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Abstract 14 

Agronomic and physicochemical fruit properties of ‘Big Top’ nectarine were evaluated 15 

in the Ebro Valley (Zaragoza, Spain), under replant and heavy-calcareous soil 16 

conditions typical of the Mediterranean area. Fruits were harvested at commercial 17 

maturity from trees budded on four peach-almond hybrids (Prunus amygdalus × Prunus 18 

persica): Adarcias, Felinem, GF 677 and Mayor; two P. persica × Prunus davidiana 19 

hybrids: Barrier and Cadaman; two hexaploid plums: Adesoto (Prunus insititia) and 20 

Tetra (Prunus domestica); and one almond-plum hybrid (Prunus cerasifera × P. 21 

amygdalus): Replantpac. Significant differences among the different rootstocks were 22 

found for most of the fruit quality traits analyzed at harvest maturity. The average of the 23 

four years of study showed that the brightest (high L* value) and most red colored skin 24 

fruits (high a* and b* values) were found on GF 677, while the lowest b* and h were 25 

recorded on Tetra and Felinem, respectively. Adesoto, GF 677 and Replantpac induced 26 

good fruit quality traits based on anthocyanins, Vitamin C, relative antioxidant capacity 27 

and/or total phenolic content (TPC). GF 677 also showed higher values on cumulative 28 

yield (CY) and yield efficiency (YE), with no significant differences with Replantpac 29 

for CY and Adesoto for YE. Barrier and Cadaman seem to delay maturity of ‘Big Top’ 30 

fruits based on flesh firmness (FF), titratable acidity (TA) and CIELAB parameters, and 31 

showed lower TPC and anthocyanins, which could be partly explained due to their 32 

worst adaptation to calcareous soil conditions. Results from this study underlined the 33 

important relationships between plant adaptability and fruit quality traits.  34 
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1. Introduction 39 

The consistent adoption of new released cultivars by the fruit growers in the last two 40 

decades, among other factors like improvement in irrigation, fertilization, crop 41 

protection, postharvest technology, and certification and traceability techniques, 42 

allowed Spain to be the third largest peach producer worldwide, only surpassed by 43 

China and Italy. In addition, it is the second largest peach producer in the European 44 

Union, and the leader of exports in Europe (FAOSTAT, 2014). However, this has led 45 

growers to have no choice but to use replant soils, meaning soil and disease problems 46 

like root asphyxia, iron-chlorosis deficiency, waterlogging and soil-borne pathogens 47 

(Font i Forcada et al., 2014a; Mestre et al., 2015; Zarrouk et al., 2005), which affect the 48 

normal development of the tree. In order to solve that, and because the rootstock 49 

represents an important consideration for a productive orchard, particularly in orchard 50 

replanting situation (Bussi et al., 2002), breeding programs are very active in the release 51 

of new rootstocks, improving peach adaptability to the soil (Felipe, 2009; Pinochet, 52 

2010; Moreno et al., 1994; 1995) and to different training systems, and improving peach 53 

fruit quality (Monet and Bassi, 2008). Therefore, the accurate evaluation of rootstocks 54 

responses to different growth conditions and the identification of the best scion-55 

rootstock combination are of major importance to obtain high quality crops (Rato et al., 56 

2008).  57 

Several different species are commonly used as rootstocks for peaches. Peach-almond 58 

hybrids (P. amygdalus × P. persica), hexaploid plums (P. domestica, P. insititia) and 59 

peach seedlings rootstocks are largely used as rootstocks for peach trees in the 60 

Mediterranean countries (Byrne et al., 2012). Several cultivars budded on peach-almond 61 

hybrids and plum-based rootstocks, such ‘Catherina’, ‘Flavorcrest’, ‘Queen Giant’, 62 

‘Redhaven’, ‘Suncrest’, ‘Tebana’ and ‘Tropic Snow’ have been studied under replant 63 

and Mediterranean soil conditions (Font i Forcada et al., 2013, 2014a; Layne, 1994; 64 

Marra et al., 2013; Orazem et al., 2011; Remorini et al., 2015). However, to the best of 65 

our knowledge, no study has been published with the aim of determining the fruit 66 

quality properties of one of the most appreciated nectarine cultivar grown in Spain, ‘Big 67 

Top’, under replant conditions. ‘Big Top’ is nowadays considered the reference 68 
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nectarine cultivar in Europe for fresh consumption, known as a slow-softening rate 69 

cultivar and appreciated for its early coloration resulting in greatly colored fruit, 70 

optimum fruit size, high sweetness, juiciness and flavor (Cano-Salazar et al., 2013). 71 

Moreover, besides its high quality for fresh consumption, ‘Big Top’ has been recently 72 

proved to have a good performance also prepared as fresh-cut product (Cefola et al., 73 

2014). Modern consumers are increasingly interested in their personal health, and they 74 

expect food not only to be tasty and attractive but also safe and healthy. Consequently, 75 

it is important that peach growers acquire information about attributes and limitations of 76 

specific rootstocks and the effects of replant soil on tree growth and fruit quality. 77 

Therefore, the aim of this research was to study and compare tree growth, yield and 78 

physicochemical fruit properties of ‘Big Top’ cultivar on nine rootstocks in replant and 79 

heavy-calcareous soil conditions, typical of the Mediterranean area. 80 

2. Materials and methods 81 

2.1. Plant material and field trial 82 

Nine Prunus rootstocks, including four P. amygdalus × P. persica hybrids: Adarcias, 83 

Felinem, GF 677 and Mayor; two P. persica x P. davidiana hybrids: Barrier and 84 

Cadaman; one P. insititia plum: Adesoto; one P. domestica plum: Tetra; and one P. 85 

cerasifera × P. amygdalus hybrid: Replantpac, were tested for ‘Big Top’ nectarine at 86 

the Experimental Station of Aula Dei (CSIC-Zaragoza, Spain). The genetic background 87 

and the origin of these rootstocks were already described by Mestre et al. (2015).  88 

