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Abstract

Keywords

Several fungus-tolerant grapevine cultivars have been created and have already found their place in 
vineyards in Serbia and Hungary. The aim of this work was to investigate the di  erences in yield, 
grape quality and wine sensory properties obtained in two di  erent production systems of pathogen-
tolerant white grapevine cultivars Backa and Panonia over the 2015-2018 period. The paper showed 
di  erences in harvest parameters between the Conventional and NoPes&MinFert (without use of pes-
ticides and mineral fertilizers) production systems. Fruitfulness and bud tolerance to low temperatures 
in these production systems were also examined. The results suggest that grape quality obtained by 
NoPes&MinFert was at the same level as that achieved by conventional methods, while the yield loss 
in NoPes&MinFert was on average <20% compared to the conventional system. Although the number 
of in  orescences per node and yield were higher in conventional production, NoPes&MinFert pro-
duction showed satis  ed yield that exceeded 10 t/ha. Wine sensory analyses showed that production 
NoPes&MinFert achieved better wine score compared to the wines derived from the Conventional 
production.
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Introduction
Application of the synthetic fungicides is a common 

practice in the conventional grape production. According 
to PETERLUNGER & al [1] viticulture in Europe accounts 
3% of the total agricultural land and applies 65% of all fun-
gicides used in whole agriculture. Due to increasing concern 
for the human health and the protection of the environment, 
nature friendly production systems should be applied instead 
of conventional. 

In last few decades, organic viticulture has been inten-
sively promoted (BARTOLUCCI [2]; MEISSNER & al. [3]) 
but it seems without success (MASSON & al. [4]). Most 
producers are reluctant to grow grapes organically due to the 
need to comply with integrated pest management schemes 
(GEIER [5]). Also, limiting factors in organic production is 
yield reduction by 8 to 16% (GUESMI & al., [6]). 

On the other hand, organic viticulture enhances micro-
bial diversity (HENDGEN & al. [7]) and  oral diversity 
(NASCIMBENE & al [8]). Moreover, organic vineyards 
have been shown to host consistently richer communities of 
both vascular plants and butter  ies compared to their con-
ventional counterparts (PUIGMONTSERRAT & al. [9]). In 
organic production the grape quality is enhanced and with-
out fungicides residues, compared to conventional (CRIN-
NION [10]). Also, organic products have better nutritional 
and sensory characteristics (GRANATO & al. [11]), and 
higher antioxidant activity (TASSONI & al. [12]).

However, organic viticulture approaches are very strict 
and in many cases di   cult to apply. 

Cultivars such as Merlot and Chardonnay are very sensi-
tive to pathogens and therefore alternative cultivars should 
be cultivated.

The main goal of grapevine breeding stations around the 
world is creation of cultivars that are resistant to fungal dis-
eases while yielding adequate grape quality (PETERLUNG-
ER & al. [1], TÖPFER & al. [13]). Resistant grapevine cul-
tivars can be grown without use of pesticides or, in some 
years, require only a small portion of the fungicide applica-
tions that are necessary for cultivating traditional cultivars. 
Grapevine breeding in Serbia has been conducted since the 
middle of the 20th century, aiming to develop grape cultivars 
with improved grape quality, higher yield and enhanced tol-
erance to stress factors. As a result, several new grapevine 
cultivars suitable for organic production have been created. 
Some fungus tolerant cultivars such as Backa and Panonia 
have already found their place in vineyards in Serbia, Hun-
gary, and some other countries. 

The aim of the present study was to investigate the ef-
fects of Conventional and NoPes&MinFert production sys-

tems on productive characteristics of grape cultivars Backa 
and Panonia in the 2015-2018 period. 

