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Abstract

Grapes are a rich source of sugars, vitamins, minerals and organic acids which are an important part of human nutrition
and vital for growth and development. Climate plays an important role in berry development, growth, fruit ripening and
physical as well as biochemical properties of the berry fruits such as size, colour, sugars and taste. Grapes are an important
crop that have been grown throughout the world. In Pakistan it is mostly grown in Balochistan and temperate areas. The
performance of grapes under climatic conditions of central Punjab are still unexplored. Hence, the experiment was
designed to study the performance of nine cultivars of grapes viz., White Seedless, Pearlette, Badana, Black Seedless,
Haita, Flame Seedless, King’s Ruby, NARC black, Cardinal under agro-climatic conditions of Central Punjab during the
year 2019-20. Results showed that higher bunch size (307.3 cm), bunch weight (456.29), berry size (176.8mm), and berry
weight (3.82g) was observed in King’s ruby compared to other varieties. TSS (21.8 ° Brix), TSS: TA ratio (90.9) was
higher in white seedless and maximum TA (0.46%) was found in Flame seedless. Vitamin C content was higher in
pearlette (26.9 mg /100 g) and NARC Black (27.3 mg/100 g). It is concluded that the performance of King’s ruby and
NARC Black were better in central Punjab condition as compared to other cultivars grown as they have more berry weight
and better fruit quality.
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Introduction

Grapes (Vitis vinifera L.) are cultivated on a large scale
because of the handsome economic returns. Grapes belong
to the family “Vitaceae”. It is a rich source of organic
acids, vitamins, sugars and minerals, that are necessary
part of the human diet and are required for normal growth
(Engel et al., 2010). It occupies top position in the world in
respect to area (6.9 million ha) and production (77 million
tons) (FAOSTAT, 2019). Grapes are grown around the
world for several purposes like 70% of its portion used for
wine preparation, while 25% of grapes used for fresh
consumption and only 5% of it is used for drying purpose
(Akram et al., 2020)

Grapes ranked as 10™most important fruit crop in
Pakistan. In the year 2018-19, the total cultivated area of
grapes in Pakistan was 38730 acres with an estimated
production of 68470 tones (GOP, 2019-20). It is the
highest production of grapes from the past nine years.
Almost 70% of the grape’s cultivars are being cultivated in
Balochistan which has a share of 19 tons per hac
production against the potential of 25 tons per hac. The
remaining 30% of grapes are grown in the districts of
Punjab and Khyber Pakhtunkhwa (Khan et al., 2011).

Berry growth, development and quality are highly
dependent upon climatic conditions of the area. Grapes
require long warm to dry hot summers and cool rainy
winters for the development and growth of berries. Grape’s
diversity and production were greatly affected by the

climatic conditions (Silva-Sanzana et al., 2016; Akram et
al.,, 2019). Temperature, light, wind, humidity and
precipitation are the key factors that are included in
climate which may affect the plants in a particular area.
Temperature plays an important role in the successful
growth of grapes among these factors. For shoot growth
and physiological processes, the ideal range of average
temperature is from 25-30 °C (Ramos et al., 2013).
Chemical composition of grape juice could be affected by
environmental factors such as soil, light, temperature, rain
and a combination of these factors (Hunter & Bonnardot,
2011; Kaur et al., 2019). However, grapes require a
temperature lower than 10° C to open the buds and for
berry ripening 30-35 as a temperate fruit. In Punjab
average temperature in summer is 30 to 45°C, whereas, in
winter the average temperature ranges from 1-18 °C (Fig.
1). These conditions fulfill the temperature requirement for
grapes cultivation (Akram et al., 2020).

The temperature in Punjab befits the requirement for
grapes cultivation, but the onset of monsoon rains early in
central Punjab is a concerning issue for growers. Usually,
grapes get ripened from June to August and at that time
rain occurs (Fig. 1). Monsoon rains at the time of maturity
causes cracking, rotting and splitting of berries that
eventually provoke different fungal diseases and cause
rapid berry rotting (Khan et al., 2011). Grapes have high
sugar contents (Engel et al., 2010), this high sugar along
with increased humidity and temperature during summer
time provides the ideal condition for fungal growth. This
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fungus affects the fruit quality and growth of berries
(Tello, J. & Ibanez, J. 2017). On the basis of physical and
chemical characteristics early ripening grape cultivars
should be selected to solve the berry rotten issue due to
monsoon rains.