These rootstocks were budded with ‘Big Top’ nectarine cultivar during the summer of 89 

1999, and trees were established in an experimental plot on March 2001. The trial was 90 

located in the Ebro Valley (North-Eastern of Spain), on a heavy and calcareous soil, 91 

with 28% total calcium carbonate, 8% active lime, water pH 8.4, and a clay-loam 92 

texture. It was established on a non-fumigated replant site, one year after uprooting an 93 

8-year-old peach (‘Summergrand’ nectarine cv.) orchard that was budded on plums (P. 94 

insititia, P. domestica) and peach-almond rootstocks.  95 

The experiment was established in a randomized block design with five single-tree 96 

replicates for each rootstock. Trees were planted at 5.5 m × 5.5 m and trained to a low 97 

density open-vase system. The wide tree row spacing was used to avoid any 98 

environmental effect on the adjacent trees in case of tree losses.  99 

Tree decline was observed over the years as reported by Mestre et al. (2015). 100 

Consequently, four single-tree replications for Tetra, Mayor, GF 677, Cadaman, Barrier, 101 
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Adesoto and Adarcias, and three single-trees for Felinem were used in this study. In 102 

contrast, all trees budded on Replantpac survived well to the end of the experiment.  103 

Guard rows were used to preclude edge effects. Cultural management practices, such as 104 

fertilization, winter pruning, and spring thinning, were conducted as in a commercial 105 

orchard. Open vase trees were pruned to strengthen existing scaffold branches and 106 

eliminate vigorous shoots, inside and outside the vase, that would compete with selected 107 

scaffolds or shade fruiting wood. Moderate-sized fruiting wood (0.3-0.6 m long) was 108 

selected. All trees were hand-thinned at 45-50 days after full bloom (DAFB) leaving 109 

approximately 20 cm between fruits. The plot was level-basin irrigated every 12 days 110 

during the summer.  111 

2.2. Growth measurements and yield characteristics  112 

For all the cropping years, starting in 2003, trunk girth, yield and number of fruits per 113 

tree were recorded. Trunk girth was measured each dormant season at 20 cm above the 114 

budding point, used to calculate trunk cross-sectional area (TCSA). At harvest, all fruits 115 

from each tree were counted and weighted to determine total yield per tree (kg/tree). 116 

Fruit weight (FW) was calculated considering the total number of fruits and total yield 117 

per tree. Average fruit weight (AFW) from 2009 to 2014 was also calculated. 118 

Cumulative yields (CY) per tree and yield efficiency (YE) of each scion-stock 119 

combination were computed.  120 

2.3. Fruit physical and chemical properties 121 

Over the last 4 years of study (2011-2014), 20 representative fruits were randomly 122 

hand-picked at commercial maturity time for each scion-rootstock combination. They 123 

were collected from shoots around the crown of the trees. Fruits were considered ripe 124 

when they no longer grew and exhibited the ground colour representative for ‘Big Top’ 125 

cultivar. Fruits were analysed for flesh firmness (FF), soluble solids content (SSC), 126 

titratable acidity (TA), skin colour parameters and antioxidant compounds.  127 

FF was measured on two paired sides of each fruit, by removing 1 mm thick disk of 128 

skin from each side of the fruit, and using a penetrometer equipped with an 8 mm tip 129 

(Model FT-327). The two readings were averaged for each fruit and data were 130 

expressed in Newtons (N). SSC of juice extracted from 20 fruits was measured with a 131 

digital refractometer (Atago PR-101, Tokyo, Japan) and was expressed as ºBrix. For 132 

TA, five grams of homogenized samples were diluted with 50 mL of distilled water, and 133 

microtitrated with 0.1 N NaOH to a pH end point of 8.2. The results were expressed as 134 

g malic acid per 100 g of fresh weight. Ripening index (RI) was determined as SSC/TA 135 
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ratio. Color determinations in the fruit equatorial zone were measured by the CIELAB 136 

L* (brightness or lightness; 0=black, 100=white), a* (red = positive values, green = 137 

negative values), b* (yellow = positive values, blue = negative values), C* (chroma) 138 

and h (hue angle degree; 0º=red-purple, 90º=yellow, 180º=bluish-green) using a 139 

colorimeter (Chroma Meter, CR-400 Konica Minolta, Japan).  140 

After fruit quality analysis, in 2011 and 2012, fruits were peeled, and a portion of the 141 

mesocarp was removed from the middle of each opposite side and cut into small pieces. 142 

A composite sample for each tree of 5 g was built by mixing all pieces from all the 143 

selected fruits. This sample was frozen in liquid nitrogen and kept at -20 ºC until 144 

analyzed. Total phenolics, anthocyanins, relative antioxidant capacity (RAC) and 145 

Vitamin C were evaluated according to Cantín et al. (2009), with some modifications. 146 

All samples were analyzed using a spectrophotometer Asys UVM 340 Microplate 147 

Reader (Biochrom Ltd, Cambridge, UK). Standard calibration curves were daily 148 

prepared. The Folin-Ciocalteau reagent at 0.25 N concentration was used to determine 149 

the total phenolic content (TPC). Absorbance was measured at 725 nm and the results 150 

were expressed as mg of gallic acid (3,4,5-trihydroxy-benzoic acid) equivalents (GAE) 151 

per 100 g FW. For determining anthocyanin content, spectrophotometric readings at 535 152 

nm and 700 nm were taken against a blank cell filled with extraction solvent. 153 

Anthocyanins were expressed as mg of cyanidin-3-glucoside equivalents (C3GE) per kg 154 

of FW using a molecular weight of 494 and a molar extinction absorptivity coefficient Ɛ 155 

