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Although grapevine is highly sensitive to boron content in the soil, it has a moderate need for boron. The uptake
of boron from the soil is inhibited by pH-values below 5 and above 7, respectively. Boron deficiency mainly occurs
on poor, sandy, dry and calciferous soils. The appropriate choice of rootstocks varieties makes it possible to in-
fluence the boron content of the vine. Within a rwelve-years experiment (1992 to 2003) the correlations between
boron content of the leaves and in the must, and the quantitative, qualitative parameters of the yield, respectively,
were investigated in a vineyard with limited boron uptake. *Cabernet Sauvignon’ was tested on the following nine
rootstocks: >5C’ (clones: Gm.6, Gm.10, Wed.); SBB’, (clones: Fr.148, Wei.48, Cr.2) ’125AA’ and ’SO4’. The root-
stock ’SBB’ clone Cr.2 showed the highest boron content in the leaves at bloom and ripening and also in must
while the rootstock >5C’ clone Wed. showed the lowest values among the examined rootstocks. By regression ana-
lysis we found a positive correlation betrween the boron content and the must-weight as well as the pH-value. The
correlation between the boron content of the must and the amount of yield was negative. The boron concentrati-
ons of the leaves were connected to the concentration of nitrogen, and also correlated to the titratable acid content
of the musts.

Keywords: *Cabernet Sauvignon’, rootstocks, leaf analysis, must analysis, boron

Untersuchungen iiber die Zusammenbdnge von Borkonzentration und Ernteparametern bei der Sorte *Cabernet
Sauvignon’ auf verschiedenen Unterlagen. Die Weinrebe ist zwar in Bezug anf den Borgehalt sehr empfindlich,
zeigt aber doch einen gemdifSigten Bedarf an Bor. Die Boraufnahme aus dem Boden wird durch pH-Werte unter 5
bzw. iiber 7 gehemmt. Bormangel tritt in erster Linie auf kargen, sandigen, kalkhaltigen und trockenen Biden
auf. Die entsprechende Unterlagenwahl ist eine Moglichkeir zur Optimierung der Borkonzentration. Mittels einer
zwolf Jabre danernden Untersuchung (1992 bis 2003) wurden die Zusammenhinge zwischen dem Borgebalr der
Blitter und des Mostes bzw. der quantitativen und qualitativen Ernteparameter in einem Weingarten mit Borman-
gel untersucht. *Cabernet Sauvignon’ wurde auf den folgenden neun Unterlagen getestet: >5C’, (Klone: Gm.6,
Gm.10, Wed.) 5BB’, (Klone: Fr.148, Wei.48, Cr.2) ’125AA’ und ’SO4’. Die Unterlage SBB’ clone Cr.2 zeigte die
hochsten Borgebalte in den Blittern zur Bliite und zur Reife und im Most, wihrend die Unterlage >5C’ clon Wed.
die geringsten Werte der untersuchten Unterlagen zeigte. Mittels Regressionsanalyse wurde eine positive Korrelation
zwischen Borgehalt und Mostgewicht und pH-Wert festgestellt. Die Borgehalte der Moste und die Ertrige korrelier-
ten negativ. Die Borgehalte der Blitter zeigten einen Zusammenhang mit der Stickstoffkonzentration und korrelier-
ten auch mit dem Gehalt an titrierbarer Siure im Most.

Schlagwaorter: *Cabernet Sauvignon’, Unterlage, Blattanalyse, Mostanalyse, Bor

Recherches relatives aux rapports entre la concentration en bore et les paramétres de vendange du cépage ’Caber-
net Sanvignon’ sur différents porte-greffes. Il est vrai que la vigne est trés sensible a la teneur en bore mais, en re-
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vanche, qu’elle présente un besoin modéré en bore. L’absorption du bore du sol est inhibée par des pH inférienrs a 5
ou supérieurs a 7. Un manque de bore existe en premier lieu sur les sols pauvres, sableux, calcaires et secs. La sélec-
tion du porte-greffe correspondant est une possibilité d’optimiser la concentration en bore. Les rapports entre la te-
neur en bore des feuilles et du moiit et les paramétres de vendange quantitatifs et qualitatifs ont fait Pobjet d’un es-
sai durant douze ans (de 1992 a 2003) effectué dans un vignoble présentant un mangue de bore. *’Cabernet Sanvi-
gnon’ a été testé sur les neuf porte-greffes suivants : >5C’°, (clones : Gm.6, Gm.10, Wed.) >5BB’, (clones : Fr.148,
Wei.48, Cr.2) ’125AA’ et *SO4’. Le porte-greffe SBB’ clone Cr.2 présentait les teneurs en bore des feuilles les plus
élevées lors de la floraison et de la maturité, tandis que le porte-greffe >5C’ clone Wed. présentait les valeurs les
plus basses de tous les porte-greffes examinés. Une corrélation positive entre la teneur en bore, la densité du moiit
et le pH a été établie an moyen de I’analyse de régression. Les teneurs des moiits en bore et les rendements présentait
une corrélation négative. Les teneurs en bore des feuilles étaient en rapport avec la concentration en azote et corré-

laient également avec la teneur en acide titrable dans le moit.
Mots clés : ’Cabernet Sauvignon’, porte-greffe, analyse des feuilles, analyse du moft, bore

The importance of boron for higher plants was demon-
strated already by AcurHoN (1910). Boron is essential
for cell wall structure as well as membrane function.
Boron is also a vital element in development and
growth of new cells, carbohydrate metabolism and
translocation of starch and sugars. It is indispensable
in nitrogen and phosphorus metabolism, in synthesis
of amino-acids and proteins. It has a role in RNA and
DNA synthesis, embryonary development, and hormo-
nal regulation (BERGMANN, 1979; KELLER, 2005). PARR
and LouGHMAN (1983) found out, that boron increased
membrane permeability for chlorine and phosphorus.
The micronutrient boron is essential to keep the ATP
pump going, so that a boron deficit strongly reduces
the nitrate uptake the roots (CAMACHO-CRISTOBAL and
GONzALEZ-FONTES, 1999). Other studies have shown
that supplemental boron stimulates proton pumping in
plants, causes hyperpolarization of the membrane po-
tential, and increases potassium uptake (BLEVINS and
Lukaszewskl, 1994). Deficiency symptoms firstly ap-
pear at shoot tips, at root tips or secondly at pollen
tube tips and are characterized by cell wall abnormali-
ties (Loowmis and DURsT, 1992).