Material and methods
The experiment was performed, at the Experimental  eld 

of University of Novi Sad, Faculty of Agriculture situated in 
Sremski Karlovci (45º10´ N, 20º10´ E), 150 m, above sea lev-
el during four consecutive seasons (2015-2018), on the two 
Serbian wine grape cultivars: Backa (VIVC number 21272) 
and Panonia, (VIVC number 23765) which are less suscep-
tible to fungal diseases. Backa (Petra x Bianca), released in 
2004, is highly vigorous cultivar with mid-compact bunch-
es. Wines made of Backa are light bodied wines, Panonia 
(one Hungarian tolerant genotype -((Kunbarat x Traminer) 
x Bianca) x Riesling), also released in 2004, is less vigorous 
compared to Backa with loose bunches. Moreover, Panonia 
has ideal shoot positioning in the canopy with small laterals. 
Panonia has full body wines similar to Riesling. 

The vines were pruned to a modi  ed Guyot (one arched 
cane of 12 buds and one spur of 2 buds), with an average 
of 14 buds per vine. Vines were planted in 2000 with 2.8 m 
space between rows and 1.6 m separation between pair of 
vines in a row. Rows had an East-West orientation. 

Two production systems were performed: 
NoPes&MinFert–without use of pesticides and mineral 

fertilizers; Grass mixture was established as cover crop in 
between the rows. Every second row was ploughed. Weeds 
in between the vines were controlled mechanically. 

Conventional- pesticides and mineral fertilizers were ap-
plied as is usual in modern viticultural practice. Grass mix-
ture was established as cover crop in between the rows. Ev-
ery second row was ploughed. Weeds in between the vines 
were controlled by Glyfosav, herbicide produced by the 
company Chemical Agrosava (Belgrade, Serbia). The aver-
age amount of 50 kg N, 50 kg P and 70 kg K per hectare was 
applied each autmun. 

The experiment was designed as a randomized complete 
block, in which a total of 24 vines of each cultivar/produc-
tion system combination (Backa/NoPes&MinFert, Backa/
conventional, Panonia/NoPes&MinFert and Panonia/con-
ventional) were grouped into 3 blocks of 8 vines. 

The climate conditions at the experimental site, includ-
ing mean monthly air temperatures (°C) and mean monthly 
precipitation (mm) for the period 2015-2018 are presented 
in Figure 1.

 Phenological observations
Three key phenological stages of the grapevine were ex-

amined. BBCH scale was used to identify the development 
stage.
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 BBCH-07- the beginning of budburst i.e. the date when 
green shoot tips became visible; BBCH-60- the beginning 
of  owering i.e. the date when  rst  ower hoods were de-
tached from the receptacle; and BBCH-80-the beginning of 
veraison i.e. the date when berries begun to develop cultivar-
speci  c color (COMBE [14]).

Fruitfulness parameters
In the season 2015 fruitfulness of the nodes and shoots 

on 10 vines per combination cultivar/production were evalu-
ated. Percentage of the nodes that arose in the shoot/s were 
calculated by dividing number of the bud-bursted nodes 
with total nodes. The number of in  orescences per node and 
number of in  orescences per shoot were recorded when the 
shoot’s length was approximately 15-20 cm.

Harvest parameters
Yield was determined at harvest by weighing all the 

grapes. Average cluster weight was obtained by dividing the 
weight of all clusters in replicate with the number of clus-
ters. 

Average cluster weight (g)=Weight of all clusters(g)
Number of clusters

After crashing, the sugar content in the must was mea-
sured with Oechsle hydrometer. Titratable acidity was mea-
sured by titration of grape juice sample (10 ml) against 0,1 
M NaOH, in the presence of bromothymol blue as an in-
dicator, until changing color of the indicator. The Botrytis 
incidence was determined by visual assessment of the health 
status of the clusters at harvest time, expressed as percentage 
of infected clusters.

