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Abstract: Viniculture in colder countries requires the use of rootstocks adapted to the climatic and soil conditions,
which influence the essential characteristics of the vine yield in terms of the physiological and morphological features.
The current study was carried out in 2015-2018 in southern Poland to examine the impact of the ‘5BB) ‘125A A,
‘101-14M;, ‘SO4’ and ‘Borner’ rootstocks on the growth, yield and fruit quality of three grape varieties: ‘Seyval Blanc;
‘Johanniter’ and ‘Solaris’ The following biometric parameters were compared: the increment in the trunk cross-sectional
area, number of inflorescences on the vine, total yield, mean weight of a cluster and chemical parameters, such as
the total soluble solid (TSS) content and grape titratable acidity (TA). The cluster weight of the individual varieties
was also assessed in eight categories by weight (0-700 g). The results showed that ‘Solaris’ and ‘Johanniter’ grafted
onto ‘Borner’ and ‘Seyval Blanc’ onto ‘5BB’ had significantly increased trunk diameters. For the ‘Solaris‘ cultivar, the
‘Borner’ rootstock increased the TSS volume by 8.2%. In the ‘Seyval Blanc’ cultivar, ‘125AA’ and ‘Bérner’ reduced
the TSS content and increased the content of TA in the berries. In the ‘Johanniter’ cultivar, the ‘Bérner’ rootstock

led to an increase in the TSS content with a concomitant increase in the TA.
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The domestication of grapevines goes back to
prehistoric times. Products made of Vitis vinifera
were part of everyday life as well as cultural and re-
ligious celebrations (Censi et al. 2014). In Poland, the
grapevine appeared with the advent of Christianity
(10" century) and was cultivated until the middle of
the 16" century with various results. The cooling of
the climate effectively discouraged Polish gardeners
from continuing the demanding cultivation of V. vi-
nifera. In the second half of the nineteenth century,
an accidentally imported aphid — Grape phylloxera
(Daktulosphaira vitifoliae) — from North America,
decimated European vineyards, and afterwards vine-
yards on other continents also, excluding only a few
countries. The reconstruction and saving the remain-
ing grapevines, after other unsuccessful attempts,
was based on the grafting of noble varieties of V. vi-
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nifera onto resistant rootstocks of North American
species or interspecies hybrids: V. labrusca, V. ri-
paria, V. rupestris and V. berlandieri (Vr$i¢ et al.
2015; Ollat et al. 2016; Mijowska et al. 2017). Graft-
ing is one of the oldest horticultural practices, al-
ready in use 9 000 years ago in China and now used
in most commercial crops worldwide (Mudge et al.
2009; Gautier et al. 2019). The combination of in-
dependent progeny and rootstock traits adapts the
grapevine to the existing biotic and abiotic condi-
tions. The selection of appropriate rootstocks has
become a protective tool against phylloxera, but the
adaptability to climatic and soil conditions can also
be taken into account (Gu 2001; Walker, Clingeleffer
2009; Somkuwar et al. 2011; Zhang et al. 2016; Ferli-
to et al. 2020). Rootstocks should be selected both in
terms of the characteristics of a given variety and the
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clone (growth rate, yield, nutrient requirements), as
well as the soil conditions (soil moisture, soil fer-
tility, active calcium content, etc.). Rootstocks af-
fect the nutrient uptake from the soil, and thus the
plant growth, length of the growing season and yield
(Reynolds, Wardle 2001; Mijowska et al. 2017).

Climate change, which has a destabilising effect on
wine-growing, is setting new limits for viticulture
around the world. Poland, as a zone A country, could
become a good region for the production of quality
wine, provided that the material is adapted to the
environmental conditions (Duchéne 2016). The aim
of this study that was conducted in 2015-2018 was
to investigate the influence of ‘5BB; ‘125AA; ‘101-
14M; ‘SO4’ and ‘Borner’ rootstocks on the growth,
yield and fruit quality of three grape varieties: ‘Sey-
val Blanc) ‘Johanniter’ and ‘Solaris’. The results will
provide information to growers that will help to bet-
ter select rootstocks for the above varieties, grown
under “cool climate” conditions.

