Vitis 52 (1), 1-7 (2013)

Effect of soil fertilization on the incidence of berry shrivel and the quality of
resulting wine

K. BacHTELERD 2, M. RiEDELY, N. MERKT?, B. ULLRIcH", M. ERHARDT? and J. WUNSCHE?

D State Institute of Viticulture and Enology, Freiburg im Breisgau, Germany
2 University of Hohenheim, Institute of Crop Science, Stuttgart, Germany

Summary

Berry shrivel is becoming an increasing concern for
winegrowers all over the world. Until today, no single
factor causing this physiological disorder has been de-
termined. Studies concerning berry shrivel conducted
in Austria have shown that an unbalanced ratio of K
and Mg in the soil is a likely factor contributing to the
disorder. The aims of the present study were to establish
a better understanding of the causes and consequences
of berry shrivel and observe the effects of K and Mg
fertilization via the soil on the incidence of berry shriv-
el, the mineral composition of affected berries and the
resulting wine quality. A two-year fertilization trial was
conducted on two sites located within southern Ger-
many with the varieties 'Zweigelt' and 'Pinot Blanc'.
Different amounts of K and Mg were applied each year
at both locations in order to generate different ratios
of K and Mg in the soil. Before harvest, the incidences
of berry shrivel of the different treatments were deter-
mined. In addition, macronutrients including K, Mg
and Ca that were translocated in healthy berries and
berries affected by berry shrivel were determined at
harvest. To compare the quality of wine influenced by
berry shrivel, different wines were produced consisting
of shrivelled berries, berries affected by bunch stem
necrosis and healthy berries.

In the soil fertilization trials, no significant differ-
ences in the incidences of berry shrivel were observed in
relation to the soil fertilization. Major differences were
found in the wine qualities of the different wines. Wines
produced from healthy berries were always rated as
the best wines, whereas wines produced from shrivelled
berries were always rated as the lowest quality. The low
quality parameters found in the must did not improve in
the wine making process. Wines produced from berries
affected by bunch stem necrosis were rated better than
berry-shrivel-wines, however, rated less than the wine
produced from healthy berries. The determinations of
macronutrients’ level in the berries showed significant
differences regarding the concentration of Ca. In the
variety 'Zweigelt' in 2009, an average of 36 mg-L! of
Ca were found in healthy berries and 107 mg-L" in ber-
ries affected by berry shrivel. In 'Pinot Blanc' in 2010,
the average of Ca in healthy berries was 46 mg-L! and
70 mg-L! in berries affected by berry shrivel. No sig-
nificant differences were found for K and Mg in the
berries.

Key words: berry shrivel, "Traubenwelke", potassium,
magnesium, soil fertilization, wine quality.

Introduction

Incidences of berry shrivel (BS) were first described
in Austria in 1997 (ReisEnzelN and BERGER 1997), however,
since 2005, this disease has also been reported in Southern
Germany. It is likely that BS has already existed in Ger-
many for a number of years, since the visible symptoms of
BS are similar to those identified with bunch stem necrosis
(BSN). Berries affected by BS lose their turgescence during
the onset of ripening. These berries show a reduced sugar
accumulation, low pH, reduced content of anthocyanins as
well as an increase of tannins in the skin (Krasnow et al.
2009). The must weight remains low at around 10 °Brix,
therefore affected berries cannot be used for wine-making
and must be removed before harvest. Since the rachis re-
mains green and often indicates no form of outer damage
when affected by BS, the detection of affected grapes is
time-consuming as it is essential to examine each individu-
al grape carefully in order to identify affected berries.

