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Abstract       During 2019 and 2020 growing seasons was carried out in the 
Ampelographic Collection of the Minis Vine-Wine Research Station the 
research concerning the evolution of growing stages in several red wine grape 
varieties. The Minis Maderat vineyard is recognized as a viticultural area with 
special soil and climate resources, very favourable for most of the red wine 
varieties. Rocky subsoil layer store the heat during the day and then gradually 
release it during the night, which decrease the temperature variability from 
daytime to night-time and has highly contribution to the wine quality increase. 
The grape yield and quality were analysed in Cabernet Sauvignon, Pinot noir, 
Burgundy, Merlot and Cadarca varieties, to evaluate the berry components 
and the phenological behaviour of varieties in the Minis-Maderat Vineyard 
special terroir. In addition to the phonological stages evaluation, variability in 
wine grape production and berry components quality were analyzed in all five 
varieties which are classified into the high-quality wines category. Results 
found showed that during 2020, climate conditions were more favourable for 
the grape yield and quality compared to the previous growing season from 
2019.   
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The well-known vineyards from our country, 

but also the least known ones have chosen, depending 
on the soil and climate conditions of each area, certain 
wine grapes varieties, with special final wines market 
by particular location of each vineyard [7]. Therefore, 
in the final wine it can be found both the typicity and 
authenticity from the terroir, properties which are 
increasingly appreciated by the consumers [2]. The 
winemaking is very creative and long process, which 
starts from the grape harvest and is considered 
completed with the aging, conditioning and bottling of 
the final product [4]. In recent years the winemaking in 
Romania has been largely developed, due to the 
investments, to the involvement in winemaking of 
oenologists from countries with old tradition in wine 
production and consumption, but also to the increasing 
interest of domestic consumers for typical, authentic, 
and high quality wine products [16].  Projects 
supported by EU funds also contributed to the 
vineyards and winery development [8]. Many wineries 
of larger or smaller capacity were design and build, 
equipped with modern machines and equipment, 
efficient in producing high quality wines competitive 
across borders [15]. Romanian wines are lately more 
appreciated by domestic consumers, but also by abroad 
ones; many wineries participated in international 
competitions, where they have received important 

prizes and medals [9]. The aim of the paper was to 
study the behaviour of several wine grape varieties 
(Cabernet Sauvignon, Pinot noir, Burgundy, Merlot 
and Cadarca) in Minis-Maderat Vineyard location, 
correlated with soil type, climate and vineyard 
management, during 2019-2020 growing seasons. 

 
Material and Method 
 

The research was carried out during 2019 and 
2020 in the Ampelographic Collection of the Minis 
Vine-Wine Research Station and aimed to study the 
growing season stages of several grape varieties for red 
wines. Throughout the vineyard there are very diverse 
soil types, due to the variability of soil parent material, 
structure, and texture. The parent material was 
extremely different, from rocks formed by eruptions, 
shale (calcareous marlstone), gneisses (granite), 
calcareous sandstone, limestone and calcites covered 
on same areas with gravels and clays. The grape yield 
and berry quality were study and analysed in Cabernet 
Sauvignon, Pinot noir, Burgundy, Merlot, and Cadarca 
wine grape varieties, for their productive potential and 
behaviour in the Minis Vineyard. Besides the growing 
season stages analysis, priority was also given to the 
results concerning the grape yield and quality, 
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especially because the wine grape varieties belong to 
the superior wines. 

Statistics analysis was carried out by using 
XLSTAT version 2014.5.03 (Copyright Addinsoft 
1995-2014) and Anova/Manova for testing the 
significant differences between means. Principal 
Component Analysis (PCA) diagrams, and Person 
correlation among the major grape yield quality 
parameters was developed. 

Results and Discussions 
 

In 2019 growing season, the average vigour of 
vines depending on the leaf area and the annual shoots 
and cane length was smaller than vines vigour from 
2020. The highest vigour was recorded in the Cadarca 
and Cabernet Sauvignon varieties, in both growing 
seasons. 

Table 1 
Vine vigour during 2019 growing season 

 
Variety 

Leaf area Annual shoots and cane length  
(m/vine) 

(m/vine) (m/ha) Difference in means  
Cabernet Sauvignon 4.1 18634 -1805 16.2 
Merlot 3.3 14998 +1112 15.3 
Pinot Noir 2.2 9999 -3888 10.9 
Burgundy 3.4 15453 +695 15.1 
Cadarca 4.2 19089 +1945 17.7 
Average 3.44 15634 - 16.3 

 
The lowest leaf area was registered for the 

Pinot noir variety. Annual growths of shoots and cane 
length show important differences between the wine 
grape varieties. The highest annual shoots growth was 
registered for the Cadarca variety in both growing 
seasons, from 17.7 m/vine during 2019 to 18.1 m / vine 
during 2020, respectively. Leaf area is strongly 
correlated with the annual shoots and cane growth; the 
most vigorous varieties usually have the highest annual 
growth [15]. The phenological stages in both growing 
seasons’ shows that leaf area and shoot growth were 
higher in 2020 than the previous growing season 
(2019).  

