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ABSTRACT

The vineyards that are located in the Colombian cool tropi-
cal zone of Corrales (Boyaca department) offer grapes for the
production of quality wines; to improve the crop we must know
the adequate balance between the quantity of clusters and the
leaf area of the plants. In order to determine the effect of leaf
removal and cluster thinning on yield and quality of the clonal
selection Riesling x Silvaner wine grape, it was used a com-
pletely randomized bifactorial design of 2x3. The first factor was
removal of leaves (without defoliation and 60% defoliation) and
the second one was cluster thinning (maintaining 66% or 33%
of clusters per plant). Plants with 66% clusters and without leaf
removal exhibited the highest total soluble solids content and
yield of grapes, in fresh mass of clusters and fresh and dry mass
of grapes. Plants without cluster thinning, but with removal of
leaves, produced the lowest pH levels and total titratable acidity
in the grapes. The technical maturity index was significantly
higher in plants without leaf thinning; but was not affected by
removed clusters. Thinning clusters is an alternative to improve
production and the quality of wine grapes.

Key works: source/sink ratio, total soluble solids, total titratable
acidity, pH, crop productivity.

Los vifiedos ubicados en la zona tropical fria de Corrales (de-
partamento de Boyacd) ofrecen frutos para elaborar vinos de
calidad; para mejorar el rendimiento se debe conocer el equili-
brio adecuado entre la cantidad de racimos con relacién al area
foliar de la planta. Para determinar el efecto de la eliminacion
parcial de hojas y racimos sobre la produccién y calidad de uvas
de la seleccion clonal Riesling x Silvaner, se emple6 un disefio
completamente al azar bifactorial de 2x3. El primer factor fue
la defoliacion (sin deshoje y con deshoje del 60%). El segundo
factor fue el raleo de racimos (dejando 66% 6 33% de racimos
por planta). Con 66% de racimos por planta y sin deshoje se
obtuvo la mayor cantidad de sélidos solubles totales, asi como
el mejor rendimiento de las uvas, en masa fresca de racimos y
en masas fresca y seca de frutos. Plantas sin raleo de racimos,
pero con deshoje, produjeron los menores valores de pH y
acidez total titulable de las uvas. El indice de madurez técnico
fue significativamente mayor en vides sometidas a defoliacion
parcial, mientras el raleo de racimos no lo afecto. El raleo de
racimos es una alternativa para mejorar la produccion y calidad
de la uva para vinificacion.

Palabras clave: relacion fuente/vertedero, solidos solubles
totales, acidez total titulable, pH, productividad agricola.

Introduction

The vineyards in the cool tropical zone of Boyaca provide
grapes for the production of quality wines (Quijano, 2006).
However, the correct balance between the number of clusters
and leaves for optimal yield under these tropical altitudinal
conditions has not been investigated. Mufoz et al. (2002)
mention that high yields reduce the quality of grapes. This
is due in part to the fact that excess fruits retard sugar
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accumulation, as compared to plants with a lower fruit load.
However, Freeman and Kliewer (1983) claim that this con-
dition does not affect the quality of fruits and Bravdo et al.
(1985) stated that there is an optimal amount of fruit that a
plant can develop without compromising quality. In addi-
tion, plant management determines the spatial arrangement
of foliage and clusters modifies the microclimate and has a
fundamental impact on the regulation of photosynthetic
potential, yield and grape composition (Katerji et al., 1994).
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The quality of the grape is the result of the interaction of
the biological (e.g variety and plant health), the physical
(including the soil and its management), the climate (such
as temperature, precipitation, wind speed, fog conditions
and/or direct and indirect solar radiation), and cultural
factors (mainly the density of planting, the type of branch
conduction, pruning, fruitload and vegetation management)
(Disegna et al., 2005; Quijano 2006; Almanza et al., 2010).

