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Abstract

This study evaluated the ampelographical and bunch characteristics of 19 white wine grape varieties (Vitis vinifera L.) grafted on Dogridge
rootstock at the National Active Germplasm Site, National Research Centre for Grapes, Pune, during 2023-24. The experiment was
conducted on completely randomized block design comprising five vines per replication and three replications per cultivar. The results of
the study revealed significant variability in the morphological characteristics of white wine grape varieties. The young shoot tip's opening
with a high CV of 37.86 %, indicating substantial variation. The highest variability was observed for berry shape (CV 58.66 %) and berry
color (CV 62.09 %), highlighted the diverse phenotypic traits among cultivars. Parameters such as bunch compactness and formation of
seed showed lower variability, suggesting more consistency in these traits. Most cultivars had fully open young shoot tips. Tendril
distribution was predominantly found sub-continuous, with unified tendrils. Young leaves were found mainly green colored with bronze
spots (7). All cultivars exhibited bark peeling. The shoot attitude was primarily erect. Most mature leaves had large blades and pentagonal
shapes. Berry density in bunches was generally compact, with round berries being the most common shape. Berry skin color was often
green-yellow and all berries lacked anthocyanin coloration in the mesocarp. Time to bud burst ranged from 8.7 to 12.7 days after fruit
pruning. Full bloom stage occurred between 34 and 44 days after fruit pruning. Flowering lasted 3.3 to 6.7 days. Veraison occurred from 95
to 114.67 days after fruit pruning and physiological berry maturity ranged from 122 to 147 days after fruit pruning. The results showed a
range of correlations among various traits. Pruning biomass had a moderate positive correlation with 50 berry weight and berry skin
thickness. Bunch weight showed strong correlations with bunch length and bunch width. TSS was negatively correlated with bunch weight
and berry skin thickness. Total acids had a high positive correlation with malic acid. Ethanol content was positively correlated with TSS.
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Introduction materials by type, improving and preserving germplasm and
monitoring genetic quality. Morphological and pomological traits
remain the primary methods for describing and classifying any
germplasm and serve as valuable tools for screening accessions in
any population (5). Ampelographic characterization based on
morphological features is valuable for identifying well-known grape
cultivars and clarifying ambiguous denominations or establishing
phenological relationships. Ampelography is a recognized scientific
method for characterizing grapevine genotypes, involving the
description of various morphological, phenological and pomological
traits (5). This method has been refined and expanded by numerous
scientists to enable a more precise and accurate identification of Vitis
materials (6-8).

Grape (Vitis vinifera L.) is assumed as one of the most valuable
and popular fruit crops all over the world (1). The world vineyard
surface area is estimated to be 7.2 Mha, with the production of
27.9 million metric tonnes (2). Major grape producing countries
are China, Italy, France, Spain, USA, Turkey and India while,
major wine producing countries are France, Italy, Spain and USA
(2). In 2023, global wine production, excluding juices and musts,
was estimated at 237 mL (2). According to Il advance estimates of
2023, an area of 175 thousand ha was covered under grapevines
and production was 3896 thousand tons in India (3). The grapes
are mainly grown in tropical regions of country. Maximum area
and production were recorded in Maharashtra state followed by

Karnataka and Tamil Nadu. India is known as table grape The variability of the grapevine can be observed in terms
producing country and only about 2 % of the total productionis ~ ©f both morphology and quality (9, 10). Ampelography studies
being utilized for juice or wine purpose (4). are beneficial for identifying grape cultivars (10-13). In recent

years, there has been a significant increase in genomic resources

Identifying and describing varieties is a crucial phase in available to the grapevine research community, driven by a

the certification program, ensuring the accuracy of breeding
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renewed focus on grapevine (Vitis vinifera L) germplasm
resources and the analysis of genetic diversity in grapes.

A certain amount of everyday wine consumption may
prevent various chronic diseases. This is due to the presence of
certain number of important antioxidants in red wine like
resveratrol, anthocyanins and catechins. Resveratrol is active in
the prevention of cardiovascular diseases by neutralizing free
oxygen radicals and reactive nitrogenous radicals; it penetrates the
blood-brain barrier and, thus, protects the brain and nerve cells. It
also reduces platelet aggregation and so counteracts the
formation of blood clots or thrombi (14). Considering the
importance of health benefits of wine consumption, wine grape
cultivation is gaining importance in the country. Genetic variation,
either natural or induced, is valuable for crop improvement. In the
present study, genetic diversity in grape genotypes was
investigated using morphological markers for germplasm that can
be used for wine making.

