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Abdtract : Theuseof gibberelic acid to increase berry size and to loosen up bunchesin the production of seedlesstable grape
varietieshasalong history. The use of gibberellic acid on wine grapes, however, isvery limited, mainly because some varie-
ties can show substantial lossesin bud fertility and thusin commercid yield. Wetried to exploit the feature of decreasesinbud
fertility asaresponseto gibberdlic acid applications (in theform of GA3) to regulateyield and quality aspectsof minimally pru-
ned (MP) White Riedling grapevineswhere other thinning methods havefailed. Single applicationsof 50 mg L1 GA3at 500 L
hal were used during full bloom in each year from 2002-2004 (M P GA3-02/03/04) in one MP treatment, while the second MP
trestment received no GA3in 2003 (MP GA3-02/04). Treatments were compared with untreated MP vines and with astandard
pruned, verticaly shoot positioned system (V SP). GA3 applications reduced inflorescence number by about 30-50% the year
following trestment, while shoot number remained unchanged. GA3 trested M P vines responded to thistype of « thinning » by
a10-28 % increasein berry weight. Total yield of MP vineswas reduced by 26-49% the year after first time application
approaching VSPyield. Yield of the continuoudy treated vines (MP GA3-02/03/04) remained comparableto pruned VSPvines
up to now (harvest 2005) (about 9-13 tonsper ha). Discontinuing the GA3treatment for oneyear caused yidd to re-approach the
oneof untreated MPvinesthe next year. Despite of theincreasein berry weight, bunch structure remained | ess compact ascom-
pared to VSPfruit. Sugar levelsat harvest of vinestreated with GA3 the previous year were similar to sugar levels of VSP
vinesand superior to untreated MP vines. Wefound no trestment effect on glycosyl-glucose (bound secondary metabolites, G-
G) concentration but adight increasein phenols and titratable acidity the year after GA3 trestment. Sensory evaluation of the
resulting winesreveaed no or only minimal differenceswith adight preferencefor theleast yielding VSP and MP GA3-02/03/04
wines. The outlined strategy seems promising for the production of quaity fruit in ahighly economic viticultural system.

Résumé: L utilisation del”acide gibbérellique pour augmenter lataille desraisins et favoriser | aération des grappes de variétés
deraisins de table sans pépins aune longue histaire. L utilisation de|”acide gibbérellique sur des grappes pour vinification est
cependant tréslimitée parce que certaines vari étés présentent des pertes substantielles de fertilité des bourgeons et ainsi des
pertes de rendement commercia. Nous avons essayé d exploiter cette faculté de décroitre lafertilité des bourgeons en réponse a
I"gpplication del”acide gibbérdllique (sousforme GA3) pour réguler lerendement et les parametresqudlitatifs de systémesdetaille
minimae(MP) sur desgrappesde Rieding car d autresméthodes d'édlaircissagen’ ont pasdonné derésultat satisfaisants. 50 mg/L
de GA3a500 hi/haont &¢é appliqués unefois en pleine floraison chaque année, de 2002 22004 (MP GA3-02/03/04) sur un trai-
tement de MP, pour un second traitement de MP, |“gpplication de GA3 nefut pas effectuée en 2003 (MP GA3-02/04). Cestraite-
mentsont &é comparésadesvignesde MP non traitées et aun syseme detaille standard (V SP). L"gpplication de GA3 provoqua
une réduction du nombre d'inflorescences d environ 30 % a50 % |"année suivant le traitement dors que le nombre de sarments
est demeuréinchangé. Lesvignes de MPtraitées ont présenté une augmentation de 10 % a28 % du poids desbaiesen répone a
cetype«d édarcissage». Lerendement tota desvignesde MPaééréduit de26 % a49 % année suivant | application en 2002,
approchant e rendement du VSP. Le rendement de vignes continuellement traitées (MP GA3-02/03/04) demeuracomparable a
celui devignesV SPjusqu aprésent (environ 9-13 t/ha). L"interruption du traitement de GA3 pendant 1 an provoqua une aug-
mentation du rendement serapprochant anouveau de celui devignesde M P non traitées| année suivante. Magrél augmentation
du poids deshaies, lastructure des grappes est demeurée moins compacte comparée ades grappesde VSP. Letaux desucreala
vendange pour des vignestraitées avec le GA3 I année précédente était Smilaire aceux devignes de V'SP et supérieur aceux de
vignesdeMPnon traitées. Lesdifférentstraitementsn ont paseu d effet sur laconcentration en glycosyl-glucose (composés secon+
dairesliés, G-G), mais ont provooué une légere augmentation des composés phénoliques et del”acidité totde, |"année sivant le
traitement de GA3. L"éva uation sensorielle des vins résultants n'a pas présenté de différence ou seulement minimale avec une
|égere préférence pour le VSP et les vinsissus de MP GA3-02/03/04, avec sesrendements moins élevés. Lastratégie présentée
semble prometteuse pour une production defruits de qualité dans un systéme de viticulture trés économique.
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wine quality
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INTRODUCTION

