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Abstract: In the case of indigenous grapevine varieties, the aim of clonal selection is twofold: to improve their
technological cultivation problem while preserving the varietal character. As the sensitivity of perennial crops
to climate change becomes more pronounced, clonal selection, which is already very time-consuming for
perennial woody crops, may take even longer. In Badacsony, clonal selection breeding of the “Kéknyelt’ and
‘Juhfark’ varieties was started in the early 2000s. The problem mentioned above in cultivation technology is the
poor fertility of ‘Kéknyel’ (functionally female-flowered variety), while in the case of ‘Juhfark’ the high
susceptibility to grey rot (Botrytis). Based on 11 years of data significant difference in yield between clone B.2.
and the base variety was found. In this comparison the year clusters also gave different values, as in years
belonging to cluster 1 the 'Kéknyel(i” yielded more than in another year. Both clones of ‘Kéknyelti” matured
with significantly lower pH compared to the base variety. ‘Kéknyeli’ is renowned for the distinctive variety
character of its wine, which is said to be acidic. Given the acidic nature of ‘Kéknyeli” wine and the expected
increase in must degrees and pH due to climate change, these distinctions may be beneficial in the future. Daily
meteorological parameters were also recorded in the years under study, and different indexes were calculated
for both of varieties for different phenological periods. The years were classified into 3 clusters and the harvest
data were analyzed within each cluster. In the case of ‘Kéknyelli’ our results revealed significant differences in
yield between vintage clusters for clone B.2. However, clone B.1 demonstrated distinct KMW and pH values.
Both ‘Kéknyelli’ clones have produced a substantially higher incidence of Botrytis infection in cluster 2 years
than in cluster 3 years. Botrytis infection only showed statistically significant differences between year clusters
for ‘Juhfark’. It is intriguing that in most years, the rotting rate was lower in both clones, especially in year
clusters 1 and 3 when the overall rate of Botrytis infection was quite low. Our results highlighted the year-
round sensitivity of the two varieties studied and the difficulties of clonal selection.

Keywords: climate change; global warming; indigenous cultivars; berry composition; clonal selection; grape
breeding

1. Introduction

Since cultivated grape (Vitis vinifera L.) is a climate-sensitive crop, climate change has a major
impact on the cultivation and the cultivability of individual cultivars. The main adverse effects of
climate change are global warming and the increasing frequency and severity of extreme weather
events, including drought, which is affecting the growing season more frequently and more severely,
and is having a negative impact on the quality of white grapes in particular, due to acidity loss [1-5].

This is particularly the case for autochthonous varieties, where the limits of environmental
tolerance are even narrower, which is why these varieties are grown only in a narrower geographical
area (the growing area) - where they can be economically grown in most years. However, the great
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advantage of indigenous cultivars is their curiosity and, for cultural reasons, their significant marketing
value [6-8]. However, for autochthonous varieties, it is very important to be distinguishable, as this is
their speciality, which adds value to the market [9].

Much damage has been done to the nymph of the ‘Kéknyel(i” variety by the rumour that it may
be identical to the Picolit variety grown in Friuli-Venezia Giulia region in Italy. This assumption was
based on Goethe’s (1887) claim that the two varieties were identical [10]. Later, Németh (1967) also
claimed that based on the descriptions of “Kéknyel(i” and Picolit are morphologically very similar,
but in his opinion the identity or difference can be confirmed by a careful morphological comparison
of the two cultivars planted side by side [11]. Later molecular markers were used to prove, that the
two cultivars are different [12,13].

Similarly, many producers have confused the ‘Juhfark’ with the ‘Csomorika’, another ancient
Hungarian vine, although the difference is morphologically visible, as the two cultivars belong to
different geo-ecological groups - ‘Juhfark’ to V. vinifera L. proles orientalis Negr., ‘Csomorika’ to V.
vinifera L. proles pontica Negr [10,13]. The morphological characteristics and production values of the
two varieties were studied by Varga et al. [15,16]. Of course, at the molecular marker level, the two
varieties are well separated [17-21].