Boron can be classified as having variable or conditio-
nal phloem mobility (WeLcH, 1986). This mobility de-
pends on plant species, environmental influences, plant
tissue and growing stage (WELCH and RENGEL, 1999).
In species, in which sorbitol is a major sugar, boron is
freely mobile, whereas in species that produce little or
no sorbitol boron is largely immobile (BRowN and Hu,
1996). Boron uptake is most intensive at the beginning
of the vegetation period and continually increasing till
veraison (FREGONI, 1984). Demand of boron is signifi-
cant at the time of the flower development, adoscula-
tion and during the cell division of fruit. Dry and
drought weather also makes the uptake of boron more

difficult (PEacOCK and CHRISTENSEN, 2005). According
to ScotT and SCHRADER (1947) there was a definite
transfer of boron from the lower mature leaves of the
vine upward to the terminal, actively growing parts.
Thus the amount transferred was sufficient to maintain
normal growth of the vine for a limited period of time,
or until the lower leaves were depleted of boron to a
certain level. Boron accumulated in the berry during
all stages of development, rates of accumulation, howe-
ver, were highest after veraison. The concentrations of
potassium, boron and copper continued to increase
throughout berry development (ROGIERS et al., 2006).
Boron is a unique microelement because the interval
between deficiency and toxic level is rather small. So,
at a given location the appropriate choice of rootstock
makes it possible to optimise the concentration of bo-
ron. DELAs and PoUGET (1979) found that on one hand,
the rootstock modifies the element content of the vine
and also modifies the sensitivity to the deficit of the
particular element, and on the other hand, the composi-
tion of the leaves depended on both the rootstock and
the scion. According to the investigations of AVENANT
et al. (1997) the rootstock had a significant effect on
the quality of the grapes and the wine as well.

Materials and Methods

Conditions

A field experiment was set up at SzentmiklSs hill (near
Pécs, northern latitude: 46,07°, eastern longitude:
18,17°) in southern Hungary. The experimental plot
was on the southern slope of West-Mecsek hill, two
hundred metres above sea-level. 50 years’ average wea-
ther conditions of the site during the vegetation period
are an average temperature of 17.5 °C and 510 mm of
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precipitation per year. The most important weather pa-
rameters (temperature, amount of precipitation and the
number of sunshine hours) during the experimental pe-
riod (1992 to 2003) are shown in Table 1.

The soil of the site is a slight layer of Permian sand-
stone detritus. It is a medium adherent, a little bit calci-
ferous, sandy-loam soil with medium humus content. A
complete analysis of samples of the soil was made in
1990, the results are given in Table 2. In Table 3 the
soil analysis of 2001 can be found.

Rootstocks

The ’Cabernet Sauvignon® (Vitis vinifera L.) plantation
was established in 1986. Row distance and spacing are
3.5 x 1.2 meters, the training system was an “umbrella®
with cane pruning.

This study organized in a randomised block design,
consisting of four replicates and four vines per repli-
cate. The experiment was carried out with the following
rootstocks: ’5C” and the clones Gm6, Gm10 and Wed.;
’5BB’ and the clones Fr.148, Wei.48 and Cr.2, "125AA’
and ’SOA4’. It is well accepted that a rootstock can affect
foliar nutrient levels, but the complex interactions of
rootstock, rootstock-scion combination, soil type, cli-
mate and management practice have made it challen-
ging to acquire sufficient and consistent information
on rootstock mineral nutrition (WOLPERT et al., 2005).
In our opinion, in this context the examination of root-
stock clones also is of importance. Kocsis and Pobma-
NICZKY (2005) also stated that rootstock adaptability to
a given soil type is a key factor for assuring quality.

Leaf-analysis

Since 1990 we have examined the boron supply of the
’Cabernet Sauvignon® (E.153 clone) cultivar (and also
eight other nutrients were determined) with the help
of plant analysis of leaf blade samples collected at
bloom and ripening, located opposite the cluster. The
leaf blade samples (30 to 40 leaves per sample) were wa-
shed in distilled water, dried and ground. The concen-
trations of elements were determined according to stan-
dard methods, where nitrogen was determined accor-
ding to Kjeldahl. Phosphorus and boron contents of
the leaves were measured by spectrophotometer using
standard row. The determination of the elements K,
Ca, Mg, Zn, Fe, Mn was carried out by means of atomic
absorption spectrometry. Concentrations were expres-
sed as a percentage of total dry weight. Between 1992
and 2003 we also determined the boron content of the
must.

Csikas-Krizsics et al.

Measured yield parameters

The following parameters were also measured: cluster-
and pruning weight (average of 4 plants, kg), the must
weight (°Brix ), the titratable acid content (g/l as tarta-
ric acid) and the pH-value of the processed fruit. Clu-
ster crops were measured by repetition and calculated
per plant. After processing harvested grapes, the quality
parameters of each must sample were immediately de-
termined.

Statistics

The effect of the rootstocks was evaluated by a two-
way analysis of variance (ANOVA without repetitions),
while the correlations were examined by regression
analysis.

Results and Discussion

Rootstock effect on the boron content of the
leaves

In the average of the examined years, the boron content
of the leaves at the time of bloom was in the optimum
range and at ripening it was at the lower limit of that
range. Nevertheless, in half of the examined years
(1992 to 1994, 1996 to 1997, 2000) a boron deficiency
was detected at the time of ripening (Table 7). Boron
contents of the leaves, like that of nitrogen, phosphorus
and potassium, gradually decreased during growing
season from April to end of October (FULEKY, 1999).
Estimating the results by a two-way analysis of va-
riance we found a significant difference regarding the
boron uptake of the individual rootstocks over 12
years.

During an experiment that lasted more than ten years
CsikAszNE and DIOFAsT (2006) observed that ’Cabernet
Sauvignon’ at three different sites of production sho-
wed the highest boron content on ’SO4’ rootstock.
With ’Cabernet Sauvignon’ on rootstock ’420A%, *101-
14’ and *41B’ TArRDAGUILA et al. (1995) did not find any
effect of the rootstock variety on boron contents or
any significant interaction between the examined parts
of the plant. In their opinion the growth modification
induced by the rootstocks probably influences the ac-
cumulation and distribution of mineral elements. Some
rootstocks seem to have an effect on the concentration
of the vegetative parts mainly, while others affect the
reproductive parts. This behaviour can depend on the
vigour induced by the rootstock.