Minimal pruning (MP) canbealow cog, viableviti-
cultural management techniqueto producefruit of satis-
factory quality for wine production with tisvinifera L.
cultivarsin warm but aso in some cool climate areas of
Australia (CLINGELEFFER, 1984; POSSINGHAM,
1996). In the cool climate areas of northern America
(Northeast US, British Columhbia), thistechnique hasbeen
used with tislabruscana cvs. and some hybridsfor fruit
juice and wine production (POOL, 1995; FENDINGER
etal., 1996, REYNOLDSand WARDLE, 2001). Despite
of some promising resultsin varioustraditiona winegro-
wing regions of Europe with MP systems without crop
control IACONO et al., 1998, MARTINEZ DE TODA
and SANCHA, 1998, SCHULTZ et al., 2000), other trids
showed difficultiesin adapting MP to climate and/or
variety dueto excessiveyield and insufficient maturity
(CARBONNEAU, 1991; OLLAT et al., 1993
WEYAND and SCHULTZ, 2005). In cooler climates,
MP vines are often |less susceptible to fungal diseases
such asBotrytiscinerea dueto looser bunches(EMMETT
etal., 1994; SCHULTZ et al., 2000) and with somecul-
tivars, such as Rieding, exhibit more pronounced flord
or fruity aromasif yield is not excessive (SCHULTZ,
2002). Thus, irrespective of \itis species or cultivar, it
isgenerally accepted that the use of MPin cool climates
requires some type of crop control to achieve adequate
maturity and wine qudlity levels(POSSINGHAM, 1996;
REYNOLDSand WARDLE, 2001). In Europe an addi-
tional legal aspect comesinto play, sinceyield may be
beyond the contingents imposed by the European
Community for quality wine production (SCHULTZ et
al., 2000).

Onemagjor god to convert MPinto afeasble mana-
gement system suiitablefor quaity wine production under
cool climate European growing conditionswastherefore
to develop an economic strategy for crop control to
improve quality without loosing the typical advantages
of these systems such asloose bunchesand smaller ber-
rieswithahigh skinto pulpratio (SCHULTZ &t al., 2000).
Previous machine thinning trialswith standard or modi-
fied verticd cutter bars or mechanical harvesters (POOL
etal., 1993) were not successful becausethefirgt method
reduced leaf areato fruit ratio (SCHULTZ et al., 2000),
whilethe second caused substantial damageto theremai-
ning bunches (RUHLING, 1999) with possible negative
consequences for wine quality (PETRIE et al., 2003).
Thelatter responseis, however, not necessarily common
todl varietiesand under al growing conditions (SOM-
MER, 1995).

Asde of hand and mechanicd thinning, alargerange
of chemica compounds have been tested to modify grape
cluster structure or thinning berries, bunch partsor entire
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bunches dbeit not on MPvines (WEAVER and POOL,
1971; ZABADAL et al., 1996). Used agents belonged
to diversechemica groupssuch asfetilizers(e.g. anmo-
nium-nitrate), plant hormonesand growth regulaors(eg.
CCC (2-chloroethyltrimethyl-ammonium chloride), abs-
cisc acid, ethephon (2-chloroethyl-phosphonic-acid)) or
phytosanitary products (e.g. copper sulfate, sulfur), but
variability in response, increased environmental aware-
ness, human health concerns, and difficultiesinhandling
prevented commercial use. Gibberdllic acid, whichis
widely used in the production of seedlesstable grapes
(WEAVER and POOL, 1971; DOKOOZLIAN et al.,
2001; MAY, 2004), can aso be used to thin grape clus-
ters (WEAVER and MCCUNE, 1959a; WEAVER and
POOL, 1971) but can cause reduced and delayed bud
break (WEAVER and McCUNE, 1961) and loss of fruit-
fulness in seeded varieties the year after application
(WEAVER, 1960; BANGERTH and GOTZ, 1975). The
|atter featureisrelated to the antagonistic effect between
cytokininsand gibberdlins, which play akey roleinbud
fertility and inflorescence and flower formation (SRI-
NIVASAN and MULLINS, 1979; SRINIVASAN and
MULLINS, 1980; SRINIVASAN and MULLINS, 1981).
It was exactly this negative effect which wethought using
to regulaeyield and quality in MP vinesunder cool cli-
mate conditions.

The objectives of the present study werethereforeto
usebloomtimeapplicationsof gibberdlicacidinalong-
term srategy to adjust yield of MPvinesto sSimilar levels
asstandard pruned Rieding grapevines, whileimproving
grape quality for wine production, without loosing the
typica MP advantages of exposed and loose bunchesand
smdll berries.

MATERIALSAND METHODS
| - EXPERIMENTAL DESIGN

Field experiments were conducted with Vitis vini-
feraL. cv. Rieding (clone: Gm 198/ rootstock: 5C, plan-
ted in spring 1977) from 2002 to 2005 in Geisenheim
(50° N, 8° E), Germany. The experimenta vineyard had
aSouth to South-West exposurewith adope of 15-20 %
and aloam to clay-loam soil. Theminimal pruned plots
(MP) were converted from a Sylvoz-trellis during the
winter 1995 -1996 and compared to a standard vertical
shoot positioning system (VSP). MP had arow by vine
gpacing of 2.8 mx 0.85 mandthe VSP system of 20m
x 1.2m, respectively. BoththeMP and V SP-sysem were
arranged in three replicated randomized blocks of 2-
5rowseachwith atota of 144 vines per pruning system.
TheVSPwas cane- pruned to 8 buds per m2 (19 buds per
vine).

Il - GIBBERELLIC ACID APPLICATIONS AND
TREATMENTS



Yield regulation of minimal pruning systems

The commercia products « Set Fruit » (Comercia
QuimicaMassd S.A., Barcelona, Spain) and 'Gibb3'
(Globachem NV, Sint-Truiden, Belgium) were used for
gibberdlic acid treatmentsin 2002 and 2003 - 2004, res-
pectively. Thetwo products had smilar formulationswith
gibberdlic acid in the form of GA3 with concentrations
of 9 % wiw and 10% w/w, respectively, in 10 g tablets,
with sodium-bi-carbonate as releasing substance. The
tablets were dissolved in distilled water and GA3 was
applied to MPvinesat aconcentration of 50 mg L1 equi-
valent to atotal volume of 500 L harl with abackpack
sprayer (type: 423 Port, Solo Kleinmotoren GmbH,
Sindelfingen, Germany). All applications were done on
atotd of 48 vinesper trestment until the canopy and inflo-
rescences were dightly wet and repested a second time
after about 30 minutes. One treatment received GA3 at
full bloom (phenological stage BBCH 65 according to
EICHHORN and LORENZ (1977)) in dl experimental
years (MP GA3-02/03/04). Application dateswere 16th
Jdunein 2002, 5th Junein 2003, and 16th Junein 2004.