MATERIAL AND METHODS

Description of the area. Field research was car-
ried out in a vineyard at the Experimental Station
of the University of Agriculture in southern Poland
(50°08'29.4"N  19°55'50.7"E). The experiment was
established in 2013 and data were collected during
three growing seasons. Plants were planted from
two-season potted cuttings, one year after inocula-
tion on individual rootstocks. The plants had a well-
developed root system.

Characteristics of the varieties. ‘Seyval Blanc’ is
an interspecific hybrid: 43.75% V. vinifera, 28.15%
V. rupestris, 12.5% V. berlandieri, 12.5% V. riparia and
3.1% V. licencumi.

‘Solaris’, a German variety that is a cross of Mer-
zling x Geisenheim 6493 (‘“Zarya severa’ x ‘Muskat
Ottonel’), registered as Vitis vinifera (73.4% V. vin-
ifera + 7% V. rupestris + 3.1% V. berlandieri + 3.1%
V. riparia + 0.8% V. lincecumi) (Julius Kithn-Institut).

‘Johanniter;, a cross of Riesling and Freiburg 589-54
[Seyve-Villard 12.481 x (‘Rulédnder’ x ‘Gutedel’)] (Ju-
lius Kithn-Institut).

Rootstocks used. ‘Kober 5BB’ V. berlandieri x
V. riparia: rootstock often used in Europe due to
its very high tolerance to the soil conditions. ‘Kober
5BB’ transfers a short growing season to the grafted
varieties. Frost resistance is highest in the group V.
berlandieri x V. riparia, but with a tendency to neg-
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atively affect the effectiveness of the flowering (Mi-
jowska et al. 2017).

‘Kober 125AA’ V. berlandieri x V. riparia: (interme-
diate rootstock between ‘5BB’ and S04). Like ‘5BB; it
tolerates a wide range of soils, except dry soils. It is
characterised by medium growth and high resistance
to freezing. It has a good effect on both the flowering
and fruit setting (Shaffer 2004).

Arnold Bérner V. riparia 183 G x V. cinerea: shows
high drought tolerance to the contribution from V. ci-
nerea in the species cross. It may also shorten the
growing period (Zhang et al. 2009).

‘Selection Oppenheim No. 4’ (‘SO4’) V. berland-
ieri x V. riparia: rootstock developed in Germany. It
requires light, fertile soils, and is not suitable for dry
soils. It is characterised by a short growing season
having high resistance to phylloxera and weak frost
resistance. It has a beneficial effect on the flowering
and fruit setting (Shaffer 2004).

‘R101-14M’ V. riparia x V. rupestris: a widely
used rootstock, especially in the northeast US and
Ukraine. It shows a high sensitivity to a water deficit
in the substrate. It is characterised by the early ripen-
ing of fruits and the weakening of the growth of the
grafted varieties. It has a very beneficial effect on the
yield (Shaffer 2004).

Arrangement of the experiment. The cultivation
system used in this study is the most common sys-
tem used in vineyards in Poland, i.e., permanent turf
in inter-row spaces and 80 cm wide herbicide strips.
Irrigation was not installed, and point watering was
used only in the period immediately after planting.
Spraying against fungal diseases was performed ac-
cording to the Fruit Plant Protection Programme,
valid for a given year. During the experiment, no
“green harvest” was carried out and the shortening
of the shoots was carried out in the veraison phase.

Vines were grown 2.5 m x 1 m apart and were
trained in a single Guyot system. The experiment
included ‘Seyval Blanc, ‘Johanniter’ and ‘Solaris’
varieties grafted onto five rootstocks: ‘Kober 5BB;
‘Kober 125AA; ‘Bérner;, ‘SO4’ and ‘101-14"

The measurements of each combination of root-
stock and variety were conducted in three replicates,
one replicate being comprised of five vines (Figure 1).

