterized by an average of 6 arp, the
viticultural potential for WTW, SW, WD and QWW in warm years; 26.3% of the area
was characterized by an average of 7 arp, the viticultural potential for QWW; 1.4% of
the area was characterized by an average of 8 arp, the viticutural potential for QWW
and RTW. The viticultural potential for QWW and RTW characterized the slopes with
western aspects, while the viticultural potential for WTW, SW, WD characterized the
plateau area (Fig. 5a).

The winegrape varieties for the 1961 to 1979 were the ones selected in time by the
cultivation of the best adapted varieties. 100% was represented by varieties for white
wines: Feteasca alba (FA), Feteasca regala (FR), Zghihara de Husi (Z), Aligoté (AL).
Due to the viticultural potential for mainly white wines, the winegrape varieties were
well located, with ones for quality white wine such as Feteasca alba and Feteasca
regala which were grown on slope areas with QWW potential, and productive ones,
such as Zghihara de Husi and Aligoté which were grown in areas with viticultural
potential for WTW, SW, WD (Fig. 5b).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(3):2663-2680.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1603_26632680
© 2018, ALOKI Kft., Budapest, Hungary



Irimia et al.: The impact of climate change on viticultural potential and wine grape varieties of a temperate wine growing region
- 2673 -

4} Viticultural potential (arp) A g

‘ 1961 - 1979 X ) |:whih varieties
| » s ®
U mme
J S I 4
., W

A Y

N
0 400 800 1200 1,600 A
m

0 400 800 1200 1,600
O — A

a b

Figure 5. Viticultural potential (a) and winegrape varieties (b) of the Averesti wine-growing
region between 1961 and 1979

The viticultural potential between the 1980-2013 and the current structure of the
winegrape varieties grown within the area

According to the data presented in Table 6, the current structure of the viticultural
potential of the area is radically different from that of the 1961-1979: the viticultural
potential characterized by 5 arp disappeared; the viticultural potential characterized by
WTW, SW, WD and QWW in warm vyears, declined from 72.3% to 24.1%; the
viticultural potential with an average of 7 arp increased from 26.3% to 65.5%; and the
viticultural potential with an average of 8 arp extended from 1.4% to 10.5%. Basically,
after 1980, the wine-growing region became suitable for the QWW and RTW
production, unlike the previous period when it was particularly suitable for the WTW,
SW and WD production. This new type of viticultural potential, the potential for RTW,
characterizes the slopes with western and eastern terrain aspects, where the potential for
QWW prevailed in the previous time period, while today’s plateau areas, formerly
characterized by the WTW, SW and WD potential, have viticultural potential for QWW
(Fig. 6a).

The current winegrape varieties of the area, grown after the year 2000, are
represented mainly by the international varieties for quality white wines such as
Sauvignon (S), Chardonnay (CH), Muscat Ottonel (MO), to which Romanian varieties
like Tamdioasa romaneasca (TR), Feteasca alba (FA) and Feteasca regala (FR) are
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added (Fig. 6b). For red wines, Cabernet Sauvignon (CS), Merlot (M), Pinot noir (PN)
and Romanian variety Feteasca neagra (FN) were introduced in the area for the first
time (Fig. 6b). In order to capitalize on the new viticultural potential, the Busuioaca de
Bohotin (BB) variety, of Mediterranean origin (from the Muscat group), which requires
high heliothermal resources and produces aromatic red wines, was also introduced into
area. Still, as an anticipated adaptation to climate change, the Rhine Riesling, a late
variety that preserve better acidity was introduced in area in the detriment of earlier
local variety Feteasca alba, whose acidity can be affected by increasing temperatures in
the context of climate change. For the area with WTW and SW potential, the Zghihara
de Husi (Z) variety, with a high production potential has been maintained in cultivation.
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Figure 6. Viticultural potential between for the 1980 to 2013 (a) and spatial distribution of
current winegrape varieties (b) in the Averesti wine-growing region