Tolerance to low winter temperatures
The bud tolerance to low winter temperatures was ex-

amined under laboratory conditions. Samples of 10 canes 
(one-year old wood, with 10 nodes) were collected three 
times during the winter 2017/2018 (end of December, end 
of January and middle of February). The canes were stored 
in cold chamber for 24 h at -5 °C. After that, the tempera-
ture was decreased for 3 °C each hour, until the temperature 
reached -21 °C. After 12 hours the cold chamber was turned 
o  . The canes were left until the temperature in cold cham-
ber reached the room temperature (CINDRI  & al. [15]) 
and after 7 days the bud assesion was performed. The buds 
exposed to low temperatures were classi  ed in three catego-
ries: alive, partially alive and frozen.

Microvini  cation and wine sensory analysis
From each replicate, grapes were destemmed and 

crushed. The liquid phase was separated and 10 mg L-1 SO2 
was added. Then the liquid phase was left for one day and 

then racked before being inoculated with Saccharomyces 
cerevisiae (Uvaferm BDX). Fermentation was conducted 
in 5 L glass fermenters. After the end of fermentation, the 
wines were racked in the bottles.

Wine sensory analysis was performed  ve months af-
ter the end of fermentation by  ve trained academic sta   
members of the Faculty of Technology and Faculty of Agri-
culture from the University of Novi Sad. Buxbaum method 
was used to score the wine samples (0-20 points), assessing 
appearance (maximum 2 points), color (2), aroma and bou-
quet (4) and other characteristics, such as sugar, acidity, and 
astringency (scoring maximum of 12 points in total for these 
traits related to taste). All samples were presented to each 
assessor at the same time. The order of sample presentation 
was completely randomized, and individual samples were 
identi  ed by assigning each a random number. Bread cubes 
were provided to cleanse the palate between samples during 
evaluation.

Statistical analyses
Statistical analyses (multifactorial ANOVA) were per-

formed using R software. Duncan’s test was used to test the 
signi  cance of di  erences (p < 0.05) among the mean values 
of measured parameters. Graphs were generated using the 
ggplot2 package.

Results
Weather conditions varies among the years (Figure 1). 

In general, summers were hot and dry, particularly in 2015 
and 2017. Precipitation amount was the highest in May and 
June; cumulative precipitation value for these months was 
the highest in 2016 (268 mm).

Phenological stages, including beginning of budburst, 
 owering, veraison and harvest date di  ered among culti-

vars (Table 1). However, di  erent production systems did 
not a  ect the phenology and harvest date, therefore grapes 
from both NoPes&MinFert and conventional plots were har-
vested same day.

Conventional production of Panonia had a higher per-
centage of the nodes that arose in the shoot/s compared to 

Figure 1. Variations of weather conditions among the years.



Performance of fungus-tolerant grapevine cultivars in different production systems

3401

Table 1. Dates for the beginning of the main phenological stages and harvest (2015-2018).

Year
GDD*
(°C)

Cultivar
Beginning of 

bud-burst
Beginning of 

 owering
Beginning of 

veraison
Harvest 

date

2015 1925
Backa 8 April 19 May 15 July 31 August

Panonia 8 April 19 May 15 July 31 August

2016 1740
Backa 2 April 22. May 14 July 05 September

Panonia 1 April 20. May 03 July 05 September

2017 1880
Backa 27 March 25 May 18 July 23 August

Panonia 25 March 25 May 18 July 23. August

2018 2074
Backa 3 April 06 May 8 July 20 August

Panonia 2 April 06 May 7 July 20 August
2015-
2018

1904
Backa 4 April 18 May 13 July 29 August

Panonia 3 April 17 May 9 July 29 August
*GDD- Growing Degree Days is a temperature derived index using average temperatures above a 10 °C base (April - 
October)

Table 2. Shoot fruitfulness of Backa and Panonia in NoPes&MinFert and conventional production systems in 2015. 

