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IMPACT OF CLIMATE FACTORS ON YIELD AND QUALITY OF VINE 

VARIETY CABERNET SAUVIGNON IN PODGORICA WINE 

GROWING REGION 

 

SUMMARY  

The influence of climatic factors on grape yield, grape cluster weight, 

sugar and acidity content in stum in variety Cabernet Sauvignon was measured in 

period from 2011 to 2013 at the experimental field of Biotechnical Faculty in 

Podgorica. The study was conducted in the vineyard of the Biotechnical Faculty 

in Podgorica in the stage of full grape maturity. 

The highest grape yield as well as the cluster weight were measured in 

2012 (1.2 kg/m
2
 and 125 g respectively), while the lowest values were measured 

in 2013 - 0.88 kg/m
2
 and 92 g. Highest sugar content in stum was measured in 

2011, and lowest in 2013. The highest acid content was measured in 2013 (6.50 

g/l) as a result of heavy rainfall during the growing season, especially in August 

and September. Differences between the studied parameters were statistically 

significant. 

The results showed that the yield and quality of grapes were in direct 

relation with the weather conditions in certain years of experiments. 
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INTRODUCTION 

Due to favourable soil and climatic conditions Podgorica wine growing 

region was always considered an area very suitable for vine growing. However, 

the climatic parameters are significantly fluctuating leading to deterioration of 

usual weather conditions in recent years. There are many indicators confirming 

that the climate in this wine growing region is changing rapidly: the number of 

days with tropical temperature is rising, periods of drought are longer and more 

frequent especially during the summer months, the number of days without rain 

is increasing, but also the intensity of precipitation. Precipitation is particularly 

intense during the winter months and often has flood character (Micev, 2014). 

Climate change is taking place in every part of the globe in a greater or 

lesser extent - from the equator to the poles (Gearheard et al., 2010). The 

consequences of climate change are evident in many viticulture areas of the 
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world and predominantly manifested in the changes occurring in the phenophases 

of vines, as well as the harvest date (Jones et al., 2007). Although Montenegro, as 

a small geographical area, does not affect the global climate change, it does 

increasingly suffer from its negative impact, and consequently vine production as 

well. 

Numerous studies worldwide predict that extreme future weather 

conditions will be more frequent, and negative impact on agricultural production 

will be more noticeable. All listed above impose a constant need for research of 

impact of changing climate on agro-technological and economical characteristics 

of the dominantly cultivated varieties of vine in Montenegro, and therefore the 

variety Cabernet Sauvignon as well, which is one of the leading vine varieties for 

the production of high quality red wines. However, it should always be 

considered that in addition to agro ecological conditions (relief, exposure, 

temperature sums, radiation, physical and mineral properties of soil), agro 

biological, economical and technological properties of grape vines are 

significantly affected by the level of applied ampelotechnics, the type of 

rootstock, growth form, the pruning technique and many others. (Brighenti et al., 

2010; Van Leeuwen and Seguin, 1994). 

The aim of this study is to evaluate the impact of major climatic 

parameters on the yield and quality of grape variety Cabernet Sauvignon, 

especially during the vegetation season in Podgorica wine growing region. 

 

MATERIAL AND METHODS 

The study of the influence of climatic factors on the yield and quality of 

grape variety Cabernet Sauvignon was conducted in 2011, 2012 and 2013. The 

study was performed at the experimental field of the Biotechnical Faculty in 

Podgorica. Experimental vineyard was planted in 2005 with the planting distance 

of 2.5 m between rows and 1 m within rows. Growing form of vine is double 

horizontal cordon with trunk height of about 80 cm. Mixed pruning was applied. 

Tests were carried out on 30 vines, that is, three repetitions with 10 vines. 

During the three-year study grape yield was examined (kg/m2), cluster 

weight (g), sugar (%) and acid content (g/l) in stum. Yield was obtained by 

measuring the harvested grapes and calculating grape weight per m2, cluster 

weight was determined from the ratio of the yield of ten vines and number of 

grape clusters. The sugar content in the grape juice was determined with 

areometrically (Oeschle must balance), and proportion of the total acid in the 

grape juice by neutralization of acids and their salts with n/10 NaOH solution 

using bromothymol blue indicator. 