= 25,965/cm M. The relative antioxidant capacity (RAC) was determined using the 1,1-156 

diphenyl-2-picrylhydrazyl (DPPH). Absorbance was measured at 515 nm and the results 157 

were expressed as µg of Trolox equivalents per g of FW. For vitamin C determinations, 158 

absorbance was determined at 525 nm and the results were expressed as mg of ascorbic 159 

acid (AsA) per 100 g of FW. 160 

2.4. Data analysis 161 

Statistical analysis was conducted using IBM SPSS, Statistics 23. The data was 162 

evaluated by two-way variance (ANOVA) analysis. When the F test was significant, 163 

means were separated by Duncan’s multiple range (P≤0.05). The analyses of Pearson 164 

correlation and principal components analysis (PCA) were carried out to study 165 

correlations among vigor, yield, fruit quality traits and other agronomic parameters. 166 

PCA analysis was performed using Unscrambler X 10.3 software (CamoAsa, 2001). 167 

3. Results and Discussion 168 

3.1. Rootstock and year effect 169 
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The ANOVA analysis (Table 1) showed that rootstock and year significantly affected 170 

all evaluated traits, except for vitamin C, total phenolic content (TPC) and anthocyanins 171 

content, which were not significantly affected by the year, and TPC and soluble solids 172 

content, which were not significantly affected either by rootstock. These results 173 

suggested that vitamin C, TPC and anthocyanins contents appear to be less influenced 174 

by the prevailing environmental conditions over the growing season than the other traits 175 

evaluated. Font i Forcada et al. (2014a) also reported that year affected most of the traits 176 

evaluated in the ‘Catherina’ peach cultivar. The year-to-year variation in most of the 177 

traits may be explained by the differences in annual temperature and crop load over the 178 

different years of study. Statistically significant rootstock × year interactions were 179 

observed only for fruit weight and a* parameters. This could indicate that rootstocks 180 

had consistent effects on ‘Big Top’ nectarine and its fruit quality traits. Thus, owing to 181 

the non-significant rootstock × year interactions on the rest of the traits evaluated, the 182 

data from different years were also analyzed together. In addition, the significant effect 183 

of rootstock found on all traits, except for TPC and soluble solids content, agrees with 184 

previous works where the effect of rootstock on agronomic and fruit quality traits have 185 

been reported (Font i Forcada et al., 2013; 2014a). 186 

3.2. The effect of rootstock on tree growth and yield 187 

There was a significant effect of the rootstock on trunk-cross sectional area (TCSA), 188 

cumulative yield (CY) and yield efficiency (YE) at the sixteenth year after budding 189 

(2014). The plum rootstock Adesoto induced the lowest TCSA, while Cadaman and 190 

Replantpac showed the highest values (Table 2). An intermediate vigour was observed 191 

on the rest of the rootstocks.  192 

Trees on Barrier and Cadaman induced the greatest cumulative yield (CY), although 193 

they were not significantly different from Adarcias, Felinem, GF 677, Mayor and 194 

Replantpac. TCSA was significantly and positively correlated with CY (r = 0.85, 195 

P<0.05), in accordance with Layne (1994) who reported that cumulative yields are 196 

higher on the most vigorous rootstocks. The lowest cumulative yield was exhibited by 197 

the less vigorous rootstock Adesoto, although it did not differ from Tetra, Adarcias, 198 

Felinem and Mayor (Table 2).  199 

Yield efficiency (YE) was greatest on GF 677, a rootstock with an intermediate vigour 200 

in this study, but not significantly different from the other rootstocks, except Mayor, 201 

Replantpac, Tetra and Cadaman (Table 2). Some authors (Alonso and Espada, 2011; 202 

Jiménez et al., 2011; Marra et al., 2013; Remorini et al., 2015) reported that higher 203 
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vigorous rootstocks induced lowest yield efficiency. Nevertheless, in this study a small 204 

negative correlation between YE and tree vigour was found (r = -0.16, P<0.05). Lower 205 

value than expected is probably due to the high cumulative yield of some intermediate 206 

vigorous rootstocks, such as Barrier and GF 677. In contrast, De Salvador et al. (2002) 207 

reported the highest TCSA and CY on Barrier and GF 677 compared to other Prunus 208 

rootstocks such as Ishtara, Julior, Jaspi, Citation, Rubira, and some seedlings budded 209 

with ‘Suncrest’ peach cultivar and grown under Mediterranean climate.  210 

Finally, average fruit weight (from 2009 to 2014) was significantly affected by 211 

rootstock. Barrier, with a medium TCSA, tended to produce higher fruit weight, as 212 

previously reported by several authors (Font i Forcada et al., 2013; Loreti and Massai, 213 

2006; Orazem et al., 2011). Layne (1994) also observed largest fruits on intermediate-214 

vigour rootstocks compared with more vigorous ones.  215 

3.3. The effect of rootstock on physical and basic fruit quality properties 216 

Rootstock was found to significantly affect the basic fruit quality traits: flesh firmness 217 

(FF), soluble solids content (SSC), titratable acidity (TA) and ripening index (RI) 218 

(Table 3).  219 

The average of the four years of study shows that the greatest flesh firmness (FF) value 220 

was recorded on the peach × P. davidiana Barrier, although it did not differ 221 

significantly from Adarcias, Cadaman, GF 677 and Replantpac (Table 3). The tendency 222 

of Barrier to produce fruits with higher firmness was previously mentioned (Giorgi et 223 

al., 2005; Orazem et al., 2011; Remorini et al., 2008). In contrast, the plum rootstocks 224 

Adesoto and Tetra, and peach-almond hybrids Felinem and Mayor produced the softest 225 

fruit, although they did not differ significantly from the other rootstocks, except from 226 