Weather data. Meteorological data was collect-
ed from the iMetos go IMT meteorological station
located next to the vineyard in Garlica Murowana
in 2015-2018. The average air temperatures during
the growing season in two consecutive years, 2016
and 2017, did not differ from each other, while the
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temperature in 2018 was 12% higher than in 2016
and 2017 (Figure 2A). The temperatures dropped
below 0 °C in April and May in 2016 and 2017 and
caused the freezing of the young shoots and flower
buds. The highest total precipitation was recorded
in 2017 (Figure 2B), which was 50% higher than the
average total precipitation for 1951-2010 in Poland
and was optimal for viticulture. The lowest rainfall
was recorded in 2016 and was 100% lower than the
minimum cultivation requirements. The highest air
humidity was recorded in 2016, while the lowest
was recorded in 2018 (Figure 2C).

Methods. The assessed indices included the in-
crement in the trunk cross-sectional area (ITCSA),
number of inflorescences on a vine, total yield, av-
erage weight of one cluster, total soluble solid (TSS)
content and grape titratable acidity (TA).

Vine measurements and biometric assessment
of the ITCSA. The vine trunk diameter at a height
of 30 cm from the base was measured in spring
(bud break phase) and autumn (leaf fall phase)
in 2015 and 2018, using electronic callipers. The
cross-sectional area of the trunk (mm?) was calcu-
lated according to the formula:

n x d’
pP= = (1)
where: d — the trunk diameter.

The following measurements and calculations
were performed for the tested combinations: num-
ber of inflorescences/plants (pieces), total yield
(kg), and average cluster weight (g).

In order to determine the qualitative parameters
at harvest maturity, ten clusters were collected
for each combination, from which ten completely
healthy berries with intact skin (total of 100 ber-
ries) were randomly selected.

Cluster evaluation. The grape weight was as-
sessed according to the scale of the individual varie-
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* rootstock 12AA
o rootstock 5BB

O rootstock SO4
0 rootstock 5BB

® rootstock Bérner

Figure 1. Combination of the vine
plantings in the experiment

ties, and divided into five categories by the cluster
weight. The percentage of each class was calculated
for all the combinations: 0-59 g, 60—-100 g, 101—
200 g, 201-300 g, 301-700 g.

Chemical measurements. The total TA was de-
termined by the acid-base titration method using
0.1 mol/L NaOH to pH 8.1. A Jenway 3020 pH meter
(Jenway Ltd., Dunmow, UK) was used for this pur-
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pose. Measurements were performed in three repli-
cates. The results are expressed as tartaric acid (g/L).

The content of the TSS and soluble substances
was tested at room temperature using an ATAGO
PR-100 digital refractometer (ATAGO, PR-100, To-
kyo, Japan) with a measuring range of 0.0-32.0%.
Measurements were performed in three replicates
and the results were expressed on a scale (°B).

The fruit harvest maturity index was calculated as
the ratio of the TSS to the TA and expressed in °B/g/L.

Statistics. All the statistical calculations were per-
formed for each year and for each variety separately.
The results were analysed using one-way analysis
of variance (ANOVA). Tukey’s test was used to as-
sess the significance of the differences between the
means at a significance level of P < 0.05.

RESULTS AND DISCUSSION

This study provides information on the effects of
five rootstocks on the quality and yield of three hy-
brid grape varieties. There are few reports in the
literature regarding the influence of rootstocks
on the fruit quality and grapevine morphology in
zone A conditions. Fruits obtained from grape-
vines grown in a “cool climate” are characterised by
lower sugar levels, and thus a lower alcohol content
is obtained from them with a high acidity and poly-
phenol content (Izajasz-Parchanska et al. 2014).
Vine analysis — biometric assessment. The [TC-
SA variable (Figure 3) is a direct tool applied in the
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dendrological evaluation of the growth rate. The
measurements were performed in 2015 and 2018.
Figure 3 shows the results of the cross-sectional
area increments for the three discussed varieties
on the five rootstocks. After three growing sea-
sons of the ITSCA experiment, the increment for
the varieties ‘Solaris‘ and ‘Johanniter’ was similar,
regardless of the applied rootstocks, and averaged
109.6 mm? and 87.6 mm?, respectively. The highest
trunk increment for ‘Seyval Blanc’ was recorded on
the ‘SO4’ and ‘5BB’ rootstocks, although Whiting
(2004) pointed to frequently arising compatibility
problems of these two rootstocks with noble va-
rieties. In this study, symptoms of incompatibility
were not recorded for the observed varieties, and
the rootstocks stimulated the growth of the stem
base, similar to the study by Clingeleffer and Em-
manuelli (2006) on the variety ‘Sunmuscat’ In 2018,
the highest increment of the stem base of the varie-
ties ‘Solaris‘ and ‘Johanniter’ was observed on the
‘Borner’ rootstock.