The second GA3 treatment was applied in 2002 and
2004, but not in 2003 (MP GA3-02/04) to eval uate pos-
siblelong-term carry-over effects. GA3 was applied at
BBCH 68 (mid-end of bloom, 17th June) in 2002, and at
BBCH 65in 2004, analogous to MP GA3-02/03/04.

[11 - SHOOT AND INFLORESCENCE NUMBERS

To estimate the carry-over effects of GA3 applica
tions, we counted shoot and inflorescence numbersinthe
period between bud break and bloom in each year from
2003 to 2005. For dl MPtrestments, 4 stripsof acanopy
length of 0.85 m each (= planting distance of MP) were
chosen at random within the three blocks for measure-
ments because it was impossible to separate individual
plants. For VSPwe used 10 randomized individud plants.

IV - CLUSTER STRUCTURE

Cluster structure was assessed for by determining the
ratio of cluster length between the berriesmost proximal
and digtal to the peduncleto overdl cluster weight (inclu-
ding the peduncle) for 25 clusters of each treatment on
two datesin 2002 and 2003.

V - BERRY AND SEED DEVELOPMENT, YIELD
AND QUALITY PARAMETERS

Threefield replicates of populations of 100 berries
per treatment were collected a intervals of 6 to 14 days
in 2002 and 2003 and 20 to 35 daysin 2004 to determine
berry weight, total soluble solids (TSS), tota titratable
acidity (TA) and pH from veraison until harvest. Berries
were collected from the top, the centre and the bottom
part of clusters a approximate equal proportions.
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After weighing the berry samplesto determine the
100-berry-weight, they were crushed with ahousehold
fruit squeezer and filtered (type: 33/N - Ederol, Binzer
& Munktell GmbH, Battenberg, Germany). TSSwas
determined with ahandheld refractometer (type: 2556/93,
LeoKibler GmbH, Karlsuhe, Germany). A must sample
of 10 mL was used to determinetotal acidity (expressed
astartaric acid) and pH with an automatic titrator that
was coupled to an auto-sampler and acontrol unit (Titrino
719S, Metrohm AG, Herisau, Switzerland). To assessfor
GA 3 effects on berry seeds, seed number per berry was
counted on aseparately collected sample of 100 berries
per treatment in October 2002 and 2003.

VI - GLY COSYL-GLUCOSE (GG) ASSAY AND
TOTAL PHENOLS

The pool sze of secondary metabolites was measu-
red twice eech year (at mid-ripening and at harvest) with
amodified glycosyl-glucose-assay (GG) (WILLIAMS
et al., 1995; WERWITZKE, 2003). Three randomized
samples per treatment of 50 berries each were collected
from different portions of the clusters as described above.
The samples were homogenized with an Ultra-Turrax
(IKA-Werke, Staufen, Germany) a 24000 rpminacen-
trifugevid. TenmL of a50 % ethanol inwater (Viv) extra:
ction solution were added to an aiquot of 1 g of the
homogenate; sampleswere gently shaken every 5 minutes
and were centrifuged after 1hr (7 min, 3500 rpm). Four
mL of the supernatant were transferred into a 125 mL
Erlenmeyer via adding 36 mL of distilled H20 and one
drop of hydrochloric acid (HCI) (5M) to adjust to pH
2.25. C18 Sep Pack (solid phase extraction) cartridges
(Waters, Eschborn, Germany) were pretreated with metha
nol (ca. 10 mL) followed by water (ca. 10 mL) and the
sample was loaded onto the cartridge (at 10 kPa pres-
aure). The cartridge was then washed with 50 mL of water
and the glycos deswere eluted in ethanol (1.5 mL), fol-
lowed by water (3 mL). The glycoside €luat was adjus-
ted to 5.0 mL with water and two diquotsof 1 mL of the
eluat were taken. To one, 3 mL of distilled water were
added and maintained at room temperaturefor 1 hr. The
other was hydrolyzed with 2 mL 2.25 M sulfuric acid
(H2S04) at 100°Cfor 1 hr. OnemL of 8.8 M sodium
hydroxide (NaOH) was added to 3 mL of the hydroly-
zed sample and the pH maintained at 2.0-2.2 (WER-
WITZKE, 2003). Of both samples (hydrolyzed and
non-hydrolyzed (control)) 0.9 mL wereloaded onto the
regenerated C18 Sep Pack cartridgefor pre-conditioning.
Thiswas followed up by 3 mL of control and hydroly-
zed samples. Of each, 1.5 mL wastransferred to acuvette
(2cm), 0.5 mL of distilled water and ImL 1 mM trie-
thanolamine buffer (pH 7.6) added, and absorbance mea:
sured a 340 nm. Glucose was determined enzymatically
by adding 20 pL of Hexokinase/Glucose-6-phosphate-
dehydrogenase (Roche Diagnostics, Mannheim,
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Germany) and measuring again a 340 nm. The absor-
bance difference of the control before and after adding
the enzyme was subtracted from the absorbance diffe-
rence of the sample before and after adding the enzyme;
and this value was used to determine the concentration
of glucose from astandard curve prepared from cdibra:
tion solutions. The glycoside eluat not processed during
the GG-assay was used to determine total phenalics as
catechin equivalents according to FOLIN and DENIS
(1912).

