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Abstract

This research is important because the cv. Napoleon 
grapes ripen during September and October, when 
there is a shortage of table grapes on the Montenegrin 
market. This four-year study aimed to determine 
the effect of weather conditions and different hand 
pruning strategies on vegetative growth, yield, and 
grape quality attributes of cv. ‘Napoleon’. 

The values of climatic parameters (temperature, 
precipitation, humidity) for a period of 55 years were 
taken from the local meteorological station and 
compared with the research period (2002-2005). 
The O.I.V. and Winkler index (WI) methods were used 
to register the beginning and end of phenological 
stages. The applied pruning strategies (cane and spur) 
encompassed five node numbers (26, 27, 30, 34, and 
40) per vine. During grape ripening, chemical, physical, 
and mechanical analyses were performed. Berry colour 
measurements were made with O.I.V. classification, 
Minolta colorimeter (L*, a*, b*, h, and C* coordinates), 
and color index (CIRG). Fruitfulness and yield were 
evaluated to identify significant pruning differences. 

The results showed that pruning with low node 
numbers (26, 27) had a positive effect on recorded 
key stages of phenological development, better grape 
ripening, and a greater quantity of first-class grapes 
(3.22-3.44kg/vine). Treatments with higher node 
number (30, 34, and 40) had greater fruitfulness (24-
31/vine) and must acidity content (6.25-7.25 g/l) but 
inhibited the good berry coloration. 

Even the Podgorica grape-growing district has a 
Mediterranean-type climate with warm, dry summers; 
however, the amount of precipitation and isolation in 
September and October are not suitable for growing 
the cv. Napoleon. Under the existing conditions, spur 

pruning and a lower node number are more favorable 
for this cultivar. However, the further expansion of cv. 
‘Napoleon’ is therefore not recommended under the 
climate conditions around Podgorica. 

Keywords: Napoleon, Pruning, Node number, Colour 
index, First-class grapes. 

1. Introduction

The quality of table grapes depends on various 
factors, with harvesting time being the most crucial. 
The optimal stage for harvesting grape bunches 
is determined by several characteristics, including 
the variety, fruit color, the change in bunch stalk 
color from green to yellow or brown, the aroma and 
flavor, berry softening, the pulp sweetness, and juice 
thickening [1].

With the increasing influx of tourists throughout the 
year, the consumption of table grapes in Montenegro 
is becoming much more relevant. The total production 
of table grapes in Montenegro reached 235 tons [2], 
but the consumption of table grapes declines after 
September, with potentially significant impacts on 
Montenegrin consumers. Grapes of the Napoleon 
variety ripen at the end of September and during 
October and November, when the grape supply in 
Montenegro is significantly reduced [3]. 

Plantaze is a Montenegrin state company whose 
vineyards are located in Cemovsko polje and cover an 
area of 2,300 hectares, of which 170 hectares are for 
table grapes (Cardinal, Ribier, Pleven, Afus Ali, etc.). Due 
to an increase in the area covered by table varieties, 
Plantaze, for the last two decades, has imported many 
table varieties (Italia, Red Globe, Victoria, Bulgaria, etc.). 
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cv. ‘Napoleon’ variety was among them (imported at 
the end of the last century), but there were no prior 
experiences with its cultivation in the Podgorica area 
or the whole of Montenegro. 

In general, several factors, namely temperature 
and light, cultural practices, variety and rootstock, 
production area, crop size, and leaf area, influence 
berry development and anthocyanin formation [4, 
5]. Therefore, regional climatic conditions can have a 
dramatic effect on the degree and rate of table grape 
coloration and quality parameters [6]. Rogirs [7] reports 
that warm and cool growing regions may have different 
practical concerns related to climate change; they both 
experience altered berry and must composition and 
potentially reduced desirable grape characteristics 
and market value. The climate parameters in Podgorica 
point to the fact that the overall heat summation is 
suitable for cultivating some table cultivars, such as 
Cardinal and Ribier. An occasional problem in the area 
of Podgorica is the high precipitation that can fall in 
September and October, and it can hinder berry poor 
maturation and the risk of botrytis [3].
 