We measured a significantly lower boron concentration
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Table 1: Meteorological data of Pécs

Temperature (°C)

Average Average

Month 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 .
period 50 years

January 23, 'ti2s |l |zl litoiallfilals) (il i3isied i oo || (0w |I|-2i2 [l il 0.6 1.0 0.2
February 45 04 27 64 -13 43 66 16 56 37 65 21 32 23
March 70 49 98 54 09 64 45 84 69 97 93 72 6.6 6.4
April 12.8 22 | | uL.5( il il izt (il Z7:(ll iizie]-li12:6! tln4:s |14l 119 2l ||| 11s 11.7
May 180 205 169 156 182 177 164 172 196 190 197 204 183 16.6
June 20:9: '120:8 |l 2091 ll19%: il i21t0] (ll2nl7 |l (212! ;204 | 23:4 ||18l5['122:9 |'|li25:21 ||| 214 20.0
July 235 1222 | =25.01l [lll252: il i20%4] [lli2nle:(lll [22:2] (2251 |l 217 | 2als|ll (2201 killi2a.xll || 22¢8 21.8
August 278 227 244 212 208 214 226 218 253 239 222 265 234 21.6
September 197 17.8 206 170 135 178 159 204 184 158 170 189 177 17.9
Oktober 1200 4| 104 142 127 102 430 138 (159 | 157 | 130 . 105 | i3:0 12.6
November 72 14| 90 |34 88 61 a1 34 106 | 49 106 98 6.6 6.2
December 0.6 25 29 1.1 -0.8 3.1 2.2 1.5 3.7 2.8 1.0 3.0 1.1 20
;"e‘;errage 130 418 131 | il7 162 i3 A1 126 | 137 | 120 (133 129 | 122 11.6
pierage 192 186 185 17.7 169 168 177 184 198 180 187 197 183 17.5
vegetation

Precipitation (mm)

Average Average

Month 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 .
period 50 years

January 2 18 50 53 49 46 139 52 37 93 13 66 52 45
February 41 28 14 62 29 54 5 136 34 16 39 39 41 45
March 56 63 48 91 25 20 28 38 74 89 10 16 47 47
April 33 63 101 48 60 86 103 122 47 27 108 13 68 70
May 45 21 34 91 52 65 149 78 60 36 90 45 64 74
June 112 38 65 139 68 115 129 222 36 215 35 20 100 95
July 66 53 64 11 111 138 91 116 56 81 94 68 79 81
August 13 56 141 157 93 72 127 86 46 39 51 27 76 76
September 22 123 81 212 162 20 142 45 34 217 115 29 100 58
Oktober 165 81 59 10 89 106 94 46 30 10 42 142 73 56
November 125 121 21 96 70 32 90 145 73 70 44 56 79 72
December 82 170 79 107 93 90 43 97 43 62 32 23 71 63
32:: Of 762 835 763 1077 901 844 1140 1183 570 955 673 544 854 782
i Of. 456 435 545 668 635 602 835 715 309 625 535 . 344 559 510
vegetation

Number of sunshine hours

Average Average

Month 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 :
period 50 years

January 76 116 76 43 42 16 120 48 104 56 115 75 74 72
February 133 133 82 136 127 180 185 113 144 132 117 117 133 101
March 158 139 137 84 120 191 211 121 137 167 209 197 156 141
April 185 188 176 172 99 218 162 139 246 210 165 |l1235 183 181
May 267 319 | | 252 199 248 267 259 @ 251 270 | |[2121(| 1202 [.|l| 296 254 235
June 220 256 209 160 217 224 184 259 313 184 222 291 228 242
July 287 290 299 297 276 218 247 258 298 266 271 319 277 280
August 341 284 304 270 266 280 253 299 279 273 235 346 286 271
September 240 201 217 135 120 236 123 220 209 129 153 236 185 204
Oktober 110 153 122 188 122 158 120 152 165 194 118 163 147 159
November 93 50 63 61 96 80 66 33 112 128 80 138 83 76
December 50 61 75 18 40 83 62 93 76 89 34 130 68 59
32:: of 2160 2190 2012 1763 1773 2151 1992 1986 2353 2040 1921 2543 2074 2021
P Of. 1650 1691 1579 1421 1348 1601 1348 1578 1780 1468 1366 1886 1560 1572
vegetation
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Table 2: Soil parameters in the vineyard in 1990

Ground HYG Cohesion pH pH CaCO; Humus
level (cm) (KA) (H,0) (KCl) (%) (%)
0-30 1,79 36 757 135 11,5 161
30-60 1,76 36 7,63 735 10,8 146
Ground NO3-N PzOs Kzo Ca Mg S

level (em) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
0-30 41 48474 65723 35052 714.83 362
30-60 18 48847 544.64 33091 621.08 26.5
Ground Na Cu Zn Mn Fe B

level (em) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
0-30 1202 1536 258 62.54 1351 099
30-60 11.18  13.04 251 61.71 1232 094
Ground Mo Al Cd Co Pb Ni

level (cm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
0-30 0.07 567 006 148 434 155
30-60 0 56.61  0.09 135 374 152
EUF-1990

Ground UVN NO; PI PI  KI KII
level (cm)

0-30 658 371 432 437 4688 27.63
30-60 444 168 406 396 32.03 2338
Ground

level (cm) Cal Call Mgl Mgll Nal Na Il
0-30 5431 8733 164 154 607 198
30-60 5439 8142 151 129 5 1.46
Ground Cu Zn Mn  Fe BI  BI
level (cm)

0-30 0.2 221 011 134 07 0.45
30-60 0.25 187  0.13 208 051 052

Table 3: Soil parameters in the vineyard in 2001

Ground Ca CaCO; Humus NO;-N P,Os K,O
level (cm) (ppm) (%) (%) (ppm) (ppm) (ppm)
0-30 243 6.07 1.24 18 455 587
30-60 2.70 6.74 1.64 17 658 508
Ground Mg Na Zn Cu Mn Fe
level (cm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
0-30 141 40 2.6 17.2 46 30
30-60 149 56 34 18.5 54 31
Ground pH pH  Cohesion H Sum
level (cm) (KCI) (H,O) (KA) y salt
0-30 7.52 7.68 34 1.83 0.020
30-60 7:52 7.70 34 1.71 0.027

in the leaves at bloom in the case of the rootstock va-
riety *5BB’ and its clones Fr.148 and Wei.48 and also
in the ’5C’ clone Gm.6. In spring *Cabernet Sauvignon’
on rootstocks ’5C’, ’5BB’ clone Cr.2, ’125AA’ and
’SO4’ had a roughly similar level of boron (approx. 40
ppmy; Fig. 1) in the average of twelve years (1992 to