Barrier and GF 677. The tendency of Tetra to produce softer fruits was also mentioned 227 

by Orazem et al. (2011).  228 

Regarding soluble solids content (SSC), fruits from different rootstocks did not 229 

demonstrate significant differences in the average value for the four years of study, 230 

except for the first (2011) and second (2012) year when Mayor and Adesoto produced 231 

the highest SSC of fruits, respectively (Table 2). The tendency of Adesoto to induce 232 

higher SSC, individual (sucrose, fructose and sorbitol) and total sugars has already been 233 

showed (Orazem et al., 2011; Font i Forcada et al., 2014a). The SSC values obtained at 234 

harvest were similar to those reported by Iglesias and Echeverría (2009) for ‘Big Top’.  235 

On average, the highest TA was induced by Barrier, although it did not differ from 236 

Cadaman and Replantpac. Similarly, the tendency of Barrier to produce fruits with 237 
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higher acidity was already mentioned (Giorgi et al., 2005). The lowest TA was 238 

exhibited by Adarcias, Felinem Mayor and Tetra (Table 3) although they did not differ 239 

from  Adesoto, Felinem, GF 677 and Replantpac.  240 

Nevertheless, small differences in the ripening index (RI) were found among rootstocks 241 

throughout the years of study (Table 3). Felinem and Mayor had the highest RI mean 242 

value, while Barrier and Cadaman induced the lowest one. Besides being mainly 243 

correlated with SSC, consumer acceptance is also dependent on the other fruit quality 244 

attributes such as TA (Crisosto et al., 2006), thus making fruit TA level an eligible 245 

target for breeders in order to meet consumers requirements (Di Vaio et al., 2015). 246 

Therefore, the effect of rootstock on these two parameters should also be taken into 247 

account for breeders and growers. Differences in SSC and TA on the same cultivar 248 

could change the consumer degree of liking, as reported by Iglesias and Echeverría 249 

(2009) who evaluated the effect of cultivar and harvest date on quality and fruit 250 

acceptance of six nectarine cultivars. 251 

Significant differences were also found between rootstocks in L*, a*, b*, C* and h color 252 

parameters for ‘Big Top’ cultivar (Table 4). The average of the four years of study 253 

showed that the brightest (high L* values) and most red and yellow colored skin (high 254 

a* and b* values) was found in fruits of ‘Big Top’ budded on GF 677, although not 255 

significantly different from Barrier, Cadaman, Mayor and Replantpac for L* and b*, 256 

and the rest of rootstocks but Adesoto for a* values. In contrast, the lowest b* was 257 

recorded on Adesoto, Felinem and Tetra, although not significantly different from 258 

several rootstocks (Table 4). Differences in ground color for the varying maturity occur 259 

in a* (green-red), b* (blue-yellow) and h coordinates, which increase a* and b* or 260 

decrease h values as maturity advances (Delwiche and Baumgardner, 1983; Ferrer et al., 261 

2005).  262 

It has been reported that the skin color of fruit influences consumer acceptance and sales 263 

(Liverani et al., 2002). Indeed, consumers associate intense color with better appearance 264 

and quality (Byrne et al., 2012; Iglesias and Echeverría, 2009). Surprisingly, high values 265 

were noted for Barrier rootstock fruit, since FF, SSC, TA and RI values could indicate 266 

lower ripeness of ‘Big Top’ fruits on this rootstock. ‘Big Top’ is known for its early 267 

intense red skin color development (Iglesias and Echeverría, 2009), which explained 268 

high color values on less mature fruit. Other authors (Génard et al., 1994; Font i 269 

Forcada et al., 2012; Ruíz and Egea, 2008) suggested that high h angle values could 270 
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indicate lower acidity. However, our results showed that ‘Big Top’ fruits from Barrier, 271 

Cadaman, GF 677 and Replantpac had higher h angle and TA values.  272 

3.3. The effect of rootstock on phytochemical fruit compounds 273 

Chemical analysis of fruits showed that rootstock had significant effect on ‘Big Top’ 274 

flesh. On average, small differences were found among rootstocks in the fruit Vitamin C 275 

content (Table 5). However, Tetra induced the lowest value for two years as well for the 276 

average of these two years. Among rootstocks, values of Vitamin C ranged from 2.3 mg 277 

AsA/100 g FW (Tetra, in 2011) to 10.9 mg AsA/100 g FW (Adarcias, in 2012). They 278 

were included within the range reported for peach flesh in the literature (Abidi et al., 279 

2011; Cantín et al., 2009; Font i Forcada et al., 2013, 2014a; Gil et al., 2002; Tomás-280 

Barberán et al., 2001) and those values (6-8 mg AsA/100 g of FW) reported in the 281 

USDA Food Composition Data (www.nal.usda.gov/fnic/foodcomp/).  282 

Regarding total phenolic content (TPC), no significant differences were observed at  the 283 

average of the two years. However, ‘Big Top’ fruits from Felinem tended to have the 284 

highest TPC. The TPC values varied from 8.4 mg GAE/100 g FW (Barrier, in 2011) to 285 

17.1 mg GAE/100 g FW (Felinem, in 2011) or 13.5 mg GAE/100 g FW (Adesoto, in 286 

2012). Nonetheless, these values were about twice lower than those reported by Orazem 287 

et al. (2011) and Font i Forcada et al. (2014a) for different peach cultivars.  288 

Concerning anthocyanins content the highest value was induced by GF 677, but it did 289 

not differ significantly from the other rootstocks, except for Barrier (Table 5). The 290 

anthocyanins content varied greatly among rootstocks and years ranging from 0.42 mg 291 

C3GE/kg FW (Cadaman, in 2012) to 1.29 mg C3GE/Kg FW (GF 677, in 2011) or 1.25 292 

mg C3GE/Kg FW (Adesoto, in 2012). The anthocyanins content was in the range 293 

previously reported for peach flesh (Font i Forcada et al., 2013, 2014a; Zhao et al., 294 

