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Introduction

Grapes (Vitis vinifera) are temperate-region fruits with having high nutritional value, and numerous by-products are
derived from their fruit. Investigating the differences in quantitative and qualitative characteristics of various grape
cultivars provides an opportunity to screen this crop based on desirable traits and its nutritional value. The yield and
quality attributes of grapes typically vary depending on the cultivar, climate, light, temperature, viticulture practices,
nutrition, irrigation management, pests, disease control, and pruning. The present research conducted to evaluate and
compare the yield components, qualitative traits, and phytochemical properties of six commercial grape cultivars under
the climatic conditions of the Saman region in Chaharmahal and Bakhtiari Province from Iran.

Materials and Methods

This research dealt with investigating the morphological and pomological characteristics of six grape cultivars in a
vineyard located in the Saman region of Chaharmahal and Bakhtiari Province. The study was conducted using a
randomized complete block design with three replications. The Saman region is situated at latitude of 32:19 degrees,
longitude of 50:51 degrees, and an altitude of 2060 meters above sea level. This area has a temperate mountainous
climate, with an average temperature of 12.8°C and an average annual rainfall of 243 mm. The maximum and minimum
absolute temperatures recorded in the vineyard were 37.50°C and -13.4°C, respectively. The study examined three-year-
old plants of the cultivars Asgari, Bidaneh-Ghermez, Flame seedless, Perlette, Rish-Baba, and Yaghouti. At the fruit
ripening stage, quantitative traits (bunch length, width, and weight; berry length, width, and weight; fruit yield; fruit
density; and dry matter percentage), qualitative traits (titratable acidity, pH, total soluble solids, and taste index), and
biochemical traits (carotenoids, total phenols, flavonoids, anthocyanins, and antioxidant activity) were measured during
2022-2023.

Results and Discussion

In the present study, most of the tested traits showed significant differences among the studied cultivars. The results
indicated significant differences among the cultivars in terms of quantitative, qualitative, and biochemical
characteristics. Bunch length, bunch width, bunch weight, berry length, berry width, berry weight, fruit yield, fruit
density, and dry matter content were significantly influenced by the grapevine cultivar, with the highest yield observed
in the Flame seedless cultivar (7.19 kg per vine). Based on the results, the evaluated grapevine cultivars exhibited
significant differences in fruit quality parameters, including titratable acidity, pH, total soluble solids, and taste index.
Additionally, the content of carotenoids, total phenols, flavonoids, anthocyanins, and antioxidant activity were
significantly affected by the cultivar. Correlation analysis revealed that fruit yield had a significant positive correlation
with bunch length, bunch weight, and berry width. The antioxidant capacity of the grapevine cultivars showed a
significant positive correlation with total phenols, flavonoids, and anthocyanins. Yield is an important trait in grapes,
valued by grapevine growers and breeders, and yield-related traits are considered desirable. The different grapevine
cultivars were evaluated for bunch length, width, and weight, berry length, width, and weight, fruit yield per grapevine,
dry matter percentage, and fruit density over two growing seasons. The results showed significant differences among
the cultivars in these traits, with Flame seedless and Perlette being the top performers in terms of quantitative traits.
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Fruit yield in grapevines depends on water and light absorption for photosynthesis and nutrient uptake to meet
nutritional needs, which are influenced by environmental, genetic, and interaction factors. Given the uniform
environmental conditions in this study, the differences in yield-related traits among the grape cultivars are attributed to
genetic factors. The findings of this study also confirm that the observed diversity in bunch and berry characteristics
among the studied grapevines cultivars was accompanied by differences in yield. The correlation results also indicate a
significant positive relationship between yield and some bunch and berry characteristics. Based on the findings of this
study, the fruit of the studied grape cultivars showed significant differences in qualitative traits, including titratable acid,
acidity, soluble solids, and taste index. Measuring acidity and total acid content are primary indicators for evaluating
grape fruit quality. In this study, the correlation results also showed a negative relationship between acidity and
titratable acidity. Soluble solids content is another qualitative trait and an important indicator of fruit quality. Changes
in organic compounds, which increase simultaneously with changes in berry color, are mainly related to increases in
soluble sugars. Since sugar constitutes the majority of total soluble solids, the soluble solids index is used as a measure
of berry sugar content.

