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Abstract

:

Vineyard rootstocks are an important tool in the local and international market for growing the Superior Seedless grape cultivar, which is highly favored by customers. As a result, it is vital to pay close attention to the quality of clusters during handling. The current study aimed to determine whether Superior Seedless vines can be grown on specific rootstocks, resulting in higher quality during shelf life. Vines of the Superior Seedless vine cultivar that were used were 13 years old and had been grown on sandy soil. These vines were grafted onto four different rootstocks (genotypes), namely Freedom, 1103 Paulsen, SO4, and Own Root. The soluble solids content (SSC%) was selected as 16%. Bunches were subsequently stored in the lab at 27 ± 1 °C with 57 ± 3% air relative humidity for three days. Rootstock 1103 Paulsen’s quality was found to be superior to that of the other rootstocks, according to the results of the study. Rootstock 1103 Paulsen maintained its ascorbic acid (AA) content, which is reflected in its antioxidant capacity, according to the results. In addition, lipid peroxidation accumulation and ion leakage percentages indicated that oxidative reactions were at their lowest levels. The results show that 1103 Paulsen decreases cellular metabolism enzyme activities at the shelf life level and improves the bunch quality of Superior Seedless (scion) grapes within 4 days of application. As a whole, the results show that the 1103 Paulsen rootstock produces Superior Seedless bunches of a high quality that is preserved throughout the shelf life period.
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1. Introduction


Viticulture is one of the oldest forms of cultivation, owing to the high export value and yield of grapes. Grapes are Egypt’s second largest crop after citrus fruits in terms of cultivated area and productivity [1], where 73,351 hectares of land are used for the production of 1,626,259 tons of grapes [2]. Numerous Seedless grape species mature in stages throughout the growing season (March to November) [3], which makes them ideal for cultivation on newly created sandy lands [4]. In the middle of the 19th century, rootstocks were used in vineyards to solve a number of problems [3]. Grafting is a technique used in horticultural orchards to connect various genotypes (rootstocks) with other types (scions) [5]. The primary issues to be addressed in this field are insect infestation (phylloxera), soil salinity tolerance, and drought (abiotic stress). Additionally, the physical and chemical characteristics of bunches, related to their yield and quantity, have been enhanced [6].



There are various rootstock selection methods currently used for the cultivation of Superior Seedless grapes, a fact that seems to be linked to the large diversity of soils and climates where these vines are grown [7]. Various studies with vineyards have demonstrated that rootstocks exert an important influence on the grafted cultivar in different aspects, such as growth, yield, and bunch quality [8]. Rootstocks can affect growth [9] and vine development [10] and influence vine canopy development by increasing leaf area and chlorophyll pigment content [11]. Furthermore, it was observed that the differences in the rootstocks of the grafted vines resulted in differences in the size, number [12], and volume of berries [13]. The rootstocks were also observed to have effects on berry quality, such as on berry firmness, separation force [14], and color during shelf life [15]. The impacts of rootstock on the total soluble solids content and on the total sugar contents were also determined [16] and found to influence SSC content in addition to organic acid [17] and phenolic compounds [18] in berries.



However, research on the influence of the rootstocks on the biochemical composition of Superior Seedless grapes is very limited, especially during storage under shelf life conditions. The purpose of this study is to determine the quality traits of the Superior Seedless grapes grown on Freedom, SO4, 1103 Paulsen, and Own Root rootstocks during its shelf life.




