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The influence of rootstocks on yield, grape composition, wine quality and sensory evaluation of Sauvignon
Blanc was examined during 2022-23 at ICAR-National Research Centre for Grapes, Pune, India. Seven
rootstocks (Dogridge, Salt Creek, Fercal, 110R, 140Ru, SO4 and 1103P) were used for study. Among the
rootstocks, yield/vine (7.70 kg), average bunch weight (205.33g), no. of berries/bunch (130.00), 100-berry
weight (130.67 g) was significantly higher in Dogridge grafted vine. TSS (24.93 oBrix) was higher in berries of
Dogridge grafted vines; acidity (0.99%), phenol (0.740 mg/g) and tannins (0.467 mg/g) was higher in 140 Ru
rootstock; carbohydrates (35.41 mg/g) in Fercal rootstock; reducing sugars was higher in 110R rootstock
(23.45 mg/g). While, higher juice recovery was recorded in 1103P rootstock (63.59%). Wine composition like
glucose (2.69 g/l), mallic acid (3.2 g/l), total acids (7.3 g/l) was higher in 110R rootstock; volatile acids (0.52
g/l) in 1103P rootstock and phenol content in Salt Creek rootstock (0.79 mg/g). While, colour intensity
(0.034) and proline content (11.871 u.mole/g) found higher with SO4 rootstock. The overall acceptability of
wine found better for Sauvignon Blanc vines grafted on 110R rootstock.
Key words : Grafted, Grape, Rootstocks, SB, Vines, Wine quality, Yield.
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ABSTRACT

Introduction
The grapevine (Vitis vinifera L.), is one of the most

extensively grown fruit crops in the world. Globally, fresh
fruit accounts for about 27% of this production (Jin et
al., 2016). In India, about 90% of the table grapes are
being cultivated. Presently, grapes are grown in India
over an area of 1.62 lakh ha with production of 34.45
lakh MT and productivity of 21.00 MT/ha. The major
grape growing states in India are Maharashtra (70.67%),
Karnataka (24.49%), Tamil Nadu (1.43%), Andhra
Pradesh (1.34%), Madhya Pradesh (1.02%) and Mizoram
(0.50%) amounting to nearly 99 % of the total production
(NHB, 2022). India ranks first in world for grape
productivity and secured 7th position in the world for table
grape export with the quantum of exported fresh grapes
of 2.67 lakh MT worth 2543.42 crores during 2022-23
(APEDA, 2022). However, only about 2% of the total
production of grapes is being used for juice and wine

purpose.
Under Indian condition, white wine is being preferred

more. Sauvignon Blanc, a renowned white wine variety,
is famous for its distinct aromatic profile and crisp acidity,
making it a prominent cultivar in the production of high-
quality wines (Coetzee and Toit, 2012; Louw et al., 2009).
The grapevine’s growth and performance greatly
influenced by its rootstock, which acts as the foundation
for its development and nutrient uptake (Migicovsky et
al., 2021). Rootstocks are tolerant of varied abiotic
stresses (Serra et al., 2014) and resistant to a variety of
pests and diseases (Ferris et al., 2012; Hwang et al.,
2010). As a result, grafting is a method that is frequently
utilized in viticulture. Numerous studies have examined
how rootstocks affect the development of vines and the
makeup of fruits. However, given to the intricate
interactions between rootstocks, scion cultivars, soil and
climatic factors, no agreements have yet been established.



In terms of vine vigor, a number of earlier studies found
a considerable variation between various grafted vines
(Stevens et al. , 2008; Koundouras et al. , 2009;
Wooldridge et al., 2010; Chitarra et al., 2017).

Understanding the effect of different rootstocks on
Sauvignon Blanc vines is critical for viticulturists and wine
makers striving to optimize grape yield and enhance quality
(Dias et al., 2017; Vrsic et al., 2015). The interaction
between scion and rootstock can influence several
parameters, such as yield, berry composition and the
resulting wine’s sensory attributes (Olarte Mantilla et al.,
2017; ). Rootstocks vary in their abilities to modulate vine
vigor, water uptake, nutrient assimilation and stress
tolerance all of which play pivotal roles in shaping the
grapevine and the resulting wine. The study was
conducted to evaluate the performance of different
rootstocks on the growth, grape yield, and wine quality
attributes of Sauvignon Blanc.