It was found, that the rootstocks influenced the
shoot length of the grapevine varieties (Tables 1, 2, 3).
In 2016, significant differences in the shoot lengths
were recorded for the variety ‘Solaris’ depending on
the rootstock (Table 1). The longest shoots were re-
corded for the grapevine grafted on the ‘SO4’ root-
stock, while the shortest ones were recorded for the
grapevine grafted on the “125A A’ rootstock. No sta-
tistical differences in the length of the shoots were
recorded in 2016 for the varieties ‘Seyval Blanc’
and ‘Johanniter’ (Tables 1 and 2), and in 2018 for
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Figure 3. Increment in the trunk base cross-sectional area (mm?) in the two seasons, 2015 and 2018 for the variet-

ies: (A) ‘Solaris’, (B) ‘Seyval Blanc) (C) ‘Johanniter’

All the statistical calculations were performed for each year and for each variety separately

aPMean values followed by different letters are significantly different (P < 0.05)
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Table 1. Biometric characteristics of the vine and quality parameters of the ‘Solaris‘ must depending on the rootstock

Biometric assessment

Quality parameters of the juice

Number of .
Rootstock Shoot length inflorescences Y1e¥d Average clus- pH TSS (°B) TA (g/L) TSS/TA
(cm) . (kg/vine) ter weight (g)
(pcs /vine)

2016 2018 2016 2018 20162018 2016 2018 2016 2018 2016 2018 2016 2018 2016 2018
125AA  106.9° 110.0° 17.0* 24.7* 0.1* 2.8 108.0¢ 122.4*> 341" 3.16> 22.2¢ 21.8> 7.5 7.60  2.96° 2.86%¢
R101-14M 128.1**126.0° 15.7*° 25.5° 0.3* 2.7° 305.0* 122.2%" 3.49* 3.20% 24.0°" 22.0>¢ 7.52> 7.52 320> 2.93¢
5BB 137.6°°138.0° 16.7*° 22.9* 0.4* 2.2* 196.0’ 114.6"> 3.43* 3.21? 23.8<22.8" 7.9 74  3.01° 3.08"
SO4 139.0* 136.0° 14.0* 19.0* 0.3* 2.0* 347.0° 119.0*> 3.49* 3.22?> 24.1?> 21.4° 6.6 7.7°  3.65° 2.78¢
Borner  127.6°°106.0° 17.9% 21.2%8 0.1* 2.4* 91.0°127.9*° 3.42° 325% 2522 233* 8.1° 6.8  3.11° 3.43?

a-dMean values followed by different letters are significantly different (P < 0.05)

All the statistical calculations were performed for each year separately; TSS — total soluble solid; TA - titratable acidity

the variety ‘Solaris". In 2018, differences in the shoot
length in relation to the rootstock were noted for
the varieties ‘Seyval Blanc’ and ‘Johanniter. The
‘Seyval Blanc’ variety produced the longest shoots
on the ‘SO4’ and ‘Borner’ rootstocks, while for ‘Jo-
hanniter; the longest shoots were recorded for the
‘5BB’ and ‘SO4’ rootstocks. Li et al. (2019) investi-
gated eight rootstocks, including ‘R101-14M;, ‘5BB’
and ‘SO4; but they found no effect of the rootstocks
on the grapevine Marselan shoot length.