Conclusions

This research aimed to investigate the diversity of quantitative, qualitative, and biochemical characteristics of different
grape cultivars in the Saman region of Chaharmahal and Bakhtiari Province. The results demonstrated significant
differences in yield and yield components among the studied grapevine cultivars. Additionally, the measured qualitative
and biochemical traits exhibited significant variability among the cultivars. Based on the findings, the Flame seedless
and Perlette cultivars outperformed the others in terms of quantitative and qualitative traits, making them suitable
candidates for breeding programs.
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Table 1: The soil physico-chemical properties of the studied vineyard

EC (ds.m™) T.N.V (%) 0.C (%) N (%) pH K (mg kg?) P (mg kg™?) Soil tissue
2.17 26.0 0.293 0.016 7.74 164.0 5.6 Loamy
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Fig. 1: Fruit yield of different grape cultivars in the two studied years
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Fig. 2: Dry matter percentage (a) and fruit density (b) of different Grapevine cultivars in the two studied years
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Table 2: Analyses of Variance of fruit quantity traits of different grape cultivars in two studied years

Mean squares

S.0.V. df Fruit Percentage of fruit Grapevine Berry Berry Berry Bunch Bunch Bunch
density dry matter yield weight width length weight width length

Year 1 0.03" 0.01m 32.56™ 0.002" 0.04 ™ 0.02 7205.4™ 49.9" 1240.2"

R (Y) 4 0.169 3.499 0.124 0.039 0.355 1.116 81.416 25.194 275.095

Cultivar (C) 5 3.32™ 335.81" 17.5™ 3.6™ 19.9™ 14.8™ 1245.1™ 79.9™ 2275.5™

YxC 5 0.002" 0.001" 0.1 0.001" 0.07™ 0.03™ 168.3"™ 2.4 19.715™

E 20 0.127 3.57 0.167 0.006 1.054 0.448 389.413 9.882 27.285

C.V*(%) 3.06 2.98 2.80 1.65 2.32 4.74 2.32 5.32 6.98

ns: Not significant, * and ** significant at P=0.05 and P=0.01 levels of probability respectively

Table 3: Comparison of the fruit quantitative traits of different grape cultivars in the two studied years

Year Fruit density Fruit dry matter Grapevine yield Berry weight Berry width Berry length Bunch weight Bunch width  Bunch length

(g cm) (%) (kg) (9) (mm) (mm) ) (mm) (mm)
2021 2.6+0.12 34.9+£3.22 3.98+0.5° 2.87£0.72 13.7+2.17 16.5+4.72 167.8+10.5° 116.5£10.9°  224.02+3.1°
2022 2.56+0.72 34.847.2% 5.88+0.72 2.86+0.72 13.69+1.7° 16.43+4.6° 196.14+11.22 118.8+12.4*  235.7+5.1°

Values followed by the same letter in each column, have no significant difference

Table 4: Fruit quantitative characteristics of different grape cultivars in the two studied years

. Traits

Cultivars Berry weight (g) Berry width (mm) Berry length (mm) Bunch weight (g) Bunch width (mm)  Bunch length (mm)
Asgari 2.90+0.1° 14.11+0.3° 17.01+0.1° 136.24+5.1¢ 114.5+3.8¢ 178.3+11.5¢
Bidaneh-Ghermez 2.24+0.1¢ 11.89+0.7¢ 13.50+0.4¢ 186.12+6.3¢ 115.3945.2¢ 258.18+9.7%¢
Flame seedless 3.42+0.1° 15.72+0.22 15.55+0.3¢ 229.66+4.7° 123.01+7.1° 287.06+8.12
Perlette 2.65+0.1¢ 14.89+0.4% 14.89+0.7¢ 235.23+3.12 131.0346.3% 275.17+6.7%®
Rish-baba 4.06+0.12 14.64+1.7° 25.87+1.3? 178.85+3.1° 123.7445.2° 249.66+6.2°
Yaghouti 1.93+0.05° 11.10+0.6° 11.91+0.2¢ 125.85+3.0¢ 98.54+5.6 ¢ 130.91+5.6°