In the analysis of climate in Lješkopolje, data from weather stations in 

Podgorica were used. Statistical analysis of the results was performed using 

analysis of variance and LSD test. 
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RESULTS AND DISCUSSION 

Yield quantity and quality is heavily influenced by climate and the prevailing 

meteorological conditions in production regions (Mirošević and Karoglan - 

Kontić, 2008). Air temperature exerts dominant influence on vines apropos vine 

phenological dynamics, and in current climate changing condition, heat regime 

changes are the most pronounced. 

 

Tab.1. Mean monthly, annual and air temperature in vegetation period (ºc) 

Year  

Month  
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I II III IV V VI VII VIII IX X XI XII 

2011 5.8 7.8 1 .7 16.8 20.3 25.6 27.2 29.3 26.3 16.3 9.9 8.0 17.0 23.1 4947.1 

2012 4.9 3 13.1 14.5 19.9 27.3 30.4 29.7 23.9 18.2 13.3 5.6 16.2 23.4 5007.6 

2013 6.7 7.7 10.8 17.1 20.1 24.5 28.5 28.8 21.3 16.7 12.5 6.6 16.8 22.4 4793.6 

2011-

2013 
5.8 6.2 8.5 16.1 20.1 25.8 28.7 29.3 23.8 17.0 11.9 6.7 16.5 23.0 4916.1 

1985-

2010 
6.2 7.4 10.5 15.8 20.5 24.4 28.0 27.6 21.6 16.2 10.8 7.3 16.3 22.0 4715.3 

 

Table 1 clearly shows that air temperature in Podgorica wine growing 

region is in constant growth, especially in the summer period. If we analyze 

climate anomalies, expressed through the differences in the values of climate 

parameters between the multi-year average (1985-2010) and the period from 

2011 to 2013, we come to the conclusion that the climate in this wine-growing 

region is rapidly changing. Compared to long-term averages, average annual air 

temperature in 2011 was 0.7°C higher than the long term average, in 2013 0.5°C, 

while in 2012 was at the level of long-term averages.  

The mean temperature in vegetation period in the three-year average was 

23°C which is 1°C more than in the multi-year average. In the second research 

year, medium temperature in vegetation period was 23.4°C, and was slightly 

higher than in the first year (23.1°C) and significantly higher than in the third 

year in which the mean temperature during the vegetation period was 22.4°C.  

 

Tab. 2. Absolute maximum air temperatures 

Year 
Months Year 

max I II III IV V VI VII VIII IX X XI XII 

2011 16.6 21.3 23.7 27.6 31.5 37.6 39.9 41.2 37.8 31.0 21.9 16.8 41.2 

2012 15.7 19.3 26.3 31.1 33.5 38.3 40.7 44.0 36.1 33.6 22.6 15.4 44.0 

2013 16.7 17.2 20.3 32.6 34.1 38.4 39.4 41.3 31.9 29.2 24.8 17.8 41.3 

 

The average sum of active temperatures during the vegetation period for 

the period 1985-2010 was 4715.3°C, while in the studied period was significantly 

higher - 4916.1°C. In the studied period, the highest temperature sum in 

vegetation period was in 2012 (5007.6°C). Table 2 shows that in the period May 

- Aug - July - August in 2012 was measured significantly higher maximum air 
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temperature compared to the same period in 2011 and 2013. In other months, the 

maximum air temperatures were at the same level. In 2012, in the period May - 

September, was also measured the highest minimum air temperature (tab. 3). 

Tab. 3. Absolute minimum air temperatures 

Year  
Months Year 

min I II III IV V VI VII VIII IX X XI XII 

2011 -3.0 -3.1 -2.3 4.7 9.9 16.7 14.9 16.9 17.5 2.9 0.3 -2.6 -3.1 

2012 -5.5 -5.7 2.5 0.4 10.7 14.9 19.6 17.7 10.9 7.2 4 -5.5 -5.7 

2013 -2.3 -2.3 -0.6 8.6 10.0 11.3 16.9 18.5 11.1 1.7 -1 -3.3 -3.3 

 

Jovović et al. (2015) state that the number of tropical days and duration of 

the warm tropical waves have significantly increased in Podgorica. They further 

alleged that 59% of June, 87% of July and 86% of August days had a tropical 

character, and that 15% of the days during June, 40% of the days in July and 45% 

of the days during August had high tropical temperatures (maximum temperature 

reaches and passes 35
o
C). Also, the average number of summer days (maximum 

temperature during the day reaches and exceeds 25°C), has increased from 129 to 

145 days. 

