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A B S T R A C T 
Türkiye, which has an important place in the world viticulture, has a large variety of 

varieties categorized as table, wine and raisins grapes with its local grapes. Narince grape 

is one of the important white wine grape varieties in the country. Due to the fact that the 
world's soils are contaminated with phylloxera, the use of rootstock has become a 

necessity for efficient, high quality and most importantly, economic viticulture for many 

years. Research on the determination of characteristics such as seedling yield, yield-
quality in the rootstock-variety relationship is one of the topics that continues to be 

popular today. In our study, the effects of four different rootstocks (110R, 140Ru, 41B 

and 5BB) on the physical, chemical and biochemical properties of Narince grape were 
investigated. The study was carried out in the province of Tokat, where Narince grapes 

are grown intensively, in 2020 and 2021. In this study, which focuses on the rootstock-

variety relationship and the effects of years, when physical parameters such as cluster 

and berry were examined, it was determined that 41B rootstock, 140 Ru and 5BB 
rootstocks in chemical properties, 140 Ru and 5BB rootstocks in maturity index, and 

5BB rootstock in total phenolic content from biochemical properties were determined. 

I NT RO DUCTI O N  

Approximately 69.5 million tons of grapes are produced in the world. 48.8% of this is used for wine, 43.3% for table grapes 

and 7.9% for raisins. In Türkiye, which ranks 5th among the countries where grapes are grown in the world and is among 

the major countries in production, approximately 3.6 million tons of grapes are produced (OIV, 2022). In Turkey, which has 

a great wealth in terms of grape genetic resources, 1,435 varieties are preserved in the National collection vineyard.  

Narince, one of the local grape varieties of Türkiye, is a white grape variety grown in the Tokat region. It is used as both 

table grape and a wine grape. Narince, which is used in the production of white wine, has an important place among grapes 

of Anatolian origin. It is greenish yellow in colour (dirty green), large and oval in shape. In addition to its use in dry wine 

production, it is also used in blending with other important wine grapes of Anatolia (Emir, Sultaniye) (Anonymous, 2023). 

In the middle of the 19th century, rootstocks were employed through the grafting technique due to control the Phylloxera 

pest, which caused severe damage done to the grapevine roots by the Phylloxera pest (Granett et al., 2001; El-Hady et al., 

2014). Rootstocks have come started to play a very important role in today's viticulture, especially in the production of 

commercial grapes. In addition, in the selection of rootstocks, resistance to nematodes (Anwar et al., 2002), soil salinity 

(Walker et al., 2014) also began to berry prominence, alongside phylloxera resistance. The vigour of the variety grafted on 

the (Meggio et al., 2014) resistance began to come to the fore in addition to phylloxera pests. The strength of the variety 

grafted on the rootstocks (separation force), notably affects the berry quality significantly (Goncalves et al., 2006). 

The parameters most commonly used to determine the effects of rootstocks on grape varieties include; the length of 

phenological stages (Tecchio et al., 2013); grape must composition (Silva et al., 2018), shelf life (Zhiyuan, 2003; Lo'ay and 

El-Khateeb, 2017), total soluble solids content, total sugar contents, organic acid content (Kubota et al., 1993, Smith, 2004; 

Pulko et al., 2012), antioxidant content (Borges et al., 2013) and phenolic compounds (Kubota et al., 1993). 

Varieties may vary in yield and quality characteristics according to the rootstock on which they are grafted (Cochetel et al., 

2019; Blank et al., 2022). While numerous studies have been conducted on various grape varieties, studies on Narince 

variety, which is very important in terms of white wine production, have been limited. In this study we aimed to determine 

the effects of 110R, 140 Ru, 41B and 5BB rootstocks on the Narince grape variety. 
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M AT ERI ALS AND M ET HO DS  

Experimental design 

The experiment took place at an experimental vineyard, located in Taşlıçiftlik, Tokat, Türkiye (at the following GPS 

coordinates: 40°33’N, 36°47’E; and an altitude of 590 m above sea level) over two successive harvest seasons (2020 and 

2021). According to Tokat classification, the climate is of the semi-humid/arid type, average annual rainfall of 391.1 mm, 

average temperature of 12 °C. The air temperature values of the years of the study are shown in Table 1. 

