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ABSTRACT

The rooting and compatibility of ‘Bérner’ rootstoetith various wine- (‘Furmint’, ‘Regent’, ‘Riesling’,
‘Sauvignon Blanc’, and ‘Welschriesling’) and talgepe (‘Muscat Bleu’, ‘Ester’, and ‘Nero’) varieties
were evaluated over two growing seasons. The ‘Bomuatstock was compared to the most prevalent
rootstocks (‘5BB’ and ‘SO4’) in Slovenia. The trizsed on a randomised complete block design with fou
replications (50 grafted plants per replicate). Asradex of compatibility, the callus developmentiahe
percentage of first grade grafted vines were detexdhias well as dry weight of roots in wine varieties
2006. After the callusing process (heat forcingg, differences in callus development were greatevdst
the years than among rootstocks, which were the otosbus with the wine-grape variety ‘Furmint’ as
a scion. In 2005 there were 38% more grafts with réigbaleveloped callus comparing to 2006, while in
this particular year, for most varieties, the agerpercentage of the first grade grafted vinesthadoots
dry weight were higher when the ‘5BB’ rootstock wasdud@®wer grafting success of ‘Borner’ rootstock is
more a result of less developed roots (loamy sa8sjompatibility with various varieties.
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INTRODUCTION

In a worldwide context, grape phylloxeraal. 2005], and damage due to phylloxera increases
(Daktulosphaira vitifoliae Fitch) is managed pre- [Martinez-Peniche 1999].
dominantly by the use of resistant rootstocks devel In commercial viticulture the scions of high quali-
oped through conventional breeding of hybrity wine-producing varieties\( vinifera L. subsp.
crosses of AmericarVitis species with root re- vinifera) are mostly grafted orV. berlandieri x
sistance (predominantly. riparia Michx) [Granett V. riparia hybrids, which make up the acknowledged
et al. 2001, Benheim et al. 2012]. The parasite wirootstock cultivars currently in use. However, the
introduced from America to Europe in the middlemost of available rootstocks are only partially re-
of the nineteenth century. Use of insecticides isistant and they isolate the place of phylloxetacét
limited in effect [Granet and Kocsis 2000, Kocsis eby cork layers from the inner tissue of the roots,
al. 2002]. Large populations of this pest have regthereby reducing further damage. Thus, the toleranc
tive effects on rootstock productivity. The PhyHox of new rootstocks against this pest has to bedeste
era develops more aggressive biotypes which ove[RUhI et al. 1999]. At the end of the nineties irr&
come the resistance of some rootstocks [Granet many the ‘Borner’ rootstock was selected from the
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hybrid progeny derived from crossing. riparia The main objective of this study was to investi-
183 Gm xV. cinerea Arnold [Korosi 2011]. ‘Bérner’ gate the compatibility of various wine- and table-
exhibits a typical hypersensitive response to phtyll -grape varieties with ‘Borner’ rootstock compared t
era attack with local necrosis [El-Nady 2001] leedi the most prevalent rootstocks (‘5BB’ and ‘SO4’) in
to necrosis around the puncture sites and high teve Slovenia.
absolute resistance on roots [Zhang et al. 2009].
Therefore this rootstock is a highly attractive gfgm MATERIAL AND METHODS
resource for further rootstock breeding. Its coased
to have the most potential and to be the most im- In 2005 and 2006 the wine grape varieties
portant donor of resistance against phylloxerarBla ‘Welschriesling’, ‘Furmint’, ‘Riesling’, ‘Sauvignon
et al. 2009], but it is less tolerant to the heawils Blanc’, and ‘Regent’ and the table grape varieties
and lime-induced chlorosis [Pavlousek and Michlo'Muscat Bleu’, ‘Ester’, and ‘Nero’ were grafted ont
vsky 2007, Pavlousek 2009]. When breeding ar'Borner’ (Vitis riparia 183 Gm xV. cinera Arnold)
selecting rootstocks for certain site conditiong ncrootstock and were compared with ‘5BB’, ‘SO4’
only the resistance to phylloxera, but also thfinia (V. berlandieri Planc. x V. riparia Michx.). The
ty and compatibility, growth intensity [Pavlousekcanes of scions and rootstocks were collected (last
2010], vigour [Pellegrino et al. 2005, Schmid anweek of January) in the germplasm repository vine-
Manty 2009], adaptation to soil [Tarricone et alyard at the University Centre of Viticulture and
2011], and climatic conditions are of great imEnology Meranovo, Faculty of Agriculture and Life
portance [Patil et al. 2005, Pire et al. 2007, ®a&¢k Sciences, in Slovenia. Prior to grafting, the danma
2011, Vrst et al. 2014]. cuttings of rootstocks (35 cm length) and scions
In young grafted grapevines, the scion hawere disinfected by Chinosol W (0.5%) and kept in
a major effect on the biomass accumulation in thplastic bags at 2°C until the grafting. In total,