The climate change and the reduced environmental tolerance of autochthonous varieties mean
that their sensitivity to annual variation is even more pronounced, and therefore their selection
breeding is delayed. Their low environmental tolerance is usually manifested in some specific
problem, in our case the poor fertility of ‘Kéknyeld’ (a functional female-flowered variety-Figure 1.A)
and the high susceptibility to Botrytis of ‘Juhfark” (Figure 1.B) [8,22].

Figure 1. A. The functional female flowers of ‘Kéknyel(i” causes fertilization problems. B. The dense
clusters of ‘Juhfark’ also make it very susceptible to Botrytis.

In Hungary, clonotype selection (different from polyclonal selection) and clonal selection (3 or
4-step) were the most commonly used intra-variety selection methods. Clonotype selection requires
a base population already selected (at least from a phytosanitary point of view) and involves
grouping grape varieties according to one or more important characteristics, such as flower type. This
method is more efficient than mass selection (polyclonal selection), and was developed by Kozma in
1948 on the basis of the floral biology of Furmint and Kadarka varieties [23,24]. The method of clone
selection was adapted by the Hungarians from Germany. Marton Németh developed a four-step
individual method, Ottokar Luntz later reduced the number of steps to three [23-25].
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Both methods have several advantages and disadvantages. While clonotype selection preserves
much of the genetic variability in the starting material, allowing for better adaptability, the
improvement of the starting population is much slower, so selection takes more time. However, for
genetically degraded varieties that exist only in very small populations, this method can be used to
produce the amount of reproductive material needed to “bring the variety back into production” in
a relatively shorter time. Clonal selection breeding, although it is faster and allows for earlier clones,
reduces the genetic variability of the variety, which reduces the environmental adaptability. From a
virus-elimination point of view, clonal selection is preferable as it only requires the de-viralisation of
one genotype, whereas de-viralisation of a clone type is impossible or at least very costly [24,27,28].

In practice, clonal selection is often aided by the correlation between certain morphological traits
and cultivation traits [23,29]. Despite the consumer demand for Vignoles, its production is limited by
the susceptibility of the bunches to rot, which is linked to the compact bunch structure. The selection
objective here was to select a clone of the variety with loose clusters [28,29]. Similar considerations
have been made for the selection of looser clustered types for the ‘Juhfark’. For the ‘Kéknyeld’ variety,
we also looked at cluster tightness, but here we were looking for types with more fertile, and therefore
slightly tighter clusters [30].

Whereas selection methods used to be aided by knowledge of the correlation of morphological
traits [23] , in modern times molecular techniques can also aid clonal discrimination [33] and
selection, although their application is limited compared to cross-breeding. For example, ATR-MIR
spectroscopy combined with partial least squares discriminant analysis (PLS-DA) has been used to
discriminate the origin and vintage year of ‘“Tempranillo’ grape clones, and partial least squares (PLS)
regression to predict soluble solids (SS), pH and titratable acidity (TA) [34]. To aid clonal selection of
Croatian indigenous varieties, AFLP and S-SAP markers were used to assess intra-varietal genetic
variability in Peji¢ et al. [35]. They found significant genetic variability, which makes clonal selection
an effective method for improving yield and quality of existing conventional varieties. They also
investigated the extent of intra-varietal genetic variability in the grapevine cultivar ‘Keshmeshi’ using
23 SSR and 7 AFLP markers, which clearly distinguished the berry skin colored clone from the others
[36]. Similarly, the intraspecific genetic variability of a total of 47 clones belonging to the Pinot noir,
Pinot gris, Pinot blanc, Meunier, Teroldego and Gewiirztraminer varieties was assessed using SSR
markers [37].

The dynamic genome of the grape is characterized by single mutations that occur only once in a
clone. The frequent occurrence of mutations in different clones suggests that the mutations may be
locus specific. To investigate this phenomenon, 86 Riesling clones were analyzed using ten AFLP
primer combinations [38]. 38.5% of the polymorphic marker bands showed single mutations and 17%
showed locus-specific mutations, confirming the observation that the grapevine genome is rather
dynamic (at least in the case of the Riesling variety). This helps selection breeding, but can cause
problems in cultivation due to the instability of the clones.