Climate is also significantly involved in changing the
ripening and biochemical qualities of the grape fruits. In
grapes the variation in germplasm and quality of fruits
could be attributed to the climatic variation. Generally,
climate affects nutritional value and chemical
characteristics of grapes as compared to any other factor
(Attia and Farag, 2017). Cultivar, agro-climatic conditions
and geo-graphic location affects the time of ripening and
harvesting of fruits. According to Gonzalez, C.V., et al.,
(2016) different varieties of grape have different tolerance
to temperature fluctuations, rainfall and humidity. The fruit
weight, size and diameters reach their peak level; it will be
known as physical maturity whereas the chemical maturity
depends upon maximum sugar contents and TSS/TA ratio
(Khan et al., 2008; Bahar, A., et al., 2017). Color, aroma,
size, time of maturity, time of ripening and yield are the
physical characteristics that are affected by the factors
involving climate, soil, topography and substrate which
also affects the biochemical characteristics like total sugars
and total soluble solids of grape berry (Carey et al., 2008),
In addition to these environmental factors, the genotype of
grapes cultivars deeply affects the chemical composition of
berries (Naradisorn M., 2013).

Kose, (2014) described that the key factor for the grape
cultivation is the grapes phenology. The phenological
phases include bud opening, blooming, fruit setting and
harvesting (Mira de Orduna, 2010). In subtropical
conditions, the bud opening in grapes starts in the last
week of February when the dormancy starts to break. And
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fruit ripening starts in the last of June and onwards. But
that is the time of onset of monsoon rains. Therefore, to
reduce berry loss including splitting and rotting caused by
monsoon rains there is a need to find out early maturing
grapes cultivars that will harvest before onset of monsoon
rains and have enhanced performance regarding fruit
quality enhanced physicochemical properties under central
condition of Punjab, Pakistan.

Material and Methods
Plant material

The study was carried out at Horticultural Research
Institute, Ayub Agricultural Research Institute (Latitude
31.42° N, Longitude 73.09° E, Elevation 189 m) during the
year 2019-20. Nine cultivars of grapes viz.,, White
Seedless, Pearlette, Badana, Black Seedless, Haita, Flame
Seedless, King’s Ruby, NARC black and Cardinal were
selected for the study. Within a treatment single vine was
replicated four times. A total of thirty-six plants were
selected for the study. All cultivars selected were of
similar age (seven years old) and disease free. The
management practices including pruning, plowing,
irrigation, fertilizer, insecticides and pesticide application
were similar for all plants. After the dormant season during
January-February, all plants were pruned severally leaving
four to six nodes. During the complete study duration
meteorological data regarding relative humidity, rainfall
and temperature were recorded daily (Fig. 1). Soil analysis
report of the experimental area is mentioned in Table 1.

Sep Oct  Nov

Temperature (°C)

Fig. 1 The average temperature, rainfall and relative humidity of Faisalabad, during the year 2019-20

Table 1 Soil analysis report of experimental AARI research orchard

Depth EC pH Organic Available Available Saturation ~ Texture  Gypsum required
mScm™ matter phosphorus potassium (%) (Ton/acre 6”)
(%) (mb Kg™) (mg Kg™)
0-15 2.78 8.4 0.98 37.1 149 34 loam Nil
15-30 2.29 8.3 1.19 30.2 129 34 - -
30-45 2.81 8.1 1.54 19.2 129 32 - -
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Physico-chemical fruit quality characteristics

The fruits were harvested at full mature stage. After
harvesting they were brought to the horticultural
laboratory. They were washed thoroughly with cleaned
water in order to remove debris and impurities. Physico-
chemical fruit quality characteristics include bunch length
(cm), bunch width (cm), bunch size (cm?), berries per
bunch (number), berry length (mm), berry width (mm),
berry size (cm?), bunch weight (g), total soluble solids
(° Brix), juice pH, titratable acidity (acidity %), TSS: TA
ratio, total sugar percentage (%), non-reducing sugar
percentage (%) and reducing sugar percentage (%), vitamin
C (mg/ 100 g) and total phenols (mg GAE/100 g) were
calculated for all nine cultivars.