A suitable balance between the photosynthetically active
foliar surface and production turns out to be an important
factor for obtaining quality wines (Lavin et al., 2001; Salazar
and Melgarejo, 2005; Gonzalez-Neves and Ferrer, 2008). Mu-
noz et al. (2002) report that the common removal of leaves at
the level of the clusters in vineyards alters the microclimate
in the zone around the fruit and, indeed, the fruit composi-
tion. Leaf removal directly affects the leaf/fruit relationship,
which, depending on the phenological stage in which it is
conducted, can produce a different effect on the maturation
of the fruits (Iacono et al., 1995; Petrie et al., 2000).

The thinning of clusters affects the source/sink ratio since the
crop is limited without diminishing the leaf area. Therefore,
the plant concentrates its activity on the regulation of pro-
duction and quality (Matus et al., 2006; Yuste et al., 1997),
affecting the quality of the wine (Melid et al., 1995; Parisio et
al., 1994). The quantity of clusters per plant affects the size of
the clusters and that of the fruit, and therefore, the accumula-
tion of sugar (Iacono et al., 1995), as well as other components
of the flavor of the fruit (Reynolds et al., 1996) and several
aspects of the vegetative growth (Edson et al., 1995).

The effects of fruit load and microclimate have been stud-
ied, but only independently (Munoz et al., 2002). Changes
in the microclimate produced by modifications at the level
of fruit load and changes in the leaf/fruit ratio, provoked
by some imposed alterations of the foliage to modify the
microclimate, make the interpretation of the results dif-
ficult. Therefore, it is important to carry out investigations
involving these two factors.

This study aimed to evaluate the effect of removal of leaves
and clusters on the physic-chemical composition of grape-
vine fruits of the clonal selection Riesling x Silvaner, under
the conditions of the municipality of Corrales (Boyaca,
Colombia).

Materials and methods

The field phase of the study was performed in the munici-
pality of Corrales located at 5°50’15” N and 72°51'05” W,
at an altitude of 2,450 m a.s.l. The climate of the zone is
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characterized by an average annual temperature of 15°C
and a bimodal average precipitation of 726.6 mm year™'
with two peaks: April-June and October-November.

Cloud cover is scarce and solar radiation is high reaching
an average of 476 cal cm™ along 6.5 h d™' (Quijano, 2006).
The soils are of light texture, a franco-sandy type. The life
zone, in accordance with the classification of Holdrige, is
low dry mountainous forest (BS-MB). Irrigation is by grav-
ity, according to the requirements of the crop.

Grapevine of the clonal selection of Vitis vinifera L., variety
Riesling x Silvaner from Alsace, Germany was used (Qui-
jano, 2001a). The plants were 7 years old, planted at a distance
0f1.20x 0.90 m and trellised by three vertical wires. Pruning
was done according to the simple training Guyot system.
The study was conducted in the second semester of 2009.

A completely randomized bifactorial design of 2x3 with 4
repetitions per treatment was used, where the first factor
was removal of leaves (without defoliation, defoliation of
60%) and the second factor was the thinning of clusters:
maintaining 66% by removing one of the three clusters
or retaining 33% by removing two of the three clusters).
Clusters were thinned at the moment of fruit set. Thus 24
experiment units were used, four plants each. Leaf removal
was conducted at the beginning of veraison, at the level of
insertion of the clusters, involving the elimination of the
first six leaves of every vine shoot, resulting in an average
leaf area of 1,108 cm®/shoot (13.293 cm?/plant).

Fruit weight was determined with an Acculab VIC 612™
(Bradford, MA) scale (precision 0.01 g), with a sample of
20 fruits for every experimental unit, collected on the day
of grape harvest, using five berries per cluster (two fruits
each at the upper and middle part, and one from the lower
part). The dry mass was obtained after submitting the fruits
to a stove at 90°C until stabilization of the weight. Also,
the total fruit production per plant and the average cluster
weight was measured.

The chemical variables evaluated were total soluble solids
(TSS, Brix grades; using a digital refractometer HI 96801
Hanna™, Woonsocket, RI), pH (potenciometer Orioén™,
model 420, Boston, MA), total titratable acidity (TTA;
with NaOH 0.1 N up to pH 8.2 expressed in tartaric acid
[AOAC, 1990]), and the technical maturity index (TMI;
quotient between TSS and TTA).