VIl - WINEMAKING AND SENSORY EVALUA-
TION

Harvesting and winemaking were standardized for
al treatments. In brief, al vines per treatment were har-
vested manudly. Grapeswere kept separatefor each expe-
rimental block, then transported in 700 L stainless steel
containersto the experimental winery whereyield was
determined. Between 130 and 150 kg of grapes per trest-
ment were then crushed (System Rauch, Rauch
Landmaschinenfabrik GmbH, Sinzheim, Germany) and
pressed using astandardized processing procedure with
two 380 L content automated membrane presses (Europress
EHP 380, Scharfenberger, Bad Dirkheim, Germany). The
must wastreated with 40 mg L-1 of sulfurousacid H2S0g-
and sttled for darification over night (10to 12 hrs) in 150 L
polyethylenetanks. Clarified must was used to determine
TSS, acidity and pH as described above. About 70 L of
must were inoculated with 20 g hL-2 Oenoferm®
Klosterneuburg (Saccharomyces cerevisiae) (Erbsloh,
Geisenheim, Germany) and racked into two 50 L and
25 L glass-balloons for fermentation under controlled
conditions (20-22°C). After fermentation another 200 mg
L-1 H2S03-were added and the wines were racked into
one50 L glass-baloon. All wineswere protein stabilized
with calcium-bentonite (Ca-Granulat, Erbsloh,

Geisenheim, Germany) using 300 g hL-1in 2002 and
200 g hL-1in 2003. Right before bottling, in March fol-
lowing the respective vintage, wines were cold filtered
(Filot-Z 20* 20 cm, Pdll SaitzSchenk Filtersysems GmbH,
Bad Kreuznach, Germany; filter-sheets: EK, Pall
SeitzSchenk Filtersystems GmbH, Bad Kreuznach,
Germany). Bottleswere stored inthedark at 13to 16°C.

Sensory evaluations were conducted with trained
panelists of the Oenology Department. First, all wines
were subjected to arepeated discriminating triangle test
to detect perceptible differences between two wines. Prior
to each tet, two bottles of each winewerefirst homoge-
nized and then separated again into their original bottles.
Descriptive evauationson ascale between 1and 5 (5was
max.) for the attributes aromarintensity, sweetness, hit-
terness, acidity, mouthfeeling, and aroma-quality were
conducted in replicate with randomized wine pairsor tri-
plets. Bottle coding, test sheet programming and statisti-
cal andyses of al sensory evaluations were done using
the software Fizz® for Windows 2.00M (Biosystéme,
Couternon, France). For all sensory eval uations'Sensus
winetasting glasses (Schott Zwiesdl KristallglasAG,
Zwiesdl, Germany) were used, which werefilled up to
0.1L. Beforeevery tasting sesson, wineswere cool sto-
red at 13 °Cfor oneday and moved into thetasting room
15 minutes before tasting.

The 2002 vintage was eval uated in January/February
and November 2004 and the 2003 vintage in October
2004 and asecond timein July 2005.

VIII - STATISTICS

Asideof the sensory dtatisticswe used linear regres-
sionsand analyses of variances (ANOVA, Holm-Sidak-
method) for the plant based data, which were cal culated
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Figure 1 - Shoot and inflorescence number of M P, MP GA3-02/03/04, M P GA3-02/04

and VSP'Rieding' grapevinesfor the seasons 2003 to 2005.
Bars denote the average shoot and cluster numbers m 2 of soil surface area+ SE from four replicated planting distances (0.85 m) for al MP
treatments and ten entire vines for the VV SP treatment, respectively. Barswith different | ettersindicate significant differences at the p< 0.01
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with SgmaStat 3.1 (Systat SoftwareInc., Point Richmond,
CA,USA).

RESULTSAND DISCUSSION

| - SHOOT AND INFLORESCENCE NUMBER

Shoot number recorded in spring was not sgnificantly
different between GA3 treated and non treated MP vines
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Figure2 - Changesin berry weight of MP, MP GA3-
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vinesduringripening for the seasons 2002 to 2004.
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(figure 1). MP vines had about 20 times as many shoots
onaper m? soil surface basisthan VSPvines (figure 1).
Neither average shoot length nor leaf size were appa
rently affected by GA3 (datanot shown). Theyearly appli-
cation of GA3 between 2002 and 2004 (MP
GA?3-02/03/04) caused thetota number of inflorescences
to decrease from about 46 m2in 2002 (datanot shown)
to 30 m2in 2003 (figure 1A) and further to between 21
and 25 mr2 in 2004 and 2005 (figures 1B-C) indicating
adrong effect on bud fertility, long recognized for pru-
ned vines (WEAVER and McCUNE, 1961).

Untreated MP vines had much higher Inflorescence
numbersin 2003 and 2004 (figure 1A, B) but had low
inflorescence numbersin 2005. Thismay have beendue
to cool season conditionsin 2004 (SRINIVASAN and
MULLINS, 1980) and/or excessiveyiedsfrom 2002 to
2004 (seefigure 6), where the devel oping crop may have
reduced carbohydrate and nitrogen reserves alocated to
the buds and thus reduced bud fruitfulness the subsequent
year (MAY, 2004).

When GA3 application was discontinued in 2003,
inflorescence number of the MP GA3-02/04 trestment
partly recovered and had significantly moreinflores-
cences than MP GA3-02/03/04 in 2004, while numbers
were still lower than those of untreated MP vines
(figure 1B). Fruitfulness of individual V SP shoots was
always highest with individual inflorescences being
visudly larger with amuch higher number of individua
flowers.