Many previous researches reveal that wine 
quality is influenced by the berry grape composition 
[11], but recently much attention was focused on the 
cluster microclimate influenced on biochemical and 
morphological parameters which lately are found in 
the wine properties [20]. The response of the vine to 
the environment is connected to the canopy 
architecture, solar radiation and certainly to the soil, 
humidity, and temperature [10]. Knowledge about the 
leaf area and shoot development is necessary to can 
understand and control the grape yield quality and 
production [3] which is essential for high quality wines 
[13]. 

Table 2 
Vine vigour during 2020 growing season 

 
Variety 

Leaf area Annual shoots and cane length  
(m/vine) 

(m/vine) (m/ha) Difference in means  
Cabernet Sauvignon 4.4 19998 +3455 17.8 
Merlot 3.5 15907 -636 16.1 
Pinot Noir 2.4 10908 -5635 12.4 
Burgundy 3.6 16362 -181 16.3 
Cadarca 4.3 19543 +3000 18.1 
Average 3.64 16543 - 15.7 

 
Overall, the wine grape varieties were very 

different both concerning the leaf area and shoot 
growth. The Cadarca, Cabernet Sauvignon, and 
Burgundy varieties show the largest leaf area, and the 
opposite were Merlot and Pinot Noir varieties with a 
leaf area around 3.3-3.5 m / vine, respectively 2.2-2.4 
m / vine. For shoots and cane annual growth the wine 
grape varieties also behaved differently. As the 
Cabernet Sauvignon and Cadarca varieties grew 
vigorously in both growing seasons, the Pinot Noir 
variety recorded lower growths, according to the 
genetic potential [5]. 

However, varieties that have a large leaf area 
do not always have a higher annual growth or vice 
versa. For all five grape varieties was registered and 
analysed the grape yield and production in both 
growing seasons (2019 and 2020). The lower 
variability of rainfall and temperature during 2020 
growing season favour the grape yield development 
and finally the grape production than 2019 [6].  

Variability in shoots and cane development is 
due to mainly to the differences of bud-break at the 
start of growing seasons [14]. Obviously the higher 
crop yield is correlated with the lower development of 
shoots [17]. 
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Table 3 
Grape yield and production during 2019 growing season 

Variety Grape yield 
(kg/vine) 

Grape production 
(kg/ha) 

Difference in means  
(kg/ha) 

Cabernet Sauvignon 1.2 5454 -818 
Merlot 1.3 5908 -364 
Pinot Noir 1 4545 -1727 
Burgundy 1.6 7272 +1000 
Cadarca 1.8 8181 +1909 
Average 1.38 6272 - 

 
In relation to the average grape yield and 

production, Cadarca and Burgundy varieties recorded 
yields of over 7-8000 kg / ha, while the Pinot Noir 

variety recorded yields of 4 - 5000 kg / ha, which was 
the lowest grape production in 2019 growing season. 

Table 4 
Grape yield and production during 2020 growing season 

Variety Grape yield 
(kg/vine) 

Grape production 
(kg/ha) 

Difference in means  
(kg/ha) 

Cabernet Sauvignon 1.3 5908.5 -1182 
Merlot 1.5 6817.5 -273 
Pinot Noir 1.2 5454 -1636 
Burgundy 1.8 8181 +1091 
Cadarca 2 9090 +2000 
Average 1.56 7090 - 

 
The Cabernet Sauvignon variety, although 

registered small productions in both growing seasons, 
still represented the standard for grape production 
quality; it was the variety with the highest amount of 
sugars accumulated in grape berries.  

The average grape production was 6272 kg / 
ha in 2019 growing season and 7090 kg / ha in 2020; 
varieties with the lowest production were Pinot Noir 
and Cabernet Sauvignon in both growing seasons. 

Table 5 
Grape yield quality during 2019 growing season 

Variety Sugars   
(g/l) 

Acidity  
(g/l H2SO4) 

Cabernet Sauvignon 225 3.5 
Merlot 206 3.9 
Pinot Noir 211 3.6 
Burgundy 187 3.8 
Cadarca 183 5.5 
Average 202.4 4.5 

 
Grape quality is influenced by many factors 

like variety, soil, vineyard management, rainfall, 
temperature, harvest time, etc. [19]. It is said that "a 
good wine starts from the vineyard", therefore  if 

through the technology applied during the growing 
season are not provide the favourable conditions for 
growth and development, the grape production resulted 
is small and of poor quality [12]. 