Among other factors, the pruning strategy significantly 
determines grape quality and the phenology of the 
grapevine. Many researchers have worked on studying 
the effects of pruning on vegetative and reproductive 
growth [8, 9, 10, 11, 12, and 13]. In general, the pruning 
strategy, or node number, is reflected in the number 
of buds retained on each vine with pruning [14]. Also, 
the pruning must be sufficient to allow the necessary 
vine growth, but not excessive growth, and yet take 
advantage of a good balance of yield and quality [15]. 
High quality of grapes is achieved most of all when 
there is a balance between vegetative growth and 
yield [16].

In addition to the above, pruning significantly 
influences the appearance of certain phenological 
stages in grapevines and creates better conditions for 
grape ripening [17]. Data [18, 19] for the Murcia region 
(Spain) point to bud burst for the Napoleon variety 
starting on March 23, blooming on May 10, veraison 
on August 29, harvesting on September 30, and leaf 
fall on 8 December. In the same region, the harvesting 
of Napoleon takes place during the period October-
November. The average mass of a grape bunch is 600-
800 grams, and that of the individual grape berries is 
7-8 grams. The flesh is particularly sweet, although 
not very juicy, and the aroma is neutral. The main 
problem with Napoleon is the weak coloration of the 
grape berries, which are largely pink and sometimes 
completely green [20]. Although Napoleon grape 
berries have weak coloration, they show good 
resistance to storage in refrigerators and to later sale 
on the market [21]. In the research on Napoleon, the 

use of a color index for red grapes allows the changes 
in the color of the grape berries to be followed from 
veraison to commercial ripening [22]. In more recent 
grape properties research, also in the region of Murcia 
(Spain), the Napoleon grapes have been large, with 
thick, dark-purple skin, and have a heavy white bloom 
[23], while the average length of the grape berries is 
18-20 mm [18]. 

Pickers at Plantaze with a selective table grape 
harvest usually assort into crates those grapes that 
have appropriate sugar levels and appearance (good 
coloring, berry size, preserved pedicel, and undamaged 
bloom and berries). These characteristics are achieved 
mainly as long as the grapes are picked at the right 
moment of ripening [24]. 

The appearance of grapes highly influences their 
commercial value, and the red/pink cultivars with poor 
coloration result in low consumer acceptance [25]. 
Also, infection of the grape berries with botrytis can 
seriously reduce the quality and quantity of the fruit 
[26]. Apart from the color, size, and shape of the grape 
berries, the sugar content and acidity of the grapes, 
and the ratio are also very important to consumers [27]. 
For this reason, in Spain, because of the sweetness and 
juiciness of table grapes, consumers have preferred 
the Italia variety over Napoleon and Redglobe, which 
ripen at the same time [28]. 

In an endeavor to answer the question of the most 
suitable type of pruning that enabled good growth, 
fruitfulness, and quality of the Napoleon variety in the 
conditions of Cemovsko polje, this research project 
was undertaken in 2002.

2. Materials and Methods

2.1 Location, climate, and pruning strategy 

The experimental seven-year-old Napoleon vineyard 
grafted onto R-8 rootstock is situated at the Nikolj 
Crkva location, Podgorica (42o43’ N and 19o25’ E, 40 
m.a.s.l.), Montenegro. This investigation was initiated 
in January 2002, and the research work was carried out 
during 2002-2005. The vineyard was oriented north-
south, the vines were spaced 3.0 m x 1.2 m and trained 
on bilateral horizontal cordon and five-wire trellis 
supports. 