Csikas-Krizsics et al.
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45 bp

—H
=
il

5BB 5BB 5BB 5BB 125AA SO4
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rootstock

Fig. 1: Boron content of leaves at bloom (on the average of
1992-2003)
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SBB 5BB 5BB SBB 125AA SO4
Fr.148 Wei.48 Cr.2

5C 5C 5C 5C
Gm.6 Gm.10 Wed.
rootstock

Fig. 2: Boron content of leaves at harvest time (on the ave-
rage of 1992-2003)

2003). In the case of the rootstocks *5C’, ’5C’ clone
Wed., ’5BB’ clone Cr.2, ’125A A’ and *SO4’ the decrease
of the boron concentration from bloom to ripening is
significantly higher than with the other five examined
rootstocks. Thus there were minor differences between
the rootstocks at ripening.

WoLPERT et al. (2005) observed that also in the case of
potassium the differences became more moderate be-
tween the rootstocks at ripening. According to them
these findings suggested that absorption of potassium
in spring from bud-break to bloom, may be a more cri-
tical period for potassium acquisition, while re-translo-
cation from existing tissues to ripening fruit may repre-
sent the primary source for potassium during the ripe-
ning period.

In autumn only the rootstock 5BB’ clone Cr.2 showed
a significantly higher value compared to those having
low concentrations of boron at bloom, and the lowest
value was measured with the rootstock *5C” clone Wed
(Fig. 2.). Similarly to the results of Bocont et al. (1995)
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Table 4: Yield quantity (kg/stock) of *Cabernet Sauvignon’ grafted on different rootstocks

Rootstock 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 average
5C 5775 4750 4575 3975 4.025 4.650 5200 2.700 3.475 4.075 4.150 3.650 4.250
5C Gm.6 4450 4950 4.725 3.775 3400 4.500 6.125 2.525 4.850 4950 4.300 3.200 4313
5C Gm.10 5400 4325 4750 3.750 4.325 5.000 5.825 2.625 3.725 5.850 3.125 3.425 4.344
5C Wed. 4.550 4.425 4825 3275 3750 4.150 5800 2.675 3.875 5850 3.850 3.825 4.238
5BB 4.050 4.175 4375 3575 3.550 4.875 6200 2.600 4.775 5.050 3.775 4.150 4.263
5BB Fr.148 4.050 3.550 4.125 3.000 3.875 3.750 5.725 2325 4.025 4.000 3.650 3.050 3.760
5BB Wei. 48 4.000 4.225 3750 3225 3575 4.600 5225 2350 3.825 4.400 4325 3475 30915
5BB Cr.2 5.100 4950 5.025 3375 3.650 4.125 5900 2.500 3.500 5.325 3350 2825 4.135
125 AA 4.575 4400 4325 3375 3.775 4375 7375 2450 3950 4.650 3.600 3.900 4.229
SO4 6.350 5.100 5.000 3.400 3.975 4725 5975 3.100 4.475 4.100 3.525 3.450 4.431
average 4.830 4.485 4.548 3473 3790 4475 5935 2585 4.048 4825 3.765 3.495 4.188
LSD 1.3390 0.9482 1.2451

p 0.017 NS NS NS NS NS 0.009 NS NS 0.033 NS NS

we observed a vintage effect on the concentration of
boron, mainly at ripening. Kocsis et al. (2001) pointed
out the role of dry conditions in nutrient uptake. CsI-
KASZNE et al. (2003) observed a significant vintage effect
on the uptake of nutrients but comparing the rainy and
the dry vintages they found no close connection be-
tween the nutrient content of the leaves and the mois-
ture content of the soil. Therefore, we divided the ex-
amined years into two groups but not according to the
character of the vintage, rather according to the nu-
trient levels measured at ripening. We did the calculati-
ons separately for the two different groups and in the
years which showed optimum levels in autumn we
have still found significant differences between the
rootstocks, which corresponds to the results of the
whole experiment. The two-way analysis of variance
carried out in the years with boron deficiency at ripe-
ning showed no significant difference between the root-
stocks. Based on the found tendency, the rootstocks can
be divided into two groups; higher values were found in
leaf samples on rootstock ’5 BB’ clone Cr. 2, *125AA
and ’SO4’, while the other rootstocks represented the
lower level.

Rootstock effect on boron content of the
must

During the twelve years of the experiment the boron
content of the must was also determined. According to
Kocsis and PopMANICZKY (2005) the nutrient content
of the must varied between rootstocks as well as scion
combinations, too. In our experiment, we could not
find a statistically proven difference between the 12-
years average values of the examined rootstocks. Loo-
king at the individual years, however, the following ten-
dency can be detected:

The rootstock ’5C’ clone Wed., which showed the lo-
west boron concentration in leaves at ripening had also
the lowest boron content in the must. The rootstock
’5BB’ clone Cr.2 which showed a significantly higher
boron concentration in leaves at ripening had a simi-
larly high boron value in the 12-year average. Other-
wise the rootstock *5C’ clone Gm.10 exhibited a high
boron content in the must but did not have extreme bo-
ron values in the leaves during any time of the vegeta-
tion period (Fig. 3.). PoLYAK et al. (1992a, 1992b) deter-
mined 28 elements in musts from the cultivars "Hérsle-
vel@” and *Furmint’ on 36 different rootstocks. Accor-
ding to their analytical data different rootstock varieties
took up the element from the soil with different capa-
city. With regard to essential elements (like K, N, P,
Mg, B, Zn) there is scarcely a difference between root-
stocks.