Fruit physical parameters

Bunch width and bunch length was calculated using
normal meter rod and expressed in cm. Bunch size (cm?)
was calculated by multiplying bunch length into width.
The number of berries per bunch was counted by counting
the number of berries per bunch. Length and width of the
berry was measured with Vernier caliper and expressed in
mm. Berry size (mm?) was calculated by multiplying
length into width, respectively.

Fruit biochemical parameters

TSS of the juice was readied through a hand refractometer
(ATAGO, RS 5000) and expressed as (° Brix). The TA of
berry juice was measured using the method of Hortwitz
(1960). According to this method 10 mL of juice was taken
on a conical flask and dilute it with distilled water up to 50
mL. Then the solute was titrated using 0.1N NaOH using
phenolphthalein as an indicator till pink color was attained
as an end point and expressed as %. The TSS: TA ratio
was calculated by dividing the TSS with their respective
TA. Digital pH meter was used to measure the pH of berry
juice (HI 98107, Hanna Instruments, Mauritius).

Vitamin C, sugars and total phenolics

Ruck’s 1969 method was used to determine the vitamin C
contents of berry juice. In this method, 10mL of juice was
taken in 100mL of flask diluted with 0.4% oxalic acid
solution. 2, 6- dichlorophenol indophenol dye was used to
titrate 5mL of diluted and filtered aliquot to a light pink
color end point. Sugars in juice were determined by
following the methods explained by Khan et al. (2009). In
this method, in a volumetric flask of 250mL, 10mL of juice
was diluted with 100mL of water, 10mL 20% potassium
oxalate and 25ml 25% lead acetate solution. The remaining
volume was completed by adding distilled water. The
filtrate was then used to determine total sugar, non-
reducing and reducing sugar. The value was expressed in
%.

Total phenolics were determined by following the
method of Ainsworth and Gillespie (2007) with few
modifications explained by Ullah et al. (2012). 0.02-0.1
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mg/mL concentrated average gallic acid curve graph was
used and determined values were explained in unit as
gallic acid equivalents mg/100 g GAE fresh weight (FW).

Statistical analysis

The response of various varieties was evaluated using
ANOVA (analysis of variance) technique and Fisher’s
least significant in software statistix 8.1 at significance
probability of < 0.05. PCA (Principal component analysis)
-Biplot analysis is used to study the interaction between
varieties and traits (Steel et al., 1997).

Results and Discussion

Physical parameters

All grapes’ cultivars exhibited significant variation in their
bunch characteristics shown in (Table 2). Similarly, bunch
length and width show the significant difference among
the cultivars. Kings ruby showed highest bunch length
(25.6 cm), whereas, highest bunch width was found in
NARC black (13.9 cm). Biggest bunch size was observed
in Kings Ruby (307.3 cm?) while smallest bunch size was
observed in Badana (96.1 cm?). Similarly, highest bunch
weight was observed in Kings Ruby (456.2 g) and NARC
Black (395.1 g), respectively, compared to other cultivars
(Table 2). Pearson correlation analysis (P < 0.05) showed
significant positive correlation between berry length, berry
weight, berry size, number of berries, berry length and
berry size, respectively (Fig. 2). The increase in size and
weight could be related to the fact that Kings Ruby and
NARC black performed well in agro-climatic conditions of
Faisalabad. Similar results were found in various grape
cultivars grown in different agro-climatic conditions and
their results described that king’s ruby and cardinal
performed well in sub-tropical climate (Khan et al., 2011;
Uddin et al., 2011). The number of berries were found to
be significantly different in each cultivar. Highest number
of berries was counted in Kings Ruby (177) followed by
NARC Black (167). Whereas, minimum number of berries
per bunch were observed in flame seedless (133). The
berry length, width, size and weight also showed
significant variation. Largest berry length was observed in
Kings Ruby (21.7 mm) and smallest in Haita (9.3 mm).
Largest berry width was highest in Flame seedless
(9.4mm) and smallest in cardinal (7.4 mm). Maximum
berry size was observed in Kings Ruby (176.8 mm?),
whereas, the smallest berry size was observed in Hiata
(67.8 mm?). Similarly, maximum berry weight was
observed in Kings Ruby (3.829) followed by NARC Black
(3.449) whereas the lowest berry weight was found in
Badana (1.66 mm). Hence, the climatic conditions of
central Punjab are conducive for better growth of berries
and it was observed that among various cultivars grown
Kings Ruby and NARC Black performed better (Uddin et
al., 2011).
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Table 2 Physical characteristics of grapes cultivars under agro-climatic conditions of Central Punjab