2015). C3GE was identified as the main anthocyanin compound in peaches and it is 295 

responsible for the red color in these fruits (Tomás-Barberán et al., 2001).  296 

No significant correlation was obtained between anthocyanins and RAC in this study, as 297 

reported by Cantín et al. (2009) and Font i Forcada et al. (2014 a,b) in peaches and 298 

nectarines, probably due to their lower content compared with strawberries, raspberries 299 

and plums (Gil et al., 2002). Nevertheless, due to the increasing evidence of the benefit 300 

of anthocyanins to human nutrition and health, to know which rootstock induces more 301 

anthocyanin content to a given cultivar is also important.  302 

Significant differences were found in the average of relative antioxidant capacity (RAC) 303 

values for the two studied years (Table 5). Barrier induced the highest value, although 304 

http://www.nal.usda.gov/fnic/foodcomp/).
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no significant differences were found with the other rootstocks except for Adarcias. In 305 

contrast, Barrier rootstock budded with ‘Suncrest’ peach had the lowest antioxidant 306 

capacity compared to other Prunus rootstocks (Giorgi et al., 2005). Among rootstocks, 307 

values of RAC ranged from 316.1 µg Trolox/g FW (Felinem, in 2011) to 359.3 µg 308 

Trolox/g FW (GF 677, in 2011), being in the range previously reported (Font i Forcada 309 

et al., 2013, 2014a; Orazem et al., 2011).  310 

Some works (Cefola et al., 2014; Font i Forcada et al., 2014a; Gil, 2002; Orazem et al., 311 

2011) reported that, in general, fruits with higher TPC showed higher antioxidant 312 

capacity. Similarly, a moderate positive correlation between RAC and TPC was found 313 

in this study (r = 0.42, P<0.05). In contrast, there was no significant correlation between 314 

RAC and ascorbic acid content, as reported by Drogoudi and Tsipouridis (2007), 315 

suggesting that antioxidants other than ascorbic acid may mostly contribute to the total 316 

antioxidant capacity in peach fruit, as phenolic compounds (Abidi et al., 2011; Cantín et 317 

al., 2009; Gil et al., 2002).  318 

In spite of fruits were harvested with the same visual characteristics of maturity, some 319 

rootstocks might delay (Barrier and Cadaman) or advance (Tetra) maturity based on FF, 320 

SSC, TA, CIELAB parameters and RI results, in good agreement with De Salvador et 321 

al. (2002) and Orazem et al. (2011). In addition, rootstocks that seem to delay fruit 322 

maturity (Barrier and Cadaman) had also fruits with lower total phenolic content (TPC) 323 

and anthocyanins. A high negative correlation between TPC and FF (r = -0.62, P ≤ 324 

0.05), and low negative correlations between TPC and TA (r = -0.38, P ≤ 0.05) and 325 

between anthocyanins and TA (r = -0.34, P ≤ 0.05) have been found in this study. 326 

Barrier and Cadaman have been also reported to show wider imbalanced nutritional 327 

values (DOP index, deviation from optimum percentage) and lower Fe leaf mineral 328 

concentrations than the other rootstocks in this growing conditions (Mestre et al., 2015). 329 

It could also contribute to explain lower fruit ripeness for those two rootstocks. In 330 

contrast, Adesoto, Felinem, GF 677 and Replantpac induced good fruit quality traits 331 

based on anthocyanins, Vitamin C, RI, RAC and/or TPC values.  332 

3.3. Principal component analysis 333 

A principal component analysis (PCA) was performed to understand how agronomical 334 

and fruit quality traits contribute to the variability among different rootstocks budded 335 

with ‘Big Top’ nectarine cultivar (Figure 1). Leaf mineral nutrients (Ca, Cu, Fe, K, Mg, 336 

Mn, N, P, Zn), DOP index and root and crown suckering (SCK) values were 337 



 11

previously reported by Mestre et al. (2015). Principal components 1 (PC1) and 2 (PC2) 338 

accounted for 37 % and 17 %, respectively, of the total variability (Fig. 1).  339 

The traits that revealed to be main sources of variability in the first principal component 340 

corresponded to b*, CY, DOP, FF, h, L*, Mg and TCSA, while in the second principal 341 

component corresponded to AFW, a*, C*, P, Mn, TA, RI and YE. Rootstocks on the 342 

negative side of PC1 corresponding to Barrier, Cadaman, GF 677 and Replantpac 343 

induced, in general, higher b*, CY, FF, h, L* and Mg values. Adesoto, Felinem and 344 

Tetra showed the contrary. Mayor, with low values of AFW, TA and YE induced high 345 

values of a* and Mn. 346 

Normally, research into rootstock effect on plant physiology is mainly focused on plant 347 

adaptability, size and fruiting (Giorgi et al., 2005). However, in the last few years fruit 348 

quality has achieved an important role in plant adaptability. These results underline the 349 

important relationships between plant adaptability and development and the major 350 

factors of fruit quality and nutritional value. Besides, for each rootstock type, a better 351 

combination of plant training and cultivation system can help to increase the YE and 352 

fruit size, while retaining their adaptability and quality. In this case, Replantpac and GF 353 

677 rootstocks appear suitable for peach production when planting on marginal soils or 354 

under replanting conditions, while Adarcias, Adesoto and Tetra rootstocks may be more 355 

convenient for reducing excessive growth of peach cultivars in fertile soils and to 356 

increase planting density (Mestre et al., 2015). Replantpac is a recently new released 357 

plum based rootstock (Pinochet, 2010), and further studies with more peach cultivars 358 

should be performed to have a better knowledge of this rootstock in different scenarios. 359 

4. Conclusions  360 

This study is likely to represent the first data on the fruit quality and the antioxidant 361 

compounds of ‘Big Top’ budded on different rootstocks under replant conditions. The 362 

results indicated that the rootstock assessed displayed different characteristics.  363 