For the analysis of the effects of the controlled factors on
the evaluated variables a bifactorial variance analysis was
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FIGURE 1. Effects of leaf removal and cluster thinning, with 33%, 66% or 100% retention of clusters per plant, in Riesling x Silvaner grapevine on;
(A) Fruit production per ha; (B) Fresh mass per cluster; (C) Fresh mass per fruit; (D) Dry mass per fruit. Mean values followed by distinct letters are

significantly different according to Tukey’s test (P<0.05).

realized as well as a Tukey test of multiple comparisons on
the interactions and the average significant effects (P<0.05)
by means of the SAS™ program v.8.1e (Cary, NC).

Results and discussion

Mass production of fruits and clusters

The fruit production per plant was affected by the intensity
of the removal of clusters and leaves. The treatment with
66% clusters and without defoliation showed a significantly
highest (P<0.01) production (10,530 kg ha™), fresh mass of
clusters (1,138.43 g/plant) and fresh and dry mass of the
fruit (2.16 g and 0.3 g, respectively) (Fig. 1). Maintaining
only 33% of the clusters with leaf removal presented low
fresh and dry mass of the fruit, which meant a considerable
decrease in the cluster fresh mass and in the entire fruit
production of the plant (Fig. 1).

On this matter, Mota et al. (2010) found that the thinning
of clusters generated a decrease of the cluster weight of
‘Merlot’ and ‘Cabernet Sauvignon® vine grapes. On the
contrary, Reynolds et al. (1994) reported an increase in the
cluster weight, whereas Nuzzo and Matthews (2006) did
not find differences.

According to Casierra-Posada et al. (2007), the practice of
fruit thinning increases size but also reduces the total fruit
production; so, it is necessary to strike a balance between
production and the size of the fruit (Day et al., 1992). With
66% retention of the fruits per plant a better balance is
achieved compared to the other evaluated thinning treat-
ments, since a major response was obtained in production,
fresh mass of clusters and fresh and dry mass of the fruit
(P<0.01). The behavior of these variables was fitted to a
quadratic model in function of fruits per plant percentage
(Fig. 2).

Consistently, the sink/source ratio can influence the yield
of a plant, as well as the size and weight of each of the fruits
(Peluzio et al., 1999). After reducing the number of fruits,
assimilates targeted for the removed fruits will be attracted
by the adjacent remaining fruits (Ho, 1992), increasing
weight and size (Russell and Morris, 1983). Nevertheless,
in this case, the high sink strength for the photoassimilates
can diminish the expansion of the leaves and accelerate
ageing, as was found in melon by Valantin et al. (1998).

Although a statistically equal production was obtained
with 100% of the clusters as compared to retaining 66 % of
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FIGURE 2. Effect of cluster thinning, with 33%, 66% or 100% retention of clusters per plant, in Riesling x Silvaner grapevine on: A. Fruit production
per ha; B. Fresh mass per cluster; C. Fresh mass per fruit; D. Dry mass per fruit. Mean values followed by distinct letters are significantly different

according to Tukey’s test (P<0.05).

clusters/plant, this high fruit number can negatively affect
plant growth and diminish the nutritional reserves for
future crops. In fact, an increase in the number of fruits
can increase the fraction of photoassimilates assigned to
the fruits at the expense of the growth of the vegetative
parts (Andriolo and Falcdo, 2000). Partially different
results were found by Mueller and Wamser (2009) in the
tomato with an increase in total fruit production accord-
ing to the number of trusses, but there was a quadratic
decrease in the average mass of marketable fruits as the
truss number per plant increased. Similarly, Lavin et al.
(2001) observed in ‘Chardonnay’ plants an increase in
grape production according to the level of fruit load. In
the case of 33% clusters, production was negatively af-
fected due to the low number of clusters; nevertheless, the
atypical result was the low weight of clusters and fruits, as

the weight was expected to be higher due to the decreased
competition between sinks.