The three grapevine varieties varied depending
on the dates of flowering and the number of inflo-
rescences (Tables 1, 2, 3). In terms of the flowering
dates, ‘Solaris® was the first to bloom, followed by
‘Seyval Blanc’ and ‘Johanniter’ These findings were
in agreement with other studies described in Pol-
ish climatic conditions (Mysliwiec et al. 2018). In
the first year of full fruiting (2016 year), no differ-

ences in the number of inflorescences related to the
rootstock for any of the varieties were recorded. In
the next season (2017), the spring frost damaged
100% of the inflorescences. The first differences
in the number of inflorescences were recorded in
2018. For the variety ‘Seyval Blanc; a significantly
greater number of inflorescences were recorded for
the ‘5BB’ and ‘Borner’ rootstock, while the grape-
vines on the ‘SO4’ and ‘R101-14M’ rootstocks
showed a tendency to have a greater number of in-
florescences (Table 2). For the variety ‘Johanniter;
the ‘Borner’ rootstock also showed a positive effect
on the number of inflorescences, and a tendency
towards having more inflorescences was noted for
the ‘125AA’ and ‘5BB’ rootstocks (Table 3). Gen-
erally, it was found that the grapevines grafted on
the ‘5BB’ and ‘Borner’ rootstocks produced up to
28.3% more inflorescences per plant in comparison

Table 2. Biometric characteristics of the vine and quality parameters of the ‘Seyval Blanc’ must depending on the

rootstock
Biometric assessment Quality parameters of the juice
Number of .
Rootstock Shoot length inflorescences Ylel.d Average clus- pH TSS(°B) TA (g/L) TSS/TA
(cm) . (kg/vine)  ter weight (g)
(pcs /vine)

2016 2018 2016 2018 2016 2018 2016 2018 2016 2018 2016 2018 20162018 2016 2018
125AA 120.9* 81.0> 13.52 23.1> 2.9 4.9* 110.0* 161.4* 3.26*3.18> 20.1*° 17.0°® 7.2* 8.6* 2.80*° 1.98¢
R101-14M 108.2* 90.0° 9.8* 26.4*>  3.1*° 4.8 162.0° 168.2*° 3.2923.20® 19.8° 19.1*> 6.7* 7.4> 2.95®> 2,58
5BB 109.0° 91.0> 10.1* 31.7* 2.8 54° 74.0° 164.6° 3.29°3.23* 20.8° 19.5° 6.6* 7.5° 3.15° 2.60°
SO4 113.6°110.0° 10.2% 24.1** 3.1 4.7 73.0> 169.3* 3.28°3.24* 20.7*° 19.2* 7.0* 7.6 2.95% 2522
Borner 113.9°118.0° 12.3* 32.0°  3.8* 5.3° 151.0° 161.0* 3.24°3.17" 20.2®® 17.7> 8.0* 7.9* 2.52° 2.24P

2~°Mean values followed by different letters are significantly different (P < 0.05)
All the statistical calculations were performed for each year separately; TSS — total soluble solid; TA — titratable acidity
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Table 3. Biometric characteristics of the vine and quality parameters of the ‘Johanniter’ must depending on the root-

stock

Biometric assessment Quality parameters of the juice

Number of .
Rootstock Sh"‘(’t le)“gth inflorescences Y/‘el.d) Avera.gehfl(“jter pH TSS(B)  TA(g/L)  TSS/TA

cm (pcs /vine) kg/vine weight (g
2016 2018 2016 2018 2016 2018 2016 2018 2016 2018 2016 2018 2016 2018 2016 2018

125AA 98.7° 90.0® 15.7% 29.6®> 0.6* 3.2* 232.0*° 2055 3.26* 3.32* 18.8» 19.5%> 7.1?> 932 2,642 2.10¢
R101-14M 99.3* 92.0* 15.0° 24.8> 0.6* 3.9* 231.0* 214.6*> 3.31* 3.31* 20.0° 19.6** 7.7®> 7.1 258 2.62*
5BB 101.9* 101.0* 15.7* 31.5®> 0.4 3.7* 242.0* 201.9> 3.31* 3.30* 19.8* 18.9> 7.6* 7.2° 2.61* 2.64*
SO4 110.32 101.0* 17.0* 25.4° 0.4* 3.6 254.0*° 222.6° 3.33* 3.30* 17.8" 19.5% 7.6*> 7.6" 2.34> 2.56*
Borner 107.7* 80.0> 12.8* 34.6* 1.1* 3.9* 331.0° 199.9> 3.28* 3.33* 17.8" 20.1* 6.7° 9.0* 2.65* 2.24°

“bMean values followed by different letters are significantly different (P < 0.05)