Possible causes of BS have been suggested and dis-
cussed in numerous publications (STuckLIN 2007, BoNDA-
pA and KELLER 2007, SCHUMACHER et al. 2007, RepL 2005,
KELLER 2008, PARDATSCHER 2004, REISENZEIN and BERGER
2001, GRIESSER ef al. 2012, HALL ef al. 2011, KUHRER and
GaBLER 2011, KuHrer 2010). Research was conducted to
understand and determine the causes and effects of BS. To
date, no single factor has been identified as the main cause
of the disease. Furthermore, there is a likely genetic prede-
termination, as some varieties, rootstocks or clones were
considered more susceptible than others (SCHUMACHER e?
al. 2007, StuckLiN 2007). Varieties where BS was observed
more often are 'Zweigelt', 'Pinot Noir', 'Pinot Gris' and 'Pi-
not Blanc' or 'Chasselas'. Investigations in Switzerland
showed that the rootstocks SC and SO4 are more suscep-
tible, whereas SBB, 125AA or 3309 are less susceptible.
Comparing the clones of 'Pinot Noir', the clones Mariafeld,
2/45 or 10/5 seem to be more affected by BS (ScHUMACHER
et al. 2007). In South Tyrol BS was identified in conjunc-
tion with extreme weather conditions, such as wet and
cold conditions after full bloom and hot and dry weather
towards 14.8 °Brix (Rairer and RoscHatT 2001). In the
USA research associated with BS tended to focus more
on the physiological parameters such as phloem/xylem
sap flow (Bonpapa and KeLrer 2012, KeLrer 2008) and

Correspondence to: Dr. K. BACHTELER, Staatliches Weinbauinstitut Freiburg, Rebenerndhrung und Bodenkunde (Referat 13). Merzhauser Strafie 119,
79100 Freiburg. Fax: +49-761-40165-70. E-mail: kristina.bachteler@yahoo.de



2 K. BACHTELER et al.

compositional changes (Krasnow et al. 2009) in affected
berries compared to healthy berries. Research conducted
in Austria focused on investigating the disproportion of K
and Mg in the soil as well as high temperatures as possible
causes for the BS disorder (RepL 2005).

A well-balanced ratio between K, Mg and Ca is im-
portant for the growth of healthy plants and good quality
wines. These cations can act as direct competitors during
uptake by the roots. If one of these ions is available within
the soil in excess, the roots will then essentially take up a
greater proportion of this ion and can limit the uptake of
the other essential ions, even if they are sufficiently present
in the soil. Physiological disorders such as BS or BSN are
supposed to be associated with an unbalanced proportion
of these cations in the plant.

The objectives of the present study were to find possi-
ble effects of the fertilization of K and Mg on the incidence
of BS and thereby affordable ways to decrease the risk of
the occurrence of BS. The consequences of the disorder
BS should be easier understood by the investigation of the
shift of K, Mg and Ca into affected berries and the resulting
wine quality.

Material and Methods

Site description: The 'Zweigelt' vineyard was
located in the South of Germany, in Weinstadt-Endersbach
(48°49°05.54” N, 9°22°18.54” E, 246 m a.s.l.), and con-
sisted of an area of 1438 m?. The average annual tempera-
ture in 2009 was 9.9 °C and the average annual amount of
precipitation was 905 mm, in 2010 the average annual tem-
perature was 8.9 °C and the annual amount of precipitation
was 772 mm. The soil type was classified as endostagnic
Regosol (calcaric).

The vines were all St 9 clones on 5BB rootstocks,
planted in 2002 and trained to one cane with 10-11 buds.
The distance between vines within the rows was 1.2 m and
between rows 2 m. Three treatments were distributed in a
randomized block design consisting of 12 plots in 4 rows.
Each treatment was present in one of the rows. One plot
contained 24 vines in an area of 57.6 m?.

The 'Pinot Blanc' site was located in the South of Ger-
many, in Ehrenkirchen (47° 55° 33.22° N, 7°44°59.92”’E,
297 m a.s.l.), and consisted of an area of 2070 m>.

The average annual values for temperature and the
amount of precipitation in 2009 were 11.7 °C and 984 mm,
respectively. In 2010, the average annual temperature was
10.31 °C and the annual amount of precipitation was 888
mm. The soil type was classified as haplic Regosol (cal-
caric, siltic).

The vines were 0212 clones on 5BB rootstocks, plant-
ed in 2000 and trained to one cane with 9-12 buds. The
spacing of each vine was 2.4 m? and between rows 2 m.
The trial design was a completely randomized 5x5 latin
square. The 25 plots consisted of five different treatments
in five replicates. One plot contained 20 vines in an area
of 48 m2.

Weather data were collected by the Landwirtschaftli-
ches Technologiezentrum (LTZ) Augustenberg, Germany,

at meteorological stations near the experimental sites and
provided by the program Vitimeteo (State Institute of Viti-
culture and Enology, Freiburg, Germany and the Agro-
scope Changins-Wédenswil, Switzerland).

