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" Effect of vine vigour of Vitis vinifera cv. Nebblolo clones on wine
; acidity and quality ')
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Summary: The grapevine ¢v. Nebbiolo grown in porthern lialy produces high-quality red wines, of
which Barolo and Barbaresco are the best known, During a clonal selection project, ckwcs of this variety were
assessed for theur agronomical amd enological value, Dilferent degrees of vegetative vigour were found smong
them, and this was related 10 modifications of must and wine composition, with paricular respect 10 the acidity.
Orver 4 years of observations, vigorous clones produced musts and wines of higher pH, regardiess of the amourd
of titratable acidity, This was associsted with a higher malic acid content in the juice and with 2 higher
concertration of polastium in the wine. [n addition, wines from vigorous clones showed an unbalanced rato of
colows copaponents, They ranked a1 the lowest score in the sensory evalualion tests.

Key words: selection, clone, variety of vine, ltaly, vigour, growth, shading, yieid, must quality, wine
quality, acidity, potassium, crganic acid, cobour, sensory radng.

Introduction

in the span of the Jast 10 years, in many grape-growing areas a progressive increase in pH of
grapes and musts with the consequent production of lower quality wines has been noticed, With the
rise in pH s always associated an increase in the content of potassium in the fruit and, sometimes, a
decrease in the ratio of rartaric/matic acid. It is evident that early harvest of the grapes or drastc
correciive interventions in the musts may not be considered workable solutions when the objective
is to obtain wines of high quality.

Numerous causes, of physiological, agronomic and genetic nature, have been proposed 10
explain the occurrence of this phenomenon. Among these is noted the increased level of potassium
{ertilization of soil. It has been abserved that high availability of K= in the soluble pool of the soil
raises the absorption of this element by the plant, provoking an accumulation al the foliar level,
However, K’ accumulation occurs especially in soils deficient in this element {CrristENseN 1975),
and in the majority of cases does not cause the same significant K- increase in the musts (Mususier
et al, 1982 Monrsus et al. 1983; Dunnox er al, 1984), .

An increase in berry pH has also been associaied with the use of rootstocks and/or scions
having an elevated capacity of absorption, iranslocation and sccumutation of K~ in the fruit (Ouan
et al, 1968 CuampacnoL 1988), Much proof exists of the different K” uptake, translocation and
meabolism aptitudes of rootstocks and scions (Hare 1977; Monraro er al. 19815 Boutay 1982;
Sciexza el al. 1984; Haves and Maxxzisg 1988).

Even if the increased preduction per ha has influence on the numerous quality components of
the grape, in the case of the pH increase it does not seem 10 play & direct role. What seems to have a
preponderant role is the modification of the microclimate o which the plani is subjected. Acting
directly upon the physiology of the plani, the microclimate will influence the metabolism of K,
malic acid, tartaric acid, and the ion balance in general (SmArt 1982; Sumant #1 al. 1985). An
increase in shading of the leaves, for exampie, has been positively associated with an increase of K~
and of pH of the must (Smart 1982; Worrert & al. 1983; Moraisox 1988). An increase in leaf’
shading always accompanies an increase in the vigour of the plant, independently of other cultural

" Coatribution no. 250 of the Centro Miglioramento Vite, CNR, Torino.



LU O

Table £: Canopy varisble measuremenis ol cv. Nebbiolo clones (1989)

Clane
Canepy varieble 111 120 230 141
Total leaf area
{m?)/main =hoot 10.9 9.6 8,5 6.9
Total lateral leaf
area (m?)/main shoot 6.9 5.8 4,9 3.7
Mean main shoot
length {om) 286 287 304 320
Mean lateral shoot
length (cm) 46 42 az 33
Total leaf area
{@?)/vine $6.3 50.1 83,9 82.3
Total leaf area
/¢anopy surface 2,87 2.50 2,32 1.73

conditions. High vigour may thus influence the metabolism of the plant during ripening, causing
substantial modifications in the composition of the fruit. Among the factors which may lead to an
increase in vigowr, including rational pest contral, irrigation and betrer nugritional state of the soil,
the choice of rootstock and scion must not be forgotten. For the latter, the use of virus-free clonal
stlections is continuously increasing and is ofien identified with planis of good vigour. .