Cultivar Production system

Nodes that 
arose in 

the shoot 
(%)

Number of 
developed shoots

Number of fruitful 
shoots

Fruitful shoots (%)

Spur Cane Spur Cane Spur Cane

Backa
NoPes&MinFert 85.1 ab 2.0 7.2 b 1.7 6.0 b 86.7 83.4 b

Conventional 94.9 a 1.8 9.0 a 1.8 8.6 a 100.0 96.2 a

Panonia
NoPes&MinFert 75.8 b 1.8 6.5 b 1.7 5.4 b 95.8 86.4 b

Conventional 88.1 a 1.7 6.6 b 1.6 5.8 b 85.8 89.7 ab

Di  erent letters in superscript indicate signi  cant di  erence among the mean values (Duncan’s test, p<0.05).

 Table 3. Number of in  orescences per node, shoot and fruitful shoot depend on the production system in 2015. 

Cultivar Production system Number of in  orescences
per node per shoot per fruitful shoot

Ba ka
NoPes&MinFert 1.19 c 1.47 b 1.74 b

Conventional 1.69 a 1.67 ab 1.73 b

Panonia
NoPes&MinFert 1.44 b 1.84 a 2.11 a

Conventional 1.73 a 1.92 a 2.16 a

Di  erent letters in superscript indicate signi  cant di  erence among the mean values (Duncan’s test, p<0.05). 

NoPes&MinFert counterpart (Table 2). In the conventional 
production of Backa, the number of developed shoots and 
number of fruitful shoots were signi  cantly higher com-
pared to all other treatments.

Conventional production system of booth cultivars 
had signi  cantly higher number of in  orescences per 
node compared to NoPes&MinFert production (Table 3). 
NoPes&MinFert production of Backa had signi  cantly 
lower number of in  orescences per shoot (irrespectively to 
its fruitfulness) compared to booth production systems of 
Panonia. Panonia had more in  orescences per fruitful shoot 
compared to Backa, while no di  erence was observed be-
tween production systems.

In booth cultivars the number of in  orescences per node 
was higher in a vine treated through conventionally methods 
compared to NoPes&MinFert (Figure 2). In conventional 
production of Backa number of in  orescences per node 
showed an increase from the beginning (1) until the node 
number 7. Then, the slight decrease in number of in  ores-
cences per node was observed. In NoPes&MinFert produc-
tion system of Backa number of in  orescences per node 
showed higher variation.

Figure 2. Comparison between number of in  orescences per 
node in a vine treated through conventionally methods and 
NoPes&MinFert.
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In conventional and NoPes&MinFert production 
systems of Panonia, number of inflorescences showed 
an increase from the base until second and third node, 
respectively. Then, in booth production systems of 
Panonia a slight decrease in number of inflorescences 
was detected.

In 2015, both Backa and Panonia, had signi  cantly higher 
yield in the conventional compared to the NoPes&MinFert 
production (39 and 32 %, higher respectively) (Table 4). In 
2016 in the conventional production of Panonia the yield 
was 28% higher compared to NoPes&MinFert production. 
In 2018, Backa showed 46% higher yield in the conven-

Table 4. Yield and grape quality of Backa and Panonia in NoPes&MinFert and conventional production systems, 
in 2015-2018 years.

Cultivar Production systems Yield (kg m-2) Cluster weight (g)
Total soluble 

solids (%)
Titratable 

acidity (g l-1)
Botrytis sp. 

incidence (%)
2015.

Backa
NoPes&MinFert 0.86 b 269.9 a 21.47 6.07 0.0 

Conventional 1.41 a 163.3 b 20.73 6.53 0.0 

Panonia
NoPes&MinFert 0.97 b 240.3 a 23.97 8.37 0.0 

Conventional 1.43 a 220.0 ab 24.13 7.97 0.0 
2016.

Backa
NoPes&MinFert 1.90 ab 270.0 a 22.4 7.27 0.33 

Conventional 1.66 ab 266.7 a 19.2 7.83 3.00 

Panonia
NoPes&MinFert 1.54 b 156.7 b 24.9 9.43 0.00 

Conventional 2.14 a 223.3 ab 23.2 8.76 2.33 
2017.

