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Abstract 11 

Individual and total sugars in fruit flesh, as well as total phenolics, flavonoids, 12 

anthocyanins, vitamin C and antioxidant capacity contents were studied on peach 13 

(Prunus persica cv. ‘Tebana’) and nectarine (P. persica cv. ‘Queen Giant’) cultivars 14 

budded on five almond x peach hybrid rootstocks (Adafuel, Adarcias, Felinem, Garnem 15 

and GF 677) and one P. davidiana x peach hybrid (Cadaman) grown under field 16 

conditions. Individual and total sugars were, in general, the highest on Adarcias 17 

rootstock in both peach and nectarine cultivars. The highest content of phenolics, 18 

flavonoids, anthocyanins, vitamin C and RAC was found on Adarcias, Garnem and GF 19 

677 rootstock for ‘Queen Giant’ cultivar and on Cadaman (phenolics, flavonoids and 20 

RAC) and GF 677 (anthocyanins) rootstocks for ‘Tebana’ cultivar. Significant 21 

correlations were found among individual sugar contents, as well as between tree vigour 22 

and fruit sucrose, glucose and fructose, and between some phytochemical parameters, 23 

such as flavonoid and phenolic content. Thus, the less vigorous rootstocks, Adarcias and 24 

Cadaman, seem to induce the highest fruit quality, showing higher contents of 25 
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individual and total sugars. Significant differences were found between cultivars and 26 

rootstocks for the different fruit quality traits evaluated. Selecting the right combination 27 

of the rootstock and cultivar is important for optimizing chemical characteristics of 28 

fruit, especially sugar profile, important quality parameter of peach and nectarine. 29 

 30 

Keywords Prunus persica, sugars, vitamin C, antioxidant capacity, HPLC 31 

 32 

1. Introduction 33 

Peach [Prunus persica (L.) Batsch] is the second most important temperate fruit tree 34 

grown in the European Union, after apple. Peach production comes mainly from China, 35 

Mediterranean area (Italy and Spain) and United States (FAOSTAT, 2012). Breeding 36 

programs are active in the release of new rootstocks and scions, improving peach 37 

adaptability to soil (Felipe, 2009; Moreno et al., 1994) and fruit quality (Byrne et al., 38 

1991; Monet and Bassi, 2008). Peach fruit quality is mainly determined by the 39 

genotype, although other factors such as rootstock, position of the fruit in the canopy, 40 

pruning and thinning practices, and yearly climate are known to influence fruit quality. 41 

According to previously published studies (Albás et al., 2004; Giorgi et al., 2005; 42 

Massai and Loretti, 2004; Orazem et al., 2011; Remorini et al., 2008), the rootstock 43 

influences tree vigour, yield and fruit quality parameters like soluble solids content, 44 

specific sugars, acidity, organic acids, and several antioxidant compounds although this 45 

effect is better known for agronomic and basic parameters.  46 

 47 

In recent years, strong attention to fruit quality has been reported because it presents 48 

multiple health benefits (Prior et al., 1998). Sugars are very important parameters for 49 

market quality of peaches because they are appreciated by consumers (Subedi and 50 
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Walsh, 2009). The most abundant sugar in ripe peaches is sucrose, followed by the 51 

reducing sugars (glucose and fructose) and lower contents of sorbitol (Cantín et al., 52 

2009a; Brooks et al., 1993). Ripe peaches are characterized by high sucrose, between 53 

50-75% of the total sugar content, contrary to unripe peaches where sucrose content is 54 

lower (Byrne et al., 1991; Moriguchi et al., 1990). Fructose is one of the most 55 

chemically reactive of the natural sugars and sorbitol is known to play a significant role 56 

in the translocation of photosynthates (Moriguchi et al., 1990). Fructose has been shown 57 

to be sweeter than sucrose by as much as between 1.75-1.8 times (Wu et al., 2003), 58 

while glucose is reported to be less sweet than sucrose (Yamaguchi et al., 1970). 59 

Sucrose and fructose have beneficial effects on gastrointestinal health (Muir et al., 60 

2009). In the field of human nutrition, there is also increasing interest in fruits that are 61 

rich in sorbitol, since this sugar alcohol is more beneficial than others with regard to diet 62 

control, dental health and to avoid gastrointestinal problems. Also, sorbitol can be used 63 

as a glucose substitute for diabetics and as an alternative natural sweetener to sucrose 64 

(Forni et al., 1992).  65 

The development of some degenerative illnesses is caused by free radicals present in 66 

the human organism which cause oxidative damage to lipids or proteins. Therefore, the 67 

antioxidant compounds are capable to neutralize these free radicals, and prevent 68 

diseases such as cancer (García-Alonso et al., 2004). Eating fruits and vegetables, also 69 

reduces inflammation and blood pressure (Wang and Lin, 2000). The antioxidant 70 

activity of peach fruit is dependent on genotype, rootstock or climatic conditions such as 71 

temperature (Cantín et al., 2009b). Total antioxidant capacity (Prior and Cao, 2000) and 72 

phenolic compounds play an important role in food quality, and they can also contribute 73 

to aroma or flavour. Anthocyanins give specific coloration to fruits and vegetables and 74 
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also have health benefits in the prevention of chronic diseases, such as cardiovascular 75 

disease and certain types of cancer (Ruíz et al., 2005).  76 

In summary, a key to the commercial expansion of peach production is the 77 

promotion and maintenance of the highest possible fruit quality standards and to 78 

understand the role of rootstocks on the sugar profile and other phytochemicals 79 

substances. Until recently, this effect has been more studied in cultivars than in 80 

rootstocks and little is known about the effect of rootstock on sugar profile and 81 

phytochemical composition. 82 

The present work aimed to evaluate the effect of different peach-almond hybrid 83 

rootstocks on sugar content and phytochemical fruit quality of peaches and nectarines 84 

when grown under typical Mediterranean conditions. 85 

 86 

2. Materials and methods 87 

2.1. Plant material 88 

Five almond x peach hybrids [Prunus amygdalus Batsch x P. persica (L.) Batsch] 89 

and one P. davidiana x peach hybrid [Prunus davidiana (Carrière) Franch x P. persica 90 

(L.) Batsch] rootstocks were evaluated in this study. The six rootstocks were budded 91 

with ‘Tebana’ peach and ‘Queen Giant’ nectarine cultivars during the summer of 1997, 92 

and trees were established in a trial during the winter of 1998-1999. Rootstocks chosen 93 

for this study were Adafuel (Cambra, 1990) and Adarcias (Moreno et al., 1994; Moreno 94 

and Cambra, 1994) as selections from the Experimental Station of Aula Dei (CSIC); 95 

Garnem and Felinem (Felipe, 2009) as selections from the Centre of Research and 96 