In the course of ¢lonal selection of cv. Nebbiolo, different levels of vegetative vigour have been
observed among clones. Reported in the present work are the results of clone productivity and
enological characteristics from 4 years of experimentation. In addition, the components of the
vegetative vigour of the planis have been analysed,

Materials and methods

Yines o4 clones of Viris vinifera L. cv. Nebbiolo grafied on Kober 5 BB MI-K.9, free from the
most harmiul viruses, were grown in a comparison vineyard on a steep slope located in La Morra
{north-west of ltaly), a temperately continental area (imean annual temperature: 12.4 °C; annual
rainfall: 813 mm). .

The vineyard was planied in 1978 on a randonized block design in east-west rows, at
3.8 mx 1.0 m spacing in loamy soil of subaikaline pH (7.5) and 1otal carbonate content of 33 %.

Vines were single cane-pruned on a multiwire trellis: the lowest wire carrying & 14-15 bud cane
is positioned at 0.3 m from the ground and the highest one. on which the apical tips were wisted, at
2.0 m, Pest, disease and weed control, fenilization and green pruning were in accordance with locel
practices. )

“For 4 years, staning when the vines were §years old, pruning weight, yield, and juice
composition were recorded. Must analyses included percent sugar, tirratable acidity. pH, 1artarnic
acid {colorimetric method according 10 VioaL and Brouex 1978), and malic acid contents (enzyme

assays),
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Table 2: Vegetaiive vigour, vield and Juice compasition of cv. Nebbiolo clones ¢ averages 1983-86)

] P F
Clonwe i1 120 230 141 Clones  Years CxvY

Pruning wt (kg/vinn)

1.8 2.0 1.5 1.4 L *
Yisld (kg/vinae) 4,3 4.8 4,8 3.2 L g LI ”...
Buneh wt {g) 273 301 324 271 . .- s.".
Sugar (%] 22,8 23.1 22.3 23.3 . ’e -. ’
Titratable acidity (%) 11.2 19.8 B 10,0 . P .
pH 3.08 3.10 3,08 3.04 s *s  na
Tartaric ag, (%) 7.1 7.0 8.3 8.4 LI LI :. >
L-malic ac. (%4} 5.7 5.5 a.8 a.4 " s u.”.

§=o”.. were made on 2 small-scale basis (0.5 hl) from each clone. with 6- i
The following spring, the usual chemical wine analyses were carried o:nﬂ._.o__%emawn.__“_.oﬁmnﬂ:.hﬂw
methods, The colour of wines was evaluated for intensity and tint according to Supraup {1958)
and total anthocyan pigments were determined by means of the pH difTerence method (RizeaEat-
Gavoner al. 1972). Sensory evaluations were performied by a panel of 11 experts using both 2 rank
Am?._ur.uwm_qud and a score test (Maxnini er af, 1988) at each tasting session,

1759, measurements of vine leaf area, shoot length and amount of la
carried out In order to better assess different levels of clonal vegerative vigour. mﬂn_.un_n“_.aﬁ”o«.qﬁﬂ”
average main and :.ze,.a shoot leaf area and length were measured in July from 6 shoots for each of
5.« two 3-vine replications. This was done in a non destructive way by measuring length {) and
width b& of .._..2.5 leal on the wine shoot, and by adjusting the value 1xw on the basis of the
amgoa.nacm:oa caeflicients resuiting from 100 Jeal samples each of the clones collected from
=a_w_,_wo=.._m_w vines and measured by an areameter (Swrra and Kerewer | 084).

The distribution of the foltage and canopy shading was also measured on the basis of the leal
Hﬁ. pwp.__..u.wg by means of the point quadrant technique {(Mustier-Domsors and Ereew.

