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ABSTRACT 6 

The carbohydrate storage is necessary to support the plant growth in periods of stress, during the 7 

dormancy, in the beginning of the vegetative development and during the fruiting phase. In this 8 

context, this work intended to evaluate the carbohydrate concentrations of the peach tree ‘BRS 9 

Rubimel’, cultivated under subtropical conditions. The experiment was performed at the experimental 10 

farm Lageado, of the Faculdade de Ciências Agronômicas da UNESP of Botucatu/SP. The evaluated 11 

peach trees were two years old and were cultivated in the spacing of 6.0 x 4.0 m. The adopted 12 

experimental delineation was in randomized blocks, making use of four plants per parcel with four 13 

repetitions. The treatments corresponded to the period of the collection of leaves and branches, during 14 

the annual cycle, corresponding to January to May and July to December 2012. The sample collection 15 

of the roots was performed in January, April, August, November and December 2012. Four fruits per 16 

plant were collected. The concentration of starch in the roots of the peach tree were superior to the 17 

ones from the branches, from August to December. The carbohydrate with the higher storage level in 18 

the organs of the peach tree ‘BRS Rubimel’ was the starch. 19 

____________________________ 20 

Index terms: Prunus persica L. Bastch, photo-assimilated compounds, sugars. 21 

 22 

1. INTRODUCTION 23 

 The stone fruit plants have been an important option for the diversification of the agricultural 24 

products in the state of São Paulo. The harvest of São Paulo is very advanced compared to the states 25 

of the south. This precociousness comes from the climatic differences and from the utilization of 26 

cultivars adapted to the subtropical climate, enabling the harvest to occur from September to 27 

November. 28 

 The state of São Paulo, located in a warmer climatic zone, contributes with about 10% of the 29 

planted area and 23% of the national production, featuring an average productivity of  21.5 t/ha/year, 30 

with economic potential to cultivate peach trees, having the advanced harvest of the fruits as a great 31 

advantage, when compared not only with the Brazilian main producing regions, but also with most of 32 

the countries locates in the southern hemisphere such as Chile, Argentina, Uruguay and South Africa 33 

(PEREIRA et al., 2002). 34 

 The peach production in São Paulo is mainly addressed to the production of dessert fruits. 35 

Thus, quality is a significant prerequisite to achieve the best ratings at the consumer market, what, 36 

consequently, results in a higher income for the producers. São Paulo’s peach cultivation had 37 

obtained advancements in the production by employing appropriate cultivation techniques, using plant 38 

growth regulators and using less demanding cultivars during cold weather. 39 

 The physiological processes involved in the entry and the interruption of the dormancy of the 40 

fruit may be related to many intrinsic and extrinsic factors connected to the plants, such as the 41 

carbohydrate flow and the translocation of the reserve in short distances. In the Rosaceae family, 42 

most part of the carbon fixed during the photosynthesis is stored as starch in the chloroplast or is 43 

transferred to the cytosol and converted in the soluble carbohydrates sucrose and sorbitol (Quick and 44 

Schaffer, 1996, cited by CARVALHO and ZANETTE, 2004). According to Araújo et al. (2008), the 45 

competition for photo-assimilated compounds can occur between the vegetative growth and the flower 46 

buds, since, in the case of the peach tree, the vegetative growth occurs simultaneously with the fruit 47 

formation. 48 

 Several strategies are being researched aiming the enhancing of the quality of the fruits, 49 

based, directly or indirectly, on the exploitation of the reserves and the relations among the demand of 50 

soluble solid contents and reserve tissues and/or carbohydrate producers (ARAUJO et al., 2008). 51 