2. Materials and Methods


2.1. Fruit Materials and Experimental Layout


In Sadat City, Monufia, Egypt (31.23° N, 29.96° E), a 13-year-old commercial orchard of Superior Seedless orchard was investigated. In sandy soil, 3 m × 3 m rows of vines were planted. The vines were grafted using Freedom, SO4, 1103 Paulsen, and Own Root (control treatment) rootstocks. The following characteristics of rootstocks were used for Superior Seedless: Freedom (1613C × V. champini) is a vigorous (scion) cultivar with medium to high Phylloxera and nematode resistance, and it is moderately adapted to calcareous soil. The SO4 (V. berlandieri × V. riparia) is highly resistant to Phylloxera and has medium nematode resistance and is moderately adapted to calcareous soil. The 1103 Paulsen (V. berlandieri × V. rupestris) is extremely vigorous, with medium nematode resistance and is adapted to calcareous soil [19]. Each rootstock used for the Superior Seedless cultivar was planted on an area of 50 hectares. Bunches were collected when the total soluble solids concentration (SSC%) reached 16% at harvest time. Bunch harvesting commenced on 1 May 2019. Before arriving at the department, each of the 288 bunches had been divided into two groups. Bunches (288) were picked and delivered 3 h after harvest under cooling at 13 °C. They were divided into two main batches. The first batch (144 bunches) was used for determination of physical quality attributes, i.e., water loss, berry shattering, rachis browning, and berry color (hue angle). This batch was divided into 4 × 36 bunches each for rootstock/treatment, for which there were three replicates (e.g., 3 × 12 bunches). The second batch was used for the chemical analysis and had the same fruit distribution among the treatments, as previously described. Bunches were stored separately (each sample of rootstock was separate in a carton box at one layer) in the laboratory for three days at 27 ± 1 °C and 57 ± 3 RH%. Both physical and chemical analyses were conducted daily until the end of the experiment.




2.2. Physical Properties of Bunches


Instead of using a plunger to determine berry firmness (BF), a hook was used to estimate berry separation force (BSF). The berries were selected along the cluster axis every day to estimate their physical and chemical traits. The percentage of berry shattering and water loss were determined based on the initial bunch weight at harvest time [20]. Rachis browning in bunches appears as brown spots, which increase in number and size with the extension of shelf life duration. Rachis browning was inspected and scored on a scale from 0 (no browning) to 5 (very severe browning) based on area and browning intensity. The RB index was computed according to the methods of [21]. The berry color hue angle measurement was evaluated at intervals throughout the duration of storage via the method described in [22].




2.3. Chemical Properties of Bunches


The total soluble solids concentration (SSC%) and tartaric acid content (TA%) were determined using a Carl Zeiss hand refractometer [23], which was used to estimate the amount of ascorbic acid, and the SSC/TA ratio was calculated as a percentage [24].




2.4. Cellular Metabolism Enzyme Activities


Berry pedicels (1 g) were ground and homogenized in a solution of 20 mM Tris-HCl at a pH of 7. This mixture was centrifuged for at 15,000× g for 20 min 4 °C. The clear supernatant was stored at −20 °C for two days to determine polygalacturonase (PG), xylanase (XYL), and cellulase (CEL) activities, which were monitored using galacturonic acid, xylose, and carboxymethyl cellulose, respectively [25]. Then, 200 mL of sodium acetic acid derivation buffer (pH 5), 100 mL of sodium chloride, and 300 mL of polygalacturonic acid were added to the reaction mix (1000 mL total volume). The substrate expanded, eliciting a response. The reaction mixture was incubated in a water bath for one hour at 37 °C. Then, 500 µL dinitro salicylic acid reagent was added to the mixture, which was incubated in the water bath for 10 min. As a result, the cooled clear samples reached room temperature prior to being used. A spectrophotometer was used to determine the absorbance of the PG, XYL, and CEL mixtures at 560 and 540 nm. One unit of activity was defined as the amount that releases 1 µM of diminishing sugar per minute at 37 °C.



Pectinase activity is indicated by PT. To determine the PT, 500 µL of 0.36% polygalacturonic acid was mixed with 0.05 M of Tris-HCL at pH 8.5, 300 µL of 4 mM CaCl2, 600 µL of protein, and 600 µL of water. The findings were extremely encouraging. To allow reaction, the mixture was incubated at 37 °C for 3 h before measuring. In this way, the PT could be determined by measuring the absorbance at 232 nm [26]. The activities of the enzymes are expressed in mol s−1 kg−1.



The total protein was prepared and analyzed to determine the catalyst activity [27].