All the statistical calculations were performed for each year separately; TSS — total soluble solid; TA - titratable acidity

to the other rootstocks. The tendency of having
a different number of inflorescences on the shoots
depending on the rootstock was also observed in
other species, e.g., the kiwi (Wang et al. 1994),
apple trees (Tworkoski, Miller 2007), pear trees
(Almeida et al. 2020), peach trees (Bussi et al. 1995)
and sweet cherry trees (Dziedzic et al. 2019; Long
et al. 2019). Keller et al. (2001), studying the effect
of the rootstock on the number of flowers in inflo-
rescences, found that the ‘SO4’ rootstock stimulat-
ed a greater number of flowers in the inflorescence
in the variety Miller-Thurgau. Overall, there are
very few studies on the effect of the rootstock on
the number of inflorescences in grapevines.

The yield of the grapevine fruit was obtained
in 2016 and 2018 (Tables 1, 2, 3). In both years of the
experiment, no significant differences in the yield
related to the applied rootstock were observed. The
low yield of the varieties ‘Solaris‘ and ‘Johanniter’
in 2016 was associated with the spring frost dam-
age to the flowers (Tables 1 and 3). No significant
differences in the yield between the rootstocks were
found in 2018. Stevens et al. (2008), Wooldridge
et al. (2010) and Wang et al. (2019) reached simi-
lar findings and showed no rootstock effects on the
grapevine yield. Pulko et al. (2012) also used three
rootstocks (‘5BB; ‘Borner’ and ‘SO4’) in their experi-
ment with the variety ‘Sauvignon Blanc’ The authors
noted an increase yield on the ‘Borner’ rootstock
(13% to 35%) in comparison to the other rootstocks
analysed. Wooldridge et al. (2010) and Bou Nader
et al. (2019) found that the yield was dependent on
a clear interaction between the noble variety, root-
stock and soil type. Lovisolo et al. (2016) and Rome-
ro et al. (2018) demonstrated that rootstocks had an
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effect on the water uptake from the soil, and thus on
the vigour, productivity and berry quality. However,
other studies reported no significant effect of the
rootstocks on the grapevine yield, probably due to
differences in the experimental and edaphoclimatic
conditions (Kidman et al. 2014; Zhang et al. 2016).
The results of the experiment have suggested that
further studies on the effect of the rootstocks on
the yield are necessary.

The weight of a single fruit cluster was assessed
to determine the yield quality (Tables 1, 2, 3). In
2016, for the variety ‘Solaris; the greatest impact on
the cluster weight was obtained on the ‘SO4’ and
‘R101-14M’ rootstocks. The smallest clusters were
observed on the ‘Borner’ rootstock (Table 1). For
the variety ‘Seyval Blanc; the largest clusters were
recorded on the ‘125AA, ‘R101-14M’ and ‘Borner’
rootstocks (Table 2). No significant differences in
the cluster weight were noted for the variety ‘Johan-
niter’ (Table 3). In 2018, rootstock did not signifi-
cantly affect average cluster weight. The rootstocks
showed a different effect on the average cluster
weight depending on the year. The difference in the
average cluster weight for all cultivars in 2016 was
very large and ranged from 73 g (‘Seyval Blanc’) to
347 g (‘Solaris’), while more uniform results were
only observed in 2018. The ‘Solaris’ cultivar with
the Borner rootstock had a higher average cluster
weight compared to the other rootstocks, similarly
for the ‘Johanniter’ cultivar with the ‘SO4’ root-
stock. In the cultivar ‘Seyval Blanc’ there were no
significant differences in the mean cluster weight.
The study of Romero et al. (2018) demonstrated
a very high variation in the average cluster weight
depending on the applied rootstock.
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In the presented experiment, the cluster weights
were divided into five weight classes for each combi-
nation. Figure 4 shows the percentage of each class
in the yield. Many authors have reported that the
average cluster weight of V. vinifera varieties varied
between 100 and 200 g (Gatti et al. 2012; Bogicevic
et al. 2015; Sabir et al. 2020). In the discussed ex-
periment, no statistical differences in the average
cluster weight were found between the rootstocks,
but a regularity in the cluster weight distribution
was visible for each cultivar. For the variety ‘Sola-
ris’, the cluster weight most often ranged from 60 to
200 g (Figure 4A). For the variety ‘Johanniter, the
clusters weighing from 100 to 200 g represented
the highest percentage (Figure 4B). For the variety
‘Seyval Blanc, the cluster weight most often ranged
from 200 g to 300 g (Figure 4C). This last variety
was very heterogeneous with regard to the cluster
weight, with a large proportion of small clusters
below 60 g, as well as five other weight categories.