With the leaf removal factor, there was a major response
of the variables of production (P<0.05) without defoliation
(Tab. 1), which indicates that a reduction of leaf area can
decrease the grape yield, as Scarpare Filho et al. (2010)
observed in ‘Niagara Pink’ plants. On the other hand, Ben-
nett ef al. (2005) report that a decrease of the leaf area can
restrict the accumulation of carbohydrates, which generates
negative impacts on flowering and yield.

Grape quality

A high pH was observed in the treatment with 33%
clusters and without defoliation (P<0.01). The opposite
response was observed with 66% clusters and with 60%

TABLE 1. Effect of leaf thinning on the production and quality of ‘Riesling x Silvaner’ (Vitis vinifera L.) grapevine.

Cluster fresh

_— Grape production . Fresh weight Dry weight | o ™I
Leaf thinning 1 weight pH TSS (°Brix) TTA (%)
(kg ha™) (o/plant) (g/berry) (g/berry) (TSS/TTA)
Without thinning 7748.02a 910.50a 1.64a 0.23a 377a 224701 0.62b 36.16 a
Thinning (60%) 6450.42 b 758.04 b 1.43Db 0.21Db 3.73b 2291a 0.69a 33.50Db

Mean values followed by distinct letters are significantly different according to Tukey’s test (P<0.05).
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leaf removal (Fig. 3A). It was found that with increasing
the cluster number the pH decreased (P<0.01); this behav-
ior was explained by means of a polynomial of the second
grade (Fig. 4A). On the other hand, no removal of leaves
caused a higher pH value (Tab. 1). These results agree
with Franco-Aladren (1996), who found in ‘Garnacha’
that cluster thinning during the veraison stage provokes
a yield loss and moves forward the date of wine grape
harvest, also the pH was high, whereas the acidity was
reduced. Nevertheless, Mota et al. (2010) did not find any
significant effect of cluster thinning on the pH.

Partial defoliation removal favored higher juice acidity
(P<0.01; Tab. 1); the opposite was observed in fruits in the
treatments with cluster removal (P<0.01; Fig. 4B). Thus,
the grapevines with 33% clusters and without leaf removal
developed the lowest fruit content of ATT (Fig. 3B), which
agrees with the results of Lavin et al. (2001) who found a
high content of tartaric acid in fruits of vines without fruit
thinning and with low levels of fruit thinning.

The decrease in acidity as a result of leaf thinning was prob-
ably related to the consumption of malic acid in fruit cell
respiration. Valdivia (2001) found that low solar exposure
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of clusters due to a dense canopy results in lower respiration
rates and thus a decreased consumption of organic acids.
Nevertheless, many studies have found that the removal of
leaves caused decreases of TTA (Mota et al., 2010; Keller
et al., 2005; Bucelli and Gianetti, 1996), but other authors
did not report significant effects (Campostrini et al., 1991).

The TSS presented statistical differences both for the level
of the treatments and the factors. With 66% clusters and
without leaf removal the highest TSS content was recorded;
on the contrary, retaining only 33% of the clusters and
without defoliation the accumulation of TSS was lower (Fig.
3C). This confirms the results of Coombe and McCarthy
(2000), who indicate that the increase of sugars is due to the
transpiration, which in consequence causes rapid dehydra-
tion of the fruit (Almanza-Merchan and Balaguera-Lopez,
2009). Meanwhile, Hunter and Him Roux (1992) found
that the concentration of sugar in the ‘Cabernet Sauvignon’
grape does not change with a reduction in leaf area.