Clone selection of the ‘Kéknyelli’ variety was started in 2003, based on the previous clonotype
selection, while clone selection of the ‘Juhfark’ variety was started in 2005 in Badacsony. Since 2011,
2 ‘Kéknyell” and 2 ‘Juhfark’ clones are being tested in small plot experiments. Our aim is to present
the results of the breeding work so far based on the harvest results and observations.

2. Materials and Methods

2.1. Experinemtal site, vineyard and growing conditions

In Badacsony, the results of small plots (20 vines) of clones of ‘Kéknyel@” and ‘Juhfark’ from the
Hungarian University of Agricultural and Life Sciences, Institute for Viticulture and Oenology,
Research Station and the results of plantations of both varieties of 0.3-0.3 ha in the same area were
examined. All the vineyards studied were with the same 2m x 1m vine spacing and Teleki 5C (E20)
rootstock and training system (‘Juhfark’-middle-high cordon; ‘Kéknyel’-umbrella). Bud loading was
7 buds/m?=14 buds/vines for both of the cultivars (‘Juhfark’ — 2 pieces of 3 bud spurs + 4 pieces of 2
bud spurs pro vine; ‘Kéknyeld’ — 1 piece of 12 bud cane + 1 piece of 2 bud spur pro vine).
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2.2. Experimental harvest, measures

The date of the key phenological stages: budburst, beginning of flowering, end of flowering,
veraison and harvest (maturity) were visually stated and recorded for both of the cultivars. The
harvest date (maturity) was determined by refractometric measurement of the sugar content of 20
berries randomly sampled per cultivar.

During the experimental harvests, the following parameters were determined: yield (kg/m?),
sugar content of the juice (Klosternuburger Mostwaage = KMW g / 100 g), titratable acidity of must
(g/1), pH, and the degree of rot (Botrytis cinerea) infection (%) was estimated visually.

12 years (2011-2022) of meteorological data (daily minimum, maximum and mean temperature;
daily precipitation) were recorded by automatic meteorological station (Luft) installed in the same
site as the vineyards (Badacsony, Hungary).

2.3. Calculations, data analyses

To determine the vintage effect, the following indices were calculated for each variety at
different phenological stages of the vine: growing degree days (GDD), Huglin index, hydrothermal
coefficient, and the cumulative rainfall during flowering for ‘Kéknyeli” and during maturation of the
berries (from version to full maturity) for ‘Juhfark’. Years were grouped by cultivars based on these
biometeorological indexes and values forming 3 clusters and principal component analysis also was
performed.

Harvest data were also analyzed by the 3 groups (clusters) of years and by cultivar separately,
always with a particular clone always split to the base. In this way, it was also possible to compare
the vintage sensitivity of each clone.

The homogeneity of variances and the distribution of the harvest results data (normality test)
were checked by Levene test and Shapiro-Wilk test respectively, and then, as these do not meet the
basic conditions for analysis of variance, data were evaluated by Analysis of Variance of Aligned
Rank Transformed Data (ART-ANOVA). Where the ART-ANOVA results indicated that the expected
values differed at a significance level of at least 90%, the expected values were compared pairwise
using “Aligned Ranked Transform Contrasts” test [39,40].

All of the results were analyzed and evaluated using the R software package [41].

3. Results

3.1. Evaluation of the meteorological data and indexes

The recorded meteorological data are detailed in Supplementary Table 1.
The date of the phenological stages of ‘Kéknyel(i" and ‘Juhfark’ are in Table 1 and Table 2
respectively.

Table 1. Date of the key phenological stages of the ‘Kéknyelii’ variety (Badacsony, 2011-2022).