Rootstock effect on the crop load

The rootstock effect on the yield was significant in
three years (1992, 1998, 2001). The yield per plant and
= ZB (mg/D

7,0

6,8 1= —

661 —

6411 -
621 -

601 —

5.8 . . . . '
5BB  5BB  5BB 5BB 125AA SO4
Fr.148 Wei.48 Cr.2

5C 5C 5C 5C
Gm.6 Gm.10 Wed.
rootstock

Fig. 3: Boron content of the must (on the average of 1992-
2003)
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Table 5: Must degree (Brix) of *Cabernet Sauvignon’ grafted on different rootstocks

Rootstock 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 average
5C 21.1 23.0 23.0 223 20.7 222 19.9 23.4 24.8 233 24.7 25.7 2283
5C Gm.6 21.4 22.5 23.2 22.6 20.5 22.8 204 233 24.5 24.0 24.1 263 2297
5C Gm.10 20.5 22.5 23.1 224 20.4 22.4 20.3 23.0 24.6 23.8 24.0 26.0 2275
5C Wed. 20.9 224 23.0 22.7 20.7 22.6 19.8 23.4 24.8 23.6 24.5 262 22.89
5BB 20.8 21.9 22.8 224 20.3 22.7 19.8 23.1 244 23.8 24.0 254 2261
5BB Fr.148 20.8 22.5 229 22.7 20.6 22.9 20.0 23.5 24.5 24.0 243 26.1 22.90
SBB Wei. 48 21.0 22.3 232 22.4 20.7 22.5 20.2 23.2 24.0 23.8 24.3 253 2275
5BB Cr.2 214 232 23.1 22.7 20.6 23.0 20.2 23.2 24.7 24.4 24.1 26.1 23.06
125 AA 21.2 22.8 22.9 227 20.4 22.8 20.0 23.1 242 24.1 24.5 25.8  22.88
SO4 20.7 223 22.9 22.7 19.9 22.5 20.0 233 24.1 23.5 24.1 254  22.60
average 20.99 2254 23.02 2256 2047 22.64 20.06 2324 2445 2383 2426 2583 2282
LSD 0.590  0.420 0.525  0.530

p 0.078  0.00 NS NS NS NS NS NS 0.05 0.02 NS NS

the age of the vineyard were different in each case. In
the first case in 1992, when the plants were still young
and the yield was similar to the year 2001, we found
that the rootstock ’SO4’ and ’5C’ had the highest crop
level. These rootstocks usually yielded more than the
average of the examined rootstocks (Table 4.). Producti-
vity of SO4’ decreased in the last three years, which
corresponds well with the findings of CANDOLFI-Vas-
CONCELOS et al. (1997), who reported that the vigour of
’SO4” decreases after 15 to 20 years. Except the root-
stocks ’SO4’ and ’5C’ the other rootstocks yielded the
highest crop in 1998. In this year the *125AA” showed
unexpectedly the highest value, which in the next year
produced the lowest yield. In ten years of the examined
twelve years the rootstock 5BB’ clones Fr.148 and
Wei.48 yielded below the average level of the experi-
ment, the ’5BB’ rootstock, however, performed below
average only in four years at the beginning of the ex-
amined period.

Pruning weight data only showed significant differen-
ces between rootstocks in two years (1995 and 1999.).
We got the highest pruning weight on the rootstocks
’5BB’ and its Cr.2 clone.

Rootstock effect on the quality parameters

The rootstock had significant effects not only on the
quantity parameters but also on the must weight in the
years 1992 and 2001 (Table 5.). In these years the ave-
rage crop level was the same, but the sugar content of
the must was higher in 2001. In 2001 the rootstocks
’5C” and *SO4’ did not show only a lower yield, but
the lowest sugar accumulation as well. In 2001 the clo-
nes Gm.6 and Gm.10 of the rootstock variety *5C” and
the Cr.2 clone of ’5BB’ showed significantly higher
yield and sugar content, too. In the unfavourable vin-

tage year 1992 the rootstocks ’5C’ clone Gm.6 and
’5BB’ clone Cr.2 performed well, just like in 2001, but
the sugar content of the must on the rootstock *5C’
clone Gm.10 was the lowest in this year. In the good
vintages of 2000 and 2003, the sugar accumulation re-
mained below average on the following rootstocks:
’5BB’, ’5BB’ clone Wei.48., ’125A A’ and *SO4’.
Among the quality parameters the titratable acidity
contents showed significant differences between root-
stocks (Table 6.) in most of the years (1992 to 1996,
1999 to 2000).

In 1992 the highest sugar value was measured on root-
stocks ’SO4’ and *5BB’ clone Cr.2. The *5BB’ rootstock
had the lowest titratable acidity in this year. In the year
2000 with an accelerated ripening, the titratable acidity
content of must was lower on rootstocks *5C” and its
clones and on ’5BB’. Looking at the whole period of
the experiment in most of the cases the musts from
rootstocks *5C’ clones Wed. and Gm.6 and ’5BB’ sho-
wed relatively low values of titratable acidity, while
the must of rootstocks ’SO4’ and *5BB’ clone Cr.2 had
relatively high levels.

Correlation Analysis

As the contents of mineral elements of the musts were
different depending on rootstocks, PorLvAk et al.
(1992a) supposed, that the quality of wines is conside-
rably modified by scion combinations and especially
by rootstock varieties.

During the assessment of our experiment results, we
examined the correlations between the boron concen-
trations in the leaves or the musts and the other exami-
ned nutrient or crop parameters. We found a positive
correlation between the boron concentrations of the
leaves and the titratable acidity of the musts (Fig. 5.).
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Table 6: Titratable acidity content (g/l) of *’Cabernet Sauvignon’ grafted on different rootstocks

Rootstock 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 average
5C 9.2 9.2 8.7 11.2 13.5 10.4 12.7 12.0 8.6 11.3 11.1 9.1 10.58
5C Gm.6 9.2 9.4 8.1 12.1 13:5 10.0 11.8 11.6 9.0 11.1 11.5 9.0 10.50
5C Gm.10 9.3 9.5 8.2 12.0 13.9 10.3 11.4 11.4 8.8 11.4 11.7 8.9 10.56
5C Wed. 9.2 9.7 7.8 11.0 13:2 10.2 11.5 11.6 8.9 11.2 11.9 8.8 10.39
5BB 9.0 9.5 7.9 11.3 13.7 10.1 11.5 11.8 8.9 11.8 11.8 8.9 10.50
5BB Fr.148 9.3 9.0 7.7 11.1 13.7 10.2 11.7 12.2 9.4 12.5 11.6 8.9 10.60
5BB Wei. 48 9.1 9.4 7.6 11.6 13.8 10.4 11.6 12.2 9.2 11.4 11.1 8.8 10.51
5BB Cr.2 9.5 9.2 8.3 11.0 14.1 10.6 11.7 12.2 9.2 10.7 11.8 9.1 10.60
125 AA 9.3 9.4 7.7 11.0 12.8 10.6 11.5 12.1 9.3 11.1 11.3 8.8 10.39
SO4 9.8 9.8 8.1 11.9 12.9 10.4 11.1 12.5 9.1 11.7 11.9 8.7 10.64
average 9.28 9.39 799 1141 1349 1033 11.64 1196 9.04 1141 11.54 887 10.53
LSD 0.44 0.31 0.58 0.79 0.84 0.71 0.40

p 0.08 0.00 0.02 0.03 0.08 NS NS 0.099  0.02 NS NS NS

Table 7: Boron content in the leaf blades (ppm) and in the must (mg/1)