Agro-food Technology of Aragón (CITA); Cadaman (Edin and Garcin, 1994) as a 97 

French-Hungarian release; and GF 677 (Bernhard and Grasselly, 1981) rootstock used 98 

as the standard, since it is the most widespread rootstock in the Mediterranean peach-99 
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growing area. The effect of almond x peach rootstocks on fruit sugar content and 100 

phytochemical constituents of peach cultivars was studied for three years (2008, 2009 101 

and 2010) to estimate the seasonal effect on fruit quality. 102 

 103 

2.2. Field trial 104 

The experimental plot was located in the Ebro Valley at the Experimental Station of 105 

Aula Dei (CSIC-Zaragoza, Northeast, Spain), on a heavy and calcareous soil, with 27% 106 

total calcium carbonate, 8% active lime, water pH 8.3, and a clay-loam texture. Trees 107 

were trained to a low density open-vase system (6 × 5 m). Cultural management 108 

practices, such as fertilization, winter pruning, and spring thinning, were conducted as 109 

in a commercial orchard. Open vase trees were pruned to strengthen existing scaffold 110 

branches and eliminate vigorous shoots, inside and outside the vase, that would compete 111 

with selected scaffolds or shade fruiting wood. Moderate-sized fruiting wood (0.3-0.6 m 112 

long) was selected. Trees were hand-thinned at 45-50 days after full bloom (DAFB) 113 

leaving approximately 20 cm between fruits. The plot was level-basin irrigated every 12 114 

days during the summer. Guard rows were used to preclude edge effects. The 115 

experiment was established in a randomized block design (five blocks) with one single-116 

tree replication for each scion-stock combination and block.  117 

 118 

2.3. Growth and yield determinations 119 

Trunk girths were measured during the dormant season 20 cm above the graft union, 120 

and the trunk cross-sectional area (TCSA) was calculated. At harvest, all fruits from 121 

each tree were counted and weighted to determine total yield per tree (kg/tree) and mean 122 

fruit weight. Cumulative yield per tree and yield efficiency (cumulative yield in 123 
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kilograms per tree/TCSA) of each scion-stock combination were computed from the 124 

harvest data.  125 

 126 

2.4. Sampling 127 

During harvest, 20 mature fruits per year of each tree were randomly selected for 128 

three consecutive years. Fruits were peeled, and a portion of the mesocarp was removed 129 

from the middle of each opposite side and cut into small pieces. A composite sample for 130 

each rootstock of 5 g was built by mixing all pieces from all the selected fruits. It was 131 

frozen in liquid nitrogen and kept at -20ºC until analysed. Samples for vitamin C 132 

determination were kept at -20ºC in metaphosphoric solution (5% HPO3) until analysis 133 

for preservation of oxidation. For analysis of sugar content, samples were homogenized 134 

with 10 mL of extraction solution consisting of 800 mL/L ethanol/Milli-Q water. The 135 

mixture was centrifuged at 20,000 g for 20 min at 4ºC. For analysis of antioxidant 136 

compounds, samples were homogenized using an Ultra-Turrax homogenizer (IKA 137 

Works, Inc., Wilmington) with 10 mL of extraction solution consisting of 0.5 N HCl in 138 

methanol/Mili-Q water (80% v/v). Extracts were centrifuged at 20,000 g for 20 min at 139 

4ºC, and the supernatant was collected and stored at -20ºC. Finally, to determine 140 

vitamin C, samples were homogenized with 5% HPO3 and then centrifuged at 20,000 g 141 

for 15 min at 4ºC, and the supernatant stored at -20ºC.  142 

 143 

2.5. Evaluation of basic fruit quality traits 144 

Fruit weight was calculated from the total number of fruits and the total yield per 145 

tree, as previously reported (Font i Forcada et al., 2012). Soluble solids content (SSC) 146 

of fruit juice was measured with a digital refractometer (Atago PR-101, Tokyo, Japan). 147 

The titratable acidity (TA) of samples was determined using an automatic titrator 148 
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(Metrohm Ion analysis, 807 Dosing Unit, Switzerland) and a ripening index was 149 

calculated based on the SSC/TA. Flesh firmness measurements were performed by a hand 150 

penetrometer with an 8 mm flat probe. Values of L* (brightness or lightness), a* (-a* = 151 

greenness, +a* = redness), b* (-b* = blueness, +b* = yellowness), C* (chroma) and H 152 

(lightness’s angle) were measured using a colorimeter (Chroma Meter, CR-400 Konica 153 

Minolta, Japan).  154 

 155 

2.6 Determination of sugars 156 

For the analysis, 250 μL of the homogenized extract was incubated at 80 °C for 20 157 

min in 200 μL of 800 mL/L ethanol/water, with 5 g/L manitol added as an internal 158 

standard. Samples were purified using ion exchange resins (Bio-Rad Barcelona, Spain) 159 

as reported by Moing et al. (1992). Samples were then vacuum concentrated and then 160 

resuspended to 1 mL of Milli-Q water, before HPLC analysis. The most important 161 

sugars found in fruit flesh were sucrose, glucose, fructose and sorbitol. They were 162 

analyzed by High Performance Liquid Chromatography (Bio-Rad, Barcelona, Spain), 163 

using a 300x7.8 mm column (Aminex® HPX-87C, CA, USA) and a refractive index 164 

detector (Waters 2410). This method consisted of a pump and manual injection (20 µl 165 

injection volume) interfaced to a PC Millenium 3.2 software (Waters) as described by 166 

Cantín et al. (2009a). A distilled deionized water solution was used as mobile phase 167 

with a flow rate of 0.6 mL/min at 85°C. HPLC peaks were identified using commercial 168 

standards of analytical grade (Panreac Quimica SA, Barcelona, Spain). Sugar 169 

concentrations were expressed as g per kg of fresh weight (FW). 170 

 171 

2.7. Antioxidant compounds analysis 172 
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The antioxidant compounds were analysed using a spectrophotometer photodiode 173 

array detector DU 800 (Beckman Coulter, Inc., Fullerton, CA) as described by Cantín et 174 

al. (2009b). Standard calibration curves were daily prepared. The Folin-Ciocalteau 175 

reagent at 0.25 N was used to determine the total phenolic content. Absorbance was 176 

measured at 725 nm and the results were expressed as mg of gallic acid (3,4,5-177 

trihydroxy-benzoic acid) equivalents (GAE) per 100 g FW. The flavonoid content 178 

absorbance was measured at 510 nm and the results were expressed as mg of catechin 179 

equivalents per 100 g of FW. For determining anthocyanin content, spectrophotometric 180 

readings at 535 nm were taken subtracting absorbance at 700 nm (due to turbidity). 181 