The climate is Mediterranean, with a dry summer 
period and abundant precipitation in autumn 
and winter. The hottest months are June, July, and 
August. The climate data were obtained from the 
meteorological station in Podgorica. For all four years 
of the research, the average yearly air temperature 
(0C), the average vegetation air temperature (0C), the 
absolute minimum and maximum temperatures (0C), 
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the total yearly precipitation level (mm), the total 
precipitation level (mm) during growing period (April 
1-October 31), and insolation (h) for June, July and 
August were obtained. A drip irrigation system was 
used to provide the same amount of water to each vine 
every year of the experiment.

Each pruning treatment (T) consisted of five vines 
in two blocks. Treatment was based on single-vine 
replicates. Five hand-pruning strategies were applied: 
four with traditional cane pruning and a node number 
of 26 (T1), 30 (T3), 34 (T4), and 40 (T5) per vine, and 
one with spur pruning and a node number of 27 (T2) 
per vine. 

2.2 Vegetative growth and yield parameters

During the research period for each treatment, the 
dates of the onset of each phenological stage (bud 
burst/OIV-301, time of full bloom/OIV-302, véraison/
OIV-303 and harvesting/OIV-304) were determined 
and the number of days between these stages, as 
well as for the period from bud burst to harvesting 
(Winkler index, as WI) was determined. The sum of air 
temperatures above 10 0C (Growing degree days, as 
GDD) from bud burst to harvesting [29] was calculated 
via the formula: 

WI = ∑GDD (); GDD = ∑ [(Tmax + Tmin)/2] – 10

Vegetative growth was assessed using pruning mass 
per vine. This parameter was measured during the 
winter, immediately after pruning. An internode was 
considered “mature” if a fully formed periderm was 
present. 
 
During flowering, the fruitfulness was assessed by 
counting the number of inflorescences per bud, 
per shoot, per fertile shoot, and per vine. During 
harvesting (October, November), the total yield (TY) 
was determined. The grapes were weighed, bunches 
counted, and the average yield per vine calculated.

Depending on the commercial maturation, the grapes 
were harvested in three or four picks. Grape ripeness 
was monitored at a regular interval of 5 days. The 
physical condition of the grapes was visually evaluated. 
The grapes of each treatment were collected when 
three consecutive samplings (10 days) showed no 
increase in sugar content. 

The harvested grapes were graded as first-class (FC) 
and unmarketable grapes (UMG), which had uneven 
coloring and low sugar content. First-class grapes must 
have good coloration, grape bunch mass > 200 g, and 
a minimum sugar content of 15-16°Bx. [30]. The berry 
skin color was determined visually [31]. A sample of 30 
berries was taken from the middle part of 10 bunches 

at maturity. The pickers were required to remove all the 
grapes from the vines, including unmarketable ones 
(UMG). 

For the first-class grapes (FC) to remain in good 
condition, they must be moved to cold stores 
immediately after harvesting, and during the next 1-2 
days, transported to the market. The UMG grapes were 
processed.

One crate of grapes per treatment was randomly 
selected, weighed, and the number of bunches 
counted to calculate the average bunch mass. Five 
bunches from each of those crates were randomly 
selected and stored at -20 0C until after harvest. The 
rachises of all five bunches per sample were weighed 
after the berries were removed, and the average 
mass calculated. Out of this sample, 100 berries were 
randomly counted and weighed, using a laboratory 
balance with a sensitivity of two decimals per gram, to 
determine total and single berry mass. The structural 
index is obtained from the ratio of the grape berries 
and the rachis (B/R). 

2.3 Fruit composition 

Total soluble solids (oBx, as TSS) are measured with 
a digital temperature-compensating refractometer 
(Atago PR-100, Japan), and titratable acidity (g/L, as TA) 
is determined by neutralization with N/4 NaOH and 
expressed in g/L of tartaric acid. The maturity index 
(TSS/TA) is determined as the ratio of total soluble 
solids to titratable acidity. 

The degree of cluster resistance to Botrytis cinerea 
(grey rot) was evaluated before harvesting using 
the OIV-458 scale: 1-3 (very little or little resistance); 
5 (medium resistance), and 7-9 (high or very high 
resistance). 