A quadratic equation explained the behavior of TSS accord-
ing to the intensity of cluster thinning. Maintaining 66%
clusters resulted in the highest TSS content (Fig. 4 C). This
result agrees with studies of Pszczélkowski et al. (1985),
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FIGURE 3. Effects of leaf removal and cluster thinning, with 33%, 66% or 100% retention of clusters per plant, in ‘Riesling x Silvaner’ fruits on:
A. pH; B. Total tritatable acids (TTA); C. Total soluble solids (TSS); D. Technical maturity index (TMI). Mean values followed by distinct letters are

significantly different according to Tukey’s test (P<0.05).
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who affirm that the higher exposure of the clusters to solar
radiation stimulates the translocation of photoassimilates
towards the fruits, as a result of stimulation by the increase
in temperature in the fruit and because in the veraison
stage there exists a minor competition among the foliage
due to the loss of functionality of the xylem (Coombe and
McCarthy, 2000; Rogiers et al., 2006).

Casierra-Posada et al. (2007) confirm that in the peach a
higher number of leaves per fruit increased the content
of TSS in the fruits, due to the higher attraction of pho-
toassimilates exhibited by the remaining fruits after the
thinning practice. These fruits showed a lower competition
among themselves (Ho, 1992), which results in an increase
in the SST content, which, possibly, also happened in the
studied wine grapes.

Regarding defoliation, 60% foliar removal slightly, but sig-
nificantly, affected (P<0.05) TSS content (Tab. 1). Possibly,
due to the fact that the partial leaf removal practice allowed
a higher exposure of the fruits to solar radiation which in
turn favored the micro-environmental conditions of the
clusters and thus improved the quality of the wine grapes,
which coincides with the results of Munoz (2002), never-
theless, it increases the risk of sun scorching the grapes.
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In accordance with Gray et al. (2010) and Mota et al. (2006),
the maturity index represents a balance between sugars
and acids, important for the wine quality, since this bal-
ance favors the wine flavor. Significant differences in the
TMI were only found in the leaf removal treatment (Fig.
3D, 4D and Tab. 1). Nevertheless, this practice reduced the
TMI because the TTA increased with a higher proportion
than the TSS (Tab. 1). Nevertheless, the values obtained
with any of the treatments guaranteed the production of
quality wines (Falcdo et al., 2008).

Conclusions

As an alternative to improve the quality and production of
‘Riesling x Silvaner’ berries, retaining 66% of the clusters per
plant is recommended, because it generated the highest fruit
production per area, mass of clusters and fruits, and total solid
soluble content, as well as considerable values of total titrat-
able acids and technical maturity index with a low pH value.

While 60% leaf removal the total soluble solids and titrat-
able acidity increased, and the fruit production and fruit
and cluster mass decreased.

Plants with 66% clusters developed higher values for pro-
duction components and quality characteristics such as
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FIGURE 4. Effect of cluster thinning, with 33%, 66% or 100% retention of clusters per plant, in ‘Riesling x Silvaner’ fruits on: A. pH; B. Total tritatable
acids (TTA); C. Total soluble solids (TSS); D. Technical maturity index (TMI). Mean values followed by distinct letters are significantly different

according to Tukey’s test (P<0.05).
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soluble solids, titratable acidity and technical maturation
index, with alow ph in the grapes. Cluster thinning appears
to be an alternative to improve the production and quality
of grapes for wine making.

Acknowledgments

The authors are grateful to Eng. Carlos Enrique Pedraza
and to the Mayor of Corrales, for allowing this study. Also,
this research was carried out with the support of Direccién
de Investigaciones (DIN) of the Universidad Pedagégica
y Tecnoloégica de Colombia, under the title of “Proyecto
capital semilla, convocatoria 021 - 2009, Influencia del
nivel de carga y deshoje sobre la calidad en bayas de Vitis
vinifera L. SCRXS SGI 646”.

Cited literature

Almanza, P.J., M.A. Quijano-Rico, G. Fischer, B. Chaves, and H.E.
Balaguera-Lopez. 2010. Physicochemical characterization of
‘Pinot Noir’ grapevine (Vitis vinifera L.) fruit during its growth
and development under high altitude tropical conditions.
Agron. Colomb. 28(2), 173-180.