Table 1. Minimum temperature, maximum temperature, average minimum and maximum temperature values for the years 

2020-2021. 

                                                    Air Temperature (℃) / Months 

Year Minimum Maximum  Mean minimum Mean maximum 

2020 -10.5 / Feb. 40.3/ Sept. -1.0 / Jan. 31.7/ July 

2021 -11.5 / Feb. 41.1/ July -1.7/ Feb. 31.6/ July 

The vineyard was established in June 2013, ‘Narince’ vines grafted on four different rootstocks, i.e., 110R, 140Ru, 41B and 

5BB, by using a spacing of 3 m between rows and 1.5 m between vines. In 2020 and 2021, vines were pruned in late winter 

in February, and the clusters were harvested in mid-September, featuring normal summer harvest season. In all seasons, 

vines were spur-pruned, and two buds were retained per spur. The experiment was a randomized block design with three 

replications. Each replication consisted of 15 vines. Harvesting was performed when soluble solids (SS) content in grape 

berries was above 18 °Brix, pH above 3.5. In each plot, ten representative grape clusters of each treatment were collected 

for the physically, chemical and biochemical characterization of the berries. 

Physical characteristics 

Berry weight (g) was determined by the average of 10 berries from different parts of each cluster, weighed on a semi-

analytical balance. Berry width and length (mm) were measured with a digital calliper. In order to determine the firmness of 

the fruit flesh, measurements were made with a digital hardness tester (Agrosta® 100, France) from both sides of 10 

randomly selected fruits from each repetition. The hardness values in the measuring range of the device vary between 0-100. 

Chemical characteristics 

Soluble solids content (SSC, expressed in °Brix) The SSC content was determined by direct refractometry of the grape must 

in a digital refractometer (HI96801). Titratable acidity (TA) was obtained by titration with 0.1 N NaOH to the equivalence 

point of pH = 8.1. The pH measured by direct reading in an Ohaus ST 3100 F. 

Biochemical analysis of grapes 

Total phenol determination was made using Folin-Ciocalteu's reagent chemical as described in Singleton & Rossi (1965). 

For this purpose, the homogenized mash was extracted in tubes for one hour using acetone, water and acetic acid 

(70:29.5:0.5) solution. Folin-Ciocalteu's reagent chemical and distilled water were mixed and left for 8 minutes. Then 7% 

sodium carbonate was added. The absorbance of the solution, which turned bluish after two hours of incubation, was 

measured in a spectrophotometer at a wavelength of 750 nm.  

Trolox equivalent antioxidant capacity for TEAC analysis (Özgen et a., 2006) 7 nm ABTS (2,2'-Azino-bis 3-

ethylbenzothiazoline-6-sulfonic acid) was mixed with 2.45 mM potassium bisulphate and kept in the dark for 12-16 hours, 

and then this solution It was diluted to 0.700±0.01 absorbance at 734 nm wavelength in the spectrophotometer with 20 mM 

sodium acetate (pH 4.5). Finally, 30 µL of extract was mixed with 2.97 mL of prepared copper, and the absorbance was 

measured after 10 minutes at a wavelength of 734 nm in the spectrophotometer.  

Statistical analysis 

Data were subjected to two-factor (year and rootstock) analysis of variance (ANOVA) using Data analyses were performed 

in SAS (version 9.1, USA) software, was employed to determine the statistical effects of design variables (year and 

rootstock) on the tested parameters. A comparison of means was performed using Duncan’s multiple range test at p < 0.05. 

RESULT S AND DI SCUSSI O N  

Physical characteristics 

Considering the averages of years for physical parameters, the effect of years on all parameters except cluster and berry 

weight was found to be significant compared to rootstock/Narince combination. Except for the hardness value (25.25) for 

the 110 R/Narince combination, it showed lower values compared to all other combinations for all parameters. 

140Ru/Narince combination showed the highest cluster width (10.75 cm) and berry hardness values. Narince variety grafted 

on 41B showed the highest value in all parameters. On the other hand, the 5BB /Narince combination showed high cluster 

width and berry hardness values. When all the data for both years are evaluated, the highest values that are statistically 

significant are; A hundred berry weight (257.68 g) for 2020, cluster width-length (11.41:23.20 cm), berry width- length 

(15.06:15.23 mm) and berry hardness values (36.16) for 2021 were obtained (Table 2). 
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Table 2. Cluster and berry characteristics of ‘Narince’ grapes grafted on different rootstocks. 