Backa
NoPes&MinFert 1.90 a 313.3 a 21.36 6.13 0.33 

Conventional 1.28 bc 326.7 a 23.86 5.67 0.00 

Panonia
NoPes&MinFert 1.54 ab 186.7 b 24.13 7.83 0.00 

Conventional 0.77 c 190.0 b 27.06 6.90 0.00 
2018.

Backa
NoPes&MinFert 1.18 b 253.3 b 21.53 5.80 3.33 

Conventional 2.19 a 356.7 a 21.40 5.63 0.00 

Panonia
NoPes&MinFert 1.05 b 241.7 b 25.63 6.93 0.00 

Conventional 1.13 b 195.0 b 25.10 7.63 0.00 
2015-2018 (average)

Ba ka
NoPes&MinFert 1.46 276.4 21.69 6.32 1.00 

Conventional 1.63 278.3 21.29 6.41 0.75 

Panonia
NoPes&MinFert 1.27 206.3 24.67 8.15 0.58 

Conventional 1.37 207.1 24.86 7.81 0.00 
Di  erent letters in superscript indicate signi  cant di  erence among the mean values (Duncan’s test, p<0.05). If the interaction 
(Year x Cultivar x Production) was not obseved multiple comparisons was not performed; the e  ects of other factors are 
present in Table 5.

Table 5. Statistical signi  cance of the folowing experimental factors: year, cultivar and production system.
Factor Yield (kg m-2) Cluster weight (g) Sugar (%) Titratable acidity (g l-1) Botrytis sp. incidence (%)
Year ** * ** ** **

Cultivar ** ** ** ** *
Production 

system
ns ns ns ns ns

Year x Cultivar ** ** ns ns ns
Year x 

Production 
system

** * ** ns **

Cultivar x 
Production 

system
ns ns ns ns ns

Year x Cultivar 
x Production 

system
** ** ns ns ns

*, **, ns indicate signi  cant at p < 0.05, 0.01, or non signi  cant, respectively.
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tional compared to the NoPes&MinFert production, while 
no di  erence was observed for Panonia. Moreover, Backa 
showed higher yield compared to Panonia.

In the seasons 2015 and 2018, Backa had signi  cantly 
higher cluster weight in the conventional compared to 
NoPes&MinFert production. The highest cluster weight was 
recorded in the conventional production of Backa in 2018. 
On average, Backa had 70 g heavier clusters compared to 
Panonia.

The cultivars showed satis  ed tolerance to the incidence 
of Botrytis sp.(Table 4). However, Backa was more sensitive 
particularly in the organic production during 2017 and 2018, 
while in 2016 both cultivars were more sensitive in conven-
tional production. 

In 2016, higher sugar percentage was recorded in the 
NoPes&MinFert production. Contrary, in 2017 both Backa 
and Panonia had higher sugar percentage in the conventional 
compared to NoPes&MinFert production. Panonia accumu-
lated signi  cantly higher sugar in the grape juice (24.8%) 
compared to Backa (21.5%).

Titratable acidity varies particularly among the seasons 
and between cultivars. Thus, the highest titratable acidity 
(8.32 on average) was observed in 2016, while the lowest 

in 2018 (6.5 g l-1). During the experiment Panonia had sig-
ni  cantly higher titratable acidity (7.98 g l-1) compared to 
Backa (6.37).

Both cultivars, Backa and Panonia, had less frozen buds 
in NoPes&MinFert compared to conventional production 
(Figure 3.). The highest di  erence in frozen buds between 

Table 6. Total wine score of Backa and Panonia in NoPes&MinFert and conventional production 
systems, in 2015-2018 years.

Cultivar Production systems Color Clarity Aroma Taste Total score
2015.

Backa
NoPes&MinFert 2.0 2.0 3.3 10.6 17.9

Conventional 2.0 2.0 3.0 10.1 17.1

Panonia
NoPes&MinFert 2.0 2.0 3.2 10.2 17.4

Conventional 2.0 2.0 2.9 10.2 17.1
2016.