2.5. Estimation of Phenolic Compounds and Browning Enzyme Activities


The activities of the enzymes were determined by adding 1 g of rachis to 5 mL of Tris-HCl solution, adjusting the pH to 7, and then mixing. The mixture was centrifuged at 10,000× g for 10 min at 4 °C, and the clear supernatant was stored at −20 °C to record the PPO activity. The enzyme activity was monitored using a catechol substrate. Then, in a matter of minutes, 200 L of the rachis extraction was added to 3 mL of 20 mM catechol melted in 100 mM sodium phosphate buffer at pH 7.0. Spectrophotometric readings collected at a wavelength of 400 nm over a three-minute period were used to determine activity. Catalysts containing one unit of PPO activity resulted in a 0.10 difference in absorbance per minute [28].



To determine the phenylalanine ammonia-lyase activity, 1 g rachis was added to 50 mM borate buffer (pH 8.5) containing 5 mM 2-mercaptoethanol and 400 mg PVP (PAL). The clear mixture was obtained by centrifuging at 16,000× g for 15 min at 4 °C. The desired result was obtained by adding 700 L of L-phenylalanine and 3 mL of 50 mM borate buffer to the blend (pH 8.5) followed by immediate supplementing with 300 L of the supernatant fraction. The blend was stored for 60 min at 40 °C. By adding 100 mL of HCl (5 mM final concentration), it was possible to inhibit the enzyme response. PAL activity was estimated at room temperature [29]. The activities of the enzymes are expressed in µmol s−1 kg−1.



Total phenolics (TP) were analyzed spectrophotometrically at a wavelength of 750 nm. The data were calculated and expressed as mg of gallic acid equivalent (GAE) per 100 g of flavonoids [30].




2.6. Malondialdehyde (MDA) and Electrolyte Leakage (EL%)


Two grams of berry tissue was used to measure malondialdehyde (MDA). With the help of the TABR test, the amount of lipid peroxidation in was determined. The homogenized mixture contains 2.5 g of berry tissue, 5% metaphosphoric acid (w/v of HPO3), and 2% butyl hydroxytoluene (BHT; C15H24O). As a result, a standard curve was prepared using 1,1,3,3-tetraethyoxypropane (C7H16O4; Sigma-Aldrich, St. Louis, MO, USA), which is comparable to 0–1 mM malondialdehyde (MDA), to estimate the MDA accumulation of kumquat peel during storage [31]. The MDA was presented at a concentration of nmol kg−1.



Samples were taken at intervals to estimate the electrolyte leakage (EL) during the shelf life period. Rachis (2 g) were added to 10 mL of 6 M mannitol and kept for 3 h at lab conditions. Next, a conductivity meter was used to measure the conductivity of the solution (M1). All cuvettes were boiled for 1 h at 100 °C to destroy the peel tissue. The conductivity of all cuvettes was then reread as total leakage (M2). Ion leakage relativity was calculated as a percentage [32].




2.7. Statistical Analysis


The experiment was designed as a randomized complete block in two-way ANOVA with two factors: vine rootstocks as a treatment (four levels), and storage duration in days (three times) with three replicates per treatment. However, the parameters presented in Figure 1 were analyzed as a randomized complete block in one-way ANOVA when the rootstocks were a factor (measurements on the same bunches). The remaining variables were analyzed using the factorial design. The mean separations were run with Tukey’s honestly significant difference test (p ≤ 0.05). Pearson’s correlation matrix among the studied parameters and principal component analysis (PCA) were applied. Tukey’s HSD test was run using the JMP Pro 16 software, with p < 0.05 taken as indicating a statistically significant difference (SAS Institute, Cary, NC, USA).