Year Budburst Beginning of flowering End of flowering Veraison Maturity/Harvest

2011 04.13. 05. 30. 06. 13. 07. 30. 09. 21.
2012 04.11. 05. 29. 06. 07. 07.27. 09. 06.
2013 04. 23. 06. 07. 06. 17. 08. 08. 10. 01.
2014 04. 07. 06. 04. 06. 15. 08. 05. 09.22.
2015 04. 20. 06. 04. 06. 13. 08. 04. 09. 12.
2017 04. 06. 06. 08. 06. 19. 08. 01. 09. 20.
2018 04. 16. 05. 21. 05. 28. 07. 16. 09. 20.
2019 04. 12. 06. 06. 06. 20. 07. 29. 10. 02.
2020 04. 09. 06. 04. 06. 12. 08. 04. 09.22.
2021 04. 23. 06. 13. 06. 23. 08. 06. 09. 30.

2022 04. 14. 06. 02. 06. 09. 07.29. 09. 22.
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Table 2. Date of the key phenological stages of the ‘Juhfark’ variety (Badacsony, 2011-2022).

Year Budburst Beginning of flowering End of flowering Veraison Maturity/Harvest

2011 04.11. 05. 27. 06. 08. 07. 25. 09. 15.
2012 04. 04. 05. 24. 06. 06. 07.23. 09. 10.
2013 04. 18. 06. 04. 06. 14. 07.27. 09. 27.
2014 04. 04. 05. 27. 06. 09. 07. 30. 09. 16.
2015 04. 18. 06. 02. 06. 06. 07. 31. 09. 09.
2017 04. 04. 06. 06. 06. 15. 07. 25. 09. 13.
2018 04.12. 05.18. 05. 25. 07. 09. 09. 05.
2020 03. 30. 05. 29. 06. 09. 07. 24. 09. 10.
2021 04.17. 06. 11. 06. 18. 07. 29. 09. 09.
2022 04. 09. 05. 25. 06. 02. 07.19. 09. 01.

The values of the calculated indexes are summarized in Table 3.

Table 3. Values of the indexes for ‘Kéknyelti’ (A) and ‘Juhfark’ (B).

A

YEAR GDD1 GDD2 GDD3 GDD4 HUGI HUG2 HUG3 HUG4 HTC1 HTC2 HTC3 HTC4 P2

2011  298.53 165.55 543.61 651.80 450.89 21743 734.16 87733 0.20 0.28 0.82 0.46 8.60
2012 28450 82.69 69546 590.05 441.66 11949 910.64 78254  0.85 0.42 0.75 0.04 7.20
2013 29759 11833 754.67 43635 448.66 15935 995.75 64792 @ 1.12 0.39 0.42 1.28 8.60
2014 27450 151.52 604.13 414.16 441.32 198.78 807.10 59150 1.03 0.00 1.07 3.50 0.00
2015 299.63 12532 670.72 488.73 449.31 162.34 886.58 66545  0.98 0.00 0.32 0.81 0.00
2016  304.80 63.50 69720 471.00 479.17 90.67 916.86 661.61 1.39 1.11 0.94 0.60 14.80
2017  350.57 12498 59236 547.79 516.65 169.15 787.37 750.64 0.64 0.11 0.94 0.99 2.60
2018 298.11 80.03 55693 88249 419.64 107.75 753.81 1216.37 1.30 0.84 1.26 1.17 12.60
2019 237.70 20150 513.80 708.70 362.78 259.04 683.71 992.30 2.05 0.25 1.07 0.77 8.50
2020 27450 71.70 637.00 568.80 463.10 102.80 857.69 783.14 0.74 1.58 1.18 0.62 24.00
2021 27520 149.80 636.10 526.40 43223 195.72 829.08 762.04 0.85 0.00 0.69 0.51 0.00
2022  300.50 80.50 688.10 613.50 443.73 106.26 906.52 830.66 1.28 2.34 0.57 0.83 35.20

