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ABSTRACT 

The translocation of photosynthates from the leaves is important for the accumulation of sugars in 

grape berries. Two sucrose analogs were applied at post-veraison to determine their effects on leaf 

photosynthesis. It is hypothesized that the signal of sugar accumulation in leaves will bring a reduction 

in photosynthesis and an increase in the photosynthate translocation rate to the berries. The experiment 

was conducted in a commercial Vitis vinifera ‘Flame’ vineyard. The sucrose analogs used were 

palatinose and turanose at 5 mM. For each treatment, five fully expanded leaves from five different 

vines were sprayed until run-off. Control leaves were treated with distilled water. Net photosynthesis 

rate (Pn), stomatal conductance (gs), Photosynthetically Active Radiation (PAR) and leaf temperature 

(Lt) were measured at 0, 10, 20, 30, 60 and 90 min after the treatment with a LICOR-6200 portable 

photosynthesis system. Statistical analysis was made by variance analysis based on a randomized 

complete block design and means separated using the Student-Newman-Keuls test with a confidence 

level of 0.05. The application of turanose did not affect Pn whereas palatinose reduced the Pn one hour 

after application. At this point, not statistical differences were found in gs and PAR. It was concluded 

that the application of palatinose can reduce the net photosynthesis which suggests that it is possible to 

manipulate photosynthesis by the utilization of sucrose analogs which maybe also increases the 

translocation of photosynthates from grape leaves to grape berries. 
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1. INTRODUCTION 

 The translocation of photosynthates from the leaf is 

the phenomena underlying the accumulation of sugars in 

the berry at post-veraison as shown by the higher activity 

of phloem at this stage (Greenspan et al., 1996) and by 

experiments in which the phloem disruption brings about 

an accumulation of sucrose in leaf (Hunter and Ruffner, 

2001). Furthermore, photosynthates translocation from 

leaf is a light-dependent phenoma tightly coordinated 

with photosynthesis (Heuvel et al., 2002). Also, it is 

known that an accumulation of carbohydrate in leaves, 

reduce the photosynthesis rate, whereas a reduction 

brings about an increase (Pego et al., 2000; Paul and 

Foyer, 2001). The models developed to understand the 

interaction leaf-fruit in Vitis vinifera had shown that the 

fruit demand directly regulates the leaf photosynthetic 

activity, in such a way that a high demand increases the 

photosynthetic activity    (Quereix et al., 2001). 

Furthermore, it is thought that the differences in sugar 
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concentration giving rise to differences in water potential 

within the phloem and between the phloem and the fruit 

regulates the speed of sugar accumulation in the berry 

(Coombe, 1992;   Kuhn et al., 1999). From above, it is 

feasible to conclude that one way to raise the speed of sugar 

accumulation in the berry can be done by increasing the 

amount of sugar in phloem which in turn will increase the 

concentration difference between the berry and the phloem.  

 There are very few reports with the objective of 

increasing the accumulation speed of sugar in berry. It 

was reported the use of poly carboxylic acids (Basilio-

Heredia, 1998) and a mixture of gibberelic acid, ascorbic 

acid and sucrose (Tomer and Kumar, 1977). In both of 

them, the treatments failed to get an increase in the speed 

of sugar accumulation in berry. By other side, a 

treatment with sucrose to tobacco leaf increased the 

synthesis of organic nitrogen from inorganic one. 

Furthermore, it was observed a higher biosynthesis of α-

ketoglutarate which is an important metabolite of the 

nitrogen assimilation pathways in higher plants 

(Morcuende et al., 1998). Also, infiltration of sucrose in 

barley leaf in the dark found post-translational activation 

of the nitrate reductase enzyme, suggesting that the link 

between photosynthesis and nitrogen metabolism goes 

through the presence of carbohydrates (Provan and Lillo, 

1999). The induction of an active synthesis of organic 

nitrogen in these plants by the presence of sucrose in leaf 

further supports the statement that an active translocation 

to the sink was taking place since it had been found that 

the translocation of sucrose to a growing fruit usually 

goes along with the active synthesis of aminoacids (Paul 

and Froyer, 2001).  

 Sucrose is a molecule which can start a signal to 

inhibit photosyntesis, increase starch synthesis and 

initiate the active synthesis of proteins involved in 

sugar transport (Lalonde et al., 1999). By other side, 5 

mM concentrations of the sucrose analogs palatinose 

and turanose had been shown to trigger the same kind 

of metabolic responses as sucrose (Fernie et al., 

2001). However, they cannot be metabolized by the 

plant (Loreti et al., 2000) and they cannot be 

translocated as the normal sucrose (Bornke et al., 

2002). Also, the sucrose analogs do not attract insects 

as the normal sucrose does. Therefore, they can 

initiate a metabolic signal indicating to the plant that 

there is a large amount of photosynthates accumulated 

in the leaf. 