3. Results and Discussion


3.1. Effect of Rootstocks on Physical Attributes: Water Loss%, Rachis Browning Index (RB Index), and Berry Shatter % (BS), and Color (ho)


Figure 1 shows a significant difference (p < 0.05) in the physical quality attributes of Superior Seedless when the rootstocks were considered as a factor. Clearly, the 1103 Paulsen rootstock is more effective at reducing water loss compared to other rootstocks. The lowest percentage of water loss was observed on the second day of shelf life. The 1103 Paulsen rootstock led to a lower percentage (11.84%) than that of Freedom (23.93%), SO4 (24.62%), and Own Root (31.76%). The percentage of water loss of berries in all treatments increased gradually up to the end of the shelf life period. Notably, at harvest time, there was no evidence of berry shattering despite the low percentage on the second day of shelf life. On the third day of the shelf life, water loss was different due to the difference between rootstocks. The bunches picked from vines (superior seedless) grafted on 1103 Paulsen rootstock presented lower berry shattering (2.31%) than those of the other rootstocks on the third day of the shelf life. Moreover, regarding rachis browning incidence, Figure 1 clearly shows that 1103 Paulsen presented low browning incidence throughout the 3 days of shelf life when compared to other rootstocks. When measuring the berry color, it was noted that bunches picked from vines grafted on the 1103 Paulsen rootstock resulted in better color retention compared to the other rootstocks. It recorded a higher degree of hue angle (104.56 h°), compared to bunches harvested from vines grafted on Freedom (79.17), SO4 (88.37), and Own Root (77.12 h°), respectively, on the third day of shelf life.



These outcomes demonstrate that physical attributes can be affected differently by differences in rootstock. It seems probable that 1103 Paulsen rootstock has genetic determinants that affect water loss during shelf life [33]. Berries have a somewhat thick epidermis covered with a wax layer, which acts as a protective layer against dehydration. It could be that the 1103 Paulsen rootstock reduces water loss during shelf life by increasing the accumulation of wax on the berry surface during its development [22].



Furthermore, the difference between day and night temperatures may lead to cracks in the skin wax at the berry surface, which increases water loss during shelf life [33]. Previous results correlate with an increase in the percentage of berry shattering as a possible result of fungal infection during the storage period [33] which, as a consequence, causes a decrease in bunch water content [34]. Hence, berry shattering occurrence could be explained by the fact that the berry pedicel and brush behave in a climacteric process, showing respiration and ethylene peaks [35], with increasing hydrolysis due to the enhanced activity of cell wall degradation enzymes [1]. Therefore, a detachable layer is formed at the distal end of the berry pedicel [21].



Browning incidence is primarily linked to the oxidation of phenolic compounds by polyphenol oxidase (PPO) [36,37]. Thus, it could be that low rachis browning was observed on bunches of Superior Seedless (scion) due to the genetic effects of the 1103 Paulsen rootstock on the scion, as it contains a considerable amount of ascorbic acid, which could accumulate throughout berry maturation (Figure 2) and thereby minimize PPO activity during storage [38]. In accordance with previous findings, the increased loss of water from bunches constitutes cell stress, which leads to an increase in cell wall hydrolysis, so the percentage of berry shattering increases, as well as there being an increase in brown coloration on rachis. In this case, it could be concluded that the 1103 Paulsen rootstock endows Superior Seedless bunches with stress resistance during shelf life.




3.2. Berry Firmness, Separation Force, and Ascorbic Acid Content


According to Figure 2, the shelf life duration in days and rootstocks for measuring berry firmness (BF), separation force (BSF), and ascorbic acid content are significantly related (p ≤ 0.001). At the beginning of the experiment for all rootstocks, the BF, BSF, and AA were high at harvest time, and they gradually decreased during the experiment. In addition, it was easy to identify which rootstocks were Superior Seedless. At harvest time (day zero), the 1103 Paulsen rootstock had the highest values, which remained constant until the end of the storage period (third day). A BSF of 6.55 N and 239.33 mg kg−1 AA were measured at harvest time. After three days of storage, the highest values for BF (6.90), BSF (5.98 N), and AA (207.00 mg kg−1) of all three components were observed. A more rapid decline was observed in all parameters for the other rootstocks when they were stored.