Chemical measurements. The total soluble
solid (TSS), organic titratable acid (TA) contents
and the pH value of the grape must are the most
important indicators of the grapevine fruit matu-
rity and harvest date. The values depend primarily
on two variables: the climatic conditions between
the flowering and harvest and also on the fruit to
leaf ratio of the plants (Duchéne 2016; Lampif,
Zaloudek 2018).

To assess the effect of the variety and rootstock
on the inner characteristics of the grape must, the
grape must quality parameters were assessed (Ta-
bles 1, 2, 3). The quantitative measure of the acid-
ity of grape must is the pH level, known as an im-
portant factor affecting the must and wine stability
(Mpelasoka et al. 2003). Zhang et al. (2015). In the
discussed work, the authors noted a comparable pH
range of the must for the same variety. For the vari-
ety ‘Solaris’, the pH value ranged from 3.09 to 3.43
(Table 1). The lowest pH parameters were recorded
for the ‘125AA’ rootstock in both years and for the
‘Borner’ rootstock in the first year of the experiment.
Pulko et al. (2012) observed the highest pH on the
‘Borner’ rootstock. In 2018, higher pH was recorded
for ‘Seyval Blanc’ cultivar grafted on ‘5BB’ and ‘SO4’
rootstocks compared to other rootstocks. Signifi-
cant differences, depending on the rootstock, were
not observed for the cultivar Johannite (Table 3).

In a region with relatively cool conditions for viti-
culture, such as Poland, the TSS during harvesting
is the main parameter determining the later wine
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quality, conditioning the lack of additional treat-
ments before fermentation (Zhang et al. 2015). The
TSS depends on the variety and climatic conditions
occurring in the period between the flowering and
fruit harvest (Duchéne 2016). In the present experi-
ment, a high difference in the TSS values was ob-
served for three cultivars on five rootstocks (Tables
1, 2, 3). No recurring relationship was observed for
the effect of the rootstock on the TSS; however, the
TSS for the varieties ‘Solaris” and ‘Seyval Blanc’ was
the highest for the ‘SO4’ and ‘Bérner’ rootstocks in
2016. For the variety ‘Seyval Blanc, the ‘5BB’ root-
stock was also present in the same significance
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Figure 4. Yield share in the five cluster weight categories:
(A) ‘Solaris’, (B) ‘Seyval Blanc;, (C) ‘Johanniter’
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group. In 2018, these relationships were not record-
ed again, but the ‘5BB’ and ‘Borner’ rootstocks con-
tributed to the highest TSS for the variety ‘Solaris'.
Liu et al. (2015) determined a level of 21.1 °B for the
variety ‘Solaris‘ as being adequate for a “cool region’,
in our study we obtained significantly higher TSS
for this variety in both study years, a mean 23.9 °B in
2016 and 22.3 °B in 2018. These results were similar
to the values published in the work of Samoticha
etal. (2017). Pulko et al. (2012) analysed the effect of
the ‘Borner’ and ‘5BB’ rootstocks on the variety Sau-
vignon Blanc, and similar our experiment, recorded
an increase in the TSS levels on these rootstocks.
When analysing the impact of the rootstocks, it can
be concluded that the ‘Bérner’ and ‘5BB’ rootstocks
increased the TSS on average by 11.7% in 2016 and
by 8% in 2018 compared to the other rootstocks. In
a study carried out in similar climatic conditions,
Izajasz-Parchanska et al. (2014) observed a signifi-
cantly higher TSS (22 °B) for the cultivar ‘Seyval
Blanc’ than in our experiment, where we obtained
similar results to Slegers et al. (2017) (19.7 °B). Jin
et al. (2016) analysed the effect of the ‘101-14M;
‘5BB’ and‘SO4’ rootstocks on the variety ‘Summer
Black’ and found that the ‘101-14M’ rootstock ac-
cumulated a higher TSS content compared to the
other two, while we did not observe a similar rela-
tionship in our work.