Materials and Methods
Experimental site

In the current study, ampelographical, bunch and quality
characterizations of 19 grape wine varieties (V. vinifera L.) grafted
on Dogridge rootstock planted in National Active Germplasm
Site (NAGS) at National Research Centre for Grapes, Pune were
undertaken during 2023-24. The age of the vineyard was seven
years old with good health and regular crops. The vines were
trained to a Y trellis system with single cordons trained in the
horizontal direction while shoots were placed in a vertical
position. The soil of this region is black having pH 7.75 and EC
0.46 dS m™. However, water used for irrigation had EC of 1.8 and
pH was 8.3 (15-17).

Experimental design

The design followed a completely randomized setup, with three
replications and five vines per replication for each cultivar (285
vines). All vines within the row were planted at a spacing of 3 m
between the rows and 1.5 m between the vines.

Ampelographic study

Morphological characters were analyzed including the leaf,
berries, bunches and yield. The observations were recorded and
described using the International Organization of Vine and Wine
(OIV) descriptors. Each trait was assigned to an OIV code and a
numerical value indicating its measurement. Morphological
evaluations of berries and bunches were conducted at full
veraison, when the berries changed their color. For bunch
characterization, randomly ten bunches per cultivar were
selected. For berry characterization, fifty berries per bunch are
randomly selected from the selected ten bunches. At the time of
harvest, the average weight was recorded for 10 largest bunches
per cultivar with the help of a weighing balance and used to
estimate the yield (kg) ha™ (18).

Fruit quality analysis

Fresh berry samples collected were hand-pressed for extraction
of juice and filtered through muslin cloth. Samples were then
kept at -20 °C until analysis could be performed. The TSS and
acidity was determined as described by OECD (19). The °Brix was
determined using handheld refractometer.
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For acidity, the solution was titrated against 0.IN NaOH
until a permanent pink colour was achieved.

TA(g/L)=
(mLNaOH x N (NaOH) x acid meq. factor x 100)/ mL juice titrated

The pH of grape juice was measured using a pH meter at
room temperature (23 + 2 °C). The procedure for the above-
mentioned parameters was replicated three times and data
recorded.

Wine quality parameters

Wine quality parameters (volatile acid, mallic acid, total acids, pH
and ethanol) were estimated with using OenoFoss.

Statistical analysis

The variation among cultivars was assessed using a standardized
dataset. Analysis of variance (ANOVA) was conducted for all
morphological traits using SAS software (20). The mean and
standard deviation (SD) for each dataset were calculated and the
coefficients of variation (CV %) were determined as indicators of
variability. The Pearson correlation coefficient was employed to
analyze the correlation between yield and fruit characters using
WASP software.

Results and Discussion

This study concentrates on the use of both indigenous and foreign
white wine grapevine collections to assess, conserve and utilize
them for future grape improvement programs. Of the 26
ampelographic parameters examined, quality parameters like
berry shape (CV 58.66 %) and berry colour (CV 62.09 %) showed the
highest variability. Conversely, the lowest CV was observed for bark
peeling (15.85 %), bunch compactness (16.95 %) and seed
formation (19.16 %), indicating substantial variation among the
different characteristics of the studied accessions. Somkuwar et al.
The growth habit of grapevines had the highest CV (79.16%),
followed by erect hairs on the dorsal side of mature leaves (78.37 %)
(20). Previous works reported variations among 55 and 31 grape
cultivars, respectively (21, 22). In this study, 20 out of the 26
characters had CV values exceeding 30 % (Table 1).

Most cultivars fell into the bark peeling category (19), with
peeling flecks varying from short to long strips. Among the
accessions, long strips were most common (9), followed by short
strips (6) and the fewest were in the checks category (4). The
cultivars displayed a range of under-bark colors, from creamish (3)
to light brown (16). Opening of shoot tip ranged from fully opened
to closed, in which most accession showed fully open (13) followed
by half open (4) and closed (2). Tendril distribution, continuous (4),
sub-continuous (12) and discontinuous (1). There are two types of
tendrils shown among selected accessions- unifid (9) and bifid (8).
For color of upper side of blade were seen variations- green (2),
green with bronze spot (7), yellow (7), yellow with bronze spot (3).
Erect growth habit was seen in 16 accessions while 3 accessions
had semi-erect growth habit. Large width of blade was recorded in
12 accessions while very large (5) and medium length of blade
recorded in 2 accessions. The shape of blade was pentagonal and
wedge shaped in most of accessions. Anthocyanin coloration on
the main vein on the lower of the leaf blade was absent in 11
accessions, while in the remaining cultivar, it was present at point
(5) and 1*bifergation (1) (Fig. 1). The wedge-shaped teeth of mature
leaf shown in most of the cultivars (14). Most of the cultivars had
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Table 1. Morphological description of grape cultivars studied