 Year  110R 140Ru 41B 5BB Mean 

Cluster Weight (g) 2020 A 317.5 a A 328.67 a A 330.15a A 298.90a 318.81 a 

2021 A 446.3a A 238.90a A 338.10a A 287.57a 327.72 a 

Mean A 381.90 A 283.79 A 334.13 A 293.24  

Cluster Width 

(cm) 

2020 B 7.50 a B 9.00a A 8.50a A 9.33a 8.58 b 

2021 A 12.50a A 12.50a A 11.33ab A 9.33b 11.41 a 

Mean A 10.00 A 10.75 A 9.91 A 9.33  

Cluster Length (cm) 2020 A 14.16 b B 16.50a A 18.00a B 16.83a 16.37 b 

2021 A 19.16a A 21.83a A 30.33a A 21.50a 23.20 a 

Mean B 16.66 AB 19.16 A 24.16 AB 19.16  

Berry Weight (g) 2020 A 2.43a A 2.43a A 2.46a A 2.26a 2.39 a 

2021 A 2.77a A 2.42a A 2.91a A 2.54a 2.66 a 

Mean A 2.60 A 2.42 A 2.69 A 2.40  

Berry Width (mm) 2020 B 12.54a B 12.44a B 12.84a B 12.59a 12.60 b 

2021 A 15.31ab A 14.67b A 15.51a A 14.75b 15.06 a 

Mean AB 13.93 B 13.55 A 14.17 AB 13.67  

Berry Length (mm) 2020 B 12.54b B 12.44b B 13.66a B 12.59b 12.81 b 

2021 A 15.13a A 15.30a A 15.40a A 15.09a 15.23 a 

Mean B 13.84 B 13.87 A 14.53 B 13.84  

Berry Hardness 2020 B 19.33a B 19.16a A 28.13a B 24.03a 22.66 b 

2021 A 31.16c A 38.50ab A 34.16bc A 40.83a 36.16 a 

Mean A 25.25 A 28.83 A 31.15 A 32.43  

Hundred Berry 

Weight (g) 

2020 A 254.50a A 252.46a A 271.70a A 252.08a 257.68 a 

2021 A 228.13ab B 209.53b B 241.46a B 221.53ab 225.16 b 

Mean AB 241.31 B 230.99 A 256.58 B 236.80  

The different lowercase letters and capital letters indicate statistically significant differences between the treatment (p˂0 .05) 

Kamiloğlu (2013), stated that there is a negative relationship between berry size and SSC. The largest berry width and length 

values and the lowest SSC content (17.21 °Brix) in Narince cultivar grafted on 41 B rootstock support this information. The 

highest value in berry hardness was 40.83 with 5BB rootstock in 2021. There was no statistical difference in the average of 

the rootstocks with the highest value of berry hardness in 2021 at 36.16 years (p<0.05). Berry hardness decreases with grape 

ripening. In a study conducted in Narince grape variety in Kırşehir, the berry hardness values at maturity period were 0.50 

NW in 2017 and 0.20 NW in 2018 in 2018; For the berry grafted on 140Ru rootstock, this value was 0.49 NW in 2017; It 

was measured as 0.21 in 2018 (Bozkurt, 2019). Our study shows parallelism with this information and there are differences 

between years. It gave the highest value of 257.68g in 2020 with a hundred berry weight, and 41B rootstock with 256.58 g 

in the average of rootstocks. 

Chemical characteristic 

The grapes grafted on rootstocks affect the ripening periods of grape varieties, the sugar-acid amount of grapes, and 

maturation index. The rootstocks change the of dry matter and acid, so the time period required for bringing the dry matter/ 

acid ratio to the expected ratio is prolonged or shortened, that is, the harvest time changes (Anonymous, 2002). When the 

data on chemical content is examined, the effect of years has created a statistical difference in all parameters compared to 

the rootstock/Narince combination. In Narince, grafted on 5BB, the highest values of TSS (21.38 °Brix) and pH (3.90) were 

obtained, while the highest titratable acidity (0.78 g/L) (0.78) was obtained in 41B/Narince combination. Looking at the 

years 2020 and 2021, 2020 2020 showed higher pH and titratable acidity, while the highest TSS value was obtained in 2021 

(Table 3). 