2.4 Color measurement and CIRG index

Grape skin color is one of the major quality factors, 
providing remarkable contributions to market values 
of table grapes, and is found out by assessing color 
characteristics. The color of berries was determined 

by the Minolta colorimeter CR-200TM model equipped 
with data processor - DDP - 100 (Minolta Camera Co., 
Osaka, Japan). Standard illuminant D65 was used as a 
reference. Three measurements were made around 
the equatorial axis of each berry. The instrument 
measures the reflected light in terms of coordinates 
L* a* b*, which describe a three-dimensional colour 
space. The vertical axis L* is a measure of lightness, 
from completely opaque (0) to completely transparent 
(100), while on the hue-circle, a* is a measure of redness 
(or - a* of greenness), and b* of yellowness (or - b* of 
blueness). Also defined as the degree of browness (H) 
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in this colour system is the hue angle obtained from 
the equation: 

H arctan = b*/a*
and chroma value as colour intensity [32] as follows: 

C = [(a*)2 + (b*)2]0.5

A colour index for red grape (CIRG) [22] for each 
treatment was calculated as: 

CIRG = (180 - h) / (L* + C*)

2.5 Statistical analysis

The results are shown as average values and total 
forms. One-way analyses of variance (ANOVA) were 
performed using SPSS software (1998, IBM, NY, USA). 
Duncan’s test was used to determine any significant 
difference (LSD) between the means of five treatments 
at a confidence level of p < 0.05.

3. Results and Discussions

3.1 Results

3.1.1 Climate parameters and phenological stages 

The average vegetative and annual temperatures 
during the trial differed by 0.6 0C and 0.9 0C, respectively, 
from the multi-year series (1950-2005), while the 
maximum air temperatures were higher on average 
by 1.7 0C (Table 1). The overall yearly precipitation for 
the period of the research was also higher (1.806 mm) 
than the 55-year average (1.648 mm), especially during 
the period June to September. This was particularly the 
case during 2002 and 2005. Simultaneously, average 
insolation was lower (220.2 hours) during September 
(2002-2005) compared to the multiple-year average 
(243.6 h). 

Precipitation level and average temperatures during 
June to December (2002-2005) were higher (Figure 1) 
compared to the multiple-year series (1950-2005). 

Figure 1. Precipitation (P) and average temperature (T) 
in the period 1950-2005 compared to 2002-2005 in the 

Podgorica area

For all treatments the bud burst (2-5 April) and 
flowering (May 25-28) take place at almost the same 
time (Table 2) However, in the treatments T1, T2 and 
T3, veraison began earlier, at the end of August (28-31 
August), while in treatments T4 and V5 it began in the 
first half of September (September 5-7). During the 
phase of veraison, it was observed that on the same 
vine, some clusters had completed the veraison stage 
of development, while others did not have a single-
colored berry. This phenomenon was present in all the 
treatments, but was more pronounced in treatments 
T4 and T5. 

With all the treatments, the harvesting started in October 
except treatment T5 (5. November). In treatments T1, T2, 
and T3, harvesting began in the first half of October (9-
14 October). With the T4 treatment, the first FC clusters 
harvested began at the end of October (28 October). The 
WI index showed that the highest sum of temperatures 
was necessary for treatments T4 and T5.

3.1.2 Vegetative growth, fruitfulness, and yield 
parameters

Pruning mass, bud burst, and fruitfulness responded 
to increasing node number. Treatments T3 (1.42 kg/
vine) and T4 (1.41 kg/vine) had a significantly higher 
quantity of discarded pruning compared to the other 

Table 1. Climate parameters in the viticultural area of Podgorica (1950-2005, and 2003-2005)