Characters Unit Min. Max. Mean SD CV (%)
Young shoot: Opening of shoot tip code 1 9 7.32 2.77 37.86
Young leaf: Colour upper side of blade code 1 4 2.47 0.84 34.01
Bark peeling code 0 3 2.89 0.45 15.85
Peeling flakes code 1 7 5 2.65 53.13
Under bark colour code 1 3 2.68 0.74 27.91
Inflorescence: average number of inflorescences code 1 5 3.73 1.19 31.96
Width of blade (cm) code 5 9 7.31 1.2 16.46
Shoot attitude (growth habit) code 1 3 1.31 0.74 56.94
Shape of blade code 1 4 2.52 0.96 38.16
Overlapping of petiole sinus code 1 9 3.55 2.03 57.25
Prostrate hairs code 1 9 573 2.23 38.9

Erect hairs code 1 3 121 0.63 52.09
Bunch shape code 2 7 3.36 1.67 49.68
Bunch compactness code 5 7 6.05 1.02 16.95
Bunch uniformity code 3 7 6.36 1.49 23.53
Berry shape code 2 7 3.31 1.94 58.66
Berry colour code 1 7 4.79 2.97 62.09
Mature leaf: anthocyanin coloration of main vein on lower side of blade ~ code 1 3 1.36 0.59 43.64
Berry attachment with peduncle code 3 7 5.94 1.8 30.42
Berry anthocyanin coloration of mesocarp code 0 1 0.82 0.3 36.57
Formation of seed code 1 5 4.78 0.91 19.16
Berry flavour code 1 3 1.21 0.63 52.09
Tendril distribution on shoot code 1 5 3.52 1.12 31.87
Tendril type code 3 6 4.42 1.53 34.8

Mature leaf: shape of teeth code 2 5 2.31 0.74 32.35
Berry: length of pedicel Code 1 7 2.89 1.24 42.92
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Fig. 1. The leaf pictures of the studied grape cultivars.
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open petiole sinus (10) followed by very wide open (3) and closed (2).
Prostrate hairs between veins on lower side of blade were medium
(6) to high (6) and erect hairs between veins on lower side of blade
were absent in most of cultivars (16). The ratio of length of petiole
compared to mid vein was reported short for most of the cultivars
(15) studied. Average number of inflorescences per shoot were 1 to <
3in most of the cultivars. Berry density in bunch was shown medium
to compact, while cylindrical shape was reported in most of the
cultivars (7) (Fig. 2). Berry size in bunch was uniform for most of the
cultivars (13). Most of the cultivars had round berry shape and green
to green, yellow berry color (Fig. 3). The anthocyanin coloration of
mesocarp were absent in all the cultivars studied with neutral flavour
followed by muscat and foxy flavor. The length of pedicel was short
for most of the cultivars (14). Berry attachment with pedicle was firm
for most of the accessions and among 19 accessions, most were
seeded (16) (Table 2).

The data revealed significant variation among grape
cultivars for various ampelographic parameters under tropical
Indian conditions. These findings align with the research of (21-24).
Early works studied 55 grape accessions, reporting substantial
variability and recommending the integration of the present data
into future studies and the investigation of genetic diversity in
grapes from other regions (25).

Phenological calendar of 19 white wine grape cultivars

For the evaluation of early, middle and late cultivar, five
phonological stages of each cultivar were recorded at specific
(time of budburst, time to full bloom, duration of flowering, time
of veraison, physiological maturity of the berry, etc.). The data of
each stage was recorded when more than 50 % of plants showed
stage symptoms. The time of bud burst indicated great variation
in observed genotypes as mentioned in Table 3. The time of
budburst started in observed cultivars from 8 days after fruit pruning
to 13 days after fruit pruning depending upon the specific genotype.
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Time of full bloom ranged from 34 to 44 days after fruit pruning,
duration of flowering from 3.3 to 6.6 days, while time of veraison
from 95 to 115 days and time required for physiological maturity of
the berry ranges from 122 to 147 days after fruit pruning in selected
cultivars. Early results observed great variations in phonological
calendar among 30 grape genotypes (20, 25).