 The carbohydrate translocation of the organs of the peach, during different phases of the 52 

plant, needs more studying, mainly in subtropical conditions, in which the cycle among the 53 

phenological stages of the plant is different, just as well, there’s the need of the use of subsidiary 54 
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handling techniques, like the replenishment pruning and the defoliation, that are different in temperate 55 

regions where the cultivation is traditionally implemented. In Brazil, the study of the carbohydrate 56 

mobilization is being utilized to comprehend the problems arising from the lack of cold winters, in 57 

temperate climate fruit trees (RODRIGUES et al., 2006). The knowing of the reserves concentration in 58 

different organs of the plant, according to the months of the year can be a subsidy for the adaptation 59 

of the handling techniques and cultivation practices, at the most appropriate times, taking into account 60 

the plant physiology. 61 

 In view of it, this work had, as objective, the determination of the carbohydrates concentration 62 

during the annual cycle of the peach tree ‘BRS Rubimel’ cultivated in subtropical conditions, in the city 63 

of  Botucatu-SP. 64 

 65 

2. MATERIAL AND METHODS 66 

 The experiment was performed at the experimental farm Lageado, of the Faculdade de 67 

Ciências Agronômicas da UNESP of Botucatu/SP, situated at 22° 51’ 55” S and 48° 26’ 22” W, and 68 

810 meters altitude. The region has a mesothermal climate, Cwa, in other words, humid subtropical 69 

with droughts during the winter and with rains from November to April, being the average annual 70 

rainfall of 1.433 mm. The climatic data of the experimental area were collected by the Meteorological 71 

station of the Departamento de Recursos Naturais of the above-mentioned Faculty (Figures 1-A and 72 

1-B). 73 
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Figure 1. Maximum, average and minimum temperatures (A); and monthly rainfall (B); of the 75 

experimental area. FCA/UNESP/Botucatu- SP, 2012. 76 

 77 

 Two-year-old plants from the BRS Rubimel cultivar, grafted on the Okinawa rootstock, were 78 

evaluated. The BRS Rubimel cultivar, launched in 2007 by Embrapa Clima Temperado, originated 79 

from the crossing effectuated in 1991 between ‘Chimarrita’ e ‘Flordaprince’. It is a semi-adherent stone 80 

cultivar, with average or big-sized fruits, round or round-conic shape, yellow-colored pulp, average 81 

weight 100-120g (SCARANARI et al. 2009). It has an attractive appearance and a sweet and pleasant 82 

flavor, due to its low acidity itis indicated for the au naturel consumption. It ripens in the beginning of 83 

November and, exceptionally, the ripening can occur until the end of the month. The low chilling 84 

requirements go from 200 to 300 hours (EMBRAPA, 2007). 85 

 The plants received the recommended cultural treatments (SCARPARE FILHO et al., 2003). 86 

The green or replenishment pruning was performed in January, 2012. The production pruning or 87 

fruiting was performed on July 20th, 2012. After this operation, the pruned branches were brushed with 88 

Bordeaux mixture made from copper sulphate, lime and water, at the cut spots, to avoid the 89 

development of pathogenic microorganisms. It was not necessary to defoliate the plants since they 90 

were young and suffered a natural defoliation. The application of products to break the dormancy was 91 

performedin the swollen buds stage, always one day after the production pruning. A hydrogen 92 

cyanamide 0.6 % (Dormex®) + Mineral oil 1.0% (Assist®) was utilized and the plants were totally wet, 93 

a volume of 2.5% of spray solution was employed per plant. 94 

 The experimental delineation was made in randomized blocks, making use of four plants per 95 

parcel with four repetitions. The treatments corresponded to the period of the collection of leaves and 96 

branches, during the annual cycle, corresponding to January, February, March, April, May, July, 97 

August, September, October, November and December 2012. The sample collection of the roots was 98 

performed in January, April, August, November and December 2012 and the collection of the fruits 99 

was performed in the month of November/2012. 100 
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 The samples of the aerial part were collected by cutting the segments of the branches (the 101 

woody ones) that were six months old, in the distance of 10 cm from the main limb and, subsequently, 102 

the leaves were harvested separately, from these branches. The size of the samples of the branches 103 

was approximately, from 10 to 15cm, the branches were taken from all the limbs (four) of the plant. 104 

 The samples of the roots were taken from the soil from approximately 20 cm deep and 40 cm 105 

away from the base of the trunk of each tree. After finding the root system, segments from 106 

approximately 10 to 20 cmwere collected, with the same diameter of approximately 10 cm. 107 