 Based in the above mentioned, we treat the leaf of 

Vitis vinifera with solution of sucrose analogs palatinose 

and turanose with the objective of controlling the net 

photosynthesis under the hypothesis that the reduction in 

photosynthesis, which is expected to occur within an 

hour, as result of a signal indicating large amount of 

photosynthates in leaf will also induce an active sucrose 

translocation to the berry.  

2. MATERIALS AND METHODS 

 The experiment was conducted in a commercial 

Vitis vinifera ‘Flame’ vineyard located 50 km north of 

Hermosillo, Mexico.  

 With the goal to have homogeneous individuals, plants 

used in the experiment were selected based in the age and 

diameter of the stem. Also, they also have the same number 

of bunches. For each treatment, 5 fully expanded and not 

senescent leaves from 5 different plants were sprayed until 

dripping using a hand held sprayer. The experiment was 

conducted between the 9:00 and 11:30 h. The testing of 

each analog was done in two consecutive days at the same 

hour in different plants. The sucrose analogs tested were 

palatinose (6-O-α-D-glucopyranosyl-D-fructose) and 

turanose (3-O-β-D-glucopyranosyl-D-fructofuranose). It 

was prepared sucrose analogs solutions of 5 mM 

including a commercial surfactant. A solution containing 

only water and the surfactant was used as a control. Leaf 

temperature (Lt), stomatal conductance (gs), 

Photosynthesis Rate (PR) and Photosynthetically Active 

Radiation (PAR) were measured at 0, 10, 20, 30, 60 and 

90 min after treatment with a LICOR-6200 portable 

photosynthesis system (LICOR Environmental Division. 

Lincoln, Nebraska, U.S.A).  

 Besides of the determinations mentioned, the leaves 

were observed for several days after the treatment to 

look for symptoms of toxic effects like chlorosis or leaf 

necrosis as a consequence of the treatments with the 

sucrose analogs.  

2.1. Statistical Analysis 

 The statistical analyses were done taking into 

account the leaf as the experimental unit. The results 

were studied with variance analysis based on a 

randomized complete block design, in which the blocks 

were the different time points. In case of finding 

statistical differences by variance analysis, means were 

separated using the Student-Newman-Keuls test with a 

confidence level of 5%. All statistical analysis was 

carried out using ver 8.2 of SAS statistical package (SAS 

Institute, Inc. Cary, N.C. USA).  
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3. RESULTS 

 In Fig. 1, it is shown the net photosynthesis, 
stomatal conductance and the photosynthetically active 
radiation after 0, 30, 60 and 90 min of the experiment 
initiation for control and palatinose-treated grape leaves. 
Asterisks are indicating the time points in which there 
was recorded statistical differences (p<0.05). The values 
for 10 and 20 min are not shown in the graph mainly to 
focus the attention in the period of time in which some 

changes were observed. It is clear the tendency to have 
lower net photosynthesis values after 60 min of the 
treatment application. By other side, during this time, 
there was not recorded changes in the stomatal 
conductances and it is possible to observe that the 
photosynthetic active radiation was even higher in the 
case of the palatinose treated leaves. 

 In Table 1, it is shown the leaf temperature 

during the experiment for both control and palatinose-

treated leaves. 

 

 
 

Fig. 1. Effect of the treatment with 5mM solution of palatinose in grape leaves 
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Fig. 2. Effect of the treatment with 5mM solution of turanose in grape leaves 

  

 As it can be seen, higher values (p<0.05) were 

found for palatinose-treated leaves after 30 and 60 

min. Furthermore, after 90 min, these leaves showed 

lower values (p<0.05) as compared with the control 

leaves. It had been found that an increase in 

temperature of 15°C can drastically reduce the net 

photosynthesis in grape leaves (Ferrini et al., 1995). 

 In Fig. 2, it is shown the net photosynthesis, 

stomatal conductance and the photosynthetically active 

radiation after 0, 30, 60 and 90 min of treatment 

application for control and turanose-treated grape leaves. 

The values for 10 and 20 min are not shown in the graph 

mainly to focus the attention in the period of time in 

which some changes were observed.  
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Table 1. Temperature of the control and palatinose-treated 

grape leaves during the period of time in which the 

measuring of photosynthesis was taking place. 