The plum based Replantpac seemed to be one of the most adapted rootstock in replant 364 

and heavy-calcareous soil conditions, inducing vigorous trees with higher cumulative 365 

yield, and good fruit quality based on anthocyanins, Vitamin C, relative antioxidant 366 

capacity and/or total phenolic content (TPC) of ‘Big Top’ fruits. Further studies with 367 

more peach cultivars should be performed to have a better knowledge in different 368 

scenarios of its agronomical and fruit quality performance. The plum Adesoto and the 369 

peach-almond hybrids Felinem and GF 677 also induced good fruit quality based on 370 

anthocyanins, Vitamin C, relative antioxidant capacity and/or total phenolic content 371 
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(TPC) with lower (Adesoto) or intermediate vigorous trees. Nevertheless,  susceptibility 372 

to waterlogging and/or some soil pathogens should be considered in the case of peach-373 

based rootstocks.  374 

Finally, comparing the results from this study to other studies on replant conditions the 375 

impact of the same rootstock on agronomical and physicochemical traits mainly depend 376 

on the cultivar. Therefore, further studies should involve more cultivars to establish if 377 

the impact of the rootstock on these traits is similar and constant. 378 
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Table 1  505 

ANOVA analysis of the effect of rootstock and year on agronomic and fruit quality 506 

traits in ‘Big Top’ cultivar for the average of the years of study. 507 

Source of variationa Rootstock Year  Rootstock × Year 
Trunk cross-sectional area (TCSA) *** *** ns 
Yield (Y) *** *** ns 
Cumulative yield (CY) *** *** ns 
Yield efficiency (YE) *** ** ns 
Fruit weight (FW) ** *** * 
Flesh firmness (FF) *** *** ns 
Soluble solids content (SSC) ns *** ns 
Titratable acidity (TA) *** *** ns 
Ripening index (RI) ** *** ns 
L* *** *** ns 
a* ** *** * 
b* *** *** ns 
C* *** *** ns 
h* *** *** ns 
Vitamin C ** ns ns 
Total phenolics ns ns ns 
Anthocyanins * ns ns 
Relative antioxidant capacity (RAC) * ** ns 

a Data were evaluated by two-way variance (ANOVA); *** P ≤ 0.001; ** P ≤ 0.01; * P 508 
≤ 0.05; 509 
ns, not significant. 510 
 511 
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Table 2 527 

Trunk cross-sectional area (TCSA), cumulative yield (CY) and yield efficiency (YE) of 528 

the ‘Big Top’ nectarine budded on different Prunus rootstocks, at the sixteenth year 529 

after budding (2014). Mean values (2009–2014) of fruit weight (FW). 530 

 531 

 
Rootstock 

TCSA  
(cm2) 

CY 
(kg tree-1) 

YE  
(kg cm-2) 

FW  
(g) 

Adarcias 234.4 ab 201.0 abc 0.86 bc 192.5 ab 
Adesoto 180.4 a 162.2 a 0.90 bc 192.4 ab 
Barrier 297.6 abc 277.9 c 0.93 bc 213.5 b 
Cadaman 380.5 c 291.8 c 0.77 ab 203.6 ab 
Felinem 252.4 abc 206.1 abc 0.82 abc 189.4 ab 
GF 677 266.0 abc 270.3 bc 1.02 c 204.2 ab 
Mayor 323.6 bc 202.0 abc 0.62 a 179.4 a 
Replantpac 371.2 c 269.4 bc 0.73 ab 202.4 ab 
Tetra 232.1 ab 174.6 ab 0.75 ab 200.2 ab 
For each rootstock, means followed by the same letter in each column are not 532 
significantly different at P<0.05 according to Duncan’s Multiple Range Test. 533 
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Table 3  553 

The effect of rootstocks and year on fruit quality attributes of the ‘Big Top’ nectarine. 554 
Character Rootstock 2011 2012 2013 2014 Average 
 Adarcias 44.3 bcd 55.4 ab 50.6 a 46.6 a 51.2 ab 
 Adesoto 40.8 abc 56.6 ab 36.8 a 44.0 a 46.1 a 
 Barrier 50.1 d 63.5 b 53.6 a 51.8 a 56.3 b 
 Cadaman 45.0 cd 58.7 ab 45.6 a 47.8 a 50.7 ab 
FF  Felinem 38.2 ab 56.4 ab 40.7 a 48.4 a 46.5 a 
(N) GF 677 45.0 cd 57.2 ab 53.7 a 49.9 a 53.3 ab 
 Mayor 37.7 a 59.3 ab 40.1 a 44.0 a 46.6 a 
 Replantpac 45.7 cd 57.9 ab 46.6 a 47.8 a 51.9 ab 
 Tetra 39.5 abc 53.1 a 38.6 a 41.0 a 45.8 a 
             Adarcias 11.8 ab 15.7 ab 12.4 a 11.9 a 12.9 a 
 Adesoto 12.9 ab 16.8 b 14.1 a 11.3 a 13.6 a 
 Barrier 10.7 a 16.1 ab 12.5 a 12.2 a 12.5 a 
 Cadaman 10.8 a 14.5 a 12.1 a 11.7 a 12.3 a 
SSC  Felinem 11.9 ab 14.5 a 13.9 a 11.3 a 12.6 a 
(º Brix) GF 677 11.5 ab 14.8 a 11.9 a 12.0 a 12.5 a 
 Mayor 14.2 b 15.0 ab 13.2 a 12.3 a 13.5 a 
 Replantpac 12.3 ab 15.9 ab 12.7 a 12.0 a 12.7 a 
 Tetra 12.6 ab 14.6 a 12.0 a 11.4 a 12.5 a 
             Adarcias 0.78 ab 0.58 a 0.70 a 0.58 a 0.64 a 
 Adesoto 0.87 abc 0.64 ab 0.57 a 0.54 a 0.65 ab 
 Barrier 1.06 bc 0.72 b 0.75 a 0.65 a 0.79 c 
 Cadaman 1.13 c 0.63 ab 0.67 a 0.64 a 0.76 bc 
TA  Felinem 0.85 abc 0.60 a 0.54 a 0.58 a 0.61 a 
(g malic/100 g FW) GF 677 0.88 abc 0.58 a 0.65 a 0.57 a 0.67 ab 
 Mayor 0.66 a 0.57 a 0.61 a 0.55 a 0.61 a 
 Replantpac 0.95 abc 0.57 a 0.65 a 0.60 a 0.70 abc 
 Tetra 0.80 ab 0.57 a 0.58 a 0.55 a 0.62 a 
             Adarcias 15.4 abc 27.3 a 17.8 a 20.8 a 20.5 abc 
 Adesoto 14.8 abc 26.7 a 25.6 a 21.0 a 21.9 bc 
 Barrier 10.6 ab 22.7 a 16.7 a 18.9 a 16.6 a 
 Cadaman 9.5 a 23.2 a 18.6 a 18.6 a 17.2 ab 
RI Felinem 13.3 abc 25.9 a 18.4 a 21.3 a 23.5 c 
 GF 677 19.9 bc 24.7 a 27.7 a 20.3 a 19.4 abc 
 Mayor 21.6 c 26.6 a 21.8 a 22.6 a 22.5 c 
 Replantpac 13.0 abc 29.0 a 19.8 a 20.3 a 19.4 abc 
 Tetra 16.8 abc 26.1 a 21.9 a 21.1 a 21.7 bc 
For each year and trait, means followed by the same letter in each column are not significantly 555 
different at P<0.05 according to Duncan’s multiple range test. 556 
Abbreviations: FF, flesh firmness; SSC, soluble solids content; RI, ripening index; TA, 557 
titratable acidity. 558 
 559 
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Table 4   566 