Anthocyanins were expressed as mg of cyanidin-3-glucoside equivalents (C3GE) per kg 182 

of FW using a molecular weight of 494 and a molar extinction absorptivity coefficient ε 183 

= 25,965/cm M. The relative antioxidant capacity (RAC) was determined using the 1,1-184 

diphenyl-2-picrylhydrazyl (DPPH). Absorbance was measured at 515 nm and the results 185 

were expressed as µg of Trolox equivalents per g of FW. For vitamin C determinations, 186 

absorbance was determined at 525 nm and the results were expressed as mg of ascorbic 187 

acid (AsA) per 100 g of FW.  188 

 189 

2.8. Data analysis 190 

The means from five replicates were analyzed statistically using SPSS 19.0 (SPSS, 191 

Inc, Chicago, USA). Data were analyzed to determine the significance of differences 192 

between rootstocks using two-way variance (ANOVA) analysis. When the F test was 193 

significant, means were separated by Duncan’s multiple range (P≤0.05). In addition, the 194 

analyses of bilateral Pearson correlation were carried out to conclude relationships 195 

between parameters. Principal components analysis (PCA) was also used to study 196 

correlations among agronomic, fruit quality, sugar content and phytochemical 197 
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constituents, to interpret relationships between rootstocks and to detect clustering 198 

formation and establish relationships between rootstocks and fruit quality traits. A 2D 199 

PCA plot was designed using combined data from the three years of the study. 200 

 201 

3. Results 202 

3.1. Influence of environmental factors on sugar and phytochemical compounds 203 

Results for ‘Tebana’ include only Adafuel, Adarcias, Cadaman and GF 677 204 

rootstocks, due to the high mortality of trees on Felinem and Garnem (Zarrouk et al., 205 

2005). Table 1 shows factors affecting fruit quality parameters in both cultivars. 206 

ANOVA results showed that rootstock influenced all traits except sorbitol and RAC 207 

(relative antioxidant capacity) for ‘Queen Giant’, and sucrose and flavonoids for 208 

‘Tebana’. Year exerted a significant effect on all traits. 209 

The phenolic content in 2008 for both cultivars was, in general, higher than in the 210 

following two years (2009 and 2010), probably because ripening index was higher in 211 

2008. A positive and significant correlation between ripening index and phenolic 212 

content was found in 2008 (r = 0.58; P ≤ 0.05). This positive correlation was also 213 

reported by Remorini et al. (2008). In contrast, the contents of anthocyanins, vitamin C 214 

and RAC were generally higher in 2009 than in 2008 and 2010, for both cultivars. No 215 

significant interaction between rootstock and year was found, except for the content of 216 

flavonoids, vitamin C and RAC of ‘Queen Giant’.  217 

 218 

3.2. Content on sugar profile 219 

Regarding sucrose levels for the ‘Queen Giant’ cultivar, in average, the highest and 220 

lowest values were induced by Adarcias and Garnem respectively, while no significant 221 

differences were found with Adafuel, Cadaman, Felinem, and GF 677 (Table 2). Results 222 
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obtained for ‘Tebana’ followed the same tendency as for ‘Queen Giant’. In detail, we 223 

can observe that, although no significant differences were found in the sucrose content 224 

for ‘Tebana’, Adarcias and Cadaman induced the highest values in 2008, as well as 225 

Adarcias in 2009 and Cadaman in 2010, and GF 677 the lowest in all years. Among 226 

rootstocks, values of sucrose ranged from 36.0 (Garnem, in 2009) to 59.9 (Adarcias, in 227 

2008) g kg
-1

 FW for ‘Queen Giant’ and from 60.8 (GF 677, in 2009) to 79.1 (Adarcias 228 

and Cadaman, in 2008) g kg
-1

 FW for ‘Tebana’ cultivar.  229 

For glucose content in ‘Queen Giant’, Adarcias and Cadaman showed the highest 230 

values and Garnem and GF 677 induced the lowest, while no significant differences 231 

were found with Adafuel and Felinem rootstocks. In ‘Tebana’, no significant 232 

differences were found among rootstocks. Among them, values for glucose ranged from 233 

6.98 (Garnem, in 2009) to 14.6 (Adarcias, in 2008) g kg
-1

 FW for ‘Queen Giant’ and 234 

from 5.9 (Adafuel, in 2009) to 13.6 (Adarcias, in 2008) g kg
-1

 FW for ‘Tebana’ cultivar.  235 

For fructose content in ‘Queen Giant’, Adarcias again had the highest average value, 236 

although no significant differences were found with Cadaman and Felinem, while GF 237 

677 induced the lowest value with the latter not differing from Adafuel and Garnem. In 238 

‘Tebana’, Adarcias had the highest content in 2008, 2009 and for the average values 239 

although no significant differences were found with Cadaman and GF 677. Among 240 

rootstocks, values of fructose ranged from 9.6 (Garnem, in 2009) to 13.4 (Adarcias, in 241 

2008) g kg
-1

 FW for ‘Queen Giant’ and from 7.9 (Adafuel, in 2010) to 13.9 (Adarcias, 242 

in 2008) g kg
-1

 FW for ‘Tebana’ cultivar.  243 

For sorbitol content in ‘Queen Giant’, no significant differences were found among 244 

rootstocks, in spite of the tendency of Adarcias to show a higher value. In ‘Tebana’, 245 

Adarcias and Cadaman induced higher values than Adafuel and GF 677, both in 2008 246 

and in the average values for the three years. Among rootstocks, values of sorbitol 247 
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ranged from 1.6 (GF 677, in 2008) to 3.2 (Cadaman, in 2010) g kg
-1

 FW for ‘Tebana’ 248 

cultivar.  249 

Finally, for total sugars and for ‘Queen Giant’, Adarcias induced the highest average 250 

value while Garnem showed the lowest one, although no significant differences were 251 

found with Adafuel, Cadaman, Felinem and GF 677. In ‘Tebana’, Adarcias and 252 

Cadaman also induced higher average values than Adafuel and GF 677. Among 253 

rootstocks, values of total sugars ranged from 53.9 (Garnem, in 2009) to 90.0 (Adarcias, 254 

in 2008) g kg
-1

 FW for ‘Queen Giant’ and from 78.6 (GF 677, in 2010) to 109.6 255 

(Adarcias, in 2008) g kg
-1

 FW for ‘Tebana’ cultivar.  256 

Summarizing, Adarcias rootstock induced the highest values of individual and total 257 

sugars for both cultivars, while Garnem showed the lowest ones for ‘Queen Giant’ and 258 

GF 677 for ‘Tebana’. Thus, for ‘Queen Giant’, Adarcias induced a 21%, 28% and 8% 259 

increase in total sugars compared to Garnem, in 2008, 2009 and 2010, respectively. 260 