B

YEAR GDD1 GDD2 GDD3 GDD4 H1 H2 H3 H4 HTC1 HTC2 HTC3 HTC4 P4

2011  280.37 13597 551.99 645.11 42778 18248 742.82 863.10 0.19 0.40 0.49 0.72 83.80
2012  256.88 108.36 653.20 693.47 401.71 159.26 854.12 922.30 1.06 0.33 0.72 0.11 12.80
2013  306.02 93.10 582.11 651.14 464.79 12941 77354 917.78 1.19 0.50 0.52 0.77 97.60
2014 23956 113.87 608.82 448.57 387.33 16394 811.13 625.89 1.26 0.02 1.07 312 289.60
2015 273.06 54.75 711.22 531.04 41880 71.01 93793 712.71 1.03 0.00 0.31 0.75 69.60
2016  274.60 7550 632.30 484.10 436.59 107.10 835.80 668.80 1.19 1.56 0.97 0.77 70.20
2017 337.33 9722 541.70 615.51 49893 133.05 721.19 830.92 0.66 0.05 0.95 0.63 70.40
2018 298.68 66.44 51395 799.28 420.36 91.89 690.87 1082.17 1.29 0.92 1.18 143 200.50
2019 234.60 187.50 51590 643.40 356.53 23893 688.70 870.35 2.22 0.00 1.07 0.87  102.50
2020 256.40 7550 509.80 587.90 435.12 115.03 698.62 790.76 0.64 1.44 1.06 1.01 107.40
2021 255.70 84.70 624.10 466.80 41150 112.88 810.18 648.69 1.19 0.32 0.30 0.90 79.90
2022 249.60 5890 599.40 630.40 37774 83.58 794.85 819.68 1.17 1.40 0.96 0.60 64.70

indexes: GDD-growing degree days; H-Huglin index; HTC-hydrothermal coefficient; P-cumulative

rainfall (precipitation). Phenpohase codes: 1: from budburst to the beginning of flowering, 2 flowering;
3 from the end of flowering to veraison; from veraison to harvest (maturity).

The results of clustering of years based on the index values detailed in Table 3. Based on this
clustering 3 groups (clusters) were formed for both of the cultivars. Cluster 1 contains the years 2008,
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2020 and 2022; cluster 2 the years 2011,2014, 2019 and 2021; as cluster 3 the years 2012, 2013, 2015,
2016 and 2017 for Kéknyeld. In the case of ‘Juhfark’ the clusters are the following: cluster 1: 2012,
2015, 2016, 2021 and 2022; cluster 2: 2011, 2014, 2019 and 2021 respectively (see Figure 2 A and B).

groups
=l
= ol

PC2 (26 4% explained var.)

PC1 (37.2% explained var.)

A

groups
= 1

== 2
T 3

PC2 (25.7% explained var.)

o

o

o)
=]
e

0
PC1 (29.4% explained var.)

B

Figure 2. Result of PCA (Principal Component Analyses) of the 3 cluster of years for ‘Kéknyelti” (A)
and ‘Juhfark’ (B) respectively.
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The graphical representation of the result of PCA of the 3 cluster of years is shown in Figure 2 A
and B. As can be seen in the figure, the PC1 and PC2 principal components explain 37.2% and 26.4%
of the variance between years for ‘Kéknyeli’ and 29.4% and 25.4% for ‘Juhfark’, respectively. For both
of the cultivars the years can be clearly distinguished using these two components.

3.2. Evaluation of the harvest results of the ‘Kéknyelti” variety

The harvest results of the ‘Kéknyelli’ variety have been evaluated on the basis of eleven years of
data between 2011 and 2022. In 2016, the bird damage in the plantation was such that we were unable
to harvest any appreciable amount of fruit. The harvest results are summarized in Table 4.

Table 4. Harvest results of the “Kéknyeld’ variety (Badacsony, 2011-2022).