Results

The 4 clones considerad in this study differed markedly for their vegetative vigour as shown by
the canopy component vatues reported in Table | and by winter pruning weight {Table 2). Vines of
clones 111 and 120 showed higher pruning weight compared with clones 230 and 141. Likewise
the measurements of total leaf area, which included the main and the lateral shoots of'the vine, gave
decreasing values irom clone 111 and 120 1o clone 230and 141, suggesting a gradient of plant leaf
surface through the 4 clones. In contrast, the length of the main shoots showed the oppesite growth
trend; shorver shoots being born by the vigorous large-leaved clones 111 and 120, which had, in
uneﬂ.__ﬂr more extensive lateral growth, .

¢ crop level was lower only in the weakest clone, Nebbiolo 141, withan a ¢ yield/vine
.a. 25 % less than the other genotypes. The bunch weight varied among the g___ﬂn_._.aﬂm_ %9_.3 but
san_unun_ng._m of their vegetative vigour and crop.

) ”nme.h.__aw frult ooauoa._oa._ sugar accumulation was always considerable {(higher than
223 @.s- a5 1s necessary for producing the superior aged Barolo and Barbaresco wines made with
Nebbiolo grapas.

The titratable acidity in the juice, however. was hi her in the viporous 2
when comparedto the weaker 141 and 230 clones, ﬁ_nﬂv.a the u_._a.wsw_“....oan _c_".__cﬁné_a.% M.:M&:H..
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Table 3: Chemical and sensory analyses of wines from cv. Nebbiolo clones (averages 1983-86)

Clone 111 120 230 141
Alcghol (%) 13.3 13.3 12,7 13.2
Extract {%.) 24.2 25.5 23,6 24,1
Ash (%) 2.5 2.9 2.2 2,2
Alkal. N. : 12.2 11.3 10.4 10.0
phH 3.7% 3.83 3,53 3.53
Titratable acidity (%) 5.3 5.3 5,6 5.5
' (%) 1.27 1.33 0.80C 0.89
Tartaric ac. (%) 1.3 1.2 1.7 1.7
Origin, L-malic ac.{%} 4.5 4.1 2,9 2.9
Total phenols (%.) 1.8 1.9 1.9 2.0
Total anthocyans {%.)} .08l ©.082 0.100 0.092
Colour intenaity _

:w:s:,, B ¥x 108 352 363 536 501
Colour tint 5
(E /R } 0.91 0.96 Q.77 G
R i (4} - 62 59 74 72
Sensory ranking .

aum * {1985-86). 27 3% - 21 19

* The higher is the ranking sum, the lesser the wine is appreciated.

higher. These results coincide with different contents of the major organic acids in the musts: the
amount of malic acid was higher and of tartaric acid slightly lower in the vigorous clones, whereas
the opposite situation was found in the weaker ones.

Tablz 4: Correlation coefficients (r} beiween colour (intensity and tini} and ion balance somponents of wines
from cv. Nebbiolo clones

Colour noauo:.oaau

Parametars
Intensity Tint -

-Titratable acidity + 0,906 = ¢ - 3,559 n.s.
S| - 0,810 * * - 0,682 * *
Agh - 0,877 = * + 0,847 *
Alcalinity N. . - 0,800 = * + 0,954 + *
K+ - 0,676 * + 0,869 * *
Tartaric acid + 0,900 * * ~ 0,799 * ¥
Original malic acid - 0,251 n.s. + 0,222 n.s.

Wine compasition, in accordance to the juice analysis resulis, shows important differences
between the mote and the less vigorous genotypes, particulur with respect 1o the ion balance and
related parameters (Table 3). While extract values and alcohol percentages were similar {though
ethanol was slightly lower in clone 230), pH, alkalinity number (ash alkalinity/ash), potassium,
ash, and the otiginal -malic acid contents {calculated from the amount of llactic acid resulting
from it biological transformation) were markedly higher in the wines from the vigorous ciones 111
and 120. Tartaric acid content, in contrast, was slightly lower. _

‘The effect of acidity components on wine colour is demonstrated by the correlations reported
in Table4. ILis likely that the ion balance has a major effect on wine colour, thus affecting the visual
evaluation in wine sensory analysis.