Regarding ‘Tebana’, Adarcias rootstock showed a 15%, 12% and 3% increase in total 261 

sugars compared to GF 677 in 2008, 2009 and 2010, respectively. 262 

 263 

3.3. Content on phytochemical constituents 264 

For ‘Queen Giant’, Adarcias and Garnem rootstocks showed higher values of 265 

phenolic content than Cadaman, Felinem and GF 677, while no significant differences 266 

were found among them and Adafuel (Table 3). In the case of ‘Tebana’, Cadaman 267 

induced the largest amount of phenolics compared to Adafuel, Adarcias and GF 677. 268 

Among rootstocks, values of phenolics ranged from 18.0 (Cadaman, in 2010) to 36.6 269 

(Garnem, in 2008) mg GAE/100 g FW for ‘Queen Giant’, and from 26.9 (GF 677, in 270 

2008) to 38.2 (Cadaman, in 2008) mg GAE/100 g FW for ‘Tebana’.  271 
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Regarding flavonoid content for ‘Queen Giant’, the average of the three years 272 

showed that Adarcias induced the highest content, although no significant differences 273 

were found with Adafuel, Felinem and Garnem. The lowest value was induced by GF 274 

677 rootstock but no significant differences were observed with Cadaman. In contrast, 275 

for ‘Tebana’, Cadaman induced the highest value for two years as well as for the 276 

average of the three years (Table 3). Among rootstocks, values of flavonoids ranged 277 

from 2.7 (GF 677, in 2009) to 13.2 (Garnem, in 2008) mg CE/100g FW for ‘Queen 278 

Giant’ and from 2.6 (Adafuel, in 2010) to 7.6 (Cadaman, in average) mg CE/100g FW 279 

for ‘Tebana’.  280 

Fruit anthocyanin content for ‘Queen Giant’ was higher on Adarcias, but no 281 

significant differences were found with Adafuel, Garnem and GF 677 rootstocks. The 282 

lowest value was induced by Felinem but it did not differ significantly from Cadaman. 283 

For ‘Tebana’, GF 677 and Adafuel induced the highest and lowest values respectively, 284 

although they did not differ from Adarcias and Cadaman. Among rootstocks, values of 285 

anthocyanins ranged from 0.10 (Cadaman, in 2008) to 0.35 (Adarcias, in 2010) mg 286 

C3GE/kg FW for ‘Queen Giant’, and from 0.13 (Adarcias, in 2008) to 0.66 (GF 677, 287 

2009) mg C3GE/kg FW for ‘Tebana’.  288 

Significant differences were also found among rootstocks in the fruit vitamin C 289 

content, although it was more evident in the case of ‘Queen Giant’. For this cultivar, GF 290 

677 induced higher value than the rest of rootstocks except for Felinem. For ‘Tebana’, 291 

the highest vitamin C content was shown on Adarcias for two years, but no significant 292 

differences were found among rootstocks when averaged for the three years. Among 293 

rootstocks, values of vitamin C ranged from 2.5 (Adafuel and Cadaman, in 2008) to 6.0 294 

(GF 677, in 2009) mg AsA/100 g FW for ‘Queen Giant’ and from 2.5 (Cadaman, in 295 

2008) to 12.1 (Adarcias, in 2009) mg AsA/100 g FW for ‘Tebana’. 296 
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Concerning RAC, for ‘Queen Giant’, Garnem induced the highest value in 2008, 297 

although no significant differences were found with Adafuel, Adarcias and Felinem. In 298 

2009, GF 677 induced the highest value but it did no differ from Cadaman. No 299 

significant differences were found in the average values for the three years. Regarding 300 

‘Tebana’, Cadaman induced the highest content. Among rootstocks, values of RAC 301 

ranged from 306.4 (Felinem, in 2008) to 466.5 (GF 677, in 2009) µg Trolox/g FW for 302 

‘Queen Giant’ and from 299.7 (GF 677, in 2008) to 405.7 (Cadaman, in 2009) µg 303 

Trolox/g FW for ‘Tebana’. 304 

 305 

3.4. Phenotypic correlations between sugar content, phytochemical components 306 

and other important quality traits 307 

Total sugar content was positively and highly correlated with all individual sugars 308 

and SSC for both cultivars. Similarly, correlation values between total sugars and 309 

glucose or fructose were higher than between total sugars and sorbitol. Also, significant 310 

correlation values among sucrose, glucose and fructose were higher than values between 311 

these sugars and sorbitol. Also, the correlations found between SSC and individual and 312 

total sugars; and between SSC and fruit weight (FW), were significant for both 313 

cultivars. Glucose and fructose sugars were also slightly correlated with FW in the case 314 

of ‘Tebana’. In contrast, a significant negative correlation between sugar components 315 

and yield was found, especially in the case of ‘Queen Giant’, and between SSC and tree 316 

vigour (TCSA) for this cultivar. 317 

Also, significant and negative correlations were observed between TCSA of ‘Queen 318 

Giant’ and fruit content in sucrose (r = -0.58; P ≤ 0.01), glucose (r = -0.45; P ≤ 0.01), 319 

fructose (r = -0.51; P ≤ 0.01) and total sugars (r = -0.44; P ≤ 0.01) in 2008. Similarly, 320 
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for ‘Tebana’, a significant and negative correlation was also found between TCSA and 321 

fructose (r = -0.62; P ≤ 0.05) in 2008.  322 

On the other hand, sugar components were significantly correlated with TA and RI 323 

(SSC/TA). In the case of ‘Queen Giant’, significant positive correlations were found 324 

between glucose or fructose with TA, and for ‘Tebana’ between glucose and TA. On the 325 

contrary, significant negative correlations were found between all individual sugars and 326 

fruit firmness, with the exception of sorbitol. However, no significant correlations were 327 

found between sugar content and biochemical compounds.  328 

Significant relationships were observed between RAC and total phenolics, 329 

flavonoids and vitamin C for both cultivars (Table 4). However, no significant 330 

correlation was found between RAC and anthocyanins. Also, positive correlations 331 

between FW and vitamin C, between SSC and phenolic content or flavonoids for 332 

‘Queen Giant’, and between vitamin C and TA, SSC and phenolic content, flavonoids 333 

and RAC in the case of ‘Tebana’ were found.  334 

 335 

3.5. Principal components analysis 336 

A four component model accounted for more than 75% of total variance, with the 337 

first three components, PC1, PC2 and PC3, explaining 39.1%, 25.3% and 11% of total 338 

variance, respectively (Table 5). The distribution of individuals based on the PC1, PC2 339 

and PC3 shows their phenotypic variation and how widely dispersed they are along axes 340 