shoot, as well as the root system. Also the roo200 grafts of each rootstock/scion combination
stock has a significant effect on root developmenwere bench grafted (last week of March) with
This aspect of rootstock/scion interactions shoul’‘Omega-star” grafting machine. Grafts were cal-
be taken into account when selecting rootstoclused in plastic boxes with moist sawdust for three
[Tandonet et al. 2009, Cookson et al. 2012weeks at a temperature of 26-28°C, and with hu-
In grafted vines, the root development and healirmidity of about 80-90%. The grafts of all grafted
of the graft union were particularly affected by th rootstock/scion combinations were waxed (15 cm
water content and carbohydrate reserves storedfrom the top) before callusing, and before planimg
the previous year in the canes used for scions athe field nursery. Before the planting the grafitain
rootstocks [Vr& et al. 2009]. The mechanism ofwere left in water for 24 h and then planted irte t
graft incompatibility is not yet fully understood.row ridges covered with a black colour plastic foil
Many reports focus on this problem in orde(0.5 mm thickness). The trial based on a randomised
to understand the mechanisms of graft develocomplete block design with four replications, irgiu
ment [Pina and Erra 2005], and results showeed 50 grafts per replicate. The trials were coretiict
an incompatibility exists between different roofin a commercial nursery near Ptuj (46°46'N, 15°81'E
-stock/scion combinations [Gokbayrak et al. 2007280 m a.s.l,) in North-East Slovenia. The soil was
The X-ray tomography technique used to evaluamedium deep and loamy, with a pH of 6.11
graft quality showed that the good grafts had tis(0.1 mol/L KCI). Based on the ammonium lactate
sues well connected in the wood and phloem, aiextraction procedure, the soil contained 152 mg P,
had a regular structure [Milien et al. 2012]. 289 mg K, and 135 mg Mg per kg of air-dried soil
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from a soil layer of 0-30 cm. The soil samples wergnon’ and ‘Muscat bleu’, where the percentage of
taken before the start of the trials. The data @th- grafts with the complete developed callus was highe
er conditions and the recommended harvest datethan in ‘5BB’, and in ‘Regent’ where it was lower
the latest ripening variety ‘Furmint’, from all tee than in both standard rootstocks (fig. 1). In 2005
involved in the experiment, are presented in Table these three varieties were no significant diffeesnio
The compatibility of various rootstock/scion com-callus development. The differences in callus devel
binations was analysed by the degree of callusldevopment at the graft union were greater between the
opment on the graft union after callusing, andptee ~ Years than among rootstocks<R.05). In 2006, the
centage of first grade grafted vines (Council Divec  Percentage of grafted vines with a completely devel
68/193/EEC: 1968 and Official Gazette of RS, Ncoped callus in all across combinations was 83.4%,
93/05) and the dry weight of roots after one seasonWhich was 23.6% higher (20% with 'SBB’, 22%
the nursery. To evaluate the success of graftimg, t SO4', and 29% with ‘Borner’) than in 2005 (59.8%).
level of callus development around the graft unias | NS reduced development of callus at the grafomini
determined. After the forcing period, the graftéeg N 2005 could have been due to poor cane maturdy a
were divided into three groups: (1) vines with aeo lower accumulation of reserve substances fvesial.

pletely developed callus; (2) vines with a pamiall 2009] in canes in the previous year (e.g. in 2084),

(incomplete) developed callus; and (3) vines witho2 result of very late harvest date in this yegieeslly

a callus. After a season of growth in the nursitg f ;0(;0116 ‘Fuzrgwigt’. Tlhf hflhrvestth date for ﬁurrrt]::;,\i,h
the grafted plants were undercut and ripped ou fro was ays 1ater than the average for 0

the soil. At that point the healing of the grafiam decade 2000-2009 and two weeks later than in 2005

and extent of the root system was evaluated. The p(}ab. 1). The healing of the graft union and roatel-

centage of the first grade grafted plants wereatter- opment IS f"‘”eC‘ed by water co ntent and stored_re-
. serves (mainly carbohydrates) in the canes of scion
ised by at least three equally developed rootsviked

thicker than 3 mm (the accepted minimum; Officiaand rootstocks [Vrdi et al. 2009]. Healing of graft

, union is a complex biochemical and structural pgsce
Gazette _Of RS, NO', (‘_)3/05_)' In 2006 the f|rst. graOIfrom the surface cut until the functional vascidgs-
grafted vines were divided into two groups: thosh w

h dth ith 1 hes tem establishment [Pina and Errea 2005].
three roots, an t ose with four or more rootst _t The greatest difference in callus development be-
end of the growing season the roots were dried .