Indicators 2002 2003 2004 2005 2002-2005 1950-2005
Average yearly air temperature/0C 16.2 16.9 15.9 15.5 16.1 15.5
Average vegetation air temperature/0C 21.9 24.3 22.0 22.1 22.6 21.7
Average air temperature in September/0C 19.7 21.1 22.3 22 21.2 21.3
Maximum air temperature/0C 39.2 42.2 39.9 39.9 40.3 38.6
Minimum air temperature/0C -4.4 -3.3 -5.2 -6.7 - 4.8 -5.4
Annual rainfall/mm 1,424.6 1,521.3 2,204 2,076 1,806 1,648
Rainfall during growing season/mm 694.7 417.6 656.1 615.1 595.8 524.4
Rainfall during VI, VII, and VIII months/mm 259.6 76.3 187.2 200.2 180.8 158.0
Rainfall during September/mm 199 231.5 116 249.1 199 136
Insolation during September/h 179.5 240.8 248.8 212 220.2 243.6
Annual real insolation/h 2,300.1 2,672.7 2,410.2 2,470.2 2,463.3 2,486
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treatments (Table 3). Also, the number of bud bursts 
was significantly higher with T4 and T5 compared 
to T1 and T2 treatments. In all treatments, almost 
every shoot had an inflorescence, and the number of 
inflorescences per fertile shoot increased from T2 to T5 
(0.86-0.94), but the number of inflorescences per fertile 
shoot was lowest in T5 (1.22) and T2 (1.23).

The F/P confirms that in T1 and T2 (4.02 and 3.64, 
respectively), lower node number led to smaller total 
yield, while with T5 (6.06), high node number and, 
therefore, larger yield led to lower pruning mass.

The greatest yield (TY) per vine was achieved with 
the T5 treatment (8 kg), and it was significantly higher 
compared to all other treatments. But treatment T5 had 
the lowest amount of FC grapes, with only 23.8% of the 
yield, while treatment T2 had the highest (70.4%). With 
the treatments T3 and T4, the percentage of FC grapes 
was lower than 45% (Table 4). 

Rot incidence was highest in treatments with a greater 
node number per vine (T4 and T5). The low incidence 
of grey rot at T1 and T2 could be attributed to the lower 
node number, thus causing better aeration and faster 
drying of bunches after rain or high humidity. During 
rainless years, the grape’s resistance was higher across 
all treatments (Table 4).

On average, bunch mass was significantly higher in T1 
(382.1 g), T2 (420.2 g), and T4 (386.8 g) treatments (Table 

4), but berry mass was the lowest in the T3 treatment. 
Treatments T2 (short pruning), T4, and T5 also showed 
significantly higher single berry mass. Regarding rachis 
mass, only T5 showed a significantly lower value (11.32 
g). The average rachis weight ranged from 11.32 g (T5) 
to 14.90 g (T1). The berries/rachis (B/R) ratio index was 
lowest with the treatment T3 (23). 

In this study, the sugar must content was similar in 
all treatments since the grapes were harvested at full 
maturity, but the titratable acidity showed significantly 
higher content in the variants T4 (7.1 g/l) and T5 (7.5 
g/l). Among the five treatments SSC/TA ratio ranged 
between 2.08 (T5) and 2.54 (T1); all the treatments 
reached a good ripening level. 

Table 5 shows the mean values of the colour 
parameters corresponding to the harvest period. The 
colour of berries of harvested bunches was similar 
in all treatments, because the grapes were picked 
at full maturity, but the values of L*, b*, and h* were 
lower in treatments T1 and T2, while C* varied among 
treatments, but still the highest in T1. CIRG decreased 
as the number of nodes increased, ranging from 3.5 
(T5) to 4.9 (T1). At the end of September and at the 
beginning of October, CIRG reached almost 5 in the 
T1 and T2 treatments. Even two and three weeks later, 
treatments T4 and T5 reached an acceptable color for 
the market. At the end of October, there was almost 
a drop in coloration (2003, 2005) and a complete 
stoppage in November. Bunches that were not 

Table 2. The phenological stages for different treatments (the average 2002-2005)