Fertilization: In the block design at the
“Zweigelt” site, three fertilizing treatments were used: (1)
no fertilization of K and Mg, (2) fertilization of K (41 kg/
ha K) and Mg (16 kg-ha! Mg) as recommended, (3) 300
% of the recommended amount of K and Mg as recom-
mended. At the 'Pinot Blanc' site, five fertilizing treatments
were selected. As the trial site was suitable, two more
treatments were implemented in order to examine a wider
range of fertilization levels. (1) no fertilization of K and
Mg, (2) recommended amount of K (28 kg-ha! K) and Mg
(24 kg-ha' Mg), (3) 300 % of the recommended amount of
each K and Mg, (4) no K and 300 % of the recommended
amount of Mg, (5) no Mg and 300 % of the recommended
amount of K. In order to generate an unbalanced ratio of K
and Mg in the soil in a short time, the amounts were tripled
in the varieties (3), (4) and (5).

On both sites fertilization was applied by hand in 2009
and 2010 at approximately 60 days prior to anthesis, using
ESTA® Kieserit (K+S Kali GmbH, Kassel, Germany) and
Kaliumsulfat (K+S Kali GmbH, Kassel, Germany).

During the trial, vineyard management regarding plant
protection, defoliation, tipping or soil cultivation remained
the same for all treatments at each site according to com-
mercial practices in southern Germany.

Leaf samples: In2009 and 2010, 60 leaves were
sampled for each treatment throughout each season. Twen-
ty leaves were collected on three separate occasions: 1) at
full bloom, 2) at veraison and 3) at the ripening stage of the
berries of 14.8 °Brix. Leaves were collected at mid-shoot
position, opposite the first or second cluster. Contamina-
tions (e.g. fertilizer or fungicide) were removed with a soft
brush and deionized water. Subsequently, samples were
dried to constant weight in a drying oven at 45 °C, and
then placed in plastic bags and sent to the LTZ Augusten-
berg, Germany, for analysis of K, Ca and Mg. The ratio of
K and Mg was calculated by K/Mg and the cation ratio was
calculated by K/(Mg+Ca).

Soil samples: Foreach treatment, a mixed sam-
ple across all plots was taken. Per plot, two samples were
randomly collected within the rows. Soil samples were col-
lected in January 2009 prior to the first fertilization in order
to determine the supply status of K, Mg, humus and pH.
Samples were collected with a Pilirckhauer auger at two
depths ranging from 0-30 cm and 30-60 cm. Analysis of
the nutritional status of the soil was conducted at the LTZ
Augustenberg, Germany. Due to the results received in the
analysis, a recommendation of the amounts of fertilizers
was calculated according to the “Diingung von Ertragsre-
ben” (MINISTERIUM FUR ERNAHRUNG UND LANDLICHEN RAUM
BADEN-WURTTEMBERG, 2006). This recommendation was
taken as a basis for the calculation of the different treat-
ments. In order to monitor the nutritional status in each
of the different treatments, soil samples were taken in the
same way after harvest in 2009 and 2010.

Berry samples: Berry samples consisting of
100 berries each were collected at BS symptom onset.
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One sample of healthy berries and berries affected by BS
was collected in each treatment. At the 'Pinot Blanc' site in
2010, one sample of berries affected by BS was collected
over all the treatments as not enough affected berries could
be sampled for each treatment. All berries were pressed,
stabilized with 0.2 ml of a 5 % SO, solution and concentra-
tions of Ca, Mg and K were analysed with atomic absorp-
tion spectroscopy (AAS).

Wine Production: At the “Zweigelt” site in
2010, healthy grapes of the control treatment with the
recommended amount of fertilizers were harvested. Ber-
ries affected by BS and BSN were detected and harvested
separately. In all treatments, all grapes were mashed after
harvest, fermented on the skins and the following additives
applied: 20 g/l of Siha 8 yeast (E. Begerow GmbH & Co.,
Langenlonsheim, Germany), 22.7-37.9 g-L'! saccharose
(depending on the treatment) to adjust the amount of alco-
hol and 50 g-hL"! Vitamon Combi (Erbsloh, Geisenheim,
Germany) as yeast nutrition. After one week, the mash was
pressed and 6 days later, 1 g-hL! of sK 2 (Erbsl6h, Geisen-
heim, Germany) was added for biological deacidification.
This was stopped after 5 2 weeks, using 50 mg-L"' SO,
and another 30-50 mg-L"' SO, 6 weeks later. Before filling,
15-20 mg-L"' SO, was added.