Materials and Methods
The study was carried out at National Research

Centre for Grapes, Pune (latitude 18°32N and longitude
73°51E) during the year 2022-23. Seven years old
Sauvignon Blanc grapevines grafted on Dogridge (Vitis
champini), Salt Creek (Vitis champini), Fercal, 110
Richter (Vitis berlandieri × Vitis rupestris), 140-Ru
(Vitis berlandieri  × Vitis rupestris), SO4 (Vitis
berlandieri × Vitis riparia), 1103 Paulsen (Vitis
berlandieri × Vitis rupestris) were evaluated in a
randomized block design with three replicates represented
by five vines per treatment.

Climate : Pune has sub-tropical and semi-arid
climatic conditions with a temperature range of 7.20C
minimum and 37.900C maximum during trial period. In
this region maximum rainfall is received during mid June
to September. The total rainfall was 509.60 mm during
trial period; south- west monsoon is responsible for major
part of annual precipitation. Meteorological data recorded
during the period of investigation are presented in Fig. 1.

The rootstocks were chosen mainly on the basis of
differences in vigor and genetic origin. The grapevines
were spaced at 4 feet between vines and 8 feet between
rows, trained on a Mini Y-trellis and were east-west
oriented. Double pruning and single cropping pattern is
being followed under tropical condition. The foundation
pruning was carried out in April, 2022; while fruit pruning
in September, 2022. Yield, biochemical and quality
parameters were performed after the fruit pruning.
Yield parameters

The total number of bunches were counted from
selected five vines in each treatment and mean number
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of bunches per vine was calculated after berry set (after
fruit pruning). The total number of berries were counted
from selected five bunches in each treatment and mean
number of berries per bunch was calculated. The mean
weight of the bunch was recorded by averaging the weight
of 3 bunches borne on the five vines selected randomly
at harvest. The berries from five vine were collected
randomly during harvesting and mean weight of the berry
was derived by averaging the weight of 100 berries. The
grapes were harvested after attaining the maturity (TSS
and acidity). The yield was recorded at the time of harvest.
Berry Quality parameters

Randomly selected berries were taken for juice
extraction and total soluble solids in the juice were
determined using hand refractometer. The TSS was
measured in degree brix (°Brix). Total titratable acidity
was determined by titrating the berry juice with 0.1 N
NaOH (Ranganna, 1986). Juice recovery percentage
calculated by the following formula:

Juice Recovery Percentage = (W2 / W1) × 100
where,
W1 = Weight of the original fruit or vegetable
W2 = Weight of the juice obtained

Fruit Biochemical parameter
Phenol and tannins was estimated by the method of

Folin-Ciocalteu (Singleton and Rossi, 1965) and was
expressed in mg/g. The quantity of reducing sugars in
the juice was determined by Dinitro-Salicylic acid
(DNSA) method (Miller, 1959). A known volume of juice
extract was taken, Clear solution was taken for estimation
of reducing sugar-using DNSA-reagent by following
above method and results were expressed in mg/g.
Wine quality parameters

Wine quality parameters like- volatile acid, mallic acid,
total acids, glucose and ethanol per cent of wine sample
was measured by FOSS machine. Wine sensory

Fig. 1 : Meteorological data recorded during the period of
investigation.
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evaluation was done by serving the wine samples to panel
comprises 6 individuals. For organoleptic test, 9 point
hedonic scale score card contains various wine quality
parameters like colour, appearance, flavour, taste and
overall acceptability (Cuarto and Magsino, 2017).

The recorded data was analysed using OP STAT
statistical software. was used for one-way ANOVA at p
< 0.05 (student t-test). Origin 2017 software was used
for charting.