Correlation between the yield and quality traits

To examine the relationship between yield and quality traits among
cultivars, a correlation analysis was conducted (Table 4). The study
revealed that pruned biomass has a strong positive correlation with
50-berry weight (r = 0.4081), berry skin thickness (r = 0.3688), berry
firmness (r = 0.3512) and bunch width (r = 0.3037), but a weak
correlation with acidity (r=0.069) and bunch length (r=0.042). Bunch
weight was positively correlated with bunch length (r = 0.7469),
bunch width (r=0.6773), 50-berry weight (r = 0.5827), berry firmness
(r = 0.5458), berry skin thickness (r = 0.3639) and the number of
berries (r = 0.1688). Additionally, bunch length showed a positive
correlation with bunch width (r = 0.7683), 50-berry weight
(r=0.5851), berry firmness (r = 0.5736), number of berries per bunch
(r=0.3561) and berry skin thickness (r = 0.3003). Bunch width was
strongly correlated with 50-berry weight (r = 0.6953) and berry
firmness (r = 0.6848). The results of this investigation align with the
findings of (21, 24). Total soluble solids (TSS) showed a positive
correlation with acidity (r = 0.0696) and a negative correlation with
bunch width (r=-0.0319). However, a negative correlation reported
between TSS and acidity (21, 27). Skin thickness exhibited a negative
correlation with TSS (r = -0.4262). As berry diameter and bunch
weight (bunch width) increase, TSS decreases. Additionally, an
increase in the number of bunches per vine reduces the TSS in grape
berries (28). Volatile acids and pH in wine was negatively correlated
with TSS (r = -0.0285) while ethanol percentage showed strongly
positive correlation with TSS (r = 0.7033). This might be due to
conversion of sugar into ethanol after fermentation.
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Fig. 2. The bunch pictures of the studied grape cultivars.
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Fig. 3. The berry pictures of the studied grape cultivars.
Table 2. Frequency distribution of the morphological characters utilized for the studies
Characteristics Frequency and code (No. of cultivars)
Young shoot: opening of shoot tip Full()ig{)en Hal(foc;g)en Cl(c(;)s;)ed
Tendril distribution on shoot Conf(i)rg))ous Sub cczgi)nuous Disco(notir)wuous
Tendril type U(?)gi)d %fg)j
Young leaf: color of upper side of blade G(r(;eze)n Green W|tt(10t7>|)'onze spot Y?(l)l%w Yellow W|t(hog)ronze spot
Bark peeling Pe(ig?g Non—(poe)eling
Peeling flakes ShO(I;)tGS)tl’ip Lor}ggs)trip C?gz)ks
Under bark colour Cr<e(?)3m)|sh nghicltgown
Shoot Attitude: (Growth habit) E(rlch)t Senz(i)l;)rect
Mature leaf: Width of blade S?(;))rt M?gizl;m L(alrzg)e Ve%lsa)rge
Mature leaf: shape of blade Cizgg;ar CO(B%?te Penfg%onal Wedg(eozl;aped
Mature leaf: anthocyanin coloration of main Point 1%t Bifurgation Absent
vein on lower side of blade (05) (01) (13)
Mature leaf: Shape of teeth W(ei%g);e Cc()(r;%/)ex Irrizgf)lar
Mature leaf: degree of opening/ overlapping of Open Close Overlapped Very wide Open Strongly overlapped
petiole sinus (12) (02) (01) (03) (01)
Mature leaf: Prostrate hairs between veinson  Very low Low Medium High Very high Absent
lower side of blade (01) (02) (06) (06) (03) (01)
Mature leaf: erect hairs between veins on Low Very low Absent
lower side of blade (02) (01) (16)
Mature leaf: ratio of length of petiole Equal Short
compared to mid vein (03) (16)
Inflorescence: average number of <1 1 lto<2 2to<3
inflorescences per shoot (01) ) (01) (09) (08)