(Fig. 1 and 2). 341 

The PC1 mainly contributes to fruit weight, SSC, TA, RI, sucrose, total sugars, 342 

phenolics, flavonoids, anthocyanins and vitamin C. The PC2 explains TCSA, yield, 343 

cumulative yield, yield efficiency, glucose and fructose.  344 
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An examination of PC1 loadings suggested that rootstock/scion combinations in the 345 

negative side had, in general, higher values for glucose and fructose and other fruit 346 

quality traits, such as TA, firmness and fruit weight than rootstock/scion combinations 347 

on the positive side. Rootstock/scion combinations on the negative side of the PC2 348 

loadings suggested higher values for sorbitol, SSC and total sugars than cultivars on the 349 

positive side.  350 

The rootstocks for ‘Queen Giant’ are on the left-hand side of the PCA and the 351 

rootstocks for ‘Tebana’ are on the right-hand side of the (Fig. 2). This is probably due to 352 

the average values for glucose and fructose (left-hand side of the PCA, Fig. 1), higher 353 

on ‘Queen Giant’, and the average values for sucrose, sorbitol, total sugars, phenolics, 354 

flavonoids, anthocyanins and vitamin C (right-hand side of the PCA, according to figure 355 

1), higher on ‘Tebana’. These results confirmed the higher contents for individual trees 356 

on the negative side of PC1 such as 6, 7, 8, 9 and 10 (Adarcias rootstock); 11, 12 and 13 357 

(Cadaman rootstock); or 22, 26 and 27 (GF 677 rootstock) that were all budded with 358 

‘Queen Giant’ and had higher values for glucose and fructose and other fruit quality 359 

traits (TA, firmness and fruit weight). Individuals on the positive side of PC1 such as 360 

32, 33, 34, 35 and 36 (Adarcias rootstock) were budded with ‘Tebana’ and had higher 361 

values for sorbitol, SSC and total sugars. Also, the individuals 28, 38, 39 and 40 362 

(Cadaman rootstock); and 42, 43 and 45 (GF 677 rootstock), all with ‘Tebana’ as the 363 

scion cultivar, had higher values on anthocyanins, phenolic content and RAC. 364 

 365 

3.6. Discussion 366 

Twelve years after budding, growing conditions generated varying levels of tree 367 

mortality, the highest with Felinem and Garnem rootstocks (Font i Forcada et al., 2012). 368 

In these growing conditions, tree mortality could be attributed to the sensitivity of 369 
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almond × peach hybrid rootstocks to root asphyxia because these rootstocks are better 370 

adapted to well drained soils (Felipe, 2009) or susceptibility to various root rot 371 

pathogens such as Phytophtora spp. (Zarrouk et al., 2005). For Felinem and Garnem 372 

rootstocks, 100% of trees died for ‘Tebana’ cultivar (Font i Forcada et al., 2012). The 373 

‘Tebana’ plot situation was established closer to the irrigation canal than the plot with 374 

‘Queen Giant’, and it was likely more prone to flooding. 375 

The statistical analysis showed the significant effect of the rootstocks on all quality 376 

traits, except for sorbitol and RAC content for ‘Queen Giant’ cultivar and for sucrose 377 

and flavonoids content for ‘Tebana’ cultivar. It has been shown that levels of individual 378 

sugars in peach fruit differ among rootstocks (Albás et al., 2004; Orazem et al., 2011), 379 

which agree with our results. Also, the analysis showed the significant effect of the year 380 

for all quality traits, except for phenolics in ‘Tebana’ cultivar. The year-to-year 381 

variation in fruit quality parameters may be explained by the differences in annual 382 

temperatures and crop load over the 3 years of study. However, no interaction was 383 

found between rootstock and year, except for flavonoids, vitamin C and RAC content of 384 

‘Queen Giant’. Thus, some biochemical traits could be more influenced by the 385 

environmental conditions over the growing season than other traits, in agreement with 386 

different studies (Brooks et al., 1993; Bureau et al., 2009). Serrano et al. (2005) reported 387 

that the location, year or climate had a significant effect on the anthocyanin and 388 

flavonoid content in sweet cherry. Similarly, Tomás-Barberán et al. (2001) showed that 389 

temperature had a marked effect on anthocyanin production in apples or plums. 390 

Therefore, the chemical composition of sugar and other biochemical compounds of 391 

peach and nectarines are significantly affected by rootstocks as well as by other factors, 392 

such as climate, harvest conditions and scion genotype. All these parameters may have 393 
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significant roles in determining fruit quality such as nutraceutical composition and 394 

bioactivity of the organic compounds involved.  395 

Our study has shown that sucrose is the sugar present at the highest concentration, 396 

followed by glucose, fructose and sorbitol, as previously reported for different peach 397 

and nectarine cultivars in other studies (Abidi et al., 2011; Cantín et al., 2009a; 398 

Robertson et al., 1990). Also, rootstock influenced the levels of sucrose, glucose, 399 

fructose, sorbitol and total sugars in fruit for both cultivars. It has been shown that 400 

Adarcias and Cadaman rootstocks produce higher values of individual and total sugars. 401 

As previously reported, levels of individual and total sugar content in peach fruit 402 

differed among rootstocks (Albás et al., 2004; Orazem et al., 2011) and peach cultivars 403 

(Abidi et al., 2011; Cantín et al., 2009a). 404 

Regarding phytochemical components, the same tendency was found as for sugar 405 

content, showing that rootstock influenced the levels of antioxidants in fruit for ‘Queen 406 

Giant’ and ‘Tebana’ cultivars. Phenolic compounds, flavonoids, vitamin C and 407 

anthocyanins contents could be increased or lowered with the selection of a certain 408 

rootstock as reported by other authors (Tomás-Barberán et al., 2001) and with different 409 

peach cultivars. In general, we note that, Adarcias rootstock induce higher values for 410 

these compounds, although some rootstocks did not differ significantly between them. 411 

Among rootstocks, values of RAC ranged from 299.7 to 466.5 µg Trolox/g FW. This 412 

content of RAC agrees with the values reported by different authors (Abidi et al., 2011; 413 

Cantín et al., 2009b; Remorini et al., 2008). 414 

The positive correlation observed between total sugar content with all individual 415 

sugars and SSC has been previously reported (Cantín et al., 2009a; Drogoudi et al., 416 

2008). The highest values of sugars were shown between total sugars and sucrose for 417 

both cultivars (Wu et al., 2003) probably because sucrose is the major sugar in peach 418 
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flesh. Similarly, the correlations found between SSC and individual and total sugars 419 

were significant for both cultivars, as reported in peaches and nectarines (Cantín et al., 420 