Musts and wines were analysed with GrapeScan™
(FOSS NIRSystems, Inc., Laurel, USA) for the contents
of glucose, fructose, total acidity, tartaric acid, malic acid,
volatile acid, alcohol, glycerine, gluconic acid, NOPA, am-
monium and must weight. The concentrations of Ca, Mg
and K were analysed with AAS.

Consumer preference analysis: Three
“Zweigelt” wines were evaluated in a sensory seminar with
137 participants. One was made from healthy grapes, one
from berries affected by BS and one from berries affected
by BSN. Each participant tested the three wines blindly
without knowing which one was which. After tasting, the
wines were evaluated with rank number 1 for the best and 3
for the worst wine. These results were statistically analysed
with Friedman rank sum test at a. = 0.05.

Scoring: For each treatment, each grape of
20 vines was rated which added up to about 300 grapes
per treatment. The grapes were examined by hand and the
amount of shrivelled berries was estimated.

Statistical analysis: Scores and samples
were statistically analysed by ANOVA with proc mixed
statements (SAS ®Institute INC, USA) at a. = 0.05.

Results

Incidence of BS: In 2009, the 'Zweigelt' site
showed BS symptoms at an average of 22.3 % compared
with the 'Pinot Blanc' site at 5.1 %. (Fig. 1A). In 2010, BS
was present at both sites and incidences similar to 2009. BS
was at 29.3 % at the 'Zweigelt' site and 5.9 % at the 'Pinot
Blanc' site (Fig. 1B). There were no significant differences
between each of the treatments at either of the sites.

Nutritional status in the leaves: The
ratio of K/Mg and concentrations of K and Mg in the
leaves were higher at the 'Pinot Blanc' site compared to

the 'Zweigelt' site throughout the whole seasons of 2009
(Fig. 2A) and 2010 (Fig. 2B). At each site, the ratios of
the different fertilization treatments did not show signifi-
cant differences. At the 'Pinot Blanc' site in 2009, the treat-
ment with 300 % of the recommended amount of K and
Mg showed the highest ratio at 14.8 °Brix, whereas all
the other treatments did not differ much. At the 'Zweigelt'
site, ratios of all treatments lay in the same range between
2 and 4.

A regression of the cation ratio and the logarithmic
transformed incidences of BS showed a linear relationship
in 2010 with y =4.53 - 5.12x, R*=0.75.

Nutritional status in the berries: The
amounts of nutrients in the berries and significant differ-
ences are shown in Tab. 1. Significant differences were
found for concentrations of Ca. Comparing the results
within the treatments at the 'Zweigelt' site, the amounts of
Ca in berries affected by BS were significantly higher for
all the treatments in 2009: 223 % in treatment 1, 261 % in
treatment 2 and 129 % in treatment 3. In 2010, only the
affected berries of treatment 1 showed significantly higher
Ca levels with 104 % more Ca than healthy berries. At the
'Pinot Blanc' site in 2010, the amount of Ca in affected ber-
ries was significantly higher in all treatments with 56 %
respectively.

Nutritional status in the soil: It was
not possible to change the ratio of K and Mg in the soil
in the different treatments considerably. At the 'Zweigelt'
site prior to trial initiation, the amount of K in 0-30 cm
depth was 24 mg/100 g and Mg was at 22 mg/100 g. In
30-60 cm K was at 14 mg/100 g and Mg at 22 mg/100 g.
These levels are considered as sufficiently supplied. Af-
ter harvest in 2010, in treatment 1 with no fertilization
of K and Mg, 26 mg/100 g K were analysed in 0-30 cm
and 18 mg/100 g in 30-60 cm. Mg was at 22 mg/100 g in
0-30 cm and 21 mg/100 g in 30-60 cm. In treatment 3 with
300 % of the recommended amount of K and Mg as rec-
ommended, 30 mg/100 g K and 23 mg/100g Mg were ob-
served in 0-30 cm and 22 mg/100 g of both K and Mg in
30-60 cm. The level of Mg supply remains in the range that
should be pursued. The level of K rises in treatment 3 and
is considered as more than sufficient.