Wine colour intensity and vint were more favourable in the less vigorous clones, with a higher
proporion of red colour components than vellow ones, although total phenol and anthocyanin
amounts showed small differences between the 2 groups of clones. It is not by chance that wines
from Nebbiolo 1£1 and 120 {vigorous) were judged lacking for aspect and taste more than for
favour and always ranked at the lowest score,

The ranking test indicated a similar evaluation trend. The results, referring to wines from the
1985 vintage, 45 shown in the figure, indicate that the wine produced from the moderately vigorous
clone 141 wasjudged significantly better than the wine from vigorous 120,

ol V/W
NN
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111 120 141 230
Clones

E high vigour z low vigour

Results of ranking sum test on 1985 vintage wines from clanes of ev. Nebbiolo. The higher the histogram, the
lesser the wine is appreciated.
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Discussion

Among the clones of cv. Nebbiolo considered in this study, those showing a considerable
vegetative vigour always performed very well in terms of yield and sugar accumulation, but
produced wines of lower quality, mainly due 1o the higher amount of K* and the lower
tartaric/malic ratio, which have a combined effect on both pH and colour of the wine.

In addition to & greater quantity of pruning wood, higher values of total leal area were
recorded in the vines of the vigorous clones. Having the training system of'the same type, dimension
and geometry for all the clones, this higher 10tal leal area resulted in o higher ratio of'total vine leal
area/exterior canopy surface for the vigorous clones. In other words, their canopy was more
crowded, as also confinned by the fact that the main shoots were shorier despite the presence on
them of larger main and lateral leaves and longer lateral shoots. Since the leaf layer number was
rather consistent for all the clones (average of 7.4 at 1.8 m from the ground and 4.7 ai 1.0 m), the
more vigorous ones showed a higher proportion of shaded leaf surface on the total leal surface
caused by leaf overlapping,

Although physiological implications are not yet clear, the influence of leal shading on grape
composition has been already proved (Smart 1982; Morrisox 1988), and our findings confirm
the effects on pH, potassivm and 1araric/malic ratio in the fruit.

In this experiment, only leaf interior canopy shading was involved, while no differences on
bunch shading occurred among the clones, because of the iraditional practice of leaf removal in the
bunch zone for improving maturity. :

Leaf shading, depending on clone vigour, has a genetic origin and this entails important
implications for viticulural produciion. The selection of genotypes of high vigour, which is often
coincident with virus-free status, may affect wine quality, no simply as a direct consequence of
yield excess and delayed maturity as is sometimes reported, but as & consequence of fruit
compasition modifications, of which the anion-cation halance and related parameters are the more
involved,

TLiterature cited

_BourLay, H: _wmu" Abscrption différenciée des cépages et des poregrefles en Languedoc. Progr, Agric. Vitic,
$9,431-434,

CHAMPAGNOL, F., 1986: L'acidité des modits ot des
Progr. Agric. Vitic. 103, 361-374.

= +; 1988; R8k du potassium dans In physiologie de la vigne. Progr. Agric. Vitic. 105,431.435.

CHRISTENSEX, P.; 1975: Long-term responses of ‘Thompson seedless’ vines o potassium fertilizer treatment,
Amer. ). Enal. Viticult 26,179-183.

DunpoN, C, G, SMART, R, E; MCCARTHY, M. G.i 1984: The effeet of potassium fenilizer on must and wine
potassium levels of Shiraz grapevines. Amer. J. Enol. Viticull. 35, 200-205.

I._me €. R: 1977: Relntion berwsen potassium and the malare and torerate contents of grape berries. Vitis 16,

-19. .