2009a; Wu et al., 2003) and in apricots (Drogoudi et al., 2008). Also, a significant and 421 

positive correlation between SSC and fruit weight (FW) is probably due because the 422 

rate of fruit growth is determined by the amount of carbohydrates (Morandi, 2008). All 423 

individual sugars showed a significant positive correlation with RI with highest values 424 

for sucrose, as previously reported by other authors (Cantín et al., 2009a; Wu et al., 425 

2003). However, no significant correlations were observed between total sugar content 426 

and several biochemical compounds. In contrast, Abidi et al. (2011) reported a positive 427 

and significant correlation between total sugars and total phenolics, vitamin C and RAC. 428 

Pirie and Mullins (1977) also found a positive correlation between sugar content in 429 

berries and levels of phenolic contents, probably due to the role of sugars in the 430 

regulation of phenolic biosynthesis. 431 

On the other hand, the negative correlations found between TCSA and SSC or sugar 432 

contents can be due to a stronger sink competition of vegetative development in more 433 

vigorous rootstocks compared to fruit as shown by Morandi (2008). Also, the negative 434 

correlation between vigour and SSC and the positive correlation between SSC and 435 

sugars, confirm that less vigorous rootstocks like Adarcias and Cadaman have the 436 

possibility to induce sweeter fruits. Peach fruits from the less vigorous trees also had the 437 

highest SSC and sugar contents in the study of Giorgi et al. (2005) probably because 438 

dwarfing rootstocks are generally able to send more nutrients to the fruit because there 439 

is less competition from the vegetative parts (Chalmers et al., 1981). 440 

The significant and positive relationships observed between RAC and total 441 

phenolics, flavonoids and vitamin C for both cultivars were also found in peaches and 442 

nectarines by Gil et al. (2002) and in other fruit species such as apples (Lata et al., 443 
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2007), cherries (Serrano et al., 2005) and plums (Gil et al., 2002). Gardner et al. (2000) 444 

also showed the contribution of vitamin C to the antioxidant capacity of different fruit 445 

juices, such as orange, apple and pineapple. These results showed that phenolic acids, 446 

flavonoid compounds and vitamin C are the main source of the antioxidant capacity in 447 

fruits (Cevallos-Casals et al., 2006; Gil et al., 2002). Positive correlations between FW 448 

and vitamin C, between SSC and phenolic content or flavonoids for ‘Queen Giant’, and 449 

between SSC and phenolic content, flavonoids and RAC in the case of ‘Tebana’ were 450 

found to be in agreement with other studies in peach (Cantín et al., 2009b), apricot 451 

(Bureau et al., 2009) and sweet cherry (Serrano et al., 2005). The positive correlation 452 

between vitamin C and TA for ‘Tebana’ may be due to the contribution of ascorbic acid 453 

to the fruit acidity according to Cantín et al. (2009b). These correlations showed a 454 

tendency of bigger and sweeter fruits to have higher levels of these bioactive 455 

compounds. The relationship of fruit weight with bioactive compounds could be 456 

explained by the well-known influence of the sink size (i.e., fruit weight) on the ability 457 

to attract photosynthates from the plant sources, because a sufficient accumulation of 458 

sugars in or near the fruit is essential for phenolic compounds synthesis during fruit 459 

growth (DeJong, 1999). 460 

In summary, Adarcias and Cadaman rootstocks seem to induce, in general, higher 461 

fruit sweetness based on individual and total sugars, for both cultivars. For the other 462 

biochemical compounds, Adarcias also induced higher values on phenolics, flavonoids 463 

and anthocyanins for ‘Queen Giant’ and on vitamin C for ‘Tebana’. Cadaman induced 464 

higher values on phenolics, flavonoids and RAC for ‘Tebana’, and GF 677 induced 465 

higher values on vitamin C and RAC for ‘Queen Giant’ and on anthocyanins for 466 

‘Tebana’. This would have a crucial impact on the quality of peach fruit. The chemical 467 

characteristics of peach fruit could be greatly affected by selecting the right combination 468 
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of the rootstock and cultivar, and it should become a more important parameter to be 469 

considered in new plantings. 470 
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Figure captions 602 

 603 

Fig. 1. Principal components analysis of the 19 agronomic and fruit quality traits 604 

evaluated on different rootstocks budded with ‘Queen Giant’ nectarine and ‘Tebana’ 605 

peach cultivars. Symbols: (♦) agronomical traits, (●) basic fruit quality traits, (▲) 606 

sugars and (■) phytochemical compounds. 607 

 608 

Fig. 2. Principal components analysis of the 46 individuals evaluated on different 609 

rootstocks budded with ‘Queen Giant’ nectarine (left side) with the symbols: (○) 610 

Adafuel, (∆) Adarcias, (◊) Cadaman, (◊) Felinem, (ж) Garnem and (□) GF 677 611 

rootstocks and ‘Tebana’ peach (right side) with the symbols  (●) Adafuel, (▲) 612 

Adarcias, (♦) Cadaman and (■) GF 677 rootstocks. 613 

 614 

 615 

 616 

 617 

 618 
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 620 
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 625 
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Tables 630 

 631 

Table 1  632 

ANOVA results for the effect of rootstock and year on fruit quality traits in ‘Queen Giant’ and ‘Tebana’ cultivars for the average of the 3 years 633 

of study 634 

Cultivar Source of variation
1
 Sucrose Glucose Fructose Sorbitol Total Sugars Phenolics Flavonoids Anthocyanins Vitamin C RAC 

‘Queen Giant’  Rootstock (R) ** *** *** ns ** * *** ** ** ns 

 Year (Y) *** *** *** ** ** *** *** ** *** *** 

 RxY ns ns ns ns ns ns *** ns * ** 

‘Tebana’  Rootstock (R) ns * *** *** * ** ns *** *** ** 

 Year (Y) *** *** *** * ** ns *** *** *** * 

 RxY ns ns ns ns ns ns ns ns ns ns 
1
Data were evaluated by two-way ANOVA; ***P≤0.001; **P≤0.01; *P≤0.05; ns, not significant. Abbreviations: RAC, relative antioxidant 635 

capacity. 636 
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Table 2  637 

Mean values of individual and total soluble sugars of ‘Queen Giant’ and ‘Tebana’ 638 

budded on different rootstocks, in the tenth (2008), eleventh (2009) and twelfth (2010) 639 