 When the fruits reached the soluble solid content of 10 ºBrix, four fruits per plant were 108 

sampled. The samples of branches, leaves and fruits were taken to the laboratory, being subjected to 109 

the washing and drying in the greenhouse with forced air circulation, with the temperature of 65ºC. 110 

After the drying and milling of the samples the concentration of carbohydrates, reducing sugars 111 

(fructose + glucose), non-reducing (sucrose), total and starch (Nelson, 1994) was determined and the 112 

results were expressed in percentages (%). The results were subjected to an analysis of variance, 113 

being compared by using the Tukey test at 5% of significance level. 114 

 115 

3. RESULTS AND DISCUSSION 116 

 There were variations in the carbohydrate concentrations in the different organs of the plant 117 

according to the months of evaluation (Figures 2-A, 2-B, 3-A, 3-B, 4-A e 4-B). In the peach tree, the 118 

production potential of the fruits of a cycle is directly related to the reserves accumulated by the plant 119 

during the former cycle, what is more explicitly visible in the roots, compared to the branches (BORBA 120 

et al., 2005). 121 

 From the month of January on, there was a decay in the concentration of starch, being April 122 

the month with the greatest reduction in the concentration of starch in the branches (Figure 2-A), 123 

phase in which the plant was in full vegetative development of the aerial part. In this period, it was 124 

possible to infer that the low concentration of starch in the roots occurred due to the drainage cause 125 

by the crown of the tree. In the plants, broadly, during the vegetative growing, most of the 126 

carbohydrates are transported to the young roots and leaves whereas after the flowering the 127 

carbohydrates are mainly addressed to the fruits, tubers and reserve roots (ROITSCH, 2003). The 128 

biggest concentration starch in the roots was observed in August, characterized by the end of the 129 

dormancy period and beginning of the sprouting (Figure 2-A). This fact is related to the drop of the 130 

temperature observed since May (Figure 1), in which the dormancy period of the peach tree started, 131 

with the gradual loss of the leaves, being this, one of the characteristics of the deciduous trees. 132 

 The starch accumulated in the chloroplasts is converted into sucrose for the translocation until 133 

the roots, where it is converted again into starch and is stored. Hence, the starch accumulation keeps 134 

the plant protection against the coldness and provides energy to the metabolic activities of the peach 135 

tree (ARAÚJO et al., 2008). Carvalho and Zanete (2004) also report that the insoluble carbohydrates 136 

are accumulate din the branches and roots of the peach tree, reaching a climax in the middle of the 137 

resting period. 138 

 According to Marquat et al. (1999), during the dormancy, the buds present a low potential 139 

absorption and an increasing in the concentration of sucrose, due to the starch hydrolysis. This way, 140 

the soluble sugars are accumulated during the winter. Also in this period, the buds are able to absorb 141 

carbohydrates allowing the carbohydrate storage. 142 

 In the beginning of January, the replenishment pruning of the branches of the peach tree was 143 

performed and due to this, it was verified a low concentration of total reducing sugars in the roots 144 

because they were translocated to the aerial part, to supply the metabolic needs of the plant because 145 

of the pruning. At this time, the plant was in full vegetative development, with high carbohydrate 146 

production, with this, the total reducing sugars stored in the leaves, were transported to the non-147 

photosynthetic reserve organs, in the case, the roots (Figure 2-A). This behavior presents itself in 148 

conformity with the report of Borba et al. (2005), which considered two distinct moments in the 149 

carbohydrate flow in roots of subtropical climate cultivated peach tree, where the first flow was the 150 

accumulation of carbohydrates in the roots that happened after the harvest and until the fall of the 151 

leaves (dormancy). After the harvest of the fruits, in December/2012, there was a higher concentration 152 

of total reducing sugars in the roots because of the withdrawal of the fruits (drainage) that enhanced 153 

the storage, stimulating the root growth (Figure 2-A).    154 

 In the month of December/2012, there was a higher concentration of sucrose in the roots 155 