As compared to BSF and BF, Superior Seedless had significantly lower values. Firmness and separation force are the most important physical attributes that determine the consumer’s acceptance of bunch quality. The brush and pedicels of berries have highly insoluble pectin content throughout the shelf life period, which could explain their good BF and BSF [39]. According to current literature, the 1103 Paulsen rootstock has the lowest percentage of water loss because of its direct effect on cellular wall degradation [40] and enzyme softening (Figure 1) [1]. The variance in berry firmness and separation, on the other hand, was directly related to the weight and water loss of bunches [41].




3.3. Effect of Rootstocks: Soluble Solids Concentration (SSC%), Titratable Acidity (TA), and SSC/TA Ratio


For four Superior Seedless vine rootstocks, Figure 3 shows the adjustments of SSC%, TA%, and the SSC/TA ratio as a function of shelf life duration in days. There is a significant (p < 0.001) interaction between the shelf time (days) and rootstocks when the previous parameters are taken into account. Compared to other rootstocks, vines grafted onto the 1103 Paulsen rootstock have the greatest impact at harvest. Vine rootstocks grafted onto the 1103 Paulsen rootstock were found to have a significant effect on both SSC and SSC/TA ratio compared to those other rootstocks, while TA% had the highest initial value.



The 1103 Paulsen rootstock is genetically related to Fame Seedless (scion), which is most likely the cause of the increase in TA% [10]. Since the metabolism of carbohydrates is more active during berry development [42], and natural acid is more active during bunch maturation, harvest time variations in SSC% are likely due to these factors [41]. We observed the low SSC% and high acidity of the Superior Seedless grapes grafted on the 1103 Paulson. This may be due to the high acidity at harvest time and its decrease at a low rate compared to other rootstock effects, which reduced the deterioration of the clusters during the experimental period. Fruit acidity is a critical factor in increasing fruit quality since it affects how sourness and sweetness are perceived [43]. Furthermore, many species have reported that malic and citric acids play a vital role in influencing the acidity of mature fruit [44].




3.4. Cellular Metabolism Enzyme Activities


As shown in Figure 4, the XYL, CEL, PG, and PT levels in Superior Seedless bunches changed over the course of three days. p ≤ 0.001 indicates an interaction between the rootstock effect and storage days, both factors that were experimentally studied. As a result of Superior Seedless vine rootstocks being harvested at harvest time, the enzyme activities initially differed from one another. The 1103 Paulsen rootstock had the lowest initial value of enzymes. They gradually increased until they reached their maximum activation peak on the third day after storage. Compared to other rootstocks, the rootstock 1103 Paulsen had the lowest activities for XYL (9.18), CEL (30.24), PG (2.24), and PT (0.61 µmol kg−1) at harvest time. While the experiment was being conducted, it was also evident that the rootstock 1103 Paulsen was extremely stable. From the results of this study, it is evident that the 1103 Paulsen rootstock gave Superior Seedless bunches the ability to withstand four-day shelf life period (Figure 4). Due to the excessive awareness of antioxidants in bunches (scion) (Figure 2), antioxidants may be able to work together more effectively in a network [45]. A possible explanation for the stability of cellular enzyme activity during the entire storage period is that AA inhibits reactive oxygen species directly, making the other enzymes particularly effective in quenching free radical generation [46,47]. During the storage of Marsh cultivar, rootstocks were found to have an impact on enzyme activities [48].