Cultivars Bunch Bunch Bunch Bunch Number of Berry Berry Berry Berry
Length Width Size Weight berries/bunch length width size weight
(cm) (cm) (cm?) (9) (mm) (mm) (mm?) (@)
White Seedles 11.6" 8.6° 100.2¢  352.1° 146.2¢ 13.1% 8.3 107.9% 1.799"
Pearlette 134 9,20 122.7°  387.5° 156.5° 12.4° 7.9% 96.5° 1.81%
Badana 12.3¢ 7.8f 96.1¢ 292.9° 137.3¢° 13.4¢ 7.5¢ 100.1% 1.66"
Black 16.4¢ 11.2° 1825°  284.8¢ 135.9° 16.3° 9.3 153.2° 3.20°
Seedless
Haita 12.4° 9.9¢ 129.1°  371.0¢ 146.8¢ 9.3" 7.2¢ 67.89 1.94f
Flame 17.5° 11.4% 1949  270.8" 133.8% 11.6 9.4° 109.9¢ 2.71°
Seedless
Kings Ruby 25.6% 12.1° 307.3%  456.2° 177.0° 2172 8.1° 176.8° 3.82%
NARC black 22.4° 13.9° 302.1*  395.1° 167.8° 18.3° 9.3% 170.5° 3.44°
Cardinal 14.4° 9.5¢ 136.1°  267.8 132.39 10.9¢ 7.4° 81.1f 2.85¢
LSD(P>0.05)  0.2988  0.3867 7.5820  1.2900 1.4613 0.3564 0.2224  3.9166 0.0639

Treatments having same letter are non-significant at P<0.05.
Biochemical parameters

The biochemical quality of all grape cultivars under
experiment showed significant differences (Table 3 and 4).
Among these cultivars TSS ranged between 14.5 to 21.8
Brix. Maximum TSS was observed in white seedless
(21.8Brix) followed by pearlette (20.8 Brix) and Kings
ruby18.6 Brix). Whereas, the minimum TSS was observed
in Badana (14.5 Brix) and Black seedless (14.5 Brix). The
difference in TSS among various cultivars may be
associated with the fact that the various cultivars perform
differently under similar conditions. Moreover, the
consumer demand for table grapes is also directly related
to the TSS of grapes, usually higher TSS is preferred by
consumers (Fahmi et al., 2012). The TSS parameter is
broadly accepted as a maturity indicator for grapes (Sah et
al., 2014; Guzman, Y., et al., 2021). It was observed that
large berries usually have higher TSS and small to medium
size berries have normal to low TSS. Fahmi et al. (2012)
agreed with these results who evaluated the range of TSS
from 14 to 21% of different grape cultivars and Aponso et
al. (2017) observed that in different grape varieties the TSS
ranged between 11.33% to 20%. The organoleptic quality
of grapes is also affected by the TA, as the TA increases it
causes tartness in berry taste (Guzman, Y., et al., 2021)).
Total acidity value in these nine cultivars ranged between
0.2-0.5%, that is far less as reported earlier by Jayasena
and Cameron (2009). They report that acidity ranged
between 1-2% in grape juice of Crimson seedless. This
could be explained on the basis of the fact that the higher
temperatures cause early maturing/ripening of varieties,