Phenological stage Parameters T1 T2 T3 T4 T5
Budburst data 02 Apr. 02 Apr. 03 Apr. 05 Apr. 05 Apr.
Budburst to full bloom No. of days 54 55 55 53 54
Temperature GDD (0C) 363.4 372.6 377.2 368.0 377.2
Full bloom data 25 May 26 May 27 May 27 May 28 May
Full bloom to veraison No. of days 96 95 97 102 105
Temperature GDD (0C) 1434.5 1425.3 1464.7 1521.7 1563.5
Veraison data 28 Aug. 28 Aug. 31 Aug. 05 Sep. 07 Sep.
Veraison to harvest No. of days 44 43 45 54 60
Temperature GDD (0C) 466.2 460.9 443.5 470.2 472.5
Harvesting data 10 Oct. 9 Oct. 14 Oct. 28 Oct. 5 Nov.
Temperature ∑ WI (0C) 2264.1 2258.8 2285.4 2359.9 2413.2

Table 3. Effect of pruning treatment on vegetative growth and fruitfulness (the average 2002-2005)

Indexes
Treatments

T1 T2 T3 T4 T5
Pruning mass (kg/vine) 1.30 a* 1.34 a 1.42 b 1.41 b 1.32 a
Fruit: pruning mass ratio (F/P) kg/kg 4.02 3.64 4.07 4.22 6.06
No. of bud burst 19.1 a 19 a 22.6 b 26 b 32 b
Inflorescences per bud 0.75 a 0.66 b 0.79 a 0.78 a 0.78 a
Inflorescences per shoot 0.95 a 0.86 b 0.91 a 0.91 a 0.94 a
Inflorescences per fertile shoot 1.27 a 1.23 b 1.26 a 1.28 a 1.22 b
Inflorescences per vine 21.5 a 23.0 a 24.0 a 28.0 b 31.0 b

Legend: * Figures followed by the same letter in the row do not differ significantly at p≤0.05. 
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classified as FC had a very bright red or even traces of 
yellow color. O.I.V. grades range from 2/3/4 (T4, T5) to 
5 (T1, T2). Research in Spain indicates that CIRG for the 
same cultivar was 5.61 in harvesting time [33].

3.2 Discussion

In the period of research, the precipitation levels and 
temperatures during the year and during vegetation 
were, on average, higher than the multiple-year 
average series. Precipitation in September, when 
the Napoleon grape ripens, was also higher than the 
multiple-year average, which is one more negative 
influence on its quality.

The reduced pruning mass in treatments T1 (1.30 kg/
vine) and T2 (1.34 kg/vine) was attributed to spur 
pruning and a lower node number. Similarly, the 
highest node number in T5 (1.32 kg/vine) resulted in 
the lowest pruning mass, indicating a similar effect.

It is clear that node number did not lead to a delay in 
the first phenological stages, but it affected the delay 
of véraison and harvesting in treatments T4 and T5. 
The longest grape ripening period was observed in 
the treatments with the highest number of buds (T4 
and T5). The accumulation of growing degree days 
(ranging from 2359.9 to 2413.2 0C) in these treatments 
was insufficient to support proper grape maturation, 
leading to suboptimal ripening outcomes.

All treatments exhibited a high level of bud burst and 
fruitfulness, highlighting the exceptional productivity 
of the Napoleon cultivar. Additionally, the number of 
inflorescences per vine increased proportionally with 
the number of buds per vine.

The yield increased in response to a higher number 
of inflorescences per vine, highlighting the cultivar’s 
exceptional fruitfulness. Treatment T5 produced 
a significantly higher yield compared to other 
treatments, as evidenced by its highest TY/P ratio. 
However, treatments T1 and T2 produced significantly 
more first-class (FC) grapes compared to T3, T4, and 
T5. In treatments T3, T4, and T5, the proportion of 
unmarketable grapes ranged from 65% to 72%.

The incidence of grey rot was higher in treatments T4 
and T5. This can be attributed to the greater number 
of shoots per vine, which led to increased self-shading 
and created favourable microclimatic conditions 
for the development of Botrytis cinerea infection. 
Additionally, the extended grape ripening period and 
later harvest in these treatments further contributed to 
the prevalence of grey rot. 