 

Tab. 4. The monthly, annual and precipitations during vegetation period (mm) 

Year  

Months  

A
nn

ua
l 

su
m
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I II III IV V VI VII VIII IX X XI XII 

2011 79.5 113.8 100.5 44.1 89.5 25.8 31.4 2.1 43.3 73.6 37.1 254.2 894.9 309.8 

2012 60.3 200.9 0.0 351.2 132.0 33.7 11.3 0.5 86.6 296.3 285.8 305.0 1763.6 911.6 

2013 324.3 246.8 518.6 101.2 211.2 51.0 10.3 123.1 178.4 239.3 341 45.8 2391.0 914.5 

2011-

2013 
219.8 203.3 220.5 165.5 144.2 36.8 17.6 41.9 102.7 203.0 309.0 231.0 1683.1 711.8 

1985-

2010 
195.1 190 210.9 103.9 68.5 102.1 21.3 56.6 115.4 181.6 289.3 242.8      1777.5 649.5 

 

The results given in Table 4 show that in Podgorica wine growing region 

mean annual rainfall for the period 1985-2010 was 1777.5 mm, while in the 

period studied (2011-2013) was lower and was 1683.1 mm. These data show that 

in precipitation amounts between the observed periods there were no significant 

changes, but the changes were significant in the precipitation regime - 

pronounced rainy and drought periods during the year. In 2011, the annual 

amount of rainfall was only 894.9 l/m
2
, or 882.6 l/m

2 
less than long-term 

averages. In the second year, the annual amount of precipitation (1763.6 mm) 

was at the level of multi-year average, while in the third year it was significantly 

higher and was 2,391 l/m
2
. 

When analysing rainfall in the vegetation period (tab. 4) it is clear that in 

2011 precipitation level of only 309.8 l/ m2 was significantly lower than in 2012 

and 2013 in which during the vegetation period was measured 911.6 l/ m2 and 

914.5 l/ m2, respectively. It is interesting to note that in 2013, for the first three 
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months, it was measured record amount of rain - 1090 l/ m2. Most of the rainfall 

in this year fell in March - 518.6 mm; three and a half times more than the usual 

rainfall for this month. Since the measuring of rainfall exists in Montenegro (for 

64 years) it has not happened that this much rain falls in March (Micev, 2015). 

The average amount of precipitation during the vegetation period from 

2011 to 2013 was 711.8 l/m2. Although in the studied period, compared to the 

multi-year average (649.5 l/ m2), was registered more rainfall, this does not mean 

that the vines in these years were sufficiently provided with water. Namely, in 

2011 and 2012, the distribution of rainfall was quite unfavourable, with a strong 

deficit in the warmest period of the year.  

Grape yield per area unit, as an absolute indicator of productivity of 

varieties, is conditioned by a number of factors. Among the more important are 

biological characteristic of the variety and environmental conditions in the 

studied years. The results in Table 5 show that the yield of grapes was in 

accordance with the weather conditions in studied years. The lowest yield of 

grapes (0.83 kg/m2) was measured in 2013, with highest precipitation, both on 

annual basis, and during the vegetation period. This year there was a very high 

intensity of plant diseases, which, along with noticeable reduction in yield and 

increased use of chemicals, significantly increased the production costs. The 

highest yield was measured in 2012 (1.20 kg/m2), while in 2011 it was 0.96 kg/ 

m2. Statistical analysis of data showed that the yield of grapes in 2012 was 

significantly higher compared to 2013, and less significant compared to 2011. 

The difference in the yield of grapes between the first and the third year of study 

did not have the statistical significance for any level of probability. Yields in all 

years of study have been at the level for the variety Cabernet Sauvignon cited by 

other authors (Pejović, 1996; Burić, 1995; Cindrić, 2000; Mirošević, 2008 etc.). 