3.5. Phenolic Compounds and Browning Enzyme Activities


According to Figure 5, phenolic compounds (phenols and TP and flavonoids (TFv)) differ in terms of their functions during the storage period, as do browning enzyme activities, such as polyphenol oxidase (PPO) and phenylalanine ammonia-lyase (PAL). There is a significant interaction (p < 0.05) between the browning variable and the shelf life period (days) when rootstock treatments are taken into account (p ≤ 0.001). It can be clearly observed that the phenolic compounds were significantly decreased compared to at the beginning of the project. The enzymes PPO and PAL, on the other hand, increased throughout the experimental period. Grafting onto the 1103 Paulsen rootstock was associated with a high content of total phenols and flavonoids, which were 4.31 and 3.21 mg kg−1, respectively, on the third day of shelf life. On the contrary, the TF and FVs for the other rootstocks decreased significantly during the shelf life period. For both TF and FVs, grafting onto the Own Root rootstock showed a greater reduction (1.49 and 1.48 mg kg−1, respectively) on the third days of shelf life when compared to the Freedom and SO4 rootstocks. Rootstock activity in the PPO and PAL groups, as well as the overall rootstock population, continuously increased until the end of the storage period. It was observed that the rootstock 1103 Paulsen had the lowest PPO and PAL activities on the third day of shelf life. PPO and PAL activities were the highest for the Own Root rootstocks at the end of an experiment at 0.24 and 5.96 µmol s−1 kg−1, respectively. PPO and PAL are known to be active because of the phenolic compounds TP and FL. This suggests that both PPO and PAL are involved in browning [33]. The synthesis of phenolic compounds may be affected by the genetic background of different rootstocks [10]. Previously, rootstocks were observed to have different effects on powdery mildew diseases, fungi, and insects [38]. Inhibition of PPO and PAL [49], as shown in Figure 1, may explain the decreases in both associated activities in the case of grafting onto 1103 Paulsen rootstock [50].




3.6. Malondialdehyde (MDA) and Electrolyte Leakage % (EL%)


MDA and cell plasma membrane degradation leakage (EL%) are shown in Figure 6 for storage times in days. MDA and EL% showed a significant interaction at p ≤ 0.001, indicating that the two variables are interrelated. In addition to experimental factors, rootstocks were also studied. There was a significant interaction between MAD and EL% (p < 0.05) when the experimental factors (days and rootstocks) were examined. First, at harvest time, there was a difference between the MDA and EL% of the Superior Seedless rootstocks. All parameters increased independently, as the Superior Seedless vine rootstocks were used throughout the experiment.



It is possible that ascorbic acid content affected both MDA and EL% accumulation during storage [38]. It is also possible to infer from Superior Seedless vine rootstocks that the genetic variability between rootstocks is reflected in the amount of ascorbic acid [51]. Figure 2 shows that when using the rootstock 1103 Paulsen, the bunches (scion) accumulate ascorbic acid more so than for the other rootstocks. Since AA increases ROS scavenging, lipid peroxidation also increases [52]. However, ascorbic acid requires the activity of the cellular metabolism at a low state [53], which is linked to the reduction in MDA accumulation [54].




3.7. Multivariate Analysis of Rachis Parameters


Rootstocks used to develop Superior Seedless vines (Freedom, SO4, 1103 Paulsen, and Own Root) were subjected to a PCA for their effect on physiological and biochemical parameters of bunches. In the PCA, rootstocks and shelf life duration days were separated. PC1 described 78.5% of the data variability, while PC2 explained 12.75% (Figure 7A). As demonstrated in Figure 7B, there is a negative association between RB index and TFv, as well as a positive correlation between RB index and PPO. A link between the percentage of berries that shattered and cell metabolism was also observed. The other variables had a negative association with each of these four variables (BF, BSF, WL%, and h°).



There was a positive correlation between MDA concentration and EL%, and a negative correlation between the BF and BSF levels, as well as the TV and TF levels. Pearson’s correlation matrix revealed these findings as a result of the correlation between the studied parameters (Table 1).