At the 'Pinot Blanc' site, the amount of K was at
26 mg/100 g and Mg at 14 mg/100 g in 0-30 cm prior to
trial initiation. In 30-60 cm, K was at 24 mg/100 g and
Mg at 16 mg/100 g. These levels are considered as suffi-
ciently supplied. After 2 years, the control plots without
fertilization of K and Mg showed 31 mg/100 g of K and
15 mg/100 g of Mg in 0-30 cm and 24 mg/100 g K and
15 mg/100 g Mg in 30-60 cm. Amounts of K in the upper
soil varied only from 26 mg/100 g in treatment 3 to 32 mg/
100 g in treatment 5.

In the subsoil, highest amounts of K were found
in treatment 2 with 28 mg/100 g and lowest amounts
in treatment 1 and 5 with 24 mg/100 g. Mg varied from
13 mg/100 g in treatment 5 to 16 mg/100 g in treatment 3
in the upper soil. In the subsoil, the same amount of Mg
(15 mg/100 g) was found in all treatments except for treat-
ment 5 with 14 mg/100 g. The level of Mg supply remains
in the range that should be pursued. Regarding the level
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Table 1

K, Mg and Ca in healthy berries and berries affected by BS

in the different treatments at both trial sites in 2009 and 2010.

®Means followed by the same letter in each column do not differ
significantly at p < 0.05

Zweigelt 2009 Means
fertilization berries [m;L"] [ml\;%_l] mcg-aL["]
| healthy 1253 a 38a 33a
BS 1183 a 340 107b
) healthy 1336 a 37a 30a
BS 1386 a 36a 107b
3 healthy 1288 a 41b 46 a
BS 1244 a 39b 106 b
Zweigelt 2010 Means
fertilization berries [mg?L"] [ml\;-i"] [mg'ell;‘]
| healthy 1086 a 58a 4l a
BS 833 a 65a 84 b
’ healthy 1087 a 66 a 48 a
BS 898 a 59a 69a
3 healthy 1072 a 59a 46 a
BS 841 a 62 a 72 a
Pinot Blanc 2009 Means
fertilization berries [mgL" 1 [ml\g/l.lgj 1 [mg.i,, 1
1 healthy 1302 a 71a S56a
BS 1243 a 65a 62a
) healthy 1384 a 66 a S56a
BS 1254 a 69 a 60 a
3 healthy 1365 a 69 a 55a
BS 1241 a 69 a 61 a
4 healthy 1191 a 85a 55a
BS 1287 a 76 a 62a
5 healthy 1372 a 72 a 64 a
BS 1315a 68 a 57a
Pinot Blanc 2010 Means
fertilization berries [mg?L’l] [ml\;i‘] [mgC'EIl;‘]
1 healthy 1636 a 66 a 45a
BS 1335a 70 a 70b
) healthy 1652 a 66 a 45a
BS 1335a 70 a 70b
3 healthy 1652 a 68 a 45a
BS 1335a 70 a 70b
4 healthy 1552 a 67 a 45a
BS 1335a 70 a 70b
5 healthy 1749 a 70 a 46 a
BS 1335a 70 a 70b

of K supply, treatment 4 with 30 mg/100 g in 0-30 cm and
treatment 5 with 32 mg/100 g show a supply that is higher
than the optimal level.

Ratios of K and Mg in the soil are shown in Fig. 3. Af-
ter harvest in 2010, all treatments at the 'Zweigelt' site lie
under the optimal range of 2:1 and all treatments at the 'Pi-
not Blanc' site (except for treatment 3) lie above this ratio.

Musts and wines: The results of the analysis
of the musts showed differences in all parameters analysed.
In the musts, mustweight, NOPA, pH and K showed the

highest values in the control and the lowest in the must
of berries affected by BS, whereas acidity and Ca had the
highest values in these musts. Furthermore, as expected, in
the control wines highest alcohol levels and pH and low-
est acidity and concentrations of fermentable sugar were
observed (Tab. 2).

The results of the consumer preference analysis indi-
cated significant differences between the wines. Out of 137
tasters, 135 tasters rated the control wine as the best wine,
114 rated the wine made from berries affected by BSN as
the second best wine and 115 rated the wine made from
berries affected by BS as the worst wine on rank no. 3.
Statistical analysis showed rank number 1.0 for the control
wine, 2.2 for wines made of berries affected by BSN and
2.8 for wines made of shrivelled berries.