Additiond to thereductionintota inflorescence num-
ber induced by the GA3 applications, wevisudly obser-
ved that many inflorescences were smaller, with single
branches partly being moretendril-like and with asigni-
ficantly lower dry weight (WEYAND and SCHULTZ,
2005). Thisisanindicator for the disrupted bal ance bet-
ween cytokinins and gibberellic acid acting on the for-
mation of inflorescence primordia (SRINIVASAN and
MULLINS, 1979; SRINIVASAN and MULLINS, 1981).
However, GA3 did not cause bud necrosis symptoms,
uneven bud break or phytotoxic effects as observed in
other experiments (WEAVER, 1960; ALLEWELDT,
1961; BRANASand VERGNES, 1963; ZIV et a.,1981).
Thismay have been related to the concentration (50 ppm)
and variety used (Riesling). WEAVER (1960), for
example, found substantia lossesin fertility and ahigh
percentage of necratic budsin five seeded varidies dready
at 25 ppm, whereas BLAHA (1963) did not find any
negative effectswith Rieding, Pinot blanc and Savagnin
rose e aconcentration of 100 ppm and seedlessvarieties
such as Thompson Seedlessand Black Corinthwereeven
unaffected by concentrationsas high as 1,000 ppm (WEA-
VER 1960). Thesediscrepancies point directly to the pro-
blem, thet every variety responds differently and that the
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use of aGA3 strategy to control yield needsto be deve-
loped for each variety separately.

I - BERRY GROWTH AND CLUSTER STRUC-
TURE:

Individud berry weight, whichisusualy much lower
for MPascomparedto VSPvines (figure 2A), increased
inthe MP GA3-02/04 and MP GA3-02/03/04 treatments
by 10 %, respectively 28 % after thefirst year of GA3
application (figure 2B). Thisincrease was only signifi-
cant for the MP GA3-02/03/04 treatment (p<0.05), but
berries fill remained significantly smaller (p<0.05) as
comparedto V SP, In 2004, average berry weight of VSP
fruit was very low as compared to the previous years
(figures 2A-C) and was not different to the MP GA3-
02/03/04 berries, dthough their size had not increased as
compared to 2003 (figures 2B, C). Boththe MP and the
MP GA3-02/04 berrieswere about 20 % smaller (p<0.05)
(figure 2C). In the 2005 season (datanot shown), dl MP
treatments (with or without GA3 application) had bet-
ween 27-29 % smaller berriesthan V SP, suggesting that
GA3 did not cause a strong long-term compensatory
growth response for MP berries.

Seedlesscultivarsof \tisvinifera generdly respond
to gibberdlin gpplication with anincrease in berry size
(WEAVER and McCUNE, 1959a; DASS and RAND-
HAWA, 1967; DOKOOZLIAN et al., 2001), whereas
seeded cultivars may not respond at al (WEAVER and
McCUNE, 1959b; DASS and RANDHAWA, 1967;

REGNER et al., 2002) or form larger (WEAVER and
McCUNE, 1959b; DASS and RANDHAWA, 1967)
and/or smaller berries(BLAHA, 1963; REGNER et al.,
2002). Thevariety Rieding typicaly respondsto abloom-
time GA3 application with alarge number of shot and
smadl berries(BLAHA, 1963; HILL etal., 2003; ZELT,
2005). Exogenous GA3 gpplication at flowering hasbeen
shown to inhibit pollen germination and pollen growth

Seed number

== 4-Oct.-2002
£ 2-Oct.-2003| |

BN I

&

W
Figure 3 - Effect of pruning system and gibberdlic
acid on seed number per berry of randomized berry
populationsof MP, MP GA3-02/03/04, MP GA3-
02/04, and VSP 'Rieding’ grapevinesfor the seasons
of 2002 and 2003.
Dataarethe mean + SE (n = 100).
Effet du systémedetailleet del’acide gibbérelique
sur lenombredepépinspar baies, mesurésur unepopula-
tion randomisée de baies, cépage Rieding pour 2002 et 2003
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Figure4 - Effect of pruning system and gibberédllic acid on the cluster weight to cluster length ratio of randomized
populations (n = 25) for clustersof MP, MP GA3-02/03/04, MP GA3-02/04, and VSP 'Rieding' grapevines collected

in July and at harvest in October in 2002 (upper pand) and 2003 (lower pand).
The dopes of the linear regressions express the average degree of compactness for the cluster populations. Higher dopes denote a greater

compactness.

Effet du sysémedetaille et del acide gibbérdlique sur lerapport entrepoidsde grappe et longueur sur une population randomi-
stedegrappes (n=25), cépage Rieding, mesuréenjuillet et alavendange en octobre 2002 (rang du haut) et 2003 (rang du bas).
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and to reduce seed number in some varieties (KIMURA
et al., 1996). Thismay explain the significantly reduced
seed numbersin berriesduring thefirgt year of GA3 gopli-
cation (2002) as compared to the VSP and MP trestments
(figure 3). Smdller berrieshave been corrdated with smdl-
ler seed numbers or size and thus reduced endogenous
gibberdlin-likeactivity during berry devel opment (IWA-
HORI et al., 1965; SCIENZA ¢t al., 1978). However, we
observed only avery small and non-significant effect
on berry szethat year (figure 2A).

During the 2003 season, both MP GA3-02/04 and MP
GA3-02/03/04 had seed numbers per berry which were
higher than thosefrom MPvinesand Smilar to thosefrom
the V SP treatment, untypical for aGA3 response of see-
ded varieties (DASS and RANDHAWA, 1967; BAN-
GERTH and GOTZ, 1975) (figure 3). Only theberry size
of the MP GA3-02/03/04 trestment seemed to respond to
theincreasein seed number (figure 2B). Snce MP GA3-
02/04 did not receive a GA3 gpplication that year but had
seed numbers similar to MP GA3-02/03/04, one expla-

nation for differencesin berry development may have
been differencesin crop load (figure 6A). High crop loads
induced substantidly lower weter potentidsfor the MP
and MP GA3-02/04 trestments as compared to MP GA3-
02/03/04 and VV SP during thefirst period of berry deve-
lopment (WEYAND and SCHULTZ, 2005), when berry
growth is particularly sensitive to water satus (OJEDA
etal., 2001).