Effect of rootstocks on chromatic parameters of ‘Big Top’ nectarine cultivar from the thirteenth 567 

(2011) to the sixteenth (2014) year after budding. 568 
Character Rootstock 2011 2012 2013 2014 Average 
 Adarcias 36.2 abc 37.6 a 35.6 a 35.9 bcd 36.3 ab 
 Adesoto 34.5 a 39.4 ab 34.8 a 36.2 bcd 36.0 a 
 Barrier 39.6 c 39.7 ab 34.4 a 34.7 abc 37.6 ab 
 Cadaman 37.8 abc 41.1 ab 35.1 a 35.7 abcd 37.5 ab 
L* Felinem 35.6 ab 38.7 a 34.0 a 34.4 ab 35.6 a 
 GF 677 37.0 abc 42.8 b 36.6 a 36.6 cd 38.2 b 
 Mayor 38.7 bc 40.9 ab 34.6 a 35.6 abcd 37.6 ab 
 Replantpac 37.7 abc 39.2 ab 36.4 a 37.3 d 37.5 ab 
 Tetra 36.4 abc 38.0 a 33.9 a 33.9 a 35.7 a 
             Adarcias 33.5 ab 33.7 ab 32.5 bc 35.5 a 33.8 ab 
 Adesoto 32.3 a 33.1 a 27.1 a 35.7 a 32.2 a 
 Barrier 34.0 ab 33.3 a 31.4 bc 33.7 a 33.3 ab 
 Cadaman 34.3 ab 33.5 a 32.5 bc 34.4 a 33.8 ab 
a* Felinem 34.8 b 34.9 ab 30.6 ab 33.2 a 33.7 ab 
 GF 677 33.5 ab 34.2 ab 34.8 c 34.5 a 34.1 b 
 Mayor 35.2 b 35.6 b 33.0 bc 34.4 a 34.6 b 
 Replantpac 34.2 ab 34.5 ab 33.7 bc 35.0 a 34.4 b 
 Tetra 33.3 ab 34.1 ab 30.4 ab 34.1 a 33.0 ab 
             Adarcias 15.2 abc 15.6 a 14.2 a 14.9 abc 15.0 ab 
 Adesoto 12.8 a 17.8 ab 12.5 a 15.0 abc 14.2 a 
 Barrier 19.1 c 18.6 abc 12.9 a 13.6 ab 16.6 abc 
 Cadaman 17.2 abc 20.2 abc 13.8 a 14.3 abc 16.5 abc 
b* Felinem 17.9 bc 22.5 c 16.4 a 13.1 a 14.2 a 
 GF 677 14.2 ab 17.7 ab 11.9 a 15.8 bc 17.7 c 
 Mayor 18.0 bc 20.5 bc 11.9 a 14.6 abc 17.1 bc 
 Replantpac 17.6 bc 18.4 abc 11.9 a 16.6 c 16.9 bc 
 Tetra 15.3 abc 16.5 ab 11.9 a 12.5 a 14.2 a 
             Adarcias 37.1 ab 37.4 a 36.0 bcd 38.6 a 37.2 abc 
 Adesoto 34.8 a 36.9 a 30.7 a 38.9 a 35.5 a 
 Barrier 39.3 b 38.6 ab 34.2 abc 36.5 a 37.6 abc 
 Cadaman 38.7 b 39.5 ab 36.0 bcd 37.4 a 38.0 bc 
C* Felinem 38.5 b 41.4 b 38.8 d 38.3 a 36.8 abc 
 GF 677 37.7 ab 39.5 ab 33.2 abc 36.4 a 38.9 c 
 Mayor 39.9 b 41.4 b 36.0 bcd 37.5 a 39.0 c 
 Replantpac 38.9 b 39.6 ab 37.6 cd 39.1 a 38.7 c 
 Tetra 37.0 ab 38.1 ab 32.7 ab 36.4 a 36.2 ab 
             Adarcias 23.9 abc 24.3 a 22.3 a 22.2 abc 23.3 abc 
 Adesoto 21.1 a 28.8 abc 23.2 a 22.4 abc 23.2 ab 
 Barrier 28.9 c 28.4 abc 21.4 a 21.4 abc 25.8 bc 
 Cadaman 26.1 abc 30.6 bc 21.9 a 22.1 abc 25.4 bc 
h Felinem 27.3 bc 32.7 c 23.7 a 23.9 bc 21.3 a 
 GF 677 21.7 ab 26.2 ab 16.2 a 21.7 abc 26.5 cd 
 Mayor 26.3 abc 29.4 abc 21.1 a 22.4 abc 25.4 bc 
 Replantpac 26.7 abc 27.6 abc 23.8 a 24.7 c 25.5 bc 
 Tetra 23.9 abc 25.2 ab 19.7 a 19.8 abc 22.5 ab 
For each year and trait, means followed by the same letter in each column are not significantly different 569 
at P<0.05 according to Duncan’s multiple range test. 570 
Abbreviations: a*, greenness/redness; b*, blueness/yellowness; C*, chroma; h, lightness’ angle; 571 
L*, lightness. 572 
 573 
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Table 5  574 