Results and Discussion
Yield parameters

At harvest, the grape yield was higher on vines
grafted on Dogridge rootstock (7.70 kg) and 110-R (6.28
kg/vine) than Fercal (5.90 kg/vine), 140-Ru (5.47 kg/vine),
SO4 (5.20 kg/vine), Salt Creek (4.55 kg/vine) and 1103-
P (4.18 kg/vine). For vines on the Dogridge rootstock,
this difference was mainly due to the higher bunch weight
(205.33 g), number of berries per bunch (130.33).
However, the higher yield/vines on 110-R grafted vines
were due to the higher number of bunches/vine (52.89)
compared to other rootstocks (Table 1). According to
Bascunan-Godoy et al. (2017), yield is mainly correlated
to the number of grape clusters, but also the traits of
grape clusters and berries, as well as the number of grape
berries/clusters. Rives (1971) found that both, the inherent
vigor of the scion that conferred by the rootstock were
contributing factors to yield performance.
Berry Quality parameters

Berry composition also varied according to the
rootstocks. TSS accumulations (24.93 oBrix) were higher
and acidity (0.75%) & juice recovery (46.65%) were
lower with Dogridge rootstock (Table 2). Total acidity
content in the grape juice was moderately correlated with
the yield (Pulko et al., 2012) while, highest pH (3.53)
was recorded in SO4 rootstock, which was statistically
non-significant between the rootstocks. Jin et al. (2016)

found low sugar content and high acidity in the berries
from the grafted Sauvignon Blanc vines on SO4 might
result in an unbalanced sugar to acid ratio, and thus less
attractive to consumers; similar results were reported in
the berries of ‘Kyoho’/1202C (Chou and Li, 2014). The
pH value of the grape juice was not significantly affected
by the rootstock (Pulko et al., 2012; Kodur et al., 2013).
Biochemical parameters

The concentration of total phenols band tannins/gram
berry mass was higher in berries collected from plant
grafted on 140-Ru rootstock. It appears from the data
that grapes from 110-R grafted vines synthesize less
phenols (0.707 mg/g) and tannins (0.145 mg/g) and/or
broke down more phenols and tannins. This result agrees
with recent findings in Shiraz grapes where total tannin
concentration of 1103 Paulsen was higher compared to
five other rootstocks and vines grown on their own roots
(Harbertson and Keller, 2012).

Higher reducing sugar (23.45 mg/g) recorded in
berries of 110-R grafted vine and lower reducing sugar
recorded in berries of SO4 grafted vine (20.59 mg/g).
While, higher carbohydrate content (31.14) found berries
of Salt Creek grafted vine and higher juice recovery
percent (63.59%) reported with 1103 P grafted vine. The
results on biochemical composition exhibited significant
difference due to grafting of Sauvignon Blanc on different
rootstocks (Somkuwar et al., 2014). This could be
because different rootstocks have different growth
patterns for vines, which affects how those plants absorb
water and nutrients from the soil solution. Rootstocks
also have different patterns for developing roots. Most
secondary, effects of rootstocks are mediated through
their influence on vine size and internal canopy shading.
According to Satisha et al. (2010) reduced glucose and
fructose content on 110R and 140Ru rootstock might be
due to slower rate of fruit ripening on those rootstocks.
The increase in carbohydrate content in the leaf might

Table 1 : Effect of different rootstocks on yield of “Sauvignon Blanc”.

Treatments Average bunch Berries/bunch 100-berry Bunches/vine Yield/vine
Weight (g) Weight (g) (kg)

Dogridge 205.33 130.33 130.67 45.24 7.70
Salt Creek 148.00 92.33 111.33 44.15 4.55

Fercal 191.67 106.33 109.33 50.82 5.90
110 R 134.22 100.33 118.00 52.89 6.28

140 Ru 152.56 102.67 116.67 45.26 5.47
SO4 157.67 104.33 118.67 42.04 5.20

1103 P 139.89 92.33 100.00 45.48 4.18
S.Em± 3.224 1.908 3.409 1.228 0.310

CD at 5% 9.936 5.879 10.505 3.784 0.956
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be due to increase in leaf area that has been resulted in
highest activity of photosynthesis rate which helps to
synthesis more carbohydrates in the source tissue such
as leaf (Somkuwar et al., 2014). This study supports the
results obtained by Somkuwar et al. (2013), who reported
potential of a vine to produce carbohydrate to meet the
demands of fruit production and vegetative growth based
on effective leaf area. In addition, a relationship between
variations in vine growth and differences in total phenolic
levels has also been reported by Lamb et al. (2004) and
Cortell et al. (2005).
Wine quality parameters