Values followed by the same letter in each column, have no significant difference
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Fig. 3: Antioxidant activity of the fruit of different grape cultivars in the two studied years
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Table 5: Variance analysis of fruit quality and biochemical traits of different grape cultivars in two studied years

Mean squares

S.0.V D.F ICso Total flavonoids  Total phenol  Anthocyanin  Total carotenoids  Fruit taste index  Soluble solids ~ pH Titratable acidity
Year 1 0.02" 0.0002" 0.22" 0.01" 0.0002" 209.5™ 9.0" 0.01" 0.001"

R (Y) 4 0.75 0.0001 12.10 1.17 0.01 655.97 22.17 0.05 0.01

Cultivar(C) 5 183.5™ 0.1 1783.5™ 108.1™ 7.7 6621.2" 983.2™ 1.02™ 0.07™

YxC 5 0.0008™  0.0003™ 0.002" 0.001" 0.0001" 8.41" 0.001" 0.0001" 0.0001"

E 20 0.63 0.0006 21.59 0.53 0.01 183.77 20.17 0.02 0.001

C.V (%) 1.17 1.04 2.69 1.49 0.98 2.36 1.54 131 1.02

ns: Not significant, * and ** significant at P=0.05 and P=0.01 levels of probability respectively

Table 6: Comparison of the fruit quality and biochemical traits of different grape cultivars in the two studied years

Year I1Cs0o Total flavonoids  Total phenol Anthocyanin Total carotenoids Fruit tast index Soluble solids oH Titratable
(mg g FW) (mg g FW) (mg g FW) (mg 100 gt FW) (mg gt FW) (Brix) acidity (%)

2021 13.240.22 0.3+0.1° 52.5+1.32 9.6+1.12 1.9+0.42 136.7+1.62 74.7+4.52 2.8+0.4° 0.6+0.1°

2022 13.23+0.3? 0.29+0.12 52.65+2.52 9.61+1.03 ® 1.9140.1° 141.53+3.3? 75.67+2.6° 2.79+0.4° 0.56+0.12

Values followed by the same letter in each trait have no significant difference

Table 7: Fruit quality characteristics of different grape cultivars in the two studied years.

Traits

Cultivars Fruit tast index Soluble solids (Brix) Acidity Titratable acidity (%)
Asgari 145.68+12.17° 69.50+1.05° 2.50+0.26° 0.48+0.04%
Bidaneh-Ghermez 83.03+9.60¢ 59.17+7.03¢ 2.42+0.23° 0.71+0.042
Flame seedless 166.73+18.66° 97.50+1.522 2.93+0.02° 0.59+0.06°
Perlette 154.79+12.57% 79.17+5.64° 2.56+0.12° 0.51+0.05¢
Rish baba 167.74+£21.952 71.17+£1.72° 3.53+0.022 0.43+0.05¢
Yaghouti 116.72+9.05° 74.50+3.56" 2.75+0.08° 0.64+0.03°
Values followed by the same letter in each trait have no significant difference.
Table 8: Fruit biochemical characteristics of different grape cultivars in the two studied years

Traits
Cultivars Anthocyanin (mg 100 g* FW) Total flavonoids (mg g* FW) Total phenol (mg g FW)  Total carotenoids (mg g* FW)
Asgari 5.65+1.21¢ 0.13+0.01¢ 28.81+3.17¢ 0.74+0.07"
Bidaneh-Ghermez 14.71+0.542 0.40+0.01° 52.93+2.46° 1.23+0.08¢
Flame seedless 14.09+0.82? 0.32+0.01¢ 63.84+2.03° 3.62+0.102
Perlette 6.99+0.77¢ 0.48+0.05? 77.91+8.6° 2.13+0.04°
Rish baba 5.19+0.16¢ 0.19+0.01¢ 40.25+1.08¢ 1.00+0.05¢
Yaghouti 10.96+0.06" 0.21+0.01¢ 51.68+0.85¢ 2.82+0.12°