Almanza-Merchan, P. and H. Balaguera-Lopez. 2009. Determi-
nacién de los estadios fenoldgicos del fruto de Vitis vinifera L.
bajo condiciones del altiplano tropical en Boyaca. Rev. UDCA
Actual. Divulg. Cient. 12(1), 141-150.

Andriolo, J.L. and L.L. Falcao. 2000. Efeito da poda de folhas sobre
a acumulagdo de materia seca e sua reparti¢cdo para os frutos
do tomateiro cultivado em ambiente protegido. Rev. Brasil.
Agrometeor. 8, 75-83.

AOAC. 1990. Official methods of analysis. 15th ed. Association of
Official Analytical Chemists, Arlington, VA.

Bennett, J., P. Jarvis, G.L. Creasy, and M.C.T. Trought. 2005. Influ-
ence of defoliation on overwintering carbohydrate reserves,
return bloom and yield of mature Chardonnay grapevines.
Amer. J. Enol. Vitic. 56(4), 386-393.

Bravdo, B., I. Hepner, C. Loinger, S. Cohen, and H. Tabacman. 1985.
Effect of irrigation and crop level on growth, yield and wine
quality of Cabernet sauvignon. Amer. J. Enol. Vitic. 36(2),
132-139.

Bucelli, P. and F. Giannetti. 1996. Incidenza del diradamento dei
grappoli sulla composizione dell’'uva e sulla qualita del vino.
Riv. Vitic. Enol. 2, 59-67.

Campostrini, F., M. Bertamini, L. De Micheli, and F. Tacono. 1991.
Esperienze pluriennali di diradamento dei grappoli sui vitigni.
Vignevini 10, 29-35.

Casierra-Posada, F.,J. Rodriguez, and J. Cardenas. 2007. La relacién
hoja:fruto afecta la produccidn, el crecimiento y la calidad del
fruto en duraznero (Prunus persica L. Batsch, cv. ‘Rubidoux’).
Rev. Fac. Nal. Agr. Medellin 60(1), 3657-3669.

Coombe, B. and M. McCarthy. 2000. Dynamics of grape berry
growth and physiology of ripening. Aust. J. Grape Wine Res.
6, 131-135.

Day, K.R,,R.S. Johnson, T.M. Dejong, and C.H. Crisost0.1992. Com-
parison of high density training systems and summer pruning
techniques and timing. In: Research Reports for California
Peaches and Nectarines. California Tree Fruit Agreement.
Annual Research Report. Sacramento, CA.

Disegna, E., A. Coniberti, and E. Dellacassa. 2005. Medicién de
drea foliar de la vid: una herramienta para producir vinos de
calidad. Hortifruticultura Revista INIA 4, 18-20.

Edson, C., G. Howell, and J. Flore. 1995. Influence of crop load
on photosynthesis and dry matter partitioning of Seyval
grapevines. II. Seasonal changes in single leaf and whole vine
photosynthesis. Amer. J. Enol. Vitic. 46 (4), 469-477.

Falcao, L.D., E.S. Chaves, V.M. Burin, A.P. Falcao, E.EF. Gris, V. Bonin, and
M.T. Bordignon-Luiz. 2008. Maturity Cabernet Sauvignon berries
from grapevines grown with two different training systems in a
new grape growing region in Brazil. Cien. Inv. Agr. 35,321-332.

Freeman, B. and W. Kliewer. 1983. Effect of irrigation, crop level
and potassium fertilization on Carignane vines. II. Grape and
wine quality. Amer. J. Enol. Vitic. 34(3), 197-207.

Franco-Aladren, E. 1996. Aclareo de racimos en Garnacha tinta de
la produccion. Efecto sobre la fecha de vendimia y calidad del
vino. Vitic. Enol. 46, 25-30.

Gonzalez-Neves, G. and M. Ferrer. 2008. Efectos del sistema de
conduccién y del raleo de racimos en la composicion de uvas
Merlot. Agrociencia 22(2), 10-18.