 

Tab. 5. The yield and quality of grape variety Cabernet Sauvignon 

Year ( kg/m
2
) 

Grape cluster 

weight (g) 

Sugar content 

( % ) 

Acid content 

( g/l ) 

2011 0.96 104 24.10 5.9 

2012 1.20 125 23.00 6.0 

2013 0.83 89 21.0 6.5 

Averag

e 
1.00 106 22.7 6.1 

 LSD 0.05 LSD 0.01 

Grape yield  0.18 0.27 

Grape cluster weight 15.3 22.2 

Sugar content in stum 0.81 1.18 

Acid content in stum  0.39 0.58 

The results of the study of average cluster weight of variety Cabernet 

Sauvignon are given in Table 5. Analyzing the average values in years of study it 

can be noted that in 2012 cluster weight was significantly higher than in 2013 
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and less significant in comparison to 2011. The higher cluster weight in first two 

years of the experiment (125 and 104 g respectively) was due to significantly 

more favourable environmental conditions in those years, particularly 

temperature. During these years, the average air temperatures in the vegetation 

period were significantly higher compared to 2013. The results are consistent 

with the results reported by Popović et al, 2013, which stated that the cluster 

weight of variety Vranac in Podgorica wine growing region was higher in 

climatically favourable years. The average weight of clusters in this research was 

at the level of values that the variety Cabernet Sauvignon has in the same agro-

ecological conditions as stated by Pejović et al., 1996 and Pajović et al., 2009. 

According to Božinović (2010) the average cluster weight of variety Cabernet 

Sauvignon is ranging from 90 to 120 g, which also supports the results obtained. 

Trough influence on physiological processes of vine, ecological potential 

of wine growing regions significantly affects the quality of grapes, primarily the 

content of sugars and acids. The amount of sugar in grapes, apart from the 

variety, greatly depends on the degree of maturity and health status of grapes, as 

well as of the climatic conditions in the ripening stage of grapes (Ranković -

Vasić, 2011). 

Based on the results shown in Table 5, the highest sugar content of the 

grapes was measured in 2011 (24,10%) and the lowest in 2013 (21.00%). This is 

the direct consequence of the variation in weather conditions that prevailed in 

years of performing experiments. In 2013, with the lowest mean air temperature 

in vegetation period and the highest amount of precipitation in the vegetation 

period, the sugar content in stum was lowest. Similar results were reported by 

Vukosavljević et al. (2011) who measured higher sugar content in years with 

higher mean temperatures in vegetation period. The importance and impact of 

growing conditions on the yield and quality of grapes indicate Santalucia et al. 

(2007) and Mota et al. (2008) as well. 

Acids in stum are an important indicator of the quality of grapes, as taste 

and harmony of the wine produced depends on their presence. The results of 

three-year research showed that the average content of acids in stum was 

satisfying and typical for the variety Cabernet Sauvignon grown in the agro 

ecological conditions of Podgorica wine growing region. The highest content of 

acids was measured in 2013 - 6.50 g/l, as a result of higher precipitation during 

the vegetation period, especially in August and September (123.1 and 178.4 l/m
2
 

respectively). Such conditions have significantly affected the quality of the 

grapes, primarily the acid content. Statistical analysis of data revealed that in 

2013 the acid content was significantly higher compared to the other years 

studied. These results are consistent with the results of Pejović et al., (1996) and 

Pajović et al., (2014). However, Mirošević et al., (2008) reported higher values 

for the content of acids in grape variety Cabernet Sauvignon (7-9 g/l), which was 

probably a consequence of different agro-ecological conditions in which they 

conducted their research. 
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CONCLUSIONS 

Based on the research done, it can be concluded: 

The average yield of grapes in the three-year period was 10 t/ha, sugar 

content 22.7%, and the acid content 6.10 g/l. Yield and cluster weight were 

lowest in 2013, which is explained by the large amount of rainfall during the vine 

vegetation period. 

Very high sugar content was measured in 2011 and 2012 (24.1 and 23.0% 

respectively) as a result of higher average air temperature in the vine vegetation 

period. 

The highest acid content was measured in 2013 as a result of heavy rainfall 

in August and September. 

The results of these studies indicate significant impact of climatic factors 

on the amount and quality of yields of this variety. However, despite the 

increasing influence of climate change, there are still very favourable agro-

ecological conditions for growing Cabernet Sauvignon in Podgorica wine 

growing region. 
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