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Abstract 
 
 

Gibberellic acid (GA3 ) or putrescine (Put) were sprayed on ‘Thompson seedless’ 
grapevine clusters, at three different fruit developmental stages, i.e. before (E-L 18), 
during (E-L 23) and after bloom (E-L 27, 29, 31). Both substances stimulated cluster 
and berries growth. Berry weight of vines treated with GA3 or Put was 
approximately 2 and 2.7 fold greater than control, respectively. Treatments 
significantly increased berry length and width. The smallest than usual number of 
GA3 applications  reduced berry drop and maintained it at control levels while 
Putrescine improved further more berry attachment. GA3 increased ornithine 
decarboxylase (ODC) and arginine decarboxylase (ADC) activity compared to the 
control. ODC activity in clusters and rachis was much higher than the 
corresponding ADC activity after the first and last GA3-treatment. Finally, the 
activity for both enzymes was higher in rachis than in berries. 
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1. Introduction 
 

Gibberellic acid (GA3) is one of the mostly used plant growth regulators in table 
grape production, especially in seedless grapes, as it stimulates parthenocarpic fruit 
development of grapes (Denis, 1973; Dokoozlian et al., 2001; Casanova et al., 2009). 
‘Thompson seedless’, a seedless raisin cultivar, is usually treated with GA3, to improve grape 
quality for table consumption (Wolf & Loubser, 1994; Zioziou et al., 1999; Khilari, 2009).  
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In practice, GA3 is applied on ‘Thompson seedless’ at three critical stages: (i) 
Approximately one month before  anthesis, when the clusters are 8 to 10 cm long, one or two 
treatments with 25 - 30 mg L-1 GA3 are applied per cluster, in order to increase its length, (ii) 
Clusters are sprayed twice at full-bloom with 30 mg L-1 GA3 to cause an extent flower drop, 
and (iii) Three treatments (within a week) with 80 - 100 mg L-1 GA3 are applied immediately 
after  fruit set  to improve berry volume (Zioziou et al., 1999). Late (more than 15 days after 
fruit set) GA3 applications have little contribution to berry enlargement (Ben-Tal, 1990; 
Khilari, 2009). The above GA3 applications on ‘Thompson seedless’, render its clusters highly 
demanded in several countries of the world. 

 
The exact way in which GA3 affects grapevine reproductive processes and extension 

of clusters and berries is still unclear. However, data in the literature support the idea that 
GA3 might act through polyamines (PAs) by stimulating their biosynthesis. Shiozaki et al. 
(1998) indicated that putrescine (Put), but not spermidine (Spd) and spermine (Spm), was 
implicated in the development of ‘Delaware’ grape berries induced by GA3 applied before 
pre-bloom. Increase in arginine decarboxylase (ADC, EC 4.1.1.19) and ornithine 
decarboxylase (ODC, EC 4.1.1.17) activities, both polyamine biosynthesis enzymes, was also 
observed in tomato ovaries, when treated with GA3, however, their increase was less than that 
caused by 2,4-D (Alabadi et al., 1996). Dai. (1982) observed a simultaneous increase in 
polyamine titers and ADC activity, during the GA3 promoted-elongation of dwarf pea 
internodes. Treatments with GA3 and IAA in germinating barley seedlings caused almost a 
four-fold increase in ODC activity (Foudouli & Kyriakidis, 1990). 

      
 Polyamines are involved in several physiological processes of plants, including 

differentiation and development of flowers and fruits (Costa & Bagni, 1983; Malberg et al., 
1998). PAs, especially putrescine, have a positive effect on cluster and berry quality 
characteristics of ‘Thompson seedless’ grapevine (Marzouk & Kassem, 2011). The polyamine 
biosynthetic pathway in plants is well established. Put is formed either by direct 
decarboxylation of L-ornithine by the enzyme ODC or by decarboxylation of arginine by 
ADC. Spd and Spm are synthesized by the sequential addition of an aminopropyl group to 
Put. ODC responds rapidly to various agents such as hormones, drugs and growth factors 
and considerable evidence exists for correlation between ODC activity and cell division 
(Slocum & Galston, 1985; Adiga and Prasad, 1985; Kaur-Sawhney & Galston, 1989). ADC 
may also be involved in cell expansion and secondary metabolism (Tiburcio et al., 1990). 

 
A problem that sometimes arises from ‘Thompson seedless’ table grape production 

concerns the total amount of GA3 applied on the clusters, as in many cases it presents an over 
dose and causes a severe berry drop from ripe clusters during and, mainly, after harvesting.  
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The aim of the present work was to investigate whether reduced GA3 treatments on 
grape clusters result in desirable morphological characteristics, i.e. improved balance between 
berry volume and enlargement, without any over drop problems of berries. Since GA3 might 
acts through polyamines, by stimulating their biosynthesis, we hypothesized that external 
application of Put would improve the shape and size of clusters in a similar way to GA3.  
Thus, we also tested the effect of Put application on grape clusters. Finally, we determined the 
activities of the polyamine biosynthetic enzymes ADC and ODC, in order to ascertain 
whether GA3 acts on clusters size via the polyamine formation. 