(Figure 2-B), probably due to the root growth spurts, followed by the branches growth. The growth of 156 

the root system depends on the aerial load and fruits load of the plant, taking into consideration that 157 
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the initial growth, usually corresponds to the beginning of the aerial part growth and the second root 158 

growth spurt starts right after the aerial part ceases (FAUST, 1989). 159 

 160 
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Figure 2. Average concentrations of starch and total reducing sugar (A); reducing sugar and sucrose 161 

(B), in roots of the BRS Rubimel cultivar, in different sampling periods. FCA/UNESP/Botucatu-SP, 162 

2012. Averages followed by the same letter, for each carbohydrate, do not differ statistically by the 163 

Tukey test at 5%. 164 

 165 

 In the branches, there was a variation in the concentrations of total reducing sugars, reducing 166 

sugars, sucrose and starch, in the evaluation months, throughout the cycle of the plant (Figures 3-A e 167 

3-B), The same ones presented lower concentrations, compared to the roots (Figures 2-A e 2-B), not 168 

depending on the period of the sampling, It was also observed by Borba et al. (2005) and Araújo et al. 169 

(2008). 170 

 There were two distinct flows in the concentration of total reducing sugars (Figures 3-A), 171 

considering that the first flow occurred in January. After this first flow, there was a gradual reduction in 172 

the concentration of reducing sugars, caused by the beginning of the dormancy period, in which the 173 

carbohydrates were translocated to the roots. Thus, there was a decrease of soluble sugars in the 174 

crown, and the lower concentrations were observed in the moths of July and August, also caused by 175 

the execution of the fructification pruning on July 20, 2012.  The second flow occurred in the month of 176 

September, when higher concentrations were verified, because the translocation of the total reducing 177 

sugars from the roots to the aerial part occurred. According to Sauter and Kloth (1987), cited by 178 

Rodrigues et al. (2006), the starch is degraded by the action of phosphorylases and amylases. When 179 

high amounts of glucose are necessary, this degradation occurs essentially by the action of the 180 

amylases. Such degradation is important to the resistance against the coldness, considering that this 181 

process is highly controlled by the temperature. According to Yoshioka et al. (1988) also cited by 182 

Rodrigues et al. (2006),  during the winter, with the decreasing of the temperatures, the activity of the 183 

amylase, sucrose-6-P-synthase and sucrose-synthase increase in the tissues of the wood and the 184 

bark, converting starch into glucose, fructose and sucrose. These soluble carbohydrates have an 185 

important role in the protection against the coldness, and provide energy and substrate to the initial 186 

growth of the branches, during the spring. 187 

 In the month of July/2012, the concentrations of total reducing sugars, reducing sugars and 188 

sucrose in the branches (Figure 3-A) presented lower values, due to the decreasing of the 189 

temperatures, taking into account that during these months the lowest averages of the minimum 190 

temperatures occurred (Table 1), being it the peak of the dormancy and the conversion into starch. 191 

The results indicated that the occurrence of coldness anticipated the accumulation of reserve 192 

carbohydrates while the coldness, during the endodormancy, promoted the accumulation of 193 

carbohydrates of transport. 194 

 To Carvalho and Zanete (2004), the fluctuations of temperature interfere in a very quick way in 195 

the metabolism of the carbohydrates of the plant. This was verified at this work, because in the month 196 

of August, with the beginning of the sprouting there was an intensification in the concentration of 197 

soluble carbohydrates, what goes along with the quotation of Rodrigues et al. (2006), which reports 198 

that the starch is the main reserve carbohydrate of fruit plants, being initially consumed by conversion, 199 

into soluble sugars, which are used in the process of breathing for energy supplying for sprouting and 200 

flowering. 201 

 Flore and Laine (1996), cited by Marafon et al. (2007), affirmed that, in the peach tree, the 202 

soluble carbohydrates, mainly glucose and fructose, decreased during the rest period whereas in the 203 

end of the dormancy phase, the mobilization of these sugars increased, possibly in order to obtain 204 