The TA in grapes, similar to the pH, affects the
microbiological stability of wine. It is assumed that
hybrid cultivars have a higher TA content than
V. vinifera varieties (Riesterer-Loper et al. 2019;
Schrader et al. 2020). The must acidity is an im-
portant parameter and determines the later taste
of wine (Cioch, Tuszynski 2014). In the discussed
experiment, the highest TA content for the vari-
ety ‘Solaris’ was recorded in 2016 on the ‘5BB’ and
‘Borner’ rootstock, while the lowest was recorded
on the ‘SO4’ rootstock (Table 1). For the variety
‘Seyval Blanc; no statistical differences were found
in 2016, while in 2018, the ‘125AA’ and ‘Bérner’
rootstocks contributed to an increased TA content
(Table 2). A similar relationship was observed for
the cultivar ‘Johanniter’ in 2018 (Table 3). The same
variety in 2016, on the ‘5BB’ rootstock, had a statis-
tically higher TA level than the other combinations.
Li et al. (2019), for the ‘Marselan’ variety, recorded
the highest acidity on the ‘SO4’ rootstock and the
lowest on the ‘101-14M’ rootstock. In study con-
ducted by Izajasz-Parchanska et al. (2014), the TA
for the ‘Solaris’ variety was 6.5 g/L, while Samoti-
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cha et al. (2017) reported a significantly higher
TA — at 9.3 g/L. The study of Greyling (2019) on
the variety ‘Seyval Blanc’ showed differences in the
TA content in relation to the amount of sunlight
in the vineyard. The values obtained by Greyling
(2019) and Izajasz-Parchanska (2014) were similar
to the values obtained by us in the present study.
The study of Slegers at al. (2017) recorded a higher
TA (9.7 g/L) for the same cultivar.

The TSS to TA ratio is defined as the grape matu-
rity coefficient. A high or low index may indicate an
incorrect harvest date or a disturbance in the verai-
son stage caused by inappropriate weather condi-
tions (Ju et al. 2016; Shahab et al. 2020). A TSS/TA
ratio in a range of 2.1-3.3 is regarded as optimal for
white grapes (Yair 2004). During two seasons of the
experiment, significant differences were recorded
for the TSS/TA ratio between the rootstocks. ‘Sola-
ris, as the earliest maturing variety, was in the up-
per limit of this range, sometimes even exceeding
it (Table 1). In 2016, the highest ratio was recorded
for the ‘SO4’ rootstock, i.e., 3.65, which was associ-
ated with a low TA level in relation to a high TSS.
The phenomenon of an increase in the sugar con-
centration and a decrease in the acidity associated
with a higher pH during grape maturation has been
described by many researchers (Ollat et al. 2002;
Keller 2010; Téthal et al. 2015). In 2018, the rela-
tionship occurred again for the ‘Bérner’ rootstock.
In the variety ‘Seyval Blanc’ grown on the ‘125AA’
rootstock, a low TSS and high TA resulted in a de-
crease in the coefficient to 1.98 in 2018 only, which
was below the range defined as optimal (Table 2).
For the remaining rootstocks, the coefficient was
within the optimal range, as for the variety ‘Johan-
niter’ in both study years (Table 3).

CONCLUSION

A significant factor when selecting varieties for
new plantings is the time required by a given va-
riety to produce a crop with good physicochemi-
cal parameters. The conducted experiment showed
that the rootstocks did not determine the yield size,
but significantly improved its quality.

In Polish climatic conditions, we found that the
rootstock can significantly change the physico-
chemical parameters, i.e., TSS content and acid-
ity. This was particularly evident with the ‘Bérner’
rootstock, and ‘5BB’ to a lesser extent, for the ‘So-
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laris‘ strain. The rootstocks ‘R101-14M, ‘5BB’ and
‘SO4’ positively affected the TSS and TA of the
‘Seyval Blanc’ and ‘Johanniter’cultivars.

Further research on the effect of the rootstocks
on the physicochemical characteristics of a variety
will allow the creation of a physicochemical profile
of cultivated hybrid varieties.
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