Leaves at blooming

Rootstock 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
5C 31 28 31 35 57 40 49 49 44 26 39 43
5C Gm.6 23 23 28 25 39 26 35 40 38 36 32 28
5C Gm.10 26 23 30 33 48 33 39 44 41 29 34 28
5C Wed. 25 26 32 31 57 34 43 56 39 27 39 31
5BB 22 24 30 29 44 31 54 36 34 25 27 38
5BB Fr.148 25 22 24 23 40 26 36 37 33 28 28 29
SBB Wei. 48 25 26 28 28 46 24 36 42 35 24 47 34
5BB Cr.2 33 32 36 44 51 33 51 52 37 36 35 36
125 AA 31 27 30 34 62 38 54 55 43 31 41 34
SO4 32 30 32 35 61 35 54 58 45 31 40 40
average 27 26 30 32 51 32 45 47 39 29 36 34
Leaves at ripening
5C 13 17 20 28 19 17 28 23 19 23 29 21
5C Gm.6 15 19 20 25 17 16 23 24 22 23 24 22
5C Gm.10 15 18 20 28 19 18 26 24 20 22 26 24
5C Wed. 16 18 17 27 20 17 22 21 21 20 24 21
5BB 15 19 18 28 20 16 25 23 19 21 26 22
5BB Fr.148 14 18 20 25 19 17 23 24 19 23 26 23
SBB Wei. 48 13 20 20 25 20 15 24 22 19 28 27 24
5BB Cr.2 16 20 20 27 27 17 27 27 21 28 24 26
125 AA 15 19 19 31 29 15 26 25 21 23 25 23
SO4 14 20 19 29 28 17 26 24 18 22 24 22
average 15 19 19 27 22 17 25 24 20 23 26 23
Must
5C 3.74 5.07 10.60 7.99 8.01 7.12 4.90 8.75 7.11 4.45 5.75 7.91
5C Gm.6 4.05 3.75 7.78 6.71 6.67 7.74 5.26 9.48 7.11 5.19 5.17 12.05
5C Gm.10 3.74 242 8.48 8.63 7.34 7.74 5.98 9.48 7.80 5.19 6.67 11.24
5C Wed. 4.35 2.42 7.07 7.99 6.00 6.19 5.98 8.75 7.11 2.96 5.17 12.05
5BB 3.14 3.74 8.84 7.99 6.00 7.74 5.26 8.75 7.11 4.45 6.79 11.52
5BB Fr.148 4.05 2.42 7.77 7.99 6.00 6.50 4.90 8.75 8.50 2.96 5.46 12.80
SBB Wei. 48 3.74 2.75 7.05 7.99 7.34 6.19 5.62 9.48 7.11 2.96 4.87 12.76
5BB Cr.2 4.96 2.42 8.48 9.92 7.34 7.74 5.62 10.94 8.50 3.70 5.02 10.94
125 AA 4.66 242 8.84 7.35 6.00 8.36 6.71 6.56 7.80 5.19 6.64 8.50
SO4 4.05 2.42 7.77 7.99 6.67 8.67 6.35 7.29 7.80 3.70 6.49 10.10
average 4.05 2.98 8.27 8.06 6.74 7.40 5.66 8.82 7.60 4.08 5.80 10.99
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Table 8: Nitrogen content in the leaf blades (dw %) and in the must (mg/1)

Leaves at blooming

Rootstock 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
5C 3.91 3.88 4.05 397 4.76 4.11 4.31 4.10 4.16 3.61 4.16 5.24
5C Gm.6 3.75 4.05 4.20 3.73 4.73 3.93 4.24 4.25 4.03 3.63 4.48 4.29
5C Gm.10 3.85 3.84 3.70 3.71 4.82 4.07 4.44 4.33 3.99 3.67 4.18 4.38
5C Wed. 3.76 4.18 3.97 3.76 4.89 3.87 4.16 4.28 4.14 3.45 4.11 4.20
SBB 3.94 4.10 3.91 3.79 4.87 4.08 3.90 4.10 4.20 3.80 4.28 4.39
5BB Fr.148 4.11 3.80 3.82 3.60 4.77 3.99 4.30 4.32 4.15 3.62 4.38 4.26
SBB Wei. 48 3.96 4.09 3.89 3.88 4.85 3.95 4.05 4.29 4.29 3.49 4.47 4.29
5BB Cr.2 3.83 4.01 3.95 3.74 4.26 3.34 4.27 4.25 4.17 3.67 4.11 4.12
125 AA 3.75 3.88 3.87 3.63 4.82 3.84 4.13 4.16 3.99 3.60 4.26 4.35
SO4 3.63 3:95 3.88 3.71 4.81 3595 4.03 4.35 4.13 3.50 4.11 4.35
average 3.85 3.98 3.92 3.73 4.76 3.89 4.18 4.24 4.13 3.6 4.25 4.39
Leaves at ripening
5C 2.33 1.84 2.11 2.35 2.14 2.31 2.01 2.46 2.20 2.26 2.53 2.29
5C Gm.6 2.14 1.95 2.22 2.53 2.19 2.26 1.96 2.42 2.28 2.09 2.14 2.76
5C Gm.10 2.25 1.93 2.25 2.38 2.09 2.43 1.94 2.64 2.28 2.17 2.41 2.42
5C Wed. 2.24 1.98 2.25 2.31 2.10 2.36 2.07 2.45 2.26 2.22 2.09 2.69
5BB 2.23 1.92 2.20 2.46 2.16 2.34 2.01 2.48 2.40 2.32 2.69 237
5BB Fr.148 2.26 1.87 2.15 2:31 2.06 2:22 2.04 2.56 2.30 2.32 2.31 2.65
SBB Wei. 48 2.31 1.95 2.13 2.43 1.99 2.17 2.09 2.42 2.23 2.29 2.66 2.63
5BB Cr.2 2.26 1.85 2.11 2.30 2.06 2.14 1.96 2.40 2.05 2.08 1.99 225
125 AA 2.27 1.96 2.28 2.32 2.26 2.21 2.14 2.50 2.13 2.31 2.39 237
SO4 2.19 1.95 2.22 2.36 2:15 2.19 2.13 2.58 2.02 212 2.10 2.42
average 2.25 1.92 2.19 2.38 2.12 2.26 2.04 2.49 2:22 222 2.33 2.49
Must
5C 504 520 667 661 834 509 567 509 765 786 694 726
5C Gm.6 523 478 636 692 834 496 587 553 664 781 744 624
5C Gm.10 493 439 625 717 774 465 567 486 678 843 825 759
5C Wed. 537 450 636 671 817 465 588 512 654 776 802 468
5BB 523 464 630 656 790 452 583 499 688 862 827 850
5SBB Fr.148 590 439 597 635 768 458 635 558 678 829 843 796
SBB Wei. 48 548 408 608 681 752 429 573 532 608 833 820 834
5BB Cr.2 562 453 625 717 719 490 627 548 712 710 832 710
125 AA 543 495 636 728 703 475 624 525 664 814 834 759
SO4 493 456 647 681 693 448 573 517 606 753 772 716
average 532 460 631 684 768 469 592 524 672 799 799 724