Sugar content of Titratable acid contant

Clone E;::z the juice of the juice pH Botrytlsozlfectlon l:{;:ri
KMW g/l

B.1. 2011 0.88 20.20 7.25 3.08 10.00
B.2. 2011 1.26 17.40 7.09 3.07 10.00
Base 2011 0.99 18.60 6.59 3.38 10.00
B.1. 2012 0.95 18.30 6.52 3.55 0.00
B.2. 2012 1.10 17.50 6.36 3.67 0.00
Base 2012 1.08 18.50 4.64 3.47 0.00
B.1. 2013 1.39 18.90 11.15 3.26 0.00
B.2. 2013 1.61 17.70 10.36 3.31 0.00
Base 2013 121 21.20 9.60 3.56 0.00
B.1. 2014 1.01 18.10 16.60 3.19 30.00
B.2. 2014 091 18.00 17.91 3.25 30.00
Base 2014 0.72 19.50 15.57 3.24 30.00
B.1. 2015 1.07 18.40 7.82 3.39 0.00
B.2. 2015 1.20 18.00 6.83 3.40 0.00
Base 2015 0.97 18.20 6.98 3.51 0.00
B.1. 2017 1.15 18.10 6.71 3.25 0.00
B.2. 2017 1.33 17.70 5.72 3.38 0.00
Base 2017 0.92 18.20 6.74 3.36 0.00
B.1. 2018 1.23 17.70 8.26 3.43 3.00
B.2. 2018 1.90 18.20 6.96 3.39 0.00
Base 2018 1.76 17.70 6.85 3.55 5.00
B.1. 2019 1.39 18.70 8.70 3.28 0.00
B.2. 2019 1.46 18.60 3.29 8.00 0.00
Base 2019 1.27 18.70 7.56 3.44 5.00
B.1. 2020 1.26 17.70 8.68 3.14 0.00
B.2. 2020 1.31 18.20 7.60 3.43 0.00
Base 2020 1.03 18.80 8.57 3.55 0.00
B.1. 2021 1.28 18.90 8.62 3.29 0.00
B.2. 2021 1.24 20.20 7.40 3.25 0.00
Base 2021 1.04 20.20 9.38 3.37 0.00
B.1. 2022 2.79 16.50 7.40 3.19 0.00
B.2. 2022 2.88 16.30 6.10 3.41 0.00
Base 2022 2.03 17.00 6.20 3.58 0.00

Harvest data show that the "Kéknyeli” has yielded an average of 1.32 kg/m? over eleven years,
which allows the variety to be grown economically.

There was significant difference in yield between the clone B.2. and the base variety. In this
comparison the year clusters also gave different values, as in years belonging to cluster 1 the


https://doi.org/10.20944/preprints202306.2197.v1

doi:10.20944/preprints202306.2197.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 June 2023

"Kéknyelli’ yielded more than in another years (Figure 3). These differences were were significalt at

90% confidence level.

Yield

10-

.

B2 Base
Clone

Figure 3. Yield results of the "Kéknyel’ clone B.2. and base variety (Badacsony, 2011-2022; data in
kg/m?).
The average sugar content of the ‘Kéknyeld’ grape juice in the examined years was 18.36 KMW.

Examining the Klosternuburger Mostwaage results, we found no significant differences between the
single clones and the base variety, but the ‘Kéknyeld’ clone B.1 had higher KMW for years in cluster

2 than in cluster 1 in 99% confidence level.

21-

519"

S

3 .

m *

1 2
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Figure 4. Sugar content of the juice of the ‘Kéknyelii’ clone B.1. and base variety in different year

clusters (Badacsony, 2011-2022; data in Klosternuburger Mostwaage-KMW).

The average titratable acid content of the grape juice was 8.24 g/l over the examined years, no

significant differences was detected between clones or year clusters.
The pH of the grape juice was 3.5. Both clones of ‘Kéknyel’ matured with significantly lower

pH at the 99% and 95% level (Figure 5 A and B). Only clone B.1. showed a significant difference
between year types (95% level) indicating the vintage sensitivity of the clone on the basis of pH.
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Figure 5. pH values in different year clusters compared to the ‘Kéknyel(i’ base cultivar by B.1.(A) and
B.2.(B) clones respectively.

The average percentages of rotting of ‘Kéknyell” is 4.03, which is very low. There were no
significant differences between clones and the base variety, but there were significant differences (at
95% level) in Botrytis infection among the different clusters of years.