) ) ) tween the years was determined for ‘Furmint’ (on
105°C to determine their dry weight. In 2005 afte,yerage 40%: in ‘Borner’ rootstock 47%). The lowest
a season of growth in the nursery field, the giadee itterences between the years (10%) were in ‘Régent
been planted in the trial in vineyard. on ‘Boérner and ‘Sauvignon Blanc’ on ‘S04
The differences between rootstocks for each varie;; 2005 ‘Furmint was also characterised by the
were verified using a one-way analysis of Varianchighest percentage of grafted vines with a partial
(ANOVA). The statistical evaluation of data was-pergeveloped callus in all rootstocks (on average 45%;
formed with the SPSS 19.0 programme <R0.05). in ‘Borner’ rootstock 49%). This can be considered
Means were compared using the Tukey's HSD test. typical for this variety, especially in years when

weather conditions (tab. 1) are not suitable fooavo

RESULTS AND DISCUSSION maturation (e.g. in 2004). In this year in May the
average monthly temperature was almost three de-
Callus development grees below as is the average for decade 2000—2009.

The ‘Borner’ rootstock had similar compatibility The vegetation has been delayed more in the autumn,
in 2006 with the wine and table grape varieties ewhich were not favourable conditions for ripenirfg o
‘SO4’ and ‘5BB’ rootstocks, except with the ‘Sauvi-late varieties in general.
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Table 1. The average monthly and growing season temperafGi®¥avg) for the Maribor meteorological station (@00
2009), and the recommended harvest dates (dayin g&the late ripening variety ‘Furmint’

Year

Month Average
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

April 14.1 9.8 100 100 109 110 116 137 11.03.71 11.6
May 171 174 178 185 139 162 152 172 169 .117 16.7
June 211 181 215 235 184 196 197 212 202851 20.2
July 200 217 219 227 205 207 234 224 213152 216
August 224 220 203 244 208 181 178 202 20.21.2 20.8
September 16.0 137 149 154 155 161 174 140491 17.1 15.5
October 126 138 111 8.6 123 111 129 9.5 11.60.6 11.4
GSTavg 176 166 168 176 160 161 169 169 16.I7.1 16.8