Values followed by the same letter in each trait have no significant difference

Al



v plondion 5 S (oS G Sy 5l Fp el 0K 5 5550585

Table 9: Correlation between guantitative, qualitative and biochemical fruit traits of different grape cultivars

Characters 1 2 3 4 5 6 7 8 9
Bunch length (1) 1

Bunch width (2) 0.8 1

Bunch weight (3) 0.9™ 0.8 1

Berry length (4) 0.2ns 0.4m 0.05" 1

Berry width (5) 0.6™ 0.8 0.66™ 0.5™ 1

Berry weight (6) 0.4" 0.6™ 0.33" 0.8™ 0.7 1

Fruit yield (7) 0.9™ 0.7 0.92" 0.1m 0.8™ 0.4" 1

Dry matter percentage (8) -0.1m -0.1" -0.11™ -0.4" -0.2"™ -0.4" -0.1m 1

Fruit density (9) 0.5" 0.5" 0.54™ 0.1 0.88™ 0.5™ 0.6™ 0.1" 1
Titratable acidity (10) -0.2n 04" -0.1m -0.8™ -0.6™ 0.7 0.1 0.2n -0.2n
pH (11) 0.1m 0.2m 0.1m 0.8™ 0.36" 0.72™ 0.21™ 0.14™ -0.8™
Total soluble solids (12) 0.3™ 0.3m™ 0.52™ -0.1™ 0.63™ 0.3™ 0.41" -0.4 0.7
Taste index (13) 0.3 0.5" 0.36" 0.1" 0.87™ 0.7 0.32" -0.4" 0.6™
Carotenoids (14) 0.1m -0.1™ 0.37" -0.4" 0.12™ -04" 0.34™ -0.4 0.35"
Anthocyanin (15) 0.2ns -0.2™ 0.22"™ -0.6™ -0.3™ -0.4" 0.35™ 0.1m 0.12™
Total phenols (16) 0.5™ 0.43" 0.78™ -0.4" 0.21™ -0.2™ 0.52™ -0.1m™ 0.14"
Flavonoids (17) 0.6™ 0.5" 0.79™ -0.3™ 0.11™ -0.2™ 0.62™ 0.1m 0.11"
Antioxidant activity (18) -0.6™ -0.2™ -0.69™ 0.4" 0.12™ 0.2m -0.6™ 0.1m -0.1™

ns: not significant, ** and * Significant at 1 and 5% of probability levels, respectively
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Continued Table 9: Correlation between quantitative, qualitative and biochemical fruit traits of different grape cultivars

Characters 10 11 12 13 14 15 16 17 18
Bunch length (1)

Bunch width (2)

Bunch weight (3)

Berry length (4)

Berry width (5)

Berry weight (6)

Fruit yield (7)

Dry matter percentage (8)

Fruit density (9)

Titratable acidity (10) 1

pH (11) -0.5" 1

Total soluble solids (12) -0.1m 0.2m 1

Taste index (13) -0.8™ 0.62™ 0.6™ 1

Carotenoids (14) 0.3™ 0.14" 0.81™ 0.2m 1

Anthocyanin (15) 0.92™ -0.3™ 0.12™ -0.5™ 0.5™ 1

Total phenols (16) 0.2 -0.2™ 0.42" 0.11™ 0.62™ 0.33" 1

Flavonoids (17) 0.38" -0.3™ 0.14" -0.2™ 0.2m 0.42" 0.82™ 1

Antioxidant activity (18) 0.6™ 0.11™ -0.3™ 0.2m -0.6™ -0.4 -0.8™ 0.6™ 1

ns: not significant, ** and * Significant at 1 and 5% of probability levels, respectively
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