The difference between the individual years was significant at the 90% level or higher for all
harvest parameters.

3.3. Evaluation of the results of the harvest of the variety ‘Juhfark’

The harvest performance of the ‘Juhfark’ variety was evaluated based on eleven years of data
between 2011 and 2022. In 2016 the plantation suffered bird damage to such an extent that we were
unable to harvest a qualifiable crop (in 2019 only the base and in 2022 only the B.1. clone and the base
vineyard could be harvested respectively). Harvest results are summarized in Table 5.

Table 5. Harvest results of the ‘Juhfark’ variety (Badacsony, 2011-2021).

Sugar content of  Titratable acid

Clone lfglfrlri the juice contant of the juice pH Botrytlso;onfectlon 11{;?111(112
KMW g/l

B.1. 2011 0.28 20.80 7.47 3.13 50.00
B.2. 2011 0.64 20.20 6.86 2.96 35.00
Base 2011 0.87 20.70 8.55 2.96 30.00
B.1. 2012 1.38 17.40 8.31 3.59 0.00
B.2. 2012 1.34 17.40 7.21 3.42 0.00
Base 2012 1.06 20.10 7.16 3.55 0.00
B.1. 2013 1.35 20.70 12.07 3.37 3.00
B.2. 2013 1.56 19.90 10.82 3.33 2.00
Base 2013 1.08 19.80 11.50 3.21 5.00
B.1. 2014 0.73 17.40 19.84 3.28 60.00
B.2. 2014 0.21 16.50 17.52 3.18 80.00
Base 2014 0.21 15.10 16.41 3.20 85.00
B.1. 2015 1.01 19.40 8.62 3.52 3.00
B.2. 2015 1.21 18.20 8.04 3.47 5.00
Base 2015 1.46 17.80 9.91 3.50 10.00
B.1. 2017 1.31 17.70 7.71 3.36 5.00

B.2. 2017 1.28 18.40 7.45 3.33 5.00
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Base 2017 1.57 17.50 9.44 3.28 5.00
B.1. 2018 2.26 18.00 7.29 3.46 7.00
B.2. 2018 1.99 17.40 8.48 3.47 5.00
Base 2018 2.02 17.90 9.94 3.35 10.00
B.1. 2019 nd. nd. nd. nd. nd.
B.2. 2019 nd. nd. nd. nd. nd.
Base 2019 1.43 20.80 12.55 3.42 40.00
B.1. 2020 1.17 20.40 11.88 341 20.00
B.2. 2020 1.06 19.90 11.08 3.34 25.00
Base 2020 1.55 17.20 12.40 3.29 20.00
B.1. 2021 1.12 19.60 14.20 3.14 20.00
B.2. 2021 1.09 19.00 12.40 3.18 20.00
Base 2021 1.48 15.10 18.80 3.01 20.00
B.1. 2022 0.96 17.70 7.47 3.37 10.00
B.2. 2022 nd. nd. nd. nd. nd.
Base 2022 2.25 17.10 10.54 3.14 10.00

nd. =no data (Crop haven’t been harvested because of the hard bird damage.

The ‘Juhfark” was harvested with a mean yield of 1.23 kg/m? over ten years the differences were
not statistically significant.

The average sugar content of the ‘Juhfark’ grape juice in the examined years was 18.5 KMW.
Titratable acid content of the grape juice was 10.73 g/l, which is quite high, but this is characteristic
for this variety. The average pH value of the must was 3.31, and the rate of Botrytis infection was
19.67%, which is high, also characteristic for this variety. Significant differences were only detected
between year clusters in Botrytis infection. It is interesting, that in most of the years, the rate of rotting
was lower in both of the clones, in specially year cluster, when the overall rotting was quite low (year
cluster 1 and 3). The average rate of infection was lower in clone B.1. compared to the base variety in
every year clusters (Figure 6), however this difference was not statistically significant.