4. Conclusions


The rootstocks on which Superior Seedless is grafted influence how bunches behave under three-day shelf life conditions. We discovered that the 1103 Paulsen rootstock assisted bunches in maintaining their physical and chemical properties throughout shelf life. Additionally, the results indicate that grafting the Superior Seedless vine onto the rootstock 1103 Paulsen resulted in the stabilization of the ascorbic acid content of the clusters during shelf life. Additionally, 1103 Paulsen had a significant effect on rachis browning and berry shattering. Our hypothesis is that ascorbic acid content stability during shelf life resulted in reduced activity of cell wall enzymes and browning enzymes (PPO and PAL). Unlike the other rootstocks, the grafting onto 1103 Paulsen was able to extend the shelf life of bunches up to the third day. Additional research is required to characterize the genetics of Superior Seedless rootstocks in order to determine whether they are more resistant to shelf life or marketing conditions than are other cultivars.
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Figure 1. The effect of Superior Seedless grapevine rootstocks (Freedom, 1103 Paulsen, SO4, and Own Root) on water loss, rachis browning index, and berry color hue angle during three days of shelf life (27 ± 1 °C with 57 ± 3% RH). The vertical bars represent ± SE (n = 3), and significantly different samples, according to Tukey’s HSD test at 5%, are indicated by different letters. 
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Figure 2. Interaction between Superior Seedless grapevine rootstocks (Freedom, 1103 Paulsen, SO4, and Own Root) and shelf life duration in days and effect on berry firmness, separation force, and ascorbic acid content during three days of shelf life (27 ± 1 °C with 57 ± 3% RH). Significantly different samples, according to Tukey’s HSD test at 5%, are indicated by different letters. 
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Figure 3. Interaction between Superior Seedless grapevine rootstocks (Freedom, 1103 Paulsen, SO4, and Own Root) and shelf life in days and effect on total soluble solids concentration (SSC%), total acidity (TA%), and SSC/TA ratio during three days of shelf life (27 ± 1 °C with 57 ± 3% RH). Significantly different samples, according to Tukey’s HSD test at 5%, are indicated by different letters. 
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Figure 4. Interaction between Superior Seedless grapevine rootstocks (Freedom, 1103 Paulsen, SO4, and Own Root) and shelf life in days and effect on cellular metabolism enzyme activities such as xylanase (XYL), cellulase (CEL), polygalacturonase (PG), and pectinase (PT) during three days of shelf life (27 ± 1 °C with 57 ± 3% RH). Significantly different samples, according to Tukey’s HSD test at 5%, are indicated by different letters. 
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Figure 5. Interaction between Superior Seedless grapevine rootstocks (Freedom, 1103 Paulsen, SO4, and Own Root) and shelf life in days and effect on total phenol, flavonoid, poly phenol oxidase (PPO), and phenylalanine ammonia-lyase (PAL) during three days of shelf life (27 ± 1 °C with 57 ± 3% RH). Significantly different samples, according to Tukey’s HSD test at 5%, are indicated by different letters. 
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Figure 6. Interaction between Superior Seedless grapevine rootstocks (Freedom, 1103 Paulsen, SO4, and Own Root) and shelf life in days and the effect on malondialdehyde (MDA) and ion leakage % during three days of shelf life (27 ± 1 °C with 57 ± 3% RH). Significantly different samples, according to Tukey’s HSD test at 5%, are indicated by different letters. 
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Figure 7. Principal component analysis (PCA) representing shelf life duration in days and four rootstocks of Superior Seedless grapes, plotted with the contribution of each parameter on the four PCA axes (A) and all of the physiological and biochemical parameters measured in bunches during the storage period (B). Principal component analysis (PCA) variable correlation. 
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Table 1. Matrix showing Pearson’s correlation between the studied parameters of Superior Seedless grape, which was grown on four different rootstocks, during shelf life.






Table 1. Matrix showing Pearson’s correlation between the studied parameters of Superior Seedless grape, which was grown on four different rootstocks, during shelf life.



























	
	WL%
	RB Index
	BS%
	ho
	XYL
	CEL
	PG
	PT
	BF
	BSF
	SSC%
	TA%
	SSC/TA%
	TF
	TFv
	PPO
	PAL
	EL%
	MDA





	W%
	* 1.0000
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	RB index
	0.8698
	1.0000
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	BS%
	0.8762
	0.8445
	1.0000
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	ho
	−0.1044
	−0.1207
	0.0410
	1.0000
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	XYL
	0.9083
	0.8714
	0.9549
	0.1442
	1.0000
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	CEL
	0.9027
	0.8881
	0.9512
	0.1103
	0.9706
	1.0000
	
	
	
	
	
	
	
	
	
	
	
	
	



	PG
	0.7758
	0.6834
	0.7151
	0.4199
	0.8234
	0.7723
	1.0000
	
	
	