Gris, E.F.,, V.M. Burin, E. Brighenti, H. Vieira, and M.T. Bordignon-
Luiz. 2010. Phenology and ripening of Vitis vinifera L. grape
varieties in Sao Joaquim, southern Brazil: a new South Ameri-
can wine growing region. Cien. Inv. Agr. 37(2), 61-75.

Ho, L.C. 1992. Fruit growth and sink strength. pp. 101-124. In:
Marshall, C.and]. Grace (eds.). Fruit and seed production: As-
pects of development, environmental physiology and ecology.
Society for Experimental Biology Seminar Series, Cambridge
University Press, Cambridge, UK.

Hunter, J. and D. Le Roux. 1992. The effect of partial defoliation
on development and distribution of roots Vitis vinifera L. cv.
Cabernet sauvignon grafted on to rootstock 99 Rischter. Amer.
J. Enol. Vitic. 43, 71-78.

Tacono, F., M. Bertamini, A. Scienza, and B. Coombe. 1995. Dif-
ferential effects of canopy manipulation and shading of Vitis
vinifera L. cv. Cabernet Sauvignon. Leaf gas exchange, photo-
synthetic electron transport rate and sugar accumulation in
berries. Vitis 34(4), 201-206.

Katerji, N., F. Daudet, A. Carbonneau, and N. Ollat. 1994. Etude a
Iéchelle de la plante entiére du fonctionnement hydrique et
photosynthétique de la vigne: comparacién des systémes de
conduite traditionnel et en lyre. Vitis 33, 197-203.

Keller, M., L.J. Mills, R.L. Wample, and S.E. Spayd. 2005. Cluster
thinning effects on three deficit-irrigated Vitis vinifera culti-
vars. Amer. J. Enol. Vitic. 56, 91-102.

Kliewer, W.M. and N.K. Dokoozlian. 2005. Leaf area/crop weight
ratios of grapevines: influence on fruit composition and wine
quality. Amer. J. Enol. Vitic. 56, 170-181.

Lavin, A., A. Gutierrez, and M. Rojas. 2001. Niveles de carga en
vinedos jovenes de cv. Chardonnay y sus efectos sobre produc-
cién y calidad del vino. Agric. Téc. 61(1), 26-34.

Almanza-Merchan, Fischer, Serrano-Cely, Balaguera-Ldpez, and Galvis: The effects of leaf removal and cluster thinning on yield and quality of grapes... 41



Matus, M., J. Rodriguez, and M. Ocvirk. 2006. Raleo de racimos
en Vitis vinifera cv. Malbec. Efecto sobre los componentes
del rendimiento y la composicion polifendlica de las bayas.
Revista de la Facultad de Ciencias Agrarias (Universidad del
Cuyo) 38(1), 105-112.

Melia, V., A. Sparacio, D. Di Bernardi, F. Capraro, B. Fina, S. Sparla,
and M. Di Giovanni. 1995. Prime osservazioni sul comporta-
mento vitico-enologico dell 'Inzolia sottoposta a diradamento.
Vignevini 4, 12-20.

Mota, RV, C.R. Souza, C.P. Carvalho, G.F. Freitas, T. Misuzu, E. Pur-
gatto, .M. Lajolo, and M. A. Regina. 2010. Biochemical and agro-
nomical responses of grapevines to alteration of source-sink ratio
by cluster thinning and shoot trimming. Bragantia 69(1), 17-25.

Mota, RV., M.A. Regina, D.A. Amorim, and A.C. Favero. 2006.
Fatores que afetam a matura¢io e a qualidade da uva para
vinificagdo. Inf. Agrop. 27,56-64.

Mueller, S. and A.F. Wamser. 2009. Combinagéo da altura de des-
ponte e do espagamento entre plantas de tomate. Hort. Brasil.
27,064-069.

Muiioz, R., J. Pérez, P. Pszczolkowski, and E. Bordeu. 2002. Influ-
encia del nivel de carga y microclima sobre la composicion y
calidad de bayas, mosto y vino de Cabernet-Sauvignon. Ciencia
Invest. Agraria 29(2), 115-125.