The concentrations of the TSS, pH, glucose, mallic
acid, volatile acid, total acid and ethanol were determined.
The vines grafted on 1103 P and Salt Creek showed
higher concentrations of TSS and pH than other
rootstocks grafted wine (Table 3). Glucose content, mallic
acid and total acid found significantly higher in wine made
from 110 R grafted vines. While, volatile was higher in
wine prepared from 1103 P grafted vines. Ethanol
percentage was higher in wine prepared from 140-Ru
and was statistically similar with wine prepared from 1103-
P grafted vines. The non-significant contribution of tartaric

acid in influencing juice pH is in accordance to findings
of Kodur et al. (2013). However, rootstocks significantly
affected accumulation of mallic acid in fruits of grafted
scions as reported by several workers (Kodur et al., 2010,
2011).
Wine Biochemical parameters

The concentrations of the phenol, tannin, colour
intensity and proline content were determined and
analysed data presented in Table 4. Higher concentration
of phenol found in wine prepared from Salt Creek grafted
vine, which were observed statistically similar with all
other remaining rootstocks. The reduced phenolic
compounds on Dogridge rootstock might be due to
increased yield per vine, the results were supported by
the studies of Cortell et al. (2007) and Jogaiah et al.
(2015).

Higher tannin content in wine recorded with 140-Ru
grafted Sauvignon Blanc vine and remaining recorded
the respective pattern of Salt Creek>Dogridge> SO4>
1103P> Fercal>110R. In respect to colour intensity of
wine, rootstock SO4 found better with higher values for
colour intensity than other rootstocks studied. Proline
content in wine was significantly higher with SO4

Table 2 : Effect of different rootstock on berries quality and biochemical parameters of “Sauvignon Blanc”.

Treatments TSS pH Acidity Phenol Tannin Reducing Carbohydrate Juice
(0Brix) (%) (mg/g) (mg/g) sugar (mg/g) recovery

(mg/g) %

Dogridge 24.93 3.52 0.75 0.720 0.345 22.75 31.12 46.65
Salt Creek 23.47 3.11 0.88 0.690 0.389 22.73 31.14 49.02

Fercal 23.47 3.14 0.76 0.717 0.147 21.53 35.41 50.43
110 R 23.87 3.22 0.85 0.707 0.145 23.45 23.71 55.54

140 Ru 22.67 3.29 0.99 0.740 0.467 20.64 23.87 46.73
SO4 24.13 3.53 0.91 0.740 0.334 20.59 23.26 61.64

1103P 24.20 3.24 0.83 0.727 0.278 22.45 23.38 63.59
S.Em± 0.112 0.023 0.008 0.012 0.036 0.212 0.094 0.767

CD at 5% 0.344 0.070 0.026 0.036 0.110 0.654 0.290 2.362

Table 3 : Effect of different rootstock on wine quality parameters of “Sauvignon Blanc”.

Treatment TSS pH Glucose Mallic acid Volatile acid Total acid Ethanol
(0Brix) (g/l) (g/l) (g/l) (g/l) (%)

Dogridge 6.80 3.54 1.55 1.9 0.44 6.8 13.69
Salt Creek 7.00 3.58 2.05 2.7 0.50 7.0 12.80

Fercal 6.90 3.51 1.04 1.8 0.37 6.9 12.96
110 R 6.87 3.41 2.69 3.2 0.35 7.3 12.78

140 Ru 6.90 3.56 2.57 1.7 0.35 6.7 14.00
SO4 6.33 3.57 1.74 1.8 0.31 5.8 13.01

1103P 7.03 3.58 1.90 1.1 0.52 6.5 13.94
S.Em± 0.076 0.005 0.037 0.06 0.005 0.02 0.034

CD at 5% 0.235 0.014 0.114 0.19 0.016 0.07 0.105
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rootstock grafted vines, while other rootstocks shown
1103P> Saltcreek> 140Ru> 110R> Dogridge> Fercal
pattern.
Wine sensory parameters