Effect of rootstock on phenolics, anthocyanins, vitamin C and antioxidant capacity 575 

(RAC) of ‘BigTop’. 576 

Character Rootstock 2011 2012  Average 
 Adarcias 5.1 ab 10.9 c 8.0 b 
 Adesoto 9.4 b 6.5 ab 8.0 b 
 Barrier 5.3 ab 6.0 ab 5.7 ab 
 Cadaman 6.8 b 5.4 ab 6.1 b 
Vitamin C Felinem 7.0 b 5.2 ab 6.1 ab 
(mg AsA/100 g FW) GF 677 6.9 b 7.3 bc 7.1 b 
 Mayor 5.8 ab 6.6 ab 6.2 ab 
 Replantpac 5.4 ab 8.3 bc 6.9 b 
 Tetra 2.3 a 2.7 a 2.5 a 
        
 Adarcias 8.9 a 10.7 a 9.7 a 
 Adesoto 12.1 ab 13.5 a 12.5 a 
 Barrier 8.4 a 9.2 a 8.7 a 
 Cadaman 8.6 a 8.8 a 8.7 a 
Total phenolics content Felinem 17.1 b 12.8 a 15.4 a 
(mg GAE/100 g  FW) GF 677 8.9 a 11.3 a 10.1 a 
 Mayor 12.6 ab 9.3 a 11.7 a 
 Replantpac 9.9 a 11.9 a 10.8 a 
 Tetra 8.7 a 11.4 a 9.6 a 
        
 Adarcias 0.58 a 0.76 ab 0.67 ab 
 Adesoto 0.84 ab 1.25 c 1.04 ab 
 Barrier 0.60 a 0.46 a 0.53 a 
 Cadaman 0.80 ab 0.42 a 0.61 ab 
Anthocyanins Felinem 1.06 ab 0.94 bc 1.00 ab 
(mg C3GE/kg FW) GF 677 1.29 b 0.69 ab 1.44 b 
 Mayor 1.02 ab 0.81 abc 0.92 ab 
 Replantpac 0.61 a 0.83 abc 0.73 ab 
 Tetra 0.87 ab 0.93 bc 0.90 ab 
        
 Adarcias 322.2 a 338.4 a 330.3 a 
 Adesoto 326.9 a 344.3 a 335.6 ab 
 Barrier 361.1 a 358.6 a 359.9 b 
 Cadaman 320.8 a 349.9 a 335.4 ab 
Relative antioxidant capacity  Felinem 316.1 a 346.6 a 331.3 ab 
(µg Trolox/g FW) GF 677 359.3 a 342.4 a 350.8 ab 
 Mayor 337.9 a 353.6 a 345.8 ab 
 Replantpac 332.3 a 351.4 a 339.9 ab 
 Tetra 337.7 a 345.9 a 341.8 ab 
For each trait, means followed by the same letter in each column are not significantly 577 
different at P<0.05 according to Duncan’s Multiple Range Test.  578 
Abbreviations: AsA, acid ascorbic; C3GE, cyaniding 3-glucoside equivalents; FW, 579 
fresh weight; GAE, gallic acid equivalents.580 



 21

 
Figure 1. Principal component analysis for agronomic, fruit quality and leaf traits evaluated on different Prunus rootstocks budded with ‘Big 
Top’ nectarine cultivar.  
Abbreviations: a*, greenness/redness; AFW, average fruit weight; ANTHOC, anthocyanins content; AY, average yield; b*, blueness/yellowness; 
C*, chroma; Cu, copper; CY, cumulative yield; DOP, deviation from optimum percentage index; FF, flesh firmness;  Fe, iron; FW, fruit weight; 
h, lightness’ angle; K, potassium; L*, lightness; Na, sodium, Mg, magnesium; Mn, manganese; N, nitrogen; P, phosphorus; RAC, relative 
antioxidant capacity content; SCK, root and crown suckering; TPC, total phenols content; TCSA, trunk cross sectional area; Vit. C, vitamin C 
content; YE, yield efficiency; Zn, zinc. 
Data (leaf mineral elements) from this table were partially presented in Mestre et al. (2015). 
 

Adarcias

Adesoto

Barrier

Cadaman

Felinem
GF 677

Mayor

Replantpac

Tetra

TCSA

CY

YE
AFW

SCK

N

P

K

Ca

Mg

Fe

Cu

Mn

Zn

SPAD
DOP

FF

SSC

TA

L*

a*

b*

C*

h

Vit. C

TPC

ANTHOC

RAC

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

PC
 2

 (1
7 

 %
)

PC 1 (37 %)