60- —

Clone

=E=RE
40- ‘ B.2.
‘ Base

Botrytis

1 2 3
Cluster
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Figure 6. Rate of Botrytis infection (%) in different year clusters compared to the ‘Juhfark’ base cultivar
by B.1. and B.2. clones.

4. Discussion

In our work, the meteorological data measured over the years were evaluated as the value of
different biometeorological indices (GDD, Huglin indeX, etc.) and average or sum of meteorological
parameters calculated at key phenophases of the two grapevine cultivars under study.

As both varieties are considered local, their cultivation is limited to a small geographical area in
the Balaton highlands. Since autochthonous varieties are characterized by their year-round
sensitivity, the selected clones have to be evaluated over many years. Our results show that, for most
harvest parameters, differences between clones are not even apparent after 11 years of testing.

In the case of ‘Kéknyel(i” our results showed that both of the clones yielded higher than the base
variety, the difference was significant only for clone B.2. This is important because low yields due to
poor fertility are the main problem in ‘Kéknyel’ [8,12,22]. Among the quality parameters, in the
context of global warming, the significantly lower pH of both clones should be highlighted. Strong
relationships between total acidity, titratable acidity and pH was shown in several times [42,43], the
lower pH is associated with higher acidity. ‘Kéknyel(i” is famous about the special variety character
of its wine, which is told to have pronounced acidity. Given the acidic character of ‘Kéknyelti" wine
and the increasing must degrees and increasing pH expected due to climate change these differences
could be positive in the long term [44—48].

No statistically verifiable difference in harvest parameters was observed for ‘Juhfark’,
suggesting that further studies will be needed due to climate change and the high vintage sensitivity
of the variety [49-51].

An interesting result is that the two varieties responded differently to different weather
conditions in different seasons. In the case of ‘Kéknyel(1’, our results showed significant differences
in yield in clone B.2. between vintage clusters. However, clone B.1. showed differences in KMW
values and pH. Both of the ‘Kéknyelti clones have given significantly higher rate of Botrytis infection
in the years belonging to cluster 2, than in cluster 3.

In the ‘Kéknyelli’ clone B.1., in years belonging to the clusterl the pH was significantly lower,
and the rate of rotting was significantly higher than in years belonging tocluster 3. The pH value
depends to a large extent on the acid composition of the grape juice, with a lower pH usually
associated with a higher malic acid content. In this case, the relationship between the lower pH and
higher rotting is essentially could be explained by the fact that the Botrytis fungus uses sugars as a
food source originates from the conversion of organic acids, mainly malic acid. It was reported, that
during grape berry ripening, the conversion of acids into sugars indulgence the development of
Botrytis cinerea [52,53]. Sugars, malic acid, potassium, and sodium content of berry exudates promote
mycelial growth of pathogen [54].

In the case of the ‘Juhfark’, the vintage sensitivity is related to the problem of the variety, the
sensitivity to bunch rot. Both of the clones showed significantly different sensitivity to Botrytis
infection in different year clusters, in years of cluster 2 gave higher values (worst results) than the
years in another year clusters.

5. Conclusions

In addition to improving the breeding problem in clonal selection breeding of indigenous
varieties, it is very important to maintain the varietal character of the cultivar, as this is what makes
these varieties unique [51]. Both the ‘Kéknyeld” and the ‘Juhfark’ varieties have an acidic character,
retaining their acidity even in drought conditions, and this is reflected in the varietal character of
their wines [8,32]. Importantly, we have managed to maintain relatively high titratable acidity values
for both varieties in the clones tested.

Based on eleven years of data, only small differences were found between the tested varieties
and their clones, most of which were not statistically verifiable. As breeding of woody plants (such
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as grapes) takes a very long time, the potential effects of climate change have to be taken into account
already during a selection cycle and clones have to be selected accordingly.

6. Patents

The clones of the "Kéknyel(i" and ‘Juhfark’ varieties tested in this manuscript have been entered
for state registration in Hungary.

Supplementary Materials: Supplementary Table 1: Detailed daily meteorological data.
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