Discussion

The amount of affected berries at the 'Zweigelt' site
was higher each year the experiment was conducted com-
pared to the amount of affected berries at the 'Pinot Blanc'
site. This might be due to the fact that the variety 'Zweigelt'
is more susceptible to BS than the variety 'Pinot Blanc'.
The rootstock (SBB) was the same at both sites and is con-
sidered to be less susceptible for BS than others. Only in
2008, prior to this trial, the occurrence of BS at the 'Pinot
Blanc' site was approximately 40 % - which shows the var-
iation of this disease in a period of one year and indicates
that weather conditions are one of the main other factors
causing BS, besides the nutritional status in the soil. Cool
and wet conditions during blooming and ripening are likely
causes for both BSN and BS (SieGrrIiED 2010, pers. comm.).
In 2010, such conditions could be found. At the 'Zweigelt'
site, 16.7 % of the yearly amount of precipitation were re-
corded from veraison until harvest. At the 'Pinot Blanc' site
it was even 22.5 % of the yearly amount of precipitation
in 2010. In 2009, in this period only 3.6 % of the yearly
amount of precipitation were recorded at the 'Zweigelt' site
and 5.5 % at the 'Pinot Blanc' site. This might explain the
higher rates of incidence of BS in 2010.

Comparing the results of the leaf and soil analysis at
both field sites, at the 'Pinot Blanc' site, the ratio of K-Mg'!
was within the range considered to be optimal. However,
at the 'Zweigelt' site, a very narrow ratio was determined,
due to an overfertilization of Mg in the years prior to the
trial. For soil, a ratio of K:Mg at 2:1 is considered optimal.
Within a two year trial period, it was not possible to alter
the proportion of K:Mg in the soil effectively. Former stud-
ies have proven that there is little effect on the uptake of
K when K fertilizers are applied in excess (MORRIS et al.
1980). In tomato plants, the same can be applied to Mg
(Bryson and Barker 2002). However, 2010 a slight in-
crease of K can be observed at both trial sites in the treat-
ments given 300 % of the recommended amount of K,
which might possibly be enlarged by continuing the trials.

The quantity of K and Mg that reached the leaves did
not increase in either of the treatments that were given
three times the amount of fertilizer considered optimal.
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Fig. 3: Ratio of amounts of K and Mg in the soil of treatments 1-5 at the "Pinot Blanc" site (—) and treatments 1-3 at the "Zweigelt"

site (---).

Table 2

Analysis of control (healthy), BS and BSN musts and wines harvested in 2010

must total Tartaric

must weight  acidity acid pH NOPﬁ K_l Ca 0
(°Brix) (gL (gL (mg-L") (gL (mgL?)
BSN 17.7 12.5 7.7 3.0 134 1.00 63
control 20.5 8.5 6.0 3.1 197 1.28 37
BS 14.5 14.3 8.7 2.8 81 0.90 79
. alcohol t(.)tgl fermentable sugarfree VOIa.tﬂe free SO,
wine (@L") acidity pH sugar (L) extract acid (mg L)
(gL (eLh (gL
BSN 90.7 7.2 3.1 23 24.1 0.47 32
control 101.2 5.3 3.4 1.8 222 0.51 20
BS 77.2 8.7 3.0 2.7 23.6 0.39 15

This can be explained with the already sufficient supply of
K and Mg in the soil, which can be seen in the treatment
without any fertilization. The concentrations of K and Mg
in the leaves remained within the normal range even after
the second year. Only the ratio of K-Mg™!, which is consid-
ered optimal at 3.5.-7.0 (Vanek 1978), does not lie in this
range but shows no correlation to the incidences of BS.
However, the pathway of nutrients from the roots to the
leaves is influenced by a large number of parameters (ScH-
ACHTSCHABEL et al. 1984, MARSCHNER 1986, RicHTER 1998a,
Gist et al. 1990). When the absolute amount of nutrients
in the soil can be increased after fertilization for a certain
time the uptake can be disturbed by fixation in the soil, pH-
value or drought. Nutrients in the shoots and in the trunk
were not analysed and therefore storage could be possible.