Five wine sensory attributes were significantly
different amongst the wine produced from different
rootstock (Fig. 2). Wines made from 1103 P grafted vines
had lighter colour. Higher aroma of alcohol found in wine
prepared from Dogridge grafted vine. Higher sweetness
of wine found with Salt Creek grafted SB vines and better
flavour found in wine made from berries of Salt Creek
grafted vines. While, overall acceptability found in wine
prepared from berries of 110R grafted vines and followed
in pattern of Salt Creek>Dogridge>140 Ru>>SO4>
Fercal>1103P. According to Wooldridge et al. (2010)
aroma did not differ between rootstocks. Overall quality
was similar in Chardonnay and Pinot noir, but decreased
for rootstocks in the sequence: 110R > SO4 > 140Ru.
Bravdo et al. (1985) found inverse relationship between
vigour and wine quality. Teixeira et al. (2013) found that
molecules of phenolic compounds are responsible for the
colour, aromas and flavour of the grapes; consequently,
they have a significant impact on the structural properties

and sensorial properties of grapes and in particular,
astringency in wines.

Conclusion
The results of the present study indicated that the

yield, chemical composition of berries and quality of wine
prepared from Sauvignon Blanc grapes varied with the
rootstock used. Dogridge rootstock recorded significantly
higher yield than other rootstocks. Berry quality i.e. TSS
found higher in berries of Dogridge rootstock; acidity,
phenol and tannins recorded higher with 140-Ru rootstock;
carbohydrates found higher with Fercal rootstock;
reducing sugars recorded higher with 110R rootstock.

Table 4 : Effect of different rootstock on wine biochemical parameters
of “Sauvignon Blanc” grafted on different rootstocks.

Treatments Phenol Tannin Colour Intensity Total proline
(mg/g) (mg/g) (%) (u.moles/g)

Dogridge 0.061 0.333 0.0600 1.467
Salt Creek 0.079 0.375 0.0450 4.419

Fercal 0.068 0.142 0.0625 0.907
110 R 0.065 0.140 0.0775 3.219

140 Ru 0.055 0.451 0.0825 3.936
SO4 0.057 0.323 0.0850 11.871

1103 P 0.057 0.268 0.0700 9.302
S.Em± 0.008 0.034 0.0036 0.2473

CD at 5% 0.025 0.106 0.0112 0.7619

Fig. 2 : Sensory attributes of wine prepared from Sauvignon
Blanc grafted on different rootstocks. While, juice recovery found higher with 1103P

rootstock. Wine composition parameters like
glucose, mallic acid, total acids found higher with
110R rootstock; volatile acids found higher with
1103P rootstock and phenol content found higher
with Salt Creek rootstock. While, proline content
found higher with SO4 rootstock. Organoleptic test
done for wine; overall acceptability of wine found
better for 110R grafted vines.

Acknowledgments
The authors are thankful to the Director

General of Agriculture, Food Processing and
Territorial Policies of the Ministry of Agriculture
and Fisheries, Government of France for providing
the planting material to carry out research work

on the evaluation of wine varieties under Pune condition.
The Director, ICAR-NRC Grapes, Pune also deserves
sincere thanks for providing the guidance and required
facilities for carrying out the research.

References
APEDA (2022). Ministry of Commerce and Industry. Government

of India. https://apeda.gov.in/apedawebsite
Bascunan-Godoy, L., Franck N., Zamorano D., Sanhueza C., Carvajal

D.E. and Ibacache A. (2017). Rootstock effect on irrigated
grapevine yield under arid climate conditions are explained by
changes in traits related to light absorption of the scion. Scientia
Horticulturae, 218, 284-292.

Bravdo, B., Hepner Y., Loinger C., Cohen S. and Tabacman H. (1984).
Effect of crop level on growth, yield and wine quality of a high
yielding Carignane vineyard. Am J Enol Vitic., 35, 247-52.

Chitarra, W., Perrone I., Avanzato C.G., Minio A., Boccacci P., Santini
D., Gilardi G. Siciliano I., Gullino M.L., Delledonne M.,
Mannini F. and Gambino G. (2017). Grapevine grafting: Scion
transcript profiling and defense-related metabolites induced
by rootstocks. Front Plant Sci., 8, 654 (1-15).