Results indicated that rootstocks directly affect the chemical composition of the grape must, which is also corroborated by 

Jin et al. (2016), Silva et al. (2018), Tecchio et al. (2020). Rootstocks have different translocation abilities for water (Ozden 

et al., 2022) and nutrients (Dias et al., 2012) to the scion; thus, influencing the content of soluble solids present in grape 

berries. When the pH value was examined, the highest value was measured as 4.12 in 140Ru and 41B rootstocks. The highest 

pH values were determined with 4.06 and 140Ru with 3.88 in 2020, on average over the years. The highest value in titratable 

acidity (TA) was calculated in 2020 with 0.90%. It has been determined that this value on the average of years is 4.06% in 

2020, and 0.78% in the rootstock average in 41B rootstock. Cangi et al. (2018), in the study conducted in 2007 and 2008 in 

Narince cultivar on 41B rootstock in Tokat province Kazova conditions, determined that SSC: 20.2%, total acidity: 7.43 L-

1 and pH: 3.27 during the harvest period. 



Sucu Dag and Topcu Altinci Int. J. Agric. Environ. Food Sci. 2026; 10(3): 617–623 

 620 

Table 3. Chemical attributes of  Narince’ grapes berries grafted on different rootstocks 

 Year 110 R 140 Ru 41 B 5 BB Mean 

SSC (°Brix) 2020 A 18.40b A 20.83 a B 15.33c B 20.76ab 18.83 b 

2021 A 18.80c A21.23b A 19.10c A 22.00a 20.28 a 

Mean B 18.60 A 21.03 C 17,21 A 21.38  

pH 2020 A 4.06a A 4.12a A 3.98b A 4. 12a 4.06 a 

2021 B 3.69a B 3.64b B 3.52c B 3.68ab 3.63 b 

Mean B 3.85 A 3.88 C 3.75 A 3.90  

Titratable 

Acidity  (g L-1) 

2020 A 0.69b A 0.70b A 0.90a A 0.73b 0.75 a 

2021 B 0.54b B 0.47c B 0.66a B 0.50bc 0.54 b 

Mean B 0.61 B 0.59 A 0.78 B 0.62  

The different lowercase letters and capital letters indicate statistically significant differences between the treatment (p˂0 .05) 

 

When the effect of rootstocks on maturity index was examined, the highest value was obtained from Narince cultivars grafted 

on 140Ru, 110R and 5BB rootstocks for 2020. For 2021, Narince, grafted on 140Ru and 5BB rootstocks, yielded the highest 

maturity index values (Figure 1). It has been reported that the SSC/acidity ratio is important in determining the maturity 

index in grapes (Weaver, 1976). This ratio, which is expressed as the maturity index, is of great importance in the marketing 

of high-quality table grapes. According to Rizzon & Mielle (2002), the increase of sugar contents in berries does not always 

equally correspond to the decrease of acid content. For this reason, this ratio should be used with caution, mainly by growers 

who normally use the maturation index as a characteristic to measure the grape quality. In a study conducted on Narince 

grape variety grafted on 12 different rootstocks in Tokat ecological conditions, the maturity index was determined between 

16 and 43 according to the rootstocks (Kara and Gerçekçioğlu, 1993). In another study conducted in the Narince grape 

variety in Turhal district, the maturity index was determined as 32 (Yağcı and Odabaş, 2002). The maturity index determined 

in the study is in agreement with the data of previous studies (Figure 1). 