Bunch: berry density M?gg;m Comg)act
I . . Winged
Bunch: Shape/type Cyll(rg)%;lcal C%usc)al Poly(\(/)nged Doub%gzc)luster cylindrical
. ) (01)
Bunch: uniformity of berry size Un(llfg)rm Non (Lgr;l)form
Round Short elliptical Ovate Obovate
Berry shape (11) (03) (03) (02)
Berry: colour of skin (without bloom) G(rOeGe)n Gr?gg)lsh Greenl(s(,)g)Yellow Gree(nO%ellow
Berry: anthocyanin coloration of mesocarp Pr?(s);ent At(>1s§)nt
Berry: flavour N?‘f;;al MEJoszc)at ng’
Berry: length of pedicel S(qg)rt Ver%/oir;ort L(g;)g
Berry attachment with pedicle F(llrg)w L?O%s)e
Berry: formation of seed Seé%e'd Se?éjzl;ess
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Table 3. Descriptive statistics for physiological growth characters utilized for the studied grape cultivars
Traits Unit Min. Max. Mean SD CV (%)
Time to bud burst Days 8.7 12.7 10.42 1.383 13.268
Time to full bloom Days 34 44 38.09 2.336 6.132
Duration of flowering Days 3.3 6.7 5.61 0.833 14.845
Time of veraison Days 95 114.67 104.19 5.134 4.928
Physiological maturity of the berry Days 122 147 131.7 6.705 5.091
Table 4. Simple correlation among yield and quality variable utilized for the studied grape cultivars
Prunning Bunch Bunch Bunch Berry skin . ... Mallic Volatile Total
biomass weight length width bNe‘:'.rioefs thickness ‘:;'gf:%) F|rr(|g/:|)ess .(I:,SBS) A?oz')ty acid acids acids pH Et?OZI)‘OI
(kg) (g) (em) (cm) (mm) (g/) (/) (g/V)
Prunning
biomass 1
(kg)
Bunch
weight (g) -0.0553 1
Bunch
length 0.2842 0.7469 1
(em)
Bunch
width 0.3037 0.6773 0.7683 1
(cm)
No. of
berries -0.0637 0.1688 0.3561 -0.0577 1
Berry skin
thickness  0.3688 0.3639 0.3003 0.2369 -0.3036 1
(mm)
50 berry
weight (g) 0.4081 0.5827 0.5851 0.6953 -0.3703 0.7634 1
(FO'/E;“”eSS 0.3512 0.5458 0.5736 0.6848 0.0537 0.1380  0.5026 1
TSS (°B) 0.0638 -0.4033 -0.2131 -0.0319 -0.0343 -0.4262 -0.3177 0.0494 1
?Jfol)dlty -0.1584 -0.0458 -0.2526 -0.0355 0.1477 -0.3137 -0.2951  0.2459 0.0696 1
?"g?ll)“c acid 51866 -0.2860 -0.3024 -0.2184 0.0771 -0.5077 03942 -0.2707 0.1731 -0.0722 1
Zgilggltz/l) -0.1771 -0.0328 -0.1240 -0.0562 -0.3277 -0.1088 -0.0991 -0.2252 -0.0285 0.0678 0.2117 1
;’gt;sl /) -0.1655 -0.2810 -0.3173 -0.2196 -0.0948 -0.5458 -0.3419  -0.2491 0.1860 -0.1656 0.9034 0.2188 1
pH 0.1075 -0.1092 0.0213 0.3152 -0.3700 0.0674 0.1170 -0.1153 -0.1119 -0.1133 0.1444 0.1102 0.1266 1
Fo;:;am)l 0.1377 -0.2505 -0.0315 0.0904 0.0317 -0.2220 -0.0442  0.1212 0.7034 0.2581 -0.0827 -0.1788 -0.0596-0.2233 1
Conclusion Authors' contributions

This study focused on the morphological characterization and
evaluation of genetic diversity among 19 white wine grape varieties.
Inthe present study, significant differences were observed between
different grapes germplasms. The morphological characterization
results highlighted the distinct qualitative characteristics that
differentiate grape germplasms. These findings offer a
comprehensive understanding of the morphological diversity
within the studied grape germplasms, facilitating better
identification and classification. The study emphasizes the
importance of preserving and maintaining valuable germplasm for
future research and breeding programs. The insights gained can
guide viticulturists and winemakers in making informed decisions
about grape variety selection. It is suggested that conduct multi-
season and multi-location trials to understand how environment
affects morphological and quality traits.
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