Analysis of winegrape varieties location in the area

The location of winegrape varieties introduced in the area after 2000 was based on
empirical observations. As a result, white wine varieties were located mainly on flat
terrains, while varieties for red wine on slopes and on some flat terrains, appreciated as
suitable.
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However, the analysis of the varieties location reveals 15.6% accuracy for the red
wine varieties and 73% for the white wine varieties (Table 7). About 66% of the area
planted with red wine varieties is located on surfaces with viticultural potential for
QWW and 18%, even on surfaces with viticultural potential for WTW, SW and WD.
The total area suitable for red wines is of 70.4 ha while the present area growing
varieties for red wines is of 220.5 ha, the maximum potential utilization for RTW being
of about 32% compared to 15.6% realized. The variability analysis reveals the 100%
location of the Cabernet Sauvignon variety in the zone with QWW potential (Fig. 6b);
88.9% of the Merlot surface is located in the area suitable for QWW and only 3.2% in
the area suitable for RTW; 59.2% of the Pinot noir surface is located in the area suitable
for RTW and only 40.6% in the area suitable for QWW (Table 7).

Table 7. Framing of the winegrape varieties for red wines newly planted in the area, within
the zones with different types of viticultural potential (arp)

. Framing red_an_d Wh'te. Framing within suitability classes from area (%) of the
Viticultural | winegrape varieties within red winegrape varieties*
potential suitability classes (%0)
ar i

@) | ped varieties]  White BB cs FN M PN
varieties

6 18.0 27.7 14.1 0.0 36.5 7.9 0.2

7 66.4 64.2 68.8 100.0 53.4 88.9 40.6

8 15.6 8.1 17.1 0.0 10.1 3.2 59.2

Total 100 100 100 100 100 100 100

*BB = Busuioaca de Bohotin; CS = Cabernet Sauvignon; FN = Feteasca neagra, M = Merlot; PN =
Pinot noir

Growing winegrape varieties for red wine in unsuitable areas limits the expression of
their quality potential and the possibility to produce quality wines. In the Averesti area,
the lack of suitability for red wines of the zones suitable for WTW, WD, SW and QWW
is given by the small values of 1AOe (< 4300 units), ASD (< 1450 h), TWM (< 20 °C),
Cly content (< 15%), Gra (< 10%) and northern aspects. Obtaining quality red wines is
conditioned by the high exposure of the vine canopy to direct solar radiation, higher
temperatures and sunshine duration. In wine-growing areas close to the northern limit of
vine growing area, these conditions are more difficult to meet, generally occurring on
slopes with predominantly southern terrain aspects, well-drained and less fertile soils,
and using training systems that ensure the highest percentage of grapevine leaves
exposure to direct solar radiation.

Discussion

The GIS-based multicriteria analysis of the viticultural potential of the Averesti
wine-growing region, situated close to the northern limit of grape growing (50° N lat.),
reveals its increase during the 1961-2013 time period as a consequence of climate
change. With the increase of the viticultural potential, changes in specific winegrape
varieties have occurred, new winegrape varieties for quality white wines and even
varieties for red wine being planted.
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The originality of this study is that the area’s viticultural potential has been assessed
by taking into account the values of 15 ecological parameters representative of the
vineyards’ relief, soils and climate, and determinants of the quality and characteristics
of wines. This approach ensures the accurate assessment of the viticultural potential,
which must include the influence of relief and soils (Irimia et al., 2014). The accuracy
of the study is given by: the use of a digital elevation model with a resolution of 5 x 5
m; the use of daily temperatures, precipitation and sunshine duration for the period
1961-2013 from the ROCADA database (Dumitrescu and Birsan, 2015); the use of
pedological data representing the whole viticultural area.