Despite the substantial reduction in inflorescence
number and someincreasein berry weight for GA3 trea
ted MPvines, theloose structure of the clusters of control
MPvineswaslargely retained (figure 4). Cluster com-
pactness was derived from the slope of the regression
analysisof cluster weight asafunction of cluster length
in mid-July and prior to harvest in 2002 and 2003
(figure 4A-H). In both yearsand at both stages, clusters
of V'SP had the highest dope coefficients of dl treatments.
Thisindicated, that clusters were more compact than
those of untreated and trested MP vines (figure 4A-H),
whichwasrdated tolarger individua berriesandto alar-
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Figure5- Total solublesolids, TSS (A-C), and total titratable acidity (D-F) of three 100 berry samplesof M P,
MP GA3-02/03/04, MP GA3-02/04, and VSP 'Riedling' grapevinesduring ripening for the seasons 2002 to 2004.

Datarepresent means+ SE .

Taux desucres(TSS) (A-C) et aciditétotale (D-F) de 100 échantillonsde baiesen 3répétitionsdestraitementsMP,
MP GA3-02/03/04, MP GA3-02/04 et VVSP pour le cépage Rieding pendant la maturation de 2002 a 2004
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ger total number of berries per cluster (WEYAND and
SCHULTZ, 2005). To achieve loose clusters for better
control of bunch rot was one of the primary goasof early
experiments with wine grapes of pruned vines (WEA.-
VER and McCUNE, 1959b, WEAVER et al., 1962),
where pre-bloom gpplications proved to be most effec-
tivein elongating the rachisand changing grape structure
(WEAVER and McCUNE, 1959b). However, in our study,
clusterswere not elongated (relative late application of
GA3) and theloose dugter structure did not reduce bunch

—e— VSP
—o— MP GA,-02/03/04

-—«--- MP GA,-02/04

t/ha)
S

yield
o

TSS (° Brix)

TA (g/L)

6

2000 2001 2002 2003 2004 2005
Vintage

Figure6- Total yidd (A), and juice TSS(B),
and TA (C) of MP, MP GA3-02/03/04, MP GA3-02/04,
and VSP 'Rieding' grapevinesduringthe course
of 5 seasons (2001-2005).
Data represent means of threefield blocks+ SE . Arrow in panel
A indicatesthefirst application of GA3.
Rendement total (A), taux desucres(B) et aciditétotale (C)
pour lestraitementsM P, MP GA3-02/03/04,
MP GA3-02/04 et VSP,
cépage Rieding ala vendange de 2001 a 2005.
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rot for untreated and treated M P vines as compared to
VSP

11 - BERRY RIPENING, YIELD AND MUST
COMPOSITION

Sugar accumulation in the berries started latest in
2004 and earliest in 2003 due to seasondl differences
(figure 5A-C). In 2002 (figure 5A) VSP had highest TSS
early during ripening, but differencesto the other treat-
mentsdiminished towardsharvest (figure 5A). Therewas
no effect of GA3 on TSSand TA (figure 5D), likely
because yield was comparable to untreated MP vines
(figure 6A).

In 2003, both GA3 treatments had ssimilar concen-
trationsof TSSasV SP during the second half of theripe-
ning period, with the M P control being retarded in sugar
accumulation (significant at p<0.05, figure 5B). There
was some effect of GA3 on TA, whichwasincreasedin
treated M P vines despite higher TSS values and lower
yields (figures 5E and 6A). Thiseffect was aso present
in 2004 (figure 5F), where TSSaccumulation of al MP
trestmentswas retarded as compared to V SP during most
of the ripening phase (figure 5C). Only the MP GA3-
02/03/04 treatment reached TSS levels comparable to
VSPa harvest (VSPand MP GA3-02/03/04 where signi-
ficantly different at p<0.05 as compared to MPand MP
GA3-02/04).

In generd TSSresponded to crop load. Between 2001
and 2005, untreated MP vinesyielded between 13.6 t
harl (2005) and 26.5t harl (2003) as compared to about
7-13t ha'l for pruned VSPvines. When yield was expres-
sedin hl ha'l, MP vines exceeded the crop size permit-
ted by law for thevariety Rieding (100 hl harl equivalent
toabout 125t harl) inall years. During thefirst year of
GA3 gpplication, yield was unaffected (figure 6A, arrow)
and TSSwas|ower both in berriesand theresulting juice
(figure 6B). For pruned vines of this cultivar, the GA3
concentration used (50 ppm) has been shown to be suf-
ficient to reduceyield by about 20-30 % (AHMED MUS-
TAFA, 1989; ZELT, 2005). For MP vines, however,
responsiveness may be much more dependent on yield
potential and environmental conditions prevailing at the
time of application (LOHNAU, 2003). Only the reduc-
tion in inflorescence number (and size, datanot shown)
insubsequent years caused asubgtantia reductioninyield
of GA3treated MPvinesin our study and only then was
TSSincreased in berries and the final must (figure 5B,
6B). Thelater trestment date for MP GA3-02/04in 2002
may have been responsiblefor thesmaler lossesinyield
as compared to MP GA3-02/03/04 in 2003 (figure 6A)
despite similar reductions in inflorescence numbers
(figure 1A), since the degree of GA3 induced thinning
(intheyear of gpplication), aswell aspossblereductions
in bud fruitfulnessthefollowing year depend on the stage
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of flowering during which GA3 isapplied (WEAVER
and MCCUNE, 1959b; AHMED MUSTAFA, 1989).
Continuous GA3 application brought crop sizeand TSS
closeto theleve of pruned VSP vines (figures 6A, B)
(- 55%1in 2004 as compared to MP). Evendightly increa-
sed berry sizes could not compensate for thiseffect (see
figure 2). Interrupting the GA3 treatment for one year
(MPGA3-02/04) caused yield to recover and TSSto drop
totheleve of untreated MPvinesthe next year (figure 6A,
B), indicating that the effect on bud fruitfulnessisrapidly
reversible. However, dueto the large differencesin res-
ponsivenessto GA3 between different cultivars, thisis
not necessarily to be expected with all seeded cultivars
(ALLEWELDT, 1961; SRINIVASAN and MULLINS,
1981).