Chou, M.Y. and Li K.T. (2014). Rootstock and seasonal variations
affect anthocyanin accumulation and quality traits of ‘Kyoho’
grape berries in subtropical double cropping system. Vitis, 53(4),
193-199.

Coetzee, C.  and du Toit W.J. (2012). A comprehensive review on



Sauvignon Blanc aroma with a focus on certain positive volatile
thiols. Food Res. Int., 45, 287-298.

Cortell, J.M., Halbleib M., Gallagher A.V., Righetti T. and Kennedy
J.A. (2007). Influence of vine vigor on grape (Vitis vinifera L.
cv. Pinot noir) anthocyanins. 1. Anthocyanin concentration
and composition in fruit. J Agric Food Chem., 55, 6575-6584.

Cortell, J.M., Halbleib M., Gallagher A.V., Righetti T.L. and Kennedy
J.A. (2005). Influence of vine vigour on grape (Vitis vinifera L.
cv. Pinot Noir) and wine proanthocyanidins. J Agric Food
Chem., 53, 5798-5808.

Cuarto, P.M. and Magsino R.F. (2017). Develpoment of Young
Coconut (Cocos nucifera) Wine. Asia Pac. J. Multidisc. Res.,
5(2), 89-93.

Dias, F.A.N., Mota R.V., Souza C.R., Pimentel R.M.A., Souza L.C.,
Souza A.L. and Regina M.A. (2017). Rootstock on vine
performance and wine quality of ‘Syrah’ under double pruning
management. Scientia Agricola, 74, 134-141.

Ferris, H., Zheng L. and Walker M. (2012). Resistance of grape
rootstocks to plant parasitic nematodes. J. Nematol., 44(4),
377-386.

Harbertson, J.F. and Keller M. (2012). Rootstock effects on deficit-
irrigated winegrapes in a dry climate: Grape and wine
composition. Am J Enol Viticult., 63, 40-48.

Hwang, C.F., Xu K., Hu R., Zhou R., Riaz S. and Walker M.A.
(2010). Cloning and characterization of XiR1, a locus
responsible for dagger nematode resistance in grape. Theoret.
Appl. Gen., 121(4), 789-799.

Jin, Z.X., Sun T.Y., Sun H., Yue Q.Y. and Yao Y.X. (2016).
Modifications of ‘Summer Black’ grape berry quality as affected
by the different rootstocks. Scientia Horticulturae, 210, 130-
137.

Jogaiah, S., Kitture A.R., Sharma A.K., Sharma J., Upadhyay A.K.
and Somkuwar R.G. (2015). Regulation of fruit and wine quality
parameters of ‘Cabernet Sauvignon’ grapevines (Vitis vinifera
L.) by rootstocks in semiarid regions of India. Vitis, 54, 65-72.

Kodur, S. (2011). Effects of juice pH and potassium on juice and
wine quality, and regulation of potassium in grapevines through
rootstocks (Vitis): A short review. Vitis, 50, 1-6.

Kodur, S., Tisdall J.M., Clingeleffer P.R. and Walker R.R. (2013).
Regulation of berry quality parameters in ‘Shiraz’ grapevines
through rootstocks (Vitis). Vitis, 52(3), 125-128.

Kodur, S., Tisdall J.M., Tang C. and Walker R.R. (2010).
Accumulation of potassium in grapevine rootstocks (Vitis)
grafted to Shiraz as affected by growth, root-traits and
transpiration. Vitis, 49, 7-13.

Koundouras, S., Hatzidimitriou E., Karamolegkou M., Dimopoulou
E., Kallithraka S., Tsialtas J.T., Zioziou E., Nikolaou N. and
Kotseridis Y. (2009). Irrigation and rootstock effects on the
phenolic concentration and aroma potential of Vitis vinifera L.
cv. Cabernet Sauvignon grapes. J Agric Food Chem., 57, 7805-
7813.

Lamb, D.W., Weedon M.M. and Bramley R.G.V. (2004). Using
remote sensing to predict grape phenolics and color at harvest
in a Cabernet Sauvignon vineyard: Timing observations against
vine physiology and optimizing image resolution. Aust J Grape
Wine Res., 10, 46-54.