whereas in temperate regions they take longer time to get
mature and ripen, hence accumulation of acids is not high
in berries (Eyduran, et al., 2015). The highest TA was
observed in Black seedless (0.48%) and the low TA was
found in White seedless (0.24%) followed by pearlette
(0.25%). Maximum TSS: TA ratio was exhibited in white
seedless (90.9) followed by pearlette (84.7) and the
minimum ratio was found in Badana (31.7) and Flame
seedless (33.7). TSS: TA ratio is a quality affecting factor
with high TSS: TA ratio; the higher the ratio the better and
more desirable taste of the fruits (Fahmi et al., 2012; Alva,
0., et al., 2015). Moreover, Pearson correlation analysis (P
< 0.05) showed significant negative correlation between
TSS and TA (Fig. 2). The pH range in grapes was between
4.3 to 5.2 (Table 2). This pH range falls under the same
category as documented earlier by Khan et al. (2011).
Vitamin C content in grape fruits showed significant
variation among different grape cultivars (Table 2). The
maximum Vitamin C content was exhibited by NARC
Black (27.3 mg/100 g¢?) followed by pearlette
(26.9mg/100g™), respectively. Whereas the minimum
vitamin C contents were found in cardinal (22.7mg/100g™)
(Table 3). Franke et al. (2004) described that with growing
conditions and fruit exposure to sunlight, vitamin C
contents vary in fruits. NARC black and pearlette are early
ripening varieties, so increase in their vitamin C content
can be related to their early maturing nature. Our findings
were further supported by the findings of Khan et al.
(2009); Ghorbani et al. (2017) who reported that vitamin C
decreased in berries as the time of ripening increased
especially in grape cultivars kings early and Anab-e-shahi.

Table 3 Biochemical characteristics of different grapes cultivars under agro-climatic conditions of Faisalabad

Cultivars TSS (Brix) TA (%) TSSITA pH Vitamin C (mg /100g™)
White Seedles 21.8° 0.24° 90.9° 47" 23.4°
Pearlette 20.8° 0.25¢ 84.7° 4.3% 26.9%
Badana 14.5" 0.46° 31.7" 4.8° 23.6"
Black Seedless 14.5° 0.48° 30.2 5.2 19.2°
Haita 15.2°% 0.36° 42.5° 4.3° 14.8°
Flame Seedless 15.3% 0.46° 33.7% 47" 23.1°
Kings Ruby 18.6° 0.35° 53.5° 4.7 23.9°
NARC black 17.3¢ 0.33° 52.0° 4.5% 27.3°
Cardinal 15.7¢ 0.42° 37.2° 4.6 22.7°
LSD(P>0.05) 0.3953 0.0157 2.5065 0.0891 0.9342

Treatments having same letter are non-significant at P<0.05.
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As mentioned earlier sugar content was significantly
different in all grape’s cultivars (Table 4). Maximum total
sugar content was found in White seedless (13.64%) while
the least total sugar contents were observed in cardinal
(10.67%) (Table 4). Similarly, maximum reducing sugars
contents were found highest in cultivar Flame seedless
(8.44%) followed by pearlette (8.19%) and lowest reducing
sugars were exhibited by the cultivar cardinal (6.93%)
(Table 4). Likewise, maximum non-reducing sugars were
shown by White seedless cultivar (6.04%) and minimum
non-reducing sugars were found in pearlette (3.71%)
(Table 4). The maximum sugar content in white seedless is
may be due to the fact that it is early maturing variety and
after berry formation the most expressed sugars such as
sucrose and fructose start assimilating into berries (Mulet
et al., 2017; Tripathi et al., 2017). Furthermore, under
warmer climates like subtropical regions the berries attain
early maturity and increase in size that cause translocation
of sugars stored in leaf and vine roots towards berries and
cause increase in sugar content of early maturing varieties
(Eyduran et al., 2015). TSS is mostly known as a sugar
indicator parameter and generally examined that the higher
sugar content in fruits is directly proportional to the fruits.
Mufioz-Robredo et al., (2011) also confirmed these results
that the higher the TSS the more sugar content in grapes.
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Khan et al., (2011); Yinshan et al., (2017) also confirmed
these results and described the total sugars value range
from 11.44 to 13.60%. In temperate climatic zones grape
growers tend to wait for a longer period for ripeness due to
slow increase in sugar contents but during high
temperature the acids were converted to sugars (Hunter &
Bonnardot, 2011; Kumar et al., 2017).