 

                   

Figure 1. The effect of rootstocks and years on maturity index of Narince grape 

Biochemical characteristics 

The genotype of the scion is thought to have a predominating influence on the types of compounds synthesised in the fruit 

(Harbertson and Keller, 2012). However, some studies have found that rootstock can influence the quality of both the grape, 

including phenolics, anthocyanins, total tannins and flavanols (Nedelkovskiet et al., 2017; Oliveira de et al., 2020). In the 

study, the effect of years on total phenolic substance content and total antioxidant capacity was found to be significant 

compared to rootstock/Narince combinations. While the highest total phenolic content was obtained in Narince (2818.6 μg 

GAE g−1 fw) grafted on 5BB, the lowest amount was obtained in 41B/Narince combination (2228.6 μg GAE g−1 fw). In 

terms of total antioxidant capacity, the differences compared to the rootstock averages were not significant. When the two 

years are analysed separately, the values in 2021 were found to be higher both in terms of total phenolic content (2920.1 μg 

GAE g−1 fw) and total antioxidant capacity (8.55 μmol TE g−1 fw) (Table 4). 

 

a
a

b

a

b

a

c

a

0

5

10

15

20

25

30

35

40

45

50

110 R 140 Ru 41 B 5 BB

M
A

T
U

R
A

T
İO

N
 İ

N
D

E
X

ROOTSTOCKS

2020 2021



Sucu Dag and Topcu Altinci Int. J. Agric. Environ. Food Sci. 2026; 10(3): 617–623 

 621 

Table 4. Biochemical attributes of Narince’ grapes grafted on different rootstocks. 

 Year  110 R 140 Ru 41 B 5 BB Mean 

Total Phenolics (μg 

GAE g−1 fw) 

2020 B 2014.4ab B 1812.8b A 2224.4ab A 2653.6a 2176.3 b 

2021 A 3087.8a A 3376.1a A 2232.8b A 2983.6a 2920.1 a 

Mean AB 2551.1 AB 2594.4 B 2228.6 A 2818.6  

Total Antioxidant 

Capacity (μmol TE g−1 

fw) 

2020 B 6.79a B 6.37a B 6.65a B 6.68a 6.62 b 

2021 A 8.06b A 9.31a A 7.81b A 9.00a 8.55 a 

Mean A 7.43 A 7.84 A 7.23 A 7.84  

The different lowercase letters and capital letters indicate statistically significant differences between the treatment (p˂0 .05) 

Factors such as berry size, amount of water contained in the berry, skin thickness, number of seeds and weight affect the 

total phenolic content (Navarro, 2021). In addition, factors such as the maturity level of the variety, region, climate, soil 

nutrient content, and irrigation also play a role in determining the total phenolic content (Waterhouse, 2002; Yabacı and 

Karaoğlan 2015). In our study, it is seen that the total amount of phenolic changes according to years and rootstocks affect 

the synthesis of this metabolite. Total antioxidant capacity defines the free radical scavenging capacity of all antioxidants in 

foods. It is considered a valid measure of the antioxidant quality of a diet in epidemiological studies and a way to monitor 

the protective effects of plant foods (Kamiloğlu et al., 2016). Total antioxidant capacity did not differ statistically between 

rootstocks in 2020, and there were statistical differences for 2021 (p<0.05). Statistically, the highest antioxidant value was 

determined in 140Ru (9.31 μmol TE g−1 fw) and 5BB (9.00 μmol TE g−1 fw) rootstocks in 2021. It was stated that the total 

antioxidant capacity of Narince grape grown in Kırşehir conditions was 86.86 mg GAE/ 100 g in 110 R rootstock grafted 

and 82.99 mg GAE/100 g in 140Ru rootstock grafted (Bozkurt, 2019). Gokcen & Keskin (2023), in their study, stated that 

the total phenolic and antioxidant contents of grapes vary according to years and varieties. 

CO NCLUSI O N  

Rootstock-variety relationship, ecological conditions and climatic factors seem to affect grape yield and quality in viticulture, 

and studies on this subject are still popular today. In Narince, an important wine grape variety, the effects of different 

rootstocks on local ecological conditions were tried to be determined. While trying to determine the effect of rootstocks on 

cultivar, basic characters were used to determine quality factors such as total phenolic and total antioxidant capacity, as well 

as main quality parameters such as basic cluster-berry characteristics, SSC and maturity index. As a result, the values 

obtained in Narince grafted on 41B rootstock in physical parameters, 140Ru and 5BB rootstock in chemical parameters, and 

5BB rootstock in biochemical parameters were found to be statistically significant. 
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