Harvest date 255 275 288 253 297 282 271 262 26665 2 271
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Fig. 1. Percentage of grafts with complete, partial andhout developed callus of the wine- and
table-grape varieties on the rootstocks ‘5BB’, ‘S@dhd ‘Borner (BO) after the forcing in 2005
and 2006. Statistical differences are marked oalhtlie percentage of grafts with complete cal-
lus. Different letters indicate significant diffexs among the rootstocRs< 0.05
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Fig. 2. Average percentage of first grade grafted vineshefwine- and table-grape variety on the rootstocks
‘5BB’, ‘SO4’, and ‘Bérner’ BO after the one year gfowth in field nursery in 2005 and 2006. Differdetters
indicate significant differences between the ramiss in each varietlp < 0.05
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Fig. 3. Correlation between the percentage of graftedsvimi¢h complete developed callus
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The average percentage of grafted vines in 20Cto 86% in ‘Welschriesling’ on ‘5BB’. The differense
with a completely developed callus was 8% highebetween ‘5BB’ and ‘Bdrner’ were significant in all
when ‘5BB’ rootstock was used (in comparison wittvarieties, except in ‘Furmint’ (R 0.05). In 2006, the
‘Borner’), except for ‘Sauvignon Blanc’, ‘Regent’, average percentage was higher by 13.5% (it was
and ‘Muscat Bleu’, where no significant difference:73.5%), and it varied from 70.6% in ‘Bérner’ to
were established. The greatest differences amo78.4% in ‘5BB’. In the case of ‘Borner’, the aveeag
rootstocks were observed on ‘Riesling’ (14%) gihftepercentage of the first grade grafts of all vaeeivas
onto the ‘5BB’ and ‘Bérner’ rootstocks. The signifi lower in both years, with 58.4% in 2005 and 70.6%
cant difference between ‘5BB’ and ‘SO4’ was obin 2006. Its lower number of roots and reducedkthic
served only in the ‘Nero’ table grape varietyness (fig. 4) were mainly contributed to this reshlic
(P < 0.05). After callusing period in 2006, the differ-percentage of the first grade grafts. The cor@hati
ences in average percentage of grafted vines wbetween the percentage of grafted vines with com-
completely developed callus between the ‘5BB’ anpletely developed callus and percentage of firatigr
‘Borner’ rootstocks (fig. 1) were significant onlg  of grafts (R = 0.4825) confirmed the results in Fig-
‘Regent’, ‘Sauvignon Blanc’, and ‘Muscat Bleu'ure 3 and in the earlier studies [\&r®t al. 2009].
varieties (P< 0.05). ‘Sauvignon Blanc’ and ‘Muscat Differences between years are also reflected i thi
Bleu’ had a higher percentage of grafted vines witcorrelation. In 2005 the percentage of grafting-suc
a completely developed callus on the ‘Borner’ rooicess and grafts with completely developed callus in
stock, which was not reflected later on the pergat the most of grafted combinations were below 70%,
of first grade of grafted vines in the field nurser while in 2006 most of them were exceeded 70%
In 2006 in ‘Furmint’ the percentage of grafted \@ne(fig. 3). The differences in the average percentaige
with a partial developed callus was only 7% comnthe first grade grafts between the years were more
pared to 45% in 2005. consistent in the table grape varieties, whichrripe

earlier and the wood maturity is more appropriate.

PERCENTAGE OF FIRST GRADE GRAFTED VINES
Root development

The differences between the rootstocks in the av- In 2006, in the case of wine varieties (grafts of
erage percentage of the first grade grafts (figy@e table grape varieties were planted in the next ex-
more consistent in table grape varieties. In compaperiment in orchard) the differences in root devel-
son with ‘Bérner’ the average percentage was digniiopment among ‘5BB’ and ‘Borner’ rootstocks were
cantly higher in both years, when the ‘5BB’ rootdto Significant (P < 0.05). In grafting combinations
was used. In wine varieties in 2005 the percentawhen ‘5SBB’ was used as rootstoektwo-thirds of
was higher at the ‘5BB’ rootstock only in ‘Furmint’ its grafts had four or more roots, which was result
‘Regent’ had the highest percentages on the ‘Brneed in a higher dry weight of roots per graft (fi.
while in other varieties the differences betweea tHin the ‘Borner’ rootstock were the grafts at the
rootstocks were not significant @0.05). The per- other extreme with only one-third of the grafts
centages of the first grade grafts varied from 58% having four or more roots, while the other two-
‘Regent’ to 67% in the table grape variety ‘Nero’thirds had three roots (the accepted minimum). The
both on the ‘5BB’ rootstock. The average percenta¢SO4’ rootstock had a significantly higher dry
of first grade grafted vines (of all studied vage) weight of roots per graft than ‘Borner’ only in
was 60%, and ranged from 58.4% in ‘Bérner’ tccombination with ‘Welschriesling” and ‘Sauvi-
61.7% in ‘5BB’. gnon’(P < 0.05). It was indicated that the loamy

In 2006, the differences between the rootstoclsoils in our experimental conditions may have im-
were more consistent in all varieties and the ayerapacted ‘Borner’ rootstock which had fewer and
percentage varied from 62% in ‘Riesling’ on ‘SO4thinner roots. This has a direct impact on the lowe
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percentage of first grade grafts, and lower drfirmed with 24% more grafts with a completely over-
weight of roots, resulting in the smaller amount ogrown callus in 2006 than in 2005. In both yeaes th
reserve substances in the grafts, which may hadifferences were more consistent in the table grape
negatively influenced their growth in the first yeavarieties, which ripen earlier and the wood mayurit
after the planting in the vineyard [VESiet al. is more appropriate. Grafting success of ‘Borner
2009]. This conclusion was supported by the drrootstock in loamy soil is more result of less deve

weight of roots per first grade grafts (fig. 4).Pa oped root system per graft as compatibility witf di
louSek (2010) also reported that in similar pedolcferent varieties.

gical conditions, in this rootstock the chlorosis

(iron deficiency) may occur. ACKNOWLEDGMENTS
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