Louw, L., Roux K., Tredoux A., Tomic O., Naes T., Nieuwoudt H.H.
and Van Rensburg P. (2009). Characterization of selected South
African young cultivar wines using FTMIR spectroscopy, gas

chromatography and multivariate data analysis. J. Agric. Food
Chem., 57, 2623-2632.

Migicovsky, Z., Cousins P., Jordan L.M., Myles S., Striegler R.K.,
Verdegaal P. and Chitwood D.H. (2021). Grapevine rootstocks
affect growth-related scion phenotypes. Plant Direct, 5(5),
e00324.

Miller, G.L. (1959). Use of Dinitrosalicylic Acid Reagent for
Determination of Reducing Sugar. Anal Chem., 31, 426-428.

NHB (2022). Annual report. https://nhb.gov.in/annual_report.aspx?.
Olarte Mantilla, S.M., Collins C., Iland P.G., Kidman C.M., Ristic

R., Boss P.K., Jordans C. and Bastian S.E.P. (2017). Shiraz
(Vitis Vinifera L.) Berry and Wine Sensory Profiles and
Composition are Modulated by Rootstocks. Am. J. Enol.
Viticult., 69(1), 32-44.

Pulko, B., Vrsic S. and Valdhuber J. (2012). Influence of various
rootstocks on the yield and grape composition of Sauvignon
Blanc. Czech J Food Sci., 30, 467-473.

Ranganna, S. (1986). Handbook of analysis and quality control for
fruit and vegetable products. 2nd Edition, Tata McGrow-Hill
Education, New York.

Rives, M. (1971). Statistical analysis of rootstock experiments as
providing a definition of the terms vigour and affinity in grapes.
Vitis, 9, 280-290.

Satisha, J., Somkuwar R.G., Sharma J., Upadhyay A.K. and Adsule
P.G. (2010). Influence of rootstocks on growth yield and fruit
composition of Thompson Seedless grapes grown in the Pune
Region of India. South Afr. J. Enol. Viticult., 31/1, 1-8.

Serra, I., Strever A., Myburgh P.A. and Deloire A. (2014). Review:
The interaction between rootstocks and cultivars (Vitis vinifera
L.) to enhance drought tolerance in grapevine. Aust. J. Grape
Wine Res., 20(1), 1-14.

Singleton, V.L. and Rossi J.A. Jr. (1965). Colorimetric of total
Phenolics with Phosphomlybdic-Phosphotungstic acid reagent.
Amer J Enol Viticult., 16, 144-158.

Somkuwar, R.G., Bhange M.A., Upadhyay A.K. and Ramteke S.D.
(2015). Interaction effect of rootstocks on gas exchange
parameters, biochemical changes and nutrient status in
Sauvignon Blanc wine grapes. J. Adv. Agricult., 3(3), 218-225.

Somkuwar, R.G., Satisha J. and Ramteke S.D. (2013). Berry weight,
quality and biochemical changes in relation to cane thickness
of own rooted and grafted Tas-A-Ganesh grapes. J Hort Sci.,
8(1), 30-34.

Stevens, R.M., Pech J.M., Gibberd M.R., Walker R.R., Jones J.A.,
Taylor J. and Nicholas P.R. (2008). Effect of reduced irrigation
on growth, yield, ripening rates and water relations of
Chardonnay vines grafted to five rootstocks. Aust J Grape
Wine Res., 14, 177-190.

Teixeira, A., Eiras-Dias J., Castellarin S.D. and Geros H. (2013).
Berry Phenolics of Grapevine under challenging Environments.
Int. J. Mol. Sci., 14, 18711-18739. https://doi.org/10.3390/
ijms140918711

Vrsic, S., Pulko B. and Kocsis L. (2015). Factors influencing grafting
success and compatibility of grape rootstocks. Scientia
Horticulturae, 181, 168-173.

Wooldridge, J., Louw P.J.E. and Conradie W.J. (2010). Effects of
rootstock on grapevine performance, petiole and must
composition, and overall wine score of Vitis vinifera cv.
Chardonnay and Pinot noir. S Afr J Enol Vitic., 31, 45-48.

1482 P.K. Ausari et al.