The ratio of all cations in the leaves showed a sig-
nificant correlation with the incidence of BS in 2010. The
range of all cations in the leaves is considered optimal be-
tween 0.30-0.40 (Coca 2009). Almost all of the samples
analysed were under or above this range. A ratio higher
than 0.4 means that the amount of K rises, which is the case
at the 'Pinot Blanc' site. This is also reflected in the K-Mg!

ratio in the leaves and in the soil. At the 'Zweigelt' site, the
ratio is smaller as more Mg is present. Since the petioles
were not used for analysis, the amount of nutrients taken
up and stored might have been even higher, as the petioles
may be seen as a storage for nutrients that can be moved to
the blades when needed (GErRENDAS 2011, pers. comm.).
The higher amounts of K and Mg given by fertiliza-
tion were not reflected in the berries. The most obvious
and most constant effect is the higher concentration of Ca
in berries affected by BS, which was already found in the
rachis of affected grapes (Krasnow et al. 2009). Although
not significantly, the concentration of K in berries affected
by BS is often lower than in healthy berries, which was al-
ready found in prior studies (Krasnow ef al. 2009, KELLER
2008, MEeHorER and REGNER 2010). As K is mainly trans-
ported via the phloem, a cessation of the phloem flow might
contribute to the development of BS. Grapes, where the
pedicels were girdled and the phloem destructed, showed
similar symptoms to grapes with BS (ErnarDT 2010). In
contrast to K, Ca is a xylem mobile element. It reaches
its maximum quantity within the berries early compared to
other nutrients, at approximately 30 (PossNEr and KLIEWER
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1985) - 60 DAA (Rociers et al. 2006a). If a cessation of
xylem and/or phloem flow should occur during ripening
when shrivelling becomes apparent, most of the Ca**-ions
are already accumulated within the berries. An increase
of oxalic acid which is observed in healthy berries was
not identified in shrivelled berries (KELLER and BoNDADA
2007). This acid can bind Ca*-ions and therefore reduce
the quantity of free ions. The differences found in the ber-
ries were also reflected in the musts. The control contains
more sugar, less acid, more K and less Ca. The wines were
not cleared or corrected artificially, as the purpose was to
show the poor quality wine from affected grapes. The lack
of K is reflected in the high acidity, as it is normally in-
volved in controlling the pH in the grape juice (BouLToN
1980).

Factors causing BS still remain unclear. The variation
of K and Mg fertilizers did not increase or decrease the
incidences of BS. Yet, trials must be continued in order to
observe long-time effects. The evaluation of the resulting
wine quality illustrates the importance of drawing wine-
growers’ attention to this disorder and its detection before
harvest.

Acknowledgements

The author thanks the Association of German Winescientists
(FDW) for funding this project.

References

Bonpapa, B.; KELLER, M.; 2007: Grape berry shrivel: Symptomatology,
probable causes, and its effect on quality. In: Proc. XV Symposium,
Gesco-Tagung.

Bonpapa, B.; KELLER, M.; 2012: Morphoanatomical Symptomatology
and Osmotic Behavior of Grape Berry Shrivel. J. Am. Soc. Hortic.
Sci. 137, 20-30.

BouLton, R.; 1980: The general relationship between potassium, sodium
and pH in grape juice and wine. Am. J. Enol. Vitic. 31, 182-186.

BrysoN, G. M.; BARKER, A. V.; 2002: Determination of optimal fertilizer
concentration range for tomatoes grown in peat-based medium.
Comm. Soil Sci. Plant Anal. 33, 759-777.

Coaa, L.; 2009: Influence of soil reaction on phosphorus, potassium,
calcium and magnesium dynamics in grapevine (Vitis vinifera L.).
Agric. Conspectus Scientificus 74, 39-43.

EruHARDT, M.; 2010: Untersuchungen zur Traubenwelke. Universitdt Ho-
henheim.

Gist, U.; ScHENKER R.; ScHULIN, R.; STADELMANN, F. X.; STICHER, H.; 1990:
Bodenokologie. Thieme, Stuttgart, Germany.

GRIESSER, M.; EDER, R.; KUHRER, E.; BESSER, S.; FOrRNECK, A.; 2012:
Traubenwelke bei Zweigelt, neue Erkenntnisse {iber die physiolo-
gische Storung. Deutsches Weinbau-Jahrbuch 63, 114-121.