Inmogt studies on seeded cultivars, TSSlevesrespon-
ded favorableto gibberellinsif some control of cropsze
wasachieved (WEAVER and McCUNE, 19594, 1959b;
BANGERTH and GOTZ, 1975; AHMED MUSTAFA,
1989; HILL et al., 2003). Theresponse of TA, howe-
ve, isless clear and seemsto be variety specific. WEA-
VER and McCUNE (1959a) found decreasing and
unchanged levelsof TA, whenthe varigties Zinfandel and

Tokay weretreated with alargerange of gibberdlic acid
concentrations. For pruned Riedling vines, TA hasadso
been reported to decrease with increasing concentrations
of gibberellic acid (AHMED MUSTAFA, 1989; ZELT,
2005), while for MP vines there was no change (LOH-
NAU, 2003) or even an increase asin the present study.
For untrested M P vineswe often observed lower TA levels
ascomparedto VSPeven a higher yidds, whichhasaso
been reported by others IACONO et al., 1998; REY -
NOLDSand WARDLE, 2001) and isusualy attributed
to abetter exposure of MP grapesto sunlight (PRICE et
al., 1994).

In comparison to other studies on MP and pruned
vines, our yield differences are much larger and support
the opinion that MP systems need to be crop regulated in
cooler climates (POSSINGHAM, 1996). Onereason for
theseyidd differences between studiesmay by related to
the Rieding done used, which has been shown to respond
to MP much stronger inyield increase than other clones
of the same variety (CLINGELEFFER, 1988).

IV - GLY COSYL-GLUCOSE (G-G), TOTAL PHE-
NOLSAND WINE SENSORY PROPERTIES
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Figure7 - Glycosyl-glucose (G-G) per unit of berry fresh weight (BFW) and total phenols expressed as Catechin
equivalentsin berriesfrom MP, MP GA3-02/03/04, MP GA3-02/04, and VSP 'Rieding' grapevinesat mid-ripening
and at harvest in 2002 (A - B) and 2003 (C - D).

Dataarethe means of threefield and two lab repetitions of randomized populationsof 50 berrieseach + SE. Barswith different lettersindi-

cate significant differences at the p< 0.05 level.

Glycosyl Glucose (G-G) par g de poidsde baiesfraiches (BFW) et composés phénoliquestotaux exprimésen mg/L équivalent
catéchine mesur é dans desbaies du cépage Rieding pour lestraitements MP, MP GA3-02/03/04, M P GA3-02/04
et VSP prélevéesami-maturité et alavendange en 2002 (A-B) et 2003 (C-D).
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Thereisnot much information available about the
impact of either MP or gibberellic acid treatments on
secondary plant metabolites, such asthe pool of bound
glycosides and phenals, and the possible consequences
for the sensory properties of the resulting wines. Inthe
present sudy, G-G concentrationin the berriesincreased
for all treatments during 2002 and 2003 between mid-
ripening and harvest but showed no sgnificant differences
between treatments (figure 7). Therewas aso no diffe-
rencein theamount of total phenols (expressed as cate-
chin equivalent) with the exception of 2003 at harvest,
where both GA3 treated MP systems had higher values
as compared to VSP and MP (figure 7D). Other studies
have shown atendency towards higher G-G levelswhen
MPand V SPvineswere compared (SCHAIBLE, 2002;
WERWITZKE, 2003), but not for every year investi-
gated. Application of gibberdllic acid can increase G-G
concentrationin berriesfrom pruned (SCHAIBLE, 2002)
and MPvines(LOHNAU, 2003), but the responseisnot
consigtent for al varieties.

Wefound higher concentrations of phenolicsin grapes
of treated MP vines as compared to untreated MP and

VSPin 2003. Thisis consistent with observations of
AHMED MUSTAFA (1989) and NIKFARDJAM et al.
(2005) for several varietiesincluding Riesling but the
underlying mechanisms are il unclear.

A substantial portion of bound glycosides may be
phenolicin natureand thus not relevant for the aromatic
expression of wines(WERWITZKE, 2003). For Rieding
this proportion has been estimated to be between 15 and
25% (ZOECKLEIN et al., 1998), which could indicate,
that the increased phenol values at equal G-G concen-
trationsfound for GA3 treated MPvinesmay reduce ove-
rall aromatic expression.

Sensory evaudion of winesby expert pandistsusing
discrimingtory triangletests showed very few differences
(teble 1). Thisgpplied towineswith lessthan 12 and more
than 16 months of bottle storage (bottlingin March), res-
pectively, of both observed vintages (2002 and 2003). Of
the 2002 vintage, only VSP and MP GA3-02/04 could
be discriminated after 21 months of bottle aging (signi-
ficant at p<0.01, table 1), whilethe panelistshad no pre-
ferencefor ether one of thewines. Similar to 2002, no
significant differences could be detected for wineswithin

Tablel - Resultsof triangular testsof the experimental wines (Prefer.= preference).
Résultatsdesteststriangulaires conduits sur lesvinsexpérimentaux (Prefer. = préférence)

Number Number
of of
Tasting judges  correct Prefer. Prefer.
date Vintage Wine A Wine B (total) judges Wine A Wine B