Correlation was negative between must weight and bo-
ron concentration of the leaves at bloom, and between
must weight and the changing of boron content from
blooming to ripening.

Out of the other eight examined nutrients (N, P, K, Ca,
Mg, Zn, Fe, Mn) nitrogen had the highest effect on the
boron values (Table 8, Fig. 4.). We found correlations
at bloom between the boron and nitrogen concentrati-
ons of the leaves, moreover, the changes in the boron
and nitrogen concentrations of the leaves showed a po-
sitive correlation. This correlation coincides with the
findings of CamMACHO-CRISTOBAL and GONZALEZ-FONTES
(1999). According to them the reduced nitrogen uptake
in boron deficient vines leads to low leaf nitrogen sta-
tus, sugar and starch accumulation in the leaves. We

found a correlation between the nitrogen content of
the leaves at ripening and the boron content of the
must. Evaluating the latter correlation for each root-
stock, the following rootstocks showed a significant ef-
fect: the clones of ’5C’, the clone ’5BB’ Fr.148 and Cr.2
and ’SO4’.

Between the boron content of the must and the quanti-
tative and qualitative parameters of the crop we also
obtained a good correlation (r-values of 0.4 to 0.5). We
suppose that in the background of these correlations
there is the hidden boron partitioning between grapes,
leaves and woody parts, which is similar to partitioning
of nitrogen, phosphorus and potassium. This means
that more than one third of the quantity of the total ele-
ment is found in the grapes (FULEKY, 1999). ROGIERS et

221



Mitteilungen Klosterneuburg 57 (2007): 213-223

B (ppm)
70
60
50
40
30
20
10

0

y = 15,702x - 28,341
R*=0,3158

3,0 3,5 4,0 4,5 5,0 5,5
N % dry wt

Fig. 4: Relations between N and B concentrations in leaves at bloom

B (ppm)
70
~»
60 Y . .o
- * @ "
50 * . . *
*
40 . * $o e
30 * 3‘@’:{’ .
* o0 .
20 3 o * oo
y = 3,0989x + 3,0264
10 R% = 0,2684
0
6 7 8 9 10 11 12 13 14 15

titrat. acidity (g/D)

Fig. 5: Relations between leaf B content at bloom and titratable acidity of the

must

B (mg/D

15
o o y = -1,1829x + 11,637
*e * R® = 0,2187
o o * * s

10 *»
5
0

0 1 2 3 4 5 6 7 8

crop load (kg/stock)

Fig. 6: Relations between B content of the must and crop load of the stocks

Csikas-Krizsics et al.

mined in eight years of the examined
period). This result corresponds with
conclusions of CLINGELEFFER (2000),
who reported that rootstock selections
which have high concentrations of cal-
cium, magnesium and boron in berries
tended to have higher sugar levels. We
found a negative correlation between
the boron content of the must and
yield, yield to pruning weight ratio
(Razav index), respectively (in the pe-
riod from 1992 to 2001, Fig. 6).
CANDOLFI-VASCONCELOS et al. (1997)
examined the nutrient uptake of cer-
tain rootstocks in a habitat with boron
deficiency. They found that the most
excellent rootstocks with regard to bo-
ron uptake had a reliable performance
at all the four sites examined.

Conclusion

Our results draw attention to the im-
portance of boron in quantitative and
qualitative parameters of yield and the
correlation between the boron and ni-
trogen concentrations in leaves. The
boron uptake and transport of *Caber-
net Sauvignon’ varies with rootstock-
scion combinations. The behaviour of
the rootstock clones particularly that
of the rootstock ’5BB’ clone Cr.2 is
characteristic for a given site. Vintage
definitely had effect on the nutrient
content of leaves.

Boron concentration in leaves at
bloom had effect on quality parame-
ters (titratable acidity, must weight) of
the must. The correlation was positive
between the boron content of the lea-

al. (2006) demonstrated that 90 days after flowering bo-
ron partitioning into tissues showed similar ratios as
potassium. At this time the pulp contained 59% of the
total potassium amount in the berry, while the skin
contained 32%, and the seeds contained 6% of the total
amount of that element in the berry. These findings re-
fer to the importance of must analysis in the case of bo-
ron, because the highest rate of total amount is found in
the must. We found a positive correlation between bo-
ron content of the must and the must weight, as well
as the pH-value of the must (the latter was only deter-

ves and titratable acidity, and negative with must de-
gree. A positive correlation between boron content of
the must and the must weight was found.