energy and provide carbon skeletons to the resumption of the active growth. Sturn (1999) 205 
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demonstrated that high levels of hexoses are necessary to the maintenance of the osmotic pressure of 206 

the cell during the cell elongation phase.  207 

 The low metabolic activity in the fruit tree buds during the dormancy allows important changes 208 

in the carbohydrate content from the internal tissues to the bud, or in its adjacencies whose dynamic 209 

can inhibit or facilitate the growth of a new organ in the plant. Apple tree buds feature higher 210 

percentages of soluble carbohydrates in the entry into endodormancy and the coldness promoted the 211 

accumulation of these carbohydrates both in the buds and in the branches adjacent to it (CARVALHO 212 

and ZANETTE, 2006). In pear trees, the higher accumulation of carbohydrates in buds, in the dates 213 

close to the flowering can indicate the end of the endodormancy.  214 

 It was verified that from the month of April on, there was reduction in the concentrations of 215 

starch and soluble sugars in the branches (Figure 3-B). Caused mainly by the beginning of the 216 

decrease of the temperatures and rainfall (Figure 1), being June the month with the month with the 217 

lower observed concentrations. In the month of August, with the plant in the beginning of the 218 

fructification there was total reducing sugars translocation stored in the roots to the aerial part of the 219 

fruits. This translocation was necessary to supply the energy expenditure in the initial growth of the 220 

sprouts and fruits. During this initial phase, the new leaves do not produce total reducing sugars 221 

enough to supply the metabolic needs and the development of the fruit. The sucrose concentration in 222 

the branches followed the same pattern of the total reducing sugars (Figure 3-B), and in the months of 223 

July and October it was detected the lowest concentrations, due to the mobilization for the buds in the 224 

month of July and the fruits in the month of October. 225 

 Trevisan et al. (2006) reported that sucrose plays the role of transporting the photo-226 

assimilated compounds over the phloem to all the organs of the plant, including the buds. According to 227 

the authors, in the case of the peach tree, the specific transporters can transport specific molecules in 228 

a direction and transport it in contrary directions. 229 
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Figure 3. Average concentrations of total reducing sugars and sucrose (A); starch and reducing sugar 230 

(B) in branches of the BRS Rubimel cultivar, in different sampling periods. FCA/UNESP/Botucatu-SP, 231 

2012. Averages followed by the same letter, for each carbohydrate, do not differ statistically by the 232 

Tukey test at 5%. 233 

 234 

 The time interval elapsed between the sprouting and the falling of the leaves, is basically 235 

divided in two periods in the state of São Paulo, varying the concentrations of the carbohydrates in the 236 

leaves of the tree (Figures 4-A and 4-B). The first phase happens after the break of the dormancy in 237 

mid-July, when the development of the vegetative growth starts. The sprouting is directly 238 

compromised with the accumulated carbohydrate concentration during the dormancy period, and this 239 

provided energy is employed to start the development of the first leaf primordia, because in this period 240 

the peach tree does not have leaves for the production of the energy demand, so it needs the 241 

accumulated concentrations. The second period comprises the phase of translocation of the 242 

carbohydrates produced by the photosynthesis, which are transported from the leaves to the roots, as 243 

soluble sugars, mainly sucrose. This phase begins in mid-November (Figures 4-A and 4-B), ending in 244 

May, when the plants starts the dormancy again and the leaves fall. 245 

 In warmer climate regions, under subtropical conditions, the foliar dehiscence is slow and 246 

many times not very effective, demanding the employment of chemical products that promote the most 247 

uniform defoliation. However, there is no certainty or a precise recommendation about the most 248 

suitable period to perform the defoliation. The execution of this techniquein advance can resultin 249 

significant losses of carbohydrate reserves accumulated in the leaves, what will fatally result in losses 250 

in the production process, what makes studies of this nature quite convenient. 251 