Although harvesting was delayed in treatments with a 
higher node number (T4 and T5), the sugar content did 
not increase, nor did the acidity decrease. This resulted 
in a higher quantity of unmarketable grapes. Colour 

Table 4. Effect of different pruning treatments on yield parameters, rot incidence, and fruit composition (the average 
2002-2005)

Indexes
Treatments

T1 T2 T3 T4 T5
TY (kg/vine) 5.22 a* 4.88 a 5.78 a 5.95 a 8.00 b
FC grape (kg/vine) 3.22 a 3.44 a 2.56 b 2.12 c 1.91 b
FC grape (%) 61.69 70.49 44.29 35.63 23.88
Rot incidence 9 9 7 5 5
Bunch mass (g) 382.11 a 400.20 a 355.53 b 386.88 a 379.01 b
Berries mass (g) 367.21 a 385.71 a 340.8 b 372.52 a 368.01 a
Rachis mass (g) 14.90 a 14.49 a 14.73 a 14.36 a 11.32 b
Berries: rachis ratio (B/R) 24 26 23 26 32
Single berry mass (g) 5,19 a 5,64 b 5,09 a 5,7 b 5,7 b
TSS (oBx) 15.50 a 15.50 a 15.00 a 15.25 a 15.11 a
TA (g/L) 6,10 a 6,25 a 6,35 a 7,10 b 7,25 b
TSS/TA 2.54 2.48 2.36 2.14 2.08

Legend: * Figures followed by the same letter in the row do not differ significantly at p≤0.05. 

Table 5. The berry colour parameters and colorimetric indexes at harvest 

Treatment L* a* b* H* C* CIRG OIV 225
T1 29,3 ± 1.0 a* 6,6 ± 1.2 a 0,5 ± 1.3 a 4,3 ± 4.3 a 6,6 ± 0.6 a 4,9 ± 0.6 a 5
T2 30,2 ± 1.1 a 6,1 ± 1.3 a 1,2 ± 1.1 a 11,0 ± 4.9 a 6,2 ± 0.6 a 4,6 ± 0.6 a 5
T3 32,2 ± 2.0 a 5,4 ± 1.9 b 2,5 ± 1.1 a 24.8 ± 6.9 b 5,9 ± 0.7 a 4,0 ± 0.6 a 3/4
T4 34,1 ± 2.4 b 5,3 ± 2.6 b 3,5 ± 2.3 b 33,4 ± 6.8 b 6,3 ± 1.4 a 3,6 ± 0.6 a 2/3/4
T5 34,1 ± 2.1 b 4,1 ± 2.1 b 3,7 ± 2.2 b 42,0 ± 7.0 b 5,5 ± 1.5 b 3,5 ± 0.6 a 2/3/4

Legend: *Average value ± SD. Figures followed by the same letter in the column do not differ significantly at p≤0.05.
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parameters corresponded to the harvest period, with 
a higher number of ripe bunches and more intense 
berry colour observed in the low-node treatment. 
These factors are likely to have a significant impact on 
consumer acceptance. 
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4. Conclusions 

-  Even though the Podgorica grape-growing district 
has a Mediterranean-type climate with warm, 
dry summers, precipitation and insolation during 
September were not fully favorable for grape ripening. 
- Regardless of the pruning method and node number, 
cv. Napoleon showed excellent vegetative growth 
and fruitfulness. All treatments resulted in high 
productivity, although spur pruning with a lower node 
number proved more suitable for this cultivar. These 
findings are important for producers introducing new 
table grape varieties. 
-  However, final cultivation decisions should also 
consider production costs and market prices. Cv. 
Napoleon is of greater interest in southern regions 
(Macedonia, Greece, Spain, Southern Italy, and similar 
areas) where the sum of effective temperatures 
exceeds 24 0C, insolation is longer, and production is 
based on more developed training systems, larger 
vineyard areas, and spur pruning.
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