Previous research on the ecological characteristics of the Averesti wine-growing
region revealed the significant spatial variation of the terrain aspect, slope, annual
average temperature and sunshine duration (Irimia and Patriche 2009, 2010). The
complete evaluation of the viticultural potential has revealed the existence of three
homogeneous viticultural zones in the area, whose share changed between 1961 and
2013 as a result of climate change. The cause of the change of the viticultural potential
is the climate change that in the region manifests by: AAT increase by 0.47 °C between
1961 and 2013; TWM increase by 1.26 °C; LGS extension by 2 days between 1961 -
2013; PP increase by 14.12 mm; and 1AQOe increase by 132.8 units. The results are
consistent with the outcomes of the research on the evolution of temperatures, insolation
and precipitation on Romania territory between 1961 to 2010 (Busuioc et al., 2010;
Piticar and Ristoiu, 2012; Dumitrescu et al., 2014) and those communicated for this part
of Europe by Karl (1998) and Klein Tank and K&hnnen (2003).

The study reveals that climate change not only modifies the vineyards’ specific types
of wine production. The Averesti wine-growing region, characterized in the past by a
cool, less suitable climate, passed between 1961 and 2013 from mainly WTW, SW and
WD viticultural potential to mainly QWW and even RTW viticultural potential. The
results are in line with those recorded for the Cotnari wine-growing region, located 200
km to north, in the same region (Irimia et al., 2017b). So are they in line with the
regional developments, the whole of Romania’s viticulture being affected by major
shifts in climate suitability for the wine production (Bucur and Dejeu, 2016; Irimia et
al., 2017a). The results of this study are in accordance with the expected developments
for the viticulture of Central and Eastern Europe predicted by Stock et al. (2005), which
assessed the evolution of current climate as favoring the expansion of red wine varieties
in these areas. In the Averesti wine-growing region, the Cabernet Sauvigon, Merlot,
Pinot noir, Feteasca neagra and Busuioaca de Bohotin red winegrape varieties, not
previously existing in the area, were introduced due to the viticultural potential increase
determined by climate change.

However, the study demonstrates the need to evaluate the current viticultural
potential and to delimit the homogeneous viticultural zones of the wine-growing regions
close to the northern limit of vine growing area, that are the beneficiaries of climate
change, with a view to the correct zoning of the newly introduced winegrape varieties.
In the absence of such an assessment, in the Averesti wine-growing region only 15.6%
of the area planted with red wine varieties is located in zones suitable for RTW; about
66% of the area is located on surfaces suitable for QWW and 18% on area suitable for
WTW, SW, WD. It is expected that in the context of climate change, the area’s potential
for RTW will increase, but currently it is not at the level where high quality red wines
can be obtained.
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The results of the study are especially useful for the Averesti wine-growing region
where the management of vine plantations can be optimized and strategies for
capitalizing on the wine production can be elaborated. The study also provides
information to researchers and to the entire wine sector on the impact of climate change
on the vineyards viticultural potential and their specific wine types.

Conclusions

The study has shown that the viticultural potential of the Averesti wine-growing
region has radically changed in the context of climate change. Evolutions are similar to
those found in previous researches on vineyards climate in this geographical region.
They are also consistent with the outcomes of other researches on the evolution of
viticulture in this part of Europe, namely the increase of the viticultural potential due to
the increase of the heliothermal resources. The Averesti wine-growing region evolved
between 1961-2013 from the prevalent white table wine production between 1961-1979,
to the prevailing potential for quality white wines and red table wines between 1980 and
2013. The new viticultural potential is being exploited in the Averesti wine-growing
area by expanding the international varieties for quality white wines and by introducing
red wine varieties in culture, an absolutely new wine type production for the area. These
developments are specific to wine-growing regions close to the northern limit of vine
culture, but this study demonstrates the need to assess the viticultural potential
determined by climate change and to delimit the homogeneous viticultural zones in such
areas. Although heliothermic resources have increased, they have not yet reached the
level at which to obtain high quality red wines. To this the significant spatial variation
of the ecological factors is added, which determines the existence in the vineyard area
of the homogeneous viticultural zones with different viticultural potential in relation to
winegrape varieties requirements. However, due to the frosty winters in the area that
still maintain their harshness, further studies on the matching and behaviour of newly
introduced wine-grape varieties into Averesti wine-growing region are still needed.
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