 
Table 6 

Grape yield quality during 2020 growing season 
Variety Sugars 

(g/l) 
Acidity  

(g/l H2SO4) 
Cabernet Sauvignon 228 3.7 
Merlot 210 4.0 
Pinot Noir 214 3.4 
Burgundy 190 3.6 
Cadarca 190 5.4 
Average 206.4 4.2 
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The grape yield quality and berry composition 

including sugars amounts, with small exceptions, were 
correlated with the genetic characteristics of the 
varieties. The best yield quality was registered in 
Cabernet Sauvignon, Merlot, and Pinot noir varieties.  

The lower grape production in Cabernet 
Sauvignon variety was counterbalance by the highest 
sugar content which ranked between of 225 g / l in 
2019 growing season and 228 g / l in 2020. 

 

 
Figure 1. PCA for main grape yield quality parameters in Cabernet Sauvignon, Pinot Noir, Burgundy, Merlot 

and Cadarca varieties during 2019-2020 growing seasons 
 

According to PCA diagram (Figure 1) 
principal component (F1) explained close to 69% of 
the variance and distribution of main grape quality 
during both growing seasons. Cadarca variety show the 
highest acidity in grape berries, in both growing 
seasons but also the highest grape yield, very close 
followed by Burgundy. Obviously, the sugars amount 

was negatively influenced by large canopy 
development.  

The results of correlation among major 
parameters of grape yield for Cabernet Sauvignon, 
Pinot Noir, Burgundy, Merlot and Cadarca varieties 
during 2019-2020 growing seasons is presented in table 
7.

Table 7 
Correlation matrix (Pearson (n)) among the major parameters of grape yield  during 2019-2020 growing seasons 

in  Cabernet Sauvignon, Pinot Noir, Burgundy, Merlot and Cadarca varieties 

Variables 
m/vine 
2019 

m/vine 
2020 

kg/vine 
2019 

kg/vine 
2020 

Sugars 
/2019 

Acidity 
/2019 

Sugars 
/2020 

Acidity 
/2020 

m/vine 2019 1 0.9961 0.6580 0.5639 -0.1860 0.4902 -0.1422 0.6294 

m/vine 2020 0.9961 1 0.5994 0.4990 -0.1107 0.4164 -0.0700 0.5636 

kg/vine/2019 0.6580 0.5994 1 0.9920 -0.8619 0.7748 -0.8384 0.7600 

kg/vine/2020 0.5639 0.4990 0.9920 1 -0.9155 0.7855 -0.8945 0.7516 

Sugars /2019 -0.1860 -0.1107 -0.8619 -0.9155 1 -0.6995 0.9965 -0.5876 

Acidity /2019 0.4902 0.4164 0.7748 0.7855 -0.6995 1 -0.6413 0.9665 

Sugars /2020 -0.1422 -0.0700 -0.8384 -0.8945 0.9965 -0.6413 1 -0.5195 

Acidity /2020 0.6294 0.5636 0.7600 0.7516 -0.5876 0.9665 -0.5195 1 

Values in bold are different from 0 with a significance level alpha=0.05   
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Between grape yield and acidity there is a 
strong positive correlation in both seasons, while 
sugars amount is highly negative influenced by grape 
yield. The leaf area and shoots development 
relationship with grape berry acidity is strong positive. 
As might be expected, between sugars and acidity there 
is strong negative relationship.  Almanza-Merchán et 
al. (2011) [1] found that if leaf area is removed 60% 
from vine bush the sugars and titratable acidity 
increased, while the grape yield and cluster weight 
decrease. However, Somkuwar et al. (2019) [18] 
reported that the shoot length positively influenced the 
grape yield parameters (cluster weight, berry diameter) 
photosynthesis and transpiration rate in Tas-A-Ganesh 
variety. Therefore is important to control the canopy 
development and cluster microclimate through summer 
pruning, leaf removal, and cluster thinning. 
 
Conclusions 
 

The Minis-Maderat Vineyard area is located 
on a large variety of soil types like shale 
(calcareous marlstone), gneisses (granite), calcareous 
sandstone, limestone and calcites covered on same 
areas with gravels and clays which are suitable for both 
wine and table grapevine growing. White and red 
wines from the Minis-Maderat Vineyard even are not 
very well-known are high quality and could compete 
with other most famous domestic or abroad wines. 
Grape yield in all five varieties ranged between 4545 
kg / ha for the Pinot Noir variety and 9090 kg / ha for 
the Cadarca variety, with the highest grape production 
registered in 2020. The high productions of the 
Cadarca variety certify the very good adaptability of 
this variety for the climate and soil encountered in the 
area of the vineyard, which is supposed to be the 
natural place from variety emerging. However, no 
matter how the favourable location for grapevine 
growing is, the high quality wines can’t be achieved 
without the winemakers skills and knowledge 
concerning the flavours, taste, colour or vintage. 
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