year after grafting 640 

Cultivar Character Rootstock 2008 2009 2010 Average 

‘Queen Giant’  Sucrose Adafuel 53.45 ab 43.01 ab 44.72 a 47.06 ab 

  Adarcias 59.91 b 46.23  b 49.43 b 51.86 b 

  Cadaman 52.35 ab 40.85 ab 43.71 a 45.64 ab 

  Felinem 52.94 ab 42.84 ab 45.19 a 46.99 ab 

  Garnem 48.78 a 36.02 a 44.76 a 43.19 a 

  GF 677 54.54 ab 46.84 b 45.12 a 48.83 ab 

 Glucose Adafuel 12.86 ab 7.84 ab 10.01 ab 10.24 ab 

  Adarcias 14.58 c 9.38 c 10.87 ab 11.61 b 

  Cadaman 13.48 bc 8.71 b 11.13 b 11.11 b 

  Felinem 13.38 bc 7.52 ab 11.22 b 10.71 ab 

  Garnem 11.67 ab 6.98 a 10.52 ab 9.72 a 

  GF 677 10.68 a 8.73 b 9.80 a 9.74 a 

 Fructose Adafuel 12.50 ab 10.7 ab 10.49 a 11.23 ab 

  Adarcias 13.40 b 11.98 b 11.34 a 12.24 c 

  Cadaman 13.30 b 10.62 ab 11.28 a 11.73 bc 

  Felinem 13.25 b 10.89 ab 11.44 a 11.86 bc 

  Garnem 12.03 ab 9.59 a 10.79 a 10.80 ab 

  GF 677 10.98 a 9.79 a 10.02 a 10.26 a 

 Sorbitol Adafuel 1.41 a 1.84 a 1.73 a 1.66 a 

  Adarcias 2.05 a 1.76 a 2.21 a 2.01 a 

  Cadaman 1.74 a 1.51 a 2.13 a 1.79 a 

  Felinem 1.34 a 1.66 a 1.90 a 1.63 a 

  Garnem 1.61 a 1.33 a 2.27 a 1.74 a 

  GF 677 1.41 a 1.79 a 2.14 a 1.78 a 

 Total Sugars Adafuel 80.21 ab 63.41 ab 67.05 a 70.22 ab 

  Adarcias 89.95 b 69.36 b 73.86 b 77.72 b 

  Cadaman 80.87 ab 62.18 ab 68.25 a 70.43 ab 

  Felinem 80.91 ab 62.90 ab 69.76 a 71.19 ab 

  Garnem 74.09 a 53.91 a 68.34 a 65.45 a 

  GF 677 77.61 a 67.15 b 67.09 a 70.62 ab 

‘Tebana’  Sucrose Adafuel 72.82 a 63.78 a 62.19 a 66.26 a 

  Adarcias 79.13 b 67.01 b 63.76 a 69.97 a 

  Cadaman 79.10 b 64.40 a 66.10 b 69.87 a 

  GF 677 71.36 a 60.81 a 61.20 a 64.46 a 

 Glucose Adafuel 9.87 a 5.95 a 6.67 a 7.50 a 

  Adarcias 13.61 a 7.64 a 6.82 a 9.36 a 

  Cadaman 12.06 a 7.80 a 7.53 a 9.13 a 

  GF 677 10.99 a 7.43 a 6.84 a 8.42 a 

 Fructose Adafuel 9.95 a 9.10 a 7.86 a 8.97 a 

  Adarcias 13.88 b 10.84  b 8.08 a 10.93 b 

  Cadaman 12.41 ab 9.73 a 8.81 a 10.32 ab 

  GF 677 11.11 a 8.85 a 8.02 a 9.33 ab 

 Sorbitol Adafuel 1.72 a 1.63 a 2.31 a 1.89 a 

  Adarcias 2.96 b 2.58 b 2.61 a 2.72 b 

  Cadaman 2.80 b 2.32  ab 3.21 a 2.78 b 

  GF 677 1.59 a 1.80 ab 2.57 a 1.99 a 

 Total Sugars Adafuel 94.36 a 80.51 a 79.05 a 84.64 a 

  Adarcias 109.58 a 88.10 b 81.27 a 92.98 b 

  Cadaman 105.86 a 83.87 a 85.65 a 91.79 b 

  GF 677 95.05 a 78.90 a 78.56 a 84.17 a 

For each year, means followed by the same letter in each column are not significantly 641 

different at P0.05 according to Duncan’s Multiple Range Test. All individual sugars 642 

and total sugars are expressed as g kg 
-1

 FW. 643 
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Table 3  644 

Effect of rootstock on total phenolics, flavonoids, anthocyanins, vitamin C and 645 

antioxidant capacity (RAC) of ‘Queen Giant’ and ‘Tebana’ in the tenth (2008), eleventh 646 