Total phenolics showed significantly different results
among the grape cultivars ranging from 117.7mg/ 100g
GAE to 329.7 mg/ 100G GAE. The maximum phenols
were observed in NARC black (329.7mg/ 100 g GAE)
followed by Flame Seedless and the minimum value was
observed in cardinal (117.7 mg/ 100 g GAE) (Table 4).
Grape fruits are rich in phenols and the concentration
range 23.8 mg/g GAE to 352 mg/ g GAE in skin, seed
flesh and leaf, respectively (Mullen et al., 2007; Xia et al.,
2010; Murcia et al., 2016). In grape skin the total phenols
show variation depending upon cultivar, soil composition,
climate, cultural practices and geographical regions (Bruno
et al., 2007). Usually, the pigmented varieties have more
phenolic content as compared to lighter varieties (Falchi et
al., 2006; Dopico-Garcia et al., 2008). Hence, NARC black
and flame seedless are darker varieties having higher
phenolic contents.

Table 4 Sugars and total phenolic of different grapes cultivars under agro-climatic conditions of Faisalabad

Cultivars Total Sugars Reducing  Sugars Non-Reducing Total phenolics (mg/
(%) (%) Sugars (%) 100 g GAE)
White Seedles  13.64° 7.60%® 6.04° 299.0°
Pearlette 11.90° 8.19% 3.71¢ 233.1¢
Badana 11.84° 7.57%® 4.27" 250.4°
Black Seedless  12.43° 6.99° 5.44%® 226.6°
Haita 12.51° 7.74%® 4.77%¢ 175.5°
Flame Seedless ~ 12.21° 8.44° 3.77° 304.4°
Kings Ruby 11.78° 7.01° 4.77%° 294.2°
NARC black 12.26° 7.35%® 4.91%¢ 329.7°
Cardinal 10.67¢ 6.93° 3.74° 117.77
LSD(P>0.05) 0.4478 0.6593 0.6952 6.0210

Treatments having same letter are non-significant at P<0.05.

The PCA-Biplot analysis showed a clearer
understanding of the relationship between varieties and
traits. It explained 64.5% of the total variation of the data
(Fig. 3). The biplot exhibited that 9 varieties of grapes
were grouped into 4 clusters based on different traits. It
indicated 4 groups i.e., V1 (White seedless) and V2
(Pearlette) are from one group, V3 (Badana), V5 (Haita)
and V9 (Cardinal) are in another group. Similarly, other
two groups consist of V7 (Kings Ruby) and V8 (NARC
Black); and V4 (Black seedless) and V6 (Flame seedless),
respectively (Fig. 3).

On the other hand, maximum variation is observed
between character TA, followed by TSS, berry size (BS),

bunch size (BuS), number of berries (NOB), as these

vectors are of maximum length as compared to others. The
angle between the vectors TA and TSS is close to 180,
which indicates a correlation in the negative direction.
Whereas, vectors Berry length (BeL), berry size (BS),
bunch length (BuL), bunch size (BuS) and bunch weight
(BuW) observed low angle, which showed a high positive
correlation between them. Similarly, vectors observing
angles close to 90° are not closely related (Fig. 3).

Finally, group-1 (V1, V2) these varieties are rich in
TSS, NOB and BuWT and have all likable traits that can
be further recommended for cultivation.
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Fig. 2 Pearson’s correlation analysis for physico-chemical attributes of different grape cultivars
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Fig. 3 PCA-Biplot of different varieties of grapes

Conclusion

under climatic conditions of central Punjab was studied

Agro-climatic conditions play a vital role in berry ripening, ~ and it was observed that NARC black and King’s Ruby are
taste and flavor development. The sub-tropical conditions ~ Nnot only early maturing varieties, but they performed well
of central Punjab are not very conducive for grape and have desirable quality traits in them. So, they can be
cultivation. For this, adaptability of nine grape cultivars

recommended for further cultivation.
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