- 2002 VSP MP - - - -
20.02.04 2002 VSP MP GA;-02/03/04 16 6 3 3
20.02.04 2002 VSP MP GA3-02/04 16 8 2 6
16.01.04 2002 MP MP GA:-02/03/04 11 6 6 0
16.01.04 2002 MP MP GA;-02/04 11 4 2 2
16.01.04 2002 MP GA5-02/03/04 MP GA;-02/04 11 6 4 2
19.11.04 2002 VSP MP 11 6 3 3
19.11.04 2002 VSP MP GA;-02/03/04 11 6 3 3
19.11.04 2002 VSP MP GA:-02/04 11 g** 4 5
18.11.04 2002 MP MP GAs-02/03/04 10 4 3 1
18.11.04 2002 MP MP GAz-02/04 10 3 2 1
18.11.04 2002 MP GAs-02/03/04 MP GA:-02/04 10 1 0 1
07.10.04 2003 VSP MP 13 6 2 4
07.10.04 2003 VSP MP GAs-02/03/04 13 7 4 3
07.10.04 2003 VSP MP GA5-02/04 13 5 4 1
07.10.04 2003 MP MP GA;-02/03/04 13 6 4 2
07.10.04 2003 MP MP GA:-02/04 13 6 5 1
07.10.04 2003 MP GA5-02/03/04 MP GAs-02/04 13 6 2 4
29.07.05 2003 VSP MP 11 4 2 1
29.07.05 2003 VSP MP GA;-02/03/04 11 2 1 1
29.07.05 2003 VSP MP GA3-02/04 11 e 4 3
29.07.05 2003 MP MP GA;-02/03/04 11 g 0 8
29.07.05 2003 MP MP GA3-02/04 11 6 1 5
29.07.05 2003 MP GA;-02/03/04 MP GA;-02/04 11 7 4 3

* ** = ggnificant differencesat p < 0.05, p< 0.01, respectively.
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thefirst 12 months of bottle aging for the 2003 season.
However, winesof that vintage showed some differences
after 16 months, when for example VSP and MP GA3-
(02/04 could be discriminated without preferences (table 1).
Wines from the GA3 treatments were generaly prefer-
red to wines from the M P treatment indicating that the
reduction in yield improved the sensory quality of fruit
from MPvines.

Descriptive sensory eva uations were conducted after
about 21 months of bottle aging for the 2002 vintage and
28 months of the 2003 vintage (figures8A, B). Differences
between the observed attributeswererdatively smal bet-
ween al treatments for 2002 (fig. 8A), with the excep-

A Aroma intensity

Aroma quality Sweetness

Mouthfeel Bitterness
R ) Poee i WO MP
Acidity | o MP GA,02/03/04
B ———= MP GA,-02/04
—e— VSP

Aroma intensity

Aroma quality* Sweetness

Mouthfeel Bitterness

Acidity *

Figure 8- Descriptive analyses of wineselaborated
from grapesof MP, MP GA3-02/03/04, MP GA3-
02/04, and VSP 'Rieding’ grapevines. A: vintage 2002,
sensory evaluation on 18.-Nov.-2004 (n = 10); B: vin-
tage 2003, sensory evaluation on 28.-Jul.-2005 (n = 11).
* denotes significant differences at the p< 0.05 level (description

inthetext).

Analyse sensoridlle descriptive desvinsélabor ésa partir
desgrappesdestraitementsM P, MP GA3-02/03/04, MP
GA3-02/04 et VSP, cépage Rieding. A: millésme 2002, éva-
luation sensorielledu 18 nov. 2004; B: millésme 2003,
évaluation sensorielle du 28 jul. 2004.
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tion of asignificantly higher (p<0.05) perception of aci-
dity for the GA3 treated MP systems (figure 8A) which
was consistent with the analytical datafrom the must
(figure 6C).

When winesfrom the 2003 vintage were tagted, pane-
lists judged the acidities of MP GA3-02/04 and VSPto
be significantly more dominant than acidities of the MP
and MP GA3-02/03/04 treatment, despite of thefact that
V SPhed thelowest acidity inthemugt (figure 6C). Aroma
quality was significantly preferred for all GA3 treated
MP systems as compared to VSP and MP (figure 8B).
Simultaneoudly performed ranking of thewinesdid not
give any significant results (data not shown). Recently,
NIKFARDJAM et al. (2005) sated that winesfrom GA3
treated Rieding and Sauvignon blanc vines (pruned) were
fresher, less oxidized and with more varietal character
and related this to higher amounts of phenols. They
argued, that polyphenolswould not only act as antioxi-
dants and thus protecting aroma compounds, but would
contribute to mouthfeel and persistence. Although we
did not analyzefor phenalic composition of thefinished
wines, berry analyses showed higher amountsof phenols
for theMP GA3-02/03/04 and MP GA3-02/04 trestments,
which may have contributed to preserve varietal aroma
during bottle storage.

CONCLUSION

MPvinesgrown under cool climate and short season
growing conditions are very economic to manage, but
often yield far beyond standard V SP systems and per-
mitted quantities for quality wine production. Some of
the consequences are delayed ripening and insufficient
maturity levelsat harvest in someyears. The gpplicaion
of gibberdlic acid during bloom with the goal to reduce
bud fruitfulnessin the forthcoming season seemsapro-
mising tool to adjust yield and quality of MP vinesto
levels comparableto the standard V SP system, at |east
for the variety Rieding. This can be achieved without
loosing MPtypica advantages such aslooseclustersand
smd| berrieswith ahigh skinto pulp ratio. Current know-
ledge suggests that applications during bloom every
second year are not recommendable since strong alter-
nate bearing effects may be induced. Further investige
tionsshould focus on the eva uation of differencesinfruit
quaity within the huge canopy systemsof MP vinesin
order to develop thinning strategieswhich can betarge-
ted towards canopy zones exhibiting poor fruit quality.
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