References

AcULHON, H. 1910: Emploi du bore comme engrais catalyti-
que. C.R. Acad. Sc1. France 150: 288-291

AVENANT, E., AVENANT, J.H. and BARNARD, R.O. 1997: The ef-
fect of three rootstock cultivars, (fotassium soil applicati-
ons and foliar sprays on yield and quality of Vitis vinifera

222



Mitteilungen Klosterneuburg 57 (2007): 213-223

L. cv. Ronelle in South Africa. S. Afr. J. Enol. Vitic. 18(2):
31-38

BERGMANN, W. (1979): Termesztett novények tdpldlkozdsi za-
varainak el8forduldsa és felismerése (Origin: Pflanzen-
diagnose und Pflanzenanalyse zur Ermittlung von Er-
nihrungsstorungen und des Ernihrungszustandes der
Kulturpflanzen. - Jena: Fischer, 1976). - Budapest: Mez8-
gazdasdgi Kiadd, 1979

BLEVINS, D.G. and Lukaszewskl, K.M. 1994: Proposed physio-
logic functions of boron in plants pertinent to animal
and human metabolism. Environmental Health Perspec-
tives 102(Suppl. 7): 31-33

Bocont, M., PANONT, A., VALENTL L. and SciEnza, A. 1995: Ef-
fect of soil phrsical and chemical conditions on grape-
vine nutritional status. Acta Horticulturae (383): 299-312

Brown, P.H. and Hu, H. 1996: Phloem mobility of boron is
species dependent: evidence for phloem mobility in sor-
bitol-rich species. Ann. Botany 77(5): 497-505

CAMACHO-CRISTOBAL, J.J. and GONZALEZ-FONTES, A. 1999: Bo-
ron deficiency causes a drastic decrease in nitrate content
and nitrate reductase activity, and increases the content of
carbohydrates in leaves from tobacco plants. Planta 209:
528-536

CANDOLFI-VASCONCELOS, M.C., CASTAGNOLL S. and BaHAM, J.
(1997): Grape rootstocks and nutrient uptake efficiency.
- Corvallis: Annual Meeting of the Oregon Horticultural
Society, 1997 (http://berrygrape.oregonstate.edu/grape-
rootstocks-and-nutrient-uptake-efficiency)

CLINGELEFFER, P.R. 2000: Field assessment of selected root-
stock hybrids for quality wine production. Final Report
to Grape and Wine Research and Development Corpora-
tion CEIRO, Plant Industry Merbein

CsikAszNE-KRrizsics, A., D1orAst, L. and IjjAsz, 1. 2003: Az ala-
nyfajtdk hatdsa a Cabernet Sauvignon szgléfajta tipanyag
felvételére, eltérd jellegd (csapadékos, aszdlyos) évjara-
tokban. (Influence of rootstocﬁs on nutrition absorption
of *Cabernet Sauvignon’ during different season - droug-
thy, wet). In: Lippay Jdnos-Ormos Imre-Vas Kdroly Tu-
domdnyos Ulésszak, Budapest, Osszefoglalék-Kertészet-
tudomany, p. 494-495

CsikAszNE-Krizsics, A. and D10r4sy, L. 2006: Alanyfajtédk ha-
tisa a Cabernet sauvignon sz6léfajta tipelem fefvételére
hirom kiilonb6z8 termdhelyen. (Rootstock effects on
nutrient status of Cabernet Sauvignon grapevines investi-
gated in three different districts). Kertgazdasdg 38(1): 43-
55

DELAS, . et POUGET, R. 1979: Influence de la greffage sur la nu-
trition minerale de la vigne. Conn. Vigne Vin 13: 241-261

FULEKY, G. (1999): Tdpanyag-gazdilkodds, p. 503-521. - Buda-
pest: Mezd8gazda Kiadd, 1999

FREGONI, M. 1984: Esigenze di elementi nutritive in viticultura.
Vignevini 11: 7-13

KELLER, M. 2005: Deficit irrigation and vine mineral nutrition.
Am. ]. Enol. Vitic. 56(3): 267-283

Csikas-Krizsics et al.

Kocsis, L., LEHOCZKY, E., KERESZTES, Z., ANGYAL, M. and WAL-
KER, M.A. (2001): Grape rootstock-scion combination ef-
fects on leaf nutrient status and yield under drought con-
dition in Hungary, p.21. - San Diego: ASEV 52" Annual
Meeting, 2001

Kocsis, L. and PopmaNICZKY, P. (2005): Grape rootstock-scion
interaction on quantity and quality of yield. International
Workshop on Advances in Grapevine and Wine Research
(abstracts, p. 63). - Venosa, Italy, 2005.

Loowmrs, W.D. and Durst, R.W. 1992: Chemistry and biology of
boron. Biofactors 3(4): 229-239

PARR, A.J. and LoucHMAN, B.C. (1983): Boron and membrane
function in plants. In: Rosss, D.A. and PierroNT, W.S.
(eds.): Metals and micronutrients: Uptake and utilization
by plants, pp. 87-107. - London: Acad. Press, 1983

Peacock, W.L. and CHRISTENSEN, L.P. 2005: Drip irrigation can
effectively apply boron to San Joaquin Valley vineyards.
California Agricult. 59(3): 188-191

PorvAk, D., MArRczINKO, F., Fopor, P. and TNE SurANyI, K.
1992a: Alanykisérletbdl szarmazd hérsleveld mustok ké-
miai elemzése (Chemical content of musts originating
from rootstock experiments in variety Harslevelt). Kert-
gazdasdg 24(6): 53-63

PoryAk, D., Fopor, P., TNE SURANYIL, K. and MARCZINKO, F.
1992b: Alanykisérletbdl szdrmazé furmint mustok “fi-
nom* osszetétele (“Fine“ compounds of Furmint musts
originating from rootstock experiments). Kertgazdasig
24(6): 64-74

Rocikrs, S.Y., GRreer, D.H., HATFIELD, J.M., ORCHARD, B.A.
and KELLER, M. 2006: Mineral sinks within ripening grape
berries (Vitis vinifera L.). Vitis 45(3): 115-123

Scott, L.E. and SCHRADER, L. 1947: Effect of alternating condi-
tions of boron nutrition upon growth and boron content
of grape vines in sand culture. Plant Physiology 22(4):
526-537

TARDAGUILA, J., BERTAMINI, M. and Giurivo, C. 1995: Root-
stock effects on growth, dry weight partitioning and mi-
neral nutrient concentration of grapevine. Acta Horticul-
turae (388): 111-116

WEeLcH, R.M. and RENGEL, Z. (1999): Importance of seed mine-
ral nutrient reserves in crop growth and development. In:
RENGEL, Z. (Ed.): Mineral nutrition of crops: Fundamen-
tal mechanisms and implications. - Birmingham: Food
Prod. Press, 1999

WOLPERT, ].A., SMART, D.R. and ANDERSON, M. 2005: Lower pe-
tiole potassium concentration at bloom in rootstocks
with Vitis berlandieri genetic backgrounds. Am. J. Enol.
Vitic. 56(2): 163-169

Received December 9, 2007

223