Haves, P. F.: Maxnm, F; 1988: Nutrien levels in Sauvignon Blane grafied to different rootstocks. Proc, 2nd
Intern. Symp, Cool Climate Viticulture and Oonology, Auckiand, NZ, 43-44, :

MANNINL F; SCHNEIDER, A, GERBI, V., LENZI, R.; 1988: Quadro ampelogralico e selezione clonale in Liguria,
Ani Acead. Inal. Vite e Ving 39, 157.171.

MoORARY, P.; TORRES, P; ANDRE, L; 1981: Influence des porte-greffes sur lp nuirition minérale de la vigne

_ (variéié Grenacho). Progr, Agrie. Vitic. 98, 604-608.

- MORRIs, J. R.; Sims, C. A; CAWTHON, D. L; 1983: Effect of excessive potassium levels on pH, acidity and color

- ofiresh and stored grape juice. Amer. J. Enol. Visicult, 34, 35-39.
MORRISON, J. C; 1988: The effect of shading on the composition of Cabemet Sauvignon grape berries. Proc. 2nd
: intern. Symp. Cool Climate Viticulre and Oenology, Auckland, NZ, 144148,

ving, Fecteurs physiolopiques et agronomicues de vaniation

Clonal selection 531

MUELLER-DoMBots, D Eitenpena, H, 1974; Aims and j
b O ims and Methods of Vegetation Ecology, 84.90, Ed, John

Munister, R; Rvyser, I, P; AERNY, ..r. 1982; Fumure potassi idi i
. _M. i) potassigue et acidité des motte. Rev, Suisse Viticult.
Ouvon, C. 5: Liner, L. A Coox, 1. A.; 1968: Reotstock-scion imeractions concerni i i
L : ; : Tning wine making. L Juice
€omposition changes and effects on fermentation rate with St, George o R nitrogen
fentllizer levels. Amer. J. Enol. VitieulL 19,213.22%. IRt

RIBEREAU-GAYON, 1 PEYNAUD, E D, B - : * Sci i
gy o SUDRAUD, P.; RIBEREAL-GAYON, P.; 1972: Sciences et Techniques dy

SALGUES, M.; 1977: La pratique de I tation du vi i i i
7887, 115425 _u...._w.w_..s diégustation du vin et son interprétation seatistique. Progr. Agric. Vitie, 54,

SCIENZA, A; Casassa, M. T: Visar C.Conca, E; 1984: 1) cont geneti rizione potasai
vite, Riv. Vitkalr, Encl, 37, 682691, * conurele RS - e

SMarT, R E; 1982: Vine manipulation to improve wine ity. Proc. Symp.
USA, 362.375. Srape quality. ymp. Grape Wine Cent, Davis, Ca,

~ = 7 1985: Principles of grapevine ca microclimate manipularp i
. g o uMomwo. Lo pulation with implications for yield and quality. A

== ROBINSON, 1, B; DuE, G. R Brien, C. 1., 1985: Canopy microctimate modification for the culti hiraz,
L Definitica of canopy microclimare. Vitis 24, 17.31, = > thar$

SmitH, R. J; Kuewer, W, M 1984: Bstimation of
..um. fs of Thompson ma&u.a grapevine leaf ares. Amer. J. Enol
SubrAUD, P.; 1958: Interpréation des courbes d"absorption des vins rouges. Anq. Techn, Agric. 7, 203-208.
Vipag, M. Brouiw, J.; 1978 Dosage colorimétrique rapide de 'acide i i
- o Hctrique rapice de acide tantrique dans les mots et les vins, Rev.

WOLPERT, J, A: HOWELL, G, §- MANSFIELD, T. K+ 1983: Sompling Vidal Blane ga i
; » 55 Ma: LK : pes. 1. Effect of tralning
Sysiems, pruning severity, shoot exposure, shoor origin, and chuster thinning on cluster weight and fruit
quality. Amer. J. Enol. Viticuk. 34, 72.76. e y e