Backa
NoPes&MinFert 2.0 2.0 3.0 11.2 18.2

Conventional 2.0 2.0 3.0 10.9 17.9

Panonia
NoPes&MinFert 2.0 2.0 3.3 11.4 18.7

Conventional 2.0 2.0 3.3 11.3 18.6
2017.

Backa
NoPes&MinFert 2.0 2.0 3.4 10.7 18.1

Conventional 2.0 2.0 3.5 10.5 18.0

Panonia
NoPes&MinFert 2.0 2.0 3.4 10.9 18.3

Conventional 2.0 2.0 3.3 10.6 17.9
2018.

Backa
NoPes&MinFert 2.0 2.0 3.2 10.8 18.0

Conventional 2.0 2.0 3.2 10.7 17.9

Panonia
NoPes&MinFert 2.0 2.0 3.1 11.3 18.4

Conventional 2.0 2.0 3.1 11.1 18.2
2015-2018 (average)

Backa
NoPes&MinFert 2.0 2.0 3.2 10.9 18.1

Conventional 2.0 2.0 3.1 10.8 17.9

Panonia
NoPes&MinFert 2.0 2.0 3.2 10.8 18.0

Conventional 2.0 2.0 3.2 10.5 17.7
Buxbaum method was used to score the wine samples (0-20 points), assessing appearance (maximum 
2 points), color (2), aroma and bouquet (4) and other characteristics, such as sugar, acidity, and astringency 
(scoring maximum of 12 points in total for these traits related to taste).

Comparison between frozen buds of cultivars Backa and 
Panonia in NoPes&MinFert and conventional production. 
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production systems was observed in Panonia at the end of 
December 2017 (44% necroted buds in NoPes&MinFert 
compared to 84 in Conventional production). Moreover, 
both cultivars showed the lowest cold hardiness at the end 
of the winter. In the February 2018, in NoPes&MinFert pro-
duction of Panonia all bud categories (primary and second-
ary) in the winter buds were damaged. 

The wines of booth cultivars achieved higher score in the 
NoPes&MinFert production compared to the conventional 
counterpart (Table 6). There were no di  erences among the 
treatments in the scores for wine color and clarity and each 
wine achieved a maximum (2 points) for these traits. The 
wine of Backa had a slightly better scores for and taste in 
the NoPes&MinFert compared to conventional production. 
The taste of the wine of Panonia, which is simmilar to the 
wine of its ancestor Riesling, achieved higher score in the 
NoPes&MinFert compared to the conventional production.

Discussion
Production without use of pesticides and mineral fertil-

izers - NoPes&MinFert, was similar to organic viticulture 
practices. Higher percentage of developed shoots and fruit-
full shoots in conventional compared to NoPes&MinFert 
production, results in higher number of in  orescences per 
node. Our results are in agreement with (DÖRING & al. 
[16]) who found that organic production, had signi  cantly 
lower growth and yield compared to integrated system. The 
lower yield in NoPes&MinFert compared to conventional 
production can be the result of the signi  cantly lower clus-
ter weight in the organic system and aligns with the  nd-
ings reported by DÖRING & al. [16]. Moreover, it could 
be the result of lower bunch compactness (MEIßNER [17]). 
DÖRING & al. [18] posted that a decrease in soil moisture 
content under organic and biodynamic viticulture is likely to 
be responsible for the lower yield. However, POOL & ROB-
INSON [19] did not observe any di  erences in the number 
of berries/clusters and the average cluster weight between 
di  erent management systems. It is speculated that di  er-
ence in yield between conventional and organic production 
may be due to yield losses due to pests. Meta-analysis of 362 
paired sets of organic–conventional yield data, noting that 
organic yields are on average 80% of conventional yields, 
but variation is substantial (21% standard deviation) (DE 
PONTI & al. [20]). In that research, authors also observed 
that the organic yield gap signi  cantly di  ered between crop 
groups and regions (DE PONTI & al. [20]). 