HaLL, G.; BonpaDA, B. R.; KELLER, M.; 2011: Loss of rachis cell viabil-
ity is associated with ripening disorders in grapes. J. Exp. Bot. 62,
1145-1153.

KELLER, M.; BoNDADA, B. R.; 2007: Pflanzenphysiologische Untersuchun-
gen zur Traubenwelke in den USA. In: Symposium, Traubenwelke
und Stiellihme, Freiburg im Breisgau.

KELLER, M.; 2008: Traubenwelke: Auch in den USA ungelost. Schweiz.
Z. Obst-Weinbau 7, 6-8.

Krasnow, M.; WErs, N.; SmitH, R. J.; BENz, J.; MATTHEWS, M.; SHACKEL,
K.; 2009: Inception, progression, and Compositional Consequences
of a Berry Shrivel Disorder. Am. J. Enol. Vitic. 60, 24-34.

Kunrer, E.; 2010: Moglichkeiten der Schadensbegrenzung im Versuch:
Einflussfaktoren der Traubenwelke. Der Winzer 66, 16-19.

KUHRER, E.; GABLER, C.; 2011: Die Laubwand auf dem Priifstand: Die
Traubenwelke und das Blatt-Frucht-Verhéltnis. Der Winzer 67,
24-27.

MARSCHNER, H; 1986: Mineral Nutrition of Higher Plants. Academic
Press, London.

MEHOFER, M. AND REGNER, F.; 2010: Die Traubenwelke der Rebe. Der
Winzer 66, 20-24.

MINISTERIUM FUR ERNAHRUNG UND LANDLICHEN RAUM BADEN-WURTTEM-
BERG; 2006: Diingung von Ertragsreben.

Moreris, J. R.; CawTtHON, D. L.; FLEMING, J. W.; 1980: Effect of high rates
of potassium fertilization on raw product quality and changes in pH
and acidity during storage of concord grape juice. Am. J. Enol. Vitic.
31, 323-328.

PARDATSCHER, K.; 2004: Traubenwelke - viele Fragen noch offen. Obstbau
Weinbau 41, 384-285.

PossnEr, D. R. E.; KLIEWER, W. M.; 1985: The localisation of acids, sugars,
potassium and calcium in developing berries. Vitis 24, 229-240.

RAIFER, B.; RoscHATT, C.; 2001: Welkekrankheit bei Weintrauben. Obst-
bau Weinbau 38, 143-145.

Repr, H.; 2005: Der Traubenwelke auf der Spur. Deutsches Weinbau-
Jahrbuch 56, 83-90.

REISENZEIN, H. AND BERGER, N.; 1997: Die ,,Zweigeltkrankheit* - eine neue
Rebkrankheit? Der Winzer 5, 7-9.

REIsENZEIN, H.; BERGER, N.; 2001: Untersuchungen zur Zweigeltkrankheit
im Osterreichischen Weinbau. Pflanzenschutzberichte 59, 67-78.

RICHTER, G.; 1998: Erndhrung pflanzlicher Organismen. In: Stoffwechsel-
physiologie der Pflanzen, 31-66. Thieme, Stuttgart, Germany.

RoaiERs, S. Y.; GREER, D. H.; HATFIELD, J. M.; OrCHARD, B. A.; KELLER,
M.; 2006: Mineral sinks within ripening grape berries (Vitis vinifera
L.). Vitis 45, 115-123.

SCHACHTSCHABEL, P., BLuMmE, H., HARTGE, K.; SCHWERTMANN, U.; 1984:
Nihrstoffe. In: Lehrbuch der Bodenkunde, 199-265. Ferdinand
Enke, Stuttgart, Germany.

SCHUMACHER, P.; BIRCHER, J.; INDERMAUR, D.; 2007: Traubenwelke - eine
neue Hypothese. Schweiz. Z. Obst-Weinbau 20, 4-7.

StuckLIN, H.; 2007: Traubenwelke - eine neue Krankheit. Der Badische
Winzer. 3, 22-24.

VaNEK, G.; 1978: Diagnostische Moglichkeiten von Rebernéhrungsstorun-
gen. Symptomatik und chemische Blattanalysen - die Blattdiagnos-
tik. Wein-Wissenschaft 33, 15-35.

Received June 19, 2012