(2009) and twelfth (2010) year after budding 647 

Cultivar Character Rootstock 2008 2009 2010 Average 

‘Queen Giant’  Total phenolics Adafuel 31.4  ab 21.5  a 20.2  a 24.4  ab 

  Adarcias 34.4  ab 24.9  b 21.8  a 27.0  b 

  Cadaman 25.5  ab 21.8  a 18.0 a 21.8  a 

  Felinem 30.3  ab 23.0  ab 18.5 a 23.9  a 

  Garnem 36.6  b 23.0  ab 21.0  a 26.9  b 

  GF 677 23.4  a 22.8  a 19.2  a 21.8  a 

 Flavonoids Adafuel 7.6  ab 3.4  ab 3.2  a 4.7  bc 

  Adarcias 10.3  bc 4.6  b 4.6  b 6.5  c 

  Cadaman 4.5  a 3.4  ab 3.8  ab 3.9  ab 

  Felinem 6.5  a 2.7  a 3.3  a 4.2  bc 

  Garnem 13.2  c 2.9  a 2.9  a 6.3  bc 

  GF 677 5.2  a 2.7  a 3.0  a 3.4  a 

 Anthocyanins Adafuel 0.25  c 0.30  b 0.29  ab 0.28  bc 

  Adarcias 0.20  bc 0.33  b 0.35  b 0.29  c 

  Cadaman 0.10  a 0.26  ab 0.19  a 0.18  ab 

  Felinem 0.14  ab 0.21  a 0.19  a 0.18  a 

  Garnem 0.20  bc 0.25  ab 0.26  ab 0.24  bc 

  GF 677 0.22  bc 0.21  a 0.19  a 0.21  bc 

 Vitamin C Adafuel 2.5  a 4.2  a 4.0  b 3.6  a 

  Adarcias 3.1  a 4.7  ab 3.9  b 3.9  a 

  Cadaman 2.5  a 3.8  a 4.0  b 3.4  a 

  Felinem 3.4  a 4.6  ab 4.1 a 4.0  ab 

  Garnem 3.7  a 3.4 a 3.3  ab 3.5  a 

  GF 677 3.0  a 6.0  b 5.1  b 4.7  b 

 RAC Adafuel 370.7  ab 407.6  ab 385.6  a 388.0  a 

  Adarcias 390.6  ab 394.4  ab 360.8 a 381.9  a 

  Cadaman 380.4  a 427.0  bc 389.2 a 399.0  a 

  Felinem 306.4  ab 360.9  a 357.0  a 341.4  a 

  Garnem 399.0  b 378.0  ab 358.5  a 378.5  a 

  GF 677 310.4  a 466.5  c 384.0  a 387.0  a 

‘Tebana’  Total phenolics Adafuel 31.3  a 27.7  a 23.5  a 27.5  a 

  Adarcias 32.9  a 29.3  ab 27.8  ab 30.0 a 

  Cadaman 38.2  a 34.8  b 32.7  b 35.2  b 

  GF 677 26.9 a 29.7  ab 27.8  ab 28.1  a 

 Flavonoids Adafuel 9.1  a 3.7  a 2.6  a 5.1  a 

  Adarcias 10.1  a 4.2  a 3.7  a 6.0  a 

  Cadaman 9.6  a 7.6  b 5.6  b 7.6  b 

  GF 677 6.1  a 4.8 a 3.9  a 4.9  a 

 Anthocyanins Adafuel 0.19  a 0.36  a 0.33  a 0.30  a 

  Adarcias 0.13  a 0.56  b 0.52  ab 0.40  ab 

  Cadaman 0.15  a 0.59 b 0.48  ab 0.41  ab 

  GF 677 0.24  b 0.66  b 0.59  b 0.50  b 

 Vitamin C Adafuel 2.7  ab 9.9  ab 10.1  a 7.6 a 

  Adarcias 3.5  b 12.1  b 11.3  a 9.0 a 

  Cadaman 2.5  ab 8.7  a 10.9  a 7.4  a 

  GF 677 2.8  a 10.8  ab 10.3  a 8.0  a 

 RAC Adafuel 334.1 a 389.6  ab 350.5 a 365.1 a 

  Adarcias 343.7 a 374.0  a 337.4  a 351.7 a 

  Cadaman 400.3  b 405.7  b 403.1  a 403.0  b 

  GF 677 299.7  a 392.3  ab 399.4  a 363.8  a 

For each year, means followed by the same letter in each column are not significantly 648 

different at P0.05 according to Duncan’s Multiple Range Test. Units: Total phenolics 649 

(mg GAE/100 g
  
FW); flavonoids (mg CE/100g FW); anthocyanins (mg C3GE/kg FW); 650 

vitamin C (mg AsA/100 g FW); RAC, relative antioxidant capacity (µg Trolox/g FW). 651 
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Table 4  652 

Pearson’s correlations coefficients among traits observed over three years in almond x peach hybrid rootstocks budded with ‘Queen Giant’ and 653 

‘Tebana’ cultivars 654 

Cultivar Trait SSC Sucrose Glucose Fructose Sorbitol Total sugarsa Phenolics Flavonoids Vitamin  C RAC 

‘Queen Giant’  Yield -0.48** -0.58** -0.59** -0.63** ns -0.63** ns ns ns ns 
 TCSA -0.49** ns ns ns ns ns ns ns ns ns 
 Harvest date 0.42** ns ns ns ns ns 0.28* ns ns ns 
 Fruit weight 0.39* ns ns ns ns ns ns ns 0.27* ns 
 SSC  0.46** 0.48** 0.53** ns 0.52** 0.32* 0.38** ns ns 
 Titratable acidity  ns 0.29* 0.36** ns ns ns ns -0.31* ns 
 Flesh firmness  -0.48** -0.53** -0.39** ns -0.51** ns ns ns ns 
 Ripening index  0.42* 0.39* 0.40* 0.33* ns ns ns ns ns 
 Sucrose  - 0.73** 0.69** 0.31** 0.97** ns ns ns ns 

 Glucose   - 0.81** ns 0.86** ns ns ns ns 
 Fructose    - ns 0.82** ns ns ns ns 
 Sorbitol     - 0.27* ns ns ns ns 
 Phenolics       - 0.78** ns 0.68** 
 Flavonoids        - ns 0.68** 

 Vitamin C         - 0.36* 

‘Tebana’  Yield ns ns -0.40* ns ns ns ns ns ns ns 
 TCSA ns ns ns ns ns ns ns ns ns ns 
 Harvest date 0.39** ns ns ns ns ns 0.37* ns ns ns 
 Fruit weight 0.56* ns 0.35** 0.38* ns ns ns ns ns ns 
 SSC ns 0.43* 0.37* 0.35* 0.77* 0.48** 0.44* 0.34* ns 0.47** 

 Titratable acidity  ns 0.35* ns ns ns ns ns 0.46** ns 
 Flesh firmness  -0.49** -0.63** -0.49** ns -0.59** ns ns ns ns 
 Ripening index  0.54* 0.42* 0.35* 0.41* ns ns ns -0.39* ns 
 Sucrose  - 0.58** 0.63** 0.47** 0.95** ns ns ns ns 
 Glucose   - 0.87** 0.44** 0.80** ns ns ns ns 
 Fructose    - 0.49** 0.83** ns ns ns ns 
 Sorbitol     - 0.56** ns ns ns ns 
 Phenolics       - 0.73** ns 0.67** 
 Flavonoids        - ns 0.60* 

 Vitamin C         - 0.43* 

* and ** represent statistical significance at P ≤ 0.05 and P ≤ 0.01 respectively; ns, not significant. Abbreviations: TCSA, trunk-cross sectional 655 

area; SSC, soluble solids content; Total sugars
a
 are the sum of sucrose, glucose, fructose, and sorbitol for each genotype, analyzed by HPLC; 656 

RAC, relative antioxidant capacity. 657 

 658 
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Table 5  659 

Eigenvectors of the two principal component (PC) axes for the 19 agronomic and fruit 660 

quality traits evaluated on different rootstocks budded with ‘Tebana’ peach and ‘Queen 661 

Giant’ nectarine cultivars 662 

                                                                       Component loading 

Traits PC1 (39.1%) PC2 (25.3%) 

Trunk cross-sectional area -0.438 0.689 

Yield -0.173 0.811 

Cumulative yield -0.269 0.790 

Yield efficiency 0.081 0.418 

Fruit weight -0.577 0.054 

Soluble solid content 0.749 -0.228 

Flesh firmness -0.469 -0.090 

Titratable acidity -0.884 -0.288 

Ripening index 0.893 0.214 

Sucrose 0.880 -0.016 

Glucose -0.532 -0.479 

Fructose -0.423 -0.620 

Sorbitol 0.455 -0.192 

Total Sugars 0.770 -0.203 

Phenolic content 0.814 0.043 

Flavonoids 0.546 -0.253 

Antocyanins 0.778 0.027 

Vitamin C 0.898 0.177 

Relative antioxidant capacity 0.166 -0.003 

 663 