	
	
	
	
	
	
	
	
	



	PT
	0.7311
	0.6360
	0.6839
	0.4283
	0.7872
	0.7381
	0.9378
	1.0000
	
	
	
	
	
	
	
	
	
	
	



	BF
	−0.7629
	−0.7595
	−0.7957
	−0.3775
	−0.8831
	−0.8477
	−0.9468
	−0.8882
	1.0000
	
	
	
	
	
	
	
	
	
	



	BSF
	−0.6582
	−0.6335
	−0.6469
	−0.5935
	−0.7652
	−0.7546
	−0.9272
	−0.8915
	0.9062
	1.0000
	
	
	
	
	
	
	
	
	



	SSC%
	0.7044
	0.7808
	0.6961
	0.1403
	0.7483
	0.7141
	0.7468
	0.6973
	−0.7754
	−0.6941
	1.0000
	
	
	
	
	
	
	
	



	TA%
	−0.4331
	−0.4593
	−0.4346
	−0.7364
	−0.5836
	−0.5505
	−0.8332
	−0.8104
	0.7968
	0.9364
	−0.6351
	1.0000
	
	
	
	
	
	
	



	SSC/TA%
	0.5601
	0.6243
	0.5767
	0.6088
	0.6998
	0.6685
	0.8686
	0.8235
	−0.8637
	−0.9341
	0.8144
	−0.9601
	1.0000
	
	
	
	
	
	



	TF
	−0.7030
	−0.6746
	−0.7206
	−0.5008
	−0.8299
	−0.7781
	−0.9291
	−0.8582
	0.9427
	0.9055
	−0.7519
	0.8448
	−0.8934
	1.0000
	
	
	
	
	



	TFv
	−0.6400
	−0.5908
	−0.6561
	−0.6006
	−0.7808
	−0.7288
	−0.9508
	−0.9463
	0.9326
	0.9465
	−0.6980
	0.9105
	−0.9109
	0.9366
	1.0000
	
	
	
	



	PPO
	0.8259
	0.7763
	0.7933
	0.2844
	0.8985
	0.8541
	0.9365
	0.8709
	−0.9531
	−0.8658
	0.7346
	−0.7294
	0.7943
	−0.9226
	−0.8943
	1.0000
	
	
	



	PAL
	0.8654
	0.7901
	0.7719
	0.2859
	0.8763
	0.8389
	0.9497
	0.8976
	−0.9200
	−0.8852
	0.7848
	−0.7477
	0.8255
	−0.9124
	−0.8826
	0.9382
	1.0000
	
	



	EL%
	0.9325
	0.8691
	0.8605
	0.0761
	0.9313
	0.9253
	0.8607
	0.7838
	−0.8839
	−0.7963
	0.7386
	−0.5845
	0.6914
	−0.8244
	−0.7608
	0.9283
	0.9321
	1.0000
	



	MDA
	0.9186
	0.8902
	0.8975
	0.1205
	0.9658
	0.9460
	0.8531
	0.8176
	−0.8954
	−0.7818
	0.7845
	−0.6124
	0.7291
	−0.8365
	−0.8015
	0.9182
	0.9099
	0.9484
	1.0000







* Values express average values per shelf life duration in days (three days) and four rootstocks. WL%—water loss percentage; RB index—rachis browning index; BS%—berry shattering percentage; ho—berry color hue angle; XYL—xylanase; CEL—cellulase; PG—polygalacturonase; PT—pectinase; BF—berry firmness (N); BSF—berry separation force (N); SSC%—soluble solids concentration; TA%—activity percentage; SSC/TA ratio—ratio between SSC and TA; TF—total phenol content; TFv—flavonoid content; PPO—polyphenol oxidase; PAL—phenylalanine ammonia-lyase; EL%—electrolyte leakage percentage; MDA—malondialdehyde accumulation. The different colors of PCA values indicate the negative or positive correlation among variables. Positive correlation coefficients are marked in blue, while negative correlation coefficients are marked in red.
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