 In the beginning of the flowering, observed in the month of August/2012, there was intense 252 

carbohydrate consumption for the formation of the vegetative and flower buds that resulted in the 253 

significant reduction in the foliar starches concentration. After the natural abscission,the competition 254 
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for draining the carbohydrates was lower, favoring the elevation in the concentration of starch in the 255 

leaves in the month of September (Figure 4-A), through the transportation of the roots, or the increase 256 

in the photosynthetic rates due to the elevation of the temperatures (Figure 1-A) and beginning of the 257 

summertime (PEREIRA et al., 2011). 258 
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Figure 4. Average concentrations of total reducing sugars and sucrose (A); starch and reducing sugar 260 

(B) in leaves of the BRS Rubimel cultivar, in different sampling periods. FCA/UNESP/Botucatu-SP, 261 

2012. Averages followed by the same letter, for each carbohydrate, do not differ statistically by the 262 

Tukey test at 5%. 263 

 264 

 Regarding the concentration of carbohydrates in the fruits, it became clear that, during their 265 

period of maturation between October and November, there was a reduction in the concentration of 266 

starch, and it was converted into reducing sugars and total reducing sugars, where the peak of the 267 

translocation of these carbohydrates to the fruits occurred, they are the main drains of the plant (Table 268 

1).The observed behavior suggests that the availability of sugars increases when the fruits are in the 269 

initial phases of development, possibly, due to the high demand of photo-assimilated compounds, 270 

when they are consumption drains because they need a high amount of energy that is employed 271 

during the period of cell division (MEHOUACHI et al., 2009). 272 

 After a period of approximately sixty days from the flowering, in addition to the higher demand 273 

of carbohydrates, the accumulation of total reducing sugars was favored by the meteorological 274 

conditions, specially the increasing in the average, maximum and minimum temperatures (Figure 1-A), 275 

since, during springtime, the plants present an enhancement in the photosynthetic rates and 276 

consequently an enhancement in the concentration of carbohydrates in the leaves. The 277 

concentration of reducing sugars in fruits of the ‘BRS Rubimel’ peach tree were equivalent to the ones 278 

obtained by Leonel et al (2011), which reported that under subtropical climates conditions, in the 279 

region of Botucatu-SP, the concentration of reducing sugars varied from 1.59% to 2.21% being the 280 

highest values obtained in the genotypes Cascata 969, Cascata 848, Cascata 587, Precocinho, 281 

Diamante Mejorado e Oro Azteca. 282 

 According to Chitarra and Chitarra (2005), considerable changes in the reducing sugars 283 

concentrations are observed throughout the ripening of climacteric fruits, which increase after the 284 

harvest and during the storage due to the biosynthesis or the degradation of polysaccharides. The 285 

concentration of these sugars decrease in the fruits after they are ripened, due to the breathing 286 

consumption. 287 

  Desphande and Salunkhe (1964), cited by Araújo et al. (2008), state that sucrose is the most 288 

found sugar in peaches, exceeding the quantity of reducing sugars, what confirms the data obtained at 289 

this work (Table1). 290 

 291 

 292 

 293 

 294 

Table 1. Percentage (%) of reducing sugars (RS), Total reducing sugars (TRS) and sucrose (SUC) in 295 

the fruits of the peach tree cv. BRS Rubimel FCA/UNESP/Botucatu-SP, 2012. 296 

Cultivar Ar (%) Art (%) Sac (%) 

BRS Rubimel 1,81 8,31 6,18 

 297 

   Chitarra e Carvalho (1985), reported the concentration of reducing sugars (glucose + 298 

fructose) from 2.0% to 3.2% and of sucrose, from 4.9% to 8.0%,in peaches, and these values are 299 

close to this work, that obtained 1.81% of reducing sugars and 6.18% of sucrose.  300 
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 4. CONCLUSION 301 

 There was fluctuation in the carbohydrate concentration in the roots, branches and leaves, 302 

according to the phenological stage of the cultivation. The starch was the carbohydrate that presented 303 

the higher concentrations firstly in the roots, and after in the branches and leaves of the peach tree, 304 

not depending on the period of the sampling. In the ripe fruits, there was higher concentration of 305 

sucrose, followed by total reducing sugars and reducing sugars. 306 

 307 
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