In a number of experiments (TASSONI & al. [12]; 
DÖRING & al. [16]) the grape juice sugar concentration of 
organically managed vines was almost same as that of con-
ventionally managed vines. In our experiment the e  ect of 

production system on sugar concentration in the grape juice 
was inconclusive and depends on the interaction of weather 
conditions during the season (year) and cultivar. Titratable 
acidity in the grape juice was not a  ected by the production 
system which is in agreement with DORING & al. [16].

Our results for Backa and Panonia are supported by those 
obtained by DANNER [21], who observed a higher Botrytis 
sp. incidence in the production without spraying compared 
to conventional production. Conversely, some authors (PIKE 
[22], MEIßNER [17]) reported lower incidence of Botrytis 
sp. in organic vineyards. However, PIKE [22] conducted the 
experiment in Australian climate conditions where the dis-
ease pressure is low. In our experiment, the lower number 
of developed shoots could results in lower canopy density 
and better aeration around clusters which prevents Botrytis 
incidence (IVANIŠEVIC & al. [23]. Backa and Panonia are 
early ripening cultivars (end of the August) that can be har-
vested before the onset of unfavorable weather conditions in 
September and October. 

NoPes&MinFert production showed higher bud freezing 
tolerance compared the conventional production. Enhanced 
tolerance to low temperatures in organic production can be 
related to lower yield. WAMPLE & WOLF [24] observed 
that Chardonnay had a greater freezing tolerance in the low 
than in the high crop load vines. CINDRI  & al. [15] ob-
served that in the conditions of North Serbia (Vojvodina) 
majority of the cultivars have the highest tolerance to low 
temperatures in the last decade of January and in the middle 
of February. However, some cultivars tolerant to fungal dis-
eases are the most susceptible to low temperatures in the 
middle of February (CINDRI  & al. [15]), as it was the case 
in our study. 

In our study we observed enhanced wine aroma in the 
NoPes&MinFert production of Backa compared to con-
ventional counterpart. Satis  ed sensory properties of the 
organic wines, such as  avor intensity, wine body and a gen-
eral acceptance were also observed in Italy (LANTE & al. 
[25]). Organic grapevines, grown with reduced pesticides, 
are more stressed by pathogens compared to conventionally 
grown grapevines and produce more aroma related com-
pounds (MARTIN & RASMUSSEN [26]). In one study 
that presents di  erences between organic and conventional 
production in central Italy,  organic wines had higher over-
all acceptance by the sensory panel (BENI & ROSSI [27]). 
Wines of Trebbiano and Sangiovese from the conventional 
production in the same study, were described as unbalanced 
and acidic, compared to the organic wines (BENI & ROSSI 
[27]). In our study, sugar-acid ratio in the grape juice was 
improved by the the NoPes&MinFert production system of 
Panonia (lower sugar and higher acidity–Table 4). Therefore, 
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it seems that better sugar-acid ratio in the NoPes&MinFert 
production improves the wine balance which is particularly 
important in hot and dry seasons. 

Conclusions
Findings yielded by the present study show that fungus-

tolerant grape cultivars Backa and Panonia are suitable 
for the production without use of pesticides. Although the 
number of in  orescences per node and yield were higher 
in conventional production, NoPes&MinFert production 
showed satis  ed yield that exceeded 10 t/ha. Moreover, 
NoPes&MinFert production showed enhanced bud toler-
ance to low winter temperatures compared to conventional 
counterpart. Grape chemical composition was similar in 
both productions while the wines from NoPes&MinFert pro-
duction achieved higher score in the wine sensory analyses. 
Di  erences between cultivars in yield and grape chemical 
composition were also observed. The studied cultivars allow 
sustainable grape production in the moderately continental 
climate conditions.
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