Asteriks are indicating the time points in which 

statistically significant differences were found  

 Treatment 

 ------------------------------------------------------ 

Time after    Statistical 

treatment   Significance  

(min) Palatinose Control (α = 0.05) 

0 37.5±1.7 37.8±2.0  

30 40.3±1.1 38.9±0.8 * 

60 43.5±1.8 40.6±1.5 * 

90 42.7±1.1 43.5±0.8 * 

 

Table 2. Temperature of the control and turanose-treated grape 

leaves during the period of time in which the 

measuring of photosynthesis was taking place. 

Asteriks are indicating the time points in which 

statistically significant differences were found 

 Treatment 

 --------------------------------------------------------- 

Time after    Statistical 

treatment   Significance 

(min) Turanose Control (α = 0.05) 
0 37.4±0.4 35.5±1.2 * 

30 36.2±1.0 35.9±1.2 

60 36.7±1.3 36.2±1.5 

90 38.9±1.5 39.6±0.7 

 
As it can be observed, a higher value of net 

photosynthesis was recorded at the beginning of the 

experiment for the turanose treated leaves, most likely 

due to the increased values (p<0.05) in photosynthetic 

active radiation and stomatal conductance. However, 

after this time, no statistical differences were observed 

between turanose treated and control leaves (Fig. 2). 

 In Table 2, it is shown the leaf temperature during the 

experiment for both control and turanose-treated leaves. It 

was only observed higher values (p<0.05) for the turanose 

treated leaves at the beginning of the experiment. After this 

time, no differences (p>0.05) were observed in temperature 

between treated and control grape leaves.   

4. DISCUSSION 

  From the results in Fig. 1, it is clear the trend to 

have a reduction in net photosynthesis (p<0.05) in the 

palatinose-treated leaves after 60 min of the application. 

Also, at this time there was no differences in stomatal 

conductance and a slight increase in the incident light for 

the palatinose treated leaves but not statistically 

significant (p>0.05). Reduction in both stomatal 

conductance (Meyer and Genty, 1999) and light 

(Cartechini and Palliotti, 1995) can inhibit net 

photosynthesis in higher plants. Further, after 90 min, a 

lower net photosynthesis was still observed (p>0.05) for 

palatinose-treated leaves despite the fact that incident 

light was higher for the control (p>0.05) and no 

differences in stomatal conductance was observed 

(p>0.05). In the case of leaf temperature, higher values 

for the palatinose-treated leaves (p<0.05) were observed 

at 60 min. However, the real difference was of three 

degrees which too low in order to attribute to this 

difference the reduction in net photosynthesis observed. 

Besides, after 90 min, the palatinose-treated leaves 

showed lower temperature (p<0.05) than the control and 

still a lower value of net photosynthesis. Altogether, this 

data strongly suggest that the reduction on the net 

photosynthesis observed was due to the treatment, rather 

than an environmental or physiological status of the leaf. 

Panel A. Photosynthetically Active Radiation (PAR); 

Panel B: Stomatal Conductance and Panel C: Net 

Photosynthesis of control and turanose-treated leaves at 

different time after the beginning of the treatment. 

Asterisks are indicating the time points in which statistical 

differences were found with a confidence of 5%. 
 In this experiment, no attempt was done to measure 
photoassimilates translocation, however it is thought 
than an active translocation was taking place. However, 
more experimental evidences are needed to further 
support this last statement. 
 There was the possibility of observing 
photobleaching of photosynthetic pigments in the leaves 
due to the fact that photosynthesis was being reduced by 
the treatment when there was a high level of light 
illumination (Velitchkova and Picorel, 2004). However, 
no apparent damage was observed in the palatinose-
treated leaves for up to two weeks after the treatment 
(data not shown). 
 In the case of the turanose experiment, there was no 
statistically significant differences (p>0.05) in net 
photosynthesis between the control and treated-leaves after 
30, 60 and 90 min of experiment start. Before experiment 
initiation, it was observed significant differences in net 
photosynthesis which correlates with higher values (p<0.05) 
of photosynthetically active radiation and stomatal 
conductance (Fig. 2). These findings are important because 
they strongly support the reliability of the data obtained in 
this experiment. By other side, in Table 2, it can be 
observed that higher values (p<0.05) were found for 
turanose-treated leaves only after the beginning of the 
experiment. After the initiation of the experiment, no 
significative differences (p>0.05) were found between 
control and turanose-treated leaves. Altogether, the data 
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obtained from this experiment indicates that the net 
photosynthesis of leaves was not affected by the sucrose 
analog turanose.  

5. CONCLUSION 

  We had found that palatinose at 5 mM concentration 
can be used to control within hours the net photosynthesis 
of grape leaves in vivo when applied topically. Currently, 
efforts are underway to test the long-term effects of the 
sucrose analogs on net photosynthesis and the in vivo 
translocation of photosynthates.  
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