Nuzzo, V. and M.A. Matthews. 2006. Response of fruit growth and
ripening to crop level in dry-farmed Cabernet Sauvignon on
four rootstocks. Amer. J. Enol. Vitic. 57, 314-324.

Parisio, R., A. Bobio, A. Morando, and G. Gay. 1994. Intervente per
limitarela productivita in vista del miglioramento cualitativo delle
uve Moscato. Quad. Sc. Diin Vitic. Enol. Univ. di Torino, 223-224.

Peluzio, J.M., VW.D. Casali, N.F. Lopes, G.V. Miranda, and G.R.
Santos. 1999. Comportamento da fonte e do dreno em to-
mateiro apos a poda apical acima do quarto cacho. Ciéncia
Agrotécnica 23, 510-514.

Petrie, P., M. Trought, and G. Howell. 2000. Fruit composition and
ripening of Pinot noir (Vitis vinifera L.) in relation to leaf area.
Aus. J. Grape Wine Res. 6(46), 46-51.

Pszczdlkowski, P., A. Morales, and S. Cava, 1985. Composiciéon quimica
y calidad de mostos y vinos obtenidos de racimos diferentemente
asoleados. Ciencia e Investigacion Agraria 12(3), 181-187.

42

Quijano, M. 2006. Investigacion e innovacion. Promocién y defensa
del “terroir” regional. Cultura Cientifica 4, 35-41.

Quijano, M. 2001. Los vinos del valle del sol. Cultura Cientifica I,
5-11.

Reynolds, A., S. Yerle, B. Watson, S. Price, and D. Wardle, 1996.
Fruit environment and crop level effects on Pinot noir. III.
Composition and descriptive analysis of Oregon and British
Columbia wines. Amer. J. Enol. Vitic. 47(3), 329-339.

Reynolds, A.G., S.F. Price, D.A. Wardle, and B.T. Watson. 1994.
Fruit environment and crop level effects on Pinot Noir. I. Vine
performance and fruit composition in British Columbia. Amer.
J. Enol. Vitic. 45, 452-459.

Rogiers, S., D. Greer, J. Hatfield, A. Beverley, and M. Keller. 2006.
Solute transport into Shiraz berries during development and
late-ripening shrinkage. Amer. J. Enol. Vitic. 57, 73-80.

Russell, C.R. and D.A. Morris. 1983. Patters of assimilates distribu-
tion and source- sink relationships in the Young reproductive
tomato plants. Ann. Bot. 52, 357-363.

Salazar, D. and P. Melgarejo. 2005. Viticultura, Técnicas de cultivo
delavid, calidad dela uva y atributos de los vinos. Ed. Mundi-
Prensa, Madrid.

Scarpare Filho, J.A., A.L. Moraes, A. Rodrigues, and EV. Scarpare.
2010. Rendimento de uva ‘Niagara Rosada’ submetida a
reducgdo de drea foliar. Rev. Bras. Frutic. 32(3), 778-785.

Valantin, M., C. Gary, B.E. Vaissiere, M. Tchamitchian, and B.
Bruneli. 1998. Changing sink demand affects the area but not
the specific activity of assimilates sources in cantaloupe. Ann.
Bot. 82, 711-719.

Valdivia, J. 2001. Efecto del vigor y del grado de madurez de las bayas
sobre la fraccion polifendlica de las semillas del cv. Cabernet
Sauvignon en el valle del Maipo. Escuela de Agronomia,
Facultad de Ciencias Agronémicas, Menciéon Enologia y
Vitivinicultura, Universidad de Chile, La Pintana, Santiago.

Yuste, J., A. Rubio, P. Baeza, and J. Lissarrague. 1997. Aclareo de
racimos y régimen hidrico: efectos en la produccion, el desar-
rollo vegetativo y la calidad del mosto de la var. Tempranillo
conducida en vaso. Viticult. Enol. 51, 28-35.

Agron. Colomb. 29(1) 2011