 
2. Materials and Methods 

 
Plant material and growth conditions. The study was carried out in a field planted with 

Vitis vinifera L. ‘Thomson seedless’ cultivar (plants of the same age and vegetative habits). The 
seven-years-old grapevines were grown in the same orchard located in a table grape 
production zone near Kavala, East Macedonia, Greece (lat. 37º31´ N, long. 23º29´ E). The 
climate of the area is Mediterranean with mild winters (9 - 10 ºC) and dry, hot summers (27 - 
28 ºC). The mean annual precipitation of the area is 550 mm. Thompson seedless cultivar was 
grafted onto 110R rootstocks, trained to Bilateral cordon with a planting distance of 2.0 × 1.5 
m . The experimental vines were divided into three groups of five replications (one plant per 
replication). In the first group, the inflorescences were sprayed  with 30 mg L-1 GA3,  once at 
the pre-bloom stage (E-L 18), once at full bloom (E-L 23) and three times with 80 mgL-1 
GA3, just after berry set (E-L 27, 29, 31). In the second group, inflorescences were sprayed 
with 10 mg L-1 Put once at the pre-bloom stage, once at full bloom and three times at post-
bloom stage. The third group was the control (untreated plants). The experiments were 
conducted for two successive years.  

 
Samples of control and GA3-treated clusters (10 clusters/sample) were collected four 

days after the first spray and four days after the completion of all treatments. They were 
immediately frozen in liquid nitrogen and used for ODC and ADC activity assays. 
Measurements of berry and cluster size (weight, dimensions) were done at harvest stage in all 
treatments. 

 
Reagents. D, L-[1-14C]-ornithine hydrochloride (sp. activity 56 mCi/mmol) and L-

[14C(U)]-arginine (sp. activity 264 mCi/mmol) were purchased from Moravek Biochem., 
California. 

 
Preparation of cell extracts. The enzymes were extracted by suspending 0.5 g of plant 

tissue subjected to various treatments in 5 ml of assay buffer A [50 mM Tris-Cl buffer pH 8.5, 
0.1 mM EDTA (ethyleno-diamino-tetraacetic acid), 2.5 mM DTT (dithiothreitol), 50 µM PLP 
(pyridoxal phosphate)].    
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Plant material with the buffer was frozen at -70 ºC in liquid nitrogen and then thawed 
at 4 ºC and ground in an ice-cold mortar until cell lysis. The homogenate was clarified by 
centrifugation at 17000 g for 20 min at 4 ºC. The supernatant was separated from the pellet 
and resuspended in the original volume of the same buffer. Aliquots of 0.050 ml of both 
supernatant and resuspended pellets (particulate fraction) were used to determine enzyme 
activities in both preparations as described below. 

 
Assays for ODC and ADC activity.  Ornithine decarboxylase (ODC, EC 4.1.1.17) and 

arginine decarboxylase (ADC, EC 4.1.1.19) activities were determined by a radiochemical 
method (Kyriakidis et al., 1978;  Heller et al., 1983) and estimated by measuring the release of 
14CO2  from L-[1-14C]-ornithine or L-[14C(U)]-arginine, respectively. The assay mixture 
contained 50 mM Tris-Cl buffer pH 8.5, 0.1 mM EDTA, 2.5 mM DTT, 50 µM PLP and 
0.030 µmol of D, L-[1-14C]-ornithine or L -[14C (U)]-arginine respectively, in a final volume of 
55 µl. Aliquots of the cell lysates extracts from each treatment were added to the assay 
mixture and incubated for 30 min at 37 ºC. The reactions were stopped by adding 200 µl of 
10% (v/v) TCA (trichloroacetic acid) and incubation was continued for additional 30 min at 
37 ºC. One unit of enzyme activity is defined as 1 nmol of CO2 released per hour.  

 
Statistical analysis. The SPSS statistical program (version 14.0) was used to analyze the 

data via one way analysis of variance.  
 
3. Results 

 
 In order to investigate whether reduced GA3 treatments result in desirable 

morphological characteristics, we sprayed ‘Thompson seedless’ plants at three different fruit-
developmental stages (see ‘Materials and Methods’ section). Furthermore, to have an 
indication whether GA3 acts through polyamines, we also sprayed plants with putrescine for 
the same developmetal stages as in the case of GA3. The results showed that both gibberellic 
acid and putrescine treatments, significantly increased cluster and rachis weight, rachis length, 
berry weight and berry dimensions (Table 1). Moreover, rachis elongation resulted in less 
compact clusters. No significant differences were found between gibberellic acid and 
putrescine treatments, for cluster and rachis weight and rachis length. However, the highest 
values of berry weight, length and width were achieved by putrescine treatment. Berry length 
varied between a maximum of 24.8 mm for putrescine treated fruits, to a minimum of 10.4 
mm for controls. The corresponding berry width was 17.4 mm and 9.7 mm, respectively 
Gibberellin treatments did not increase berries drop (21%) comparing with the control (19%), 
while putrescine treatments improved berry attachment (berry drop 8%).  
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Table 1: Effects of GA3 and Put on cluster, rachis and berry characteristics in 
‘Thompson Seedless’ grapes at harvest. 

 

Treatments Bunch 
weight (g) 

Rachis 
weight (g) 

Rachis 
length (cm) 

Berry 
weight (g) 

erry 
length 
(mm) 

erry 
width 
(mm) 

GA3    628.7 16.2 22.5 2.9 0.7 
 
4.1 

Putrescine 627.5 17.9 24.7 3.8 4.8 
 
7.4 

 
Control 

 
436.5 

 
10.5 

 
16.7 

 
1.4 

 
.4 .7 

  
LSD(P<0.05) 

 
181 

 
5.4 

 
5.5 

 
0.90 

 
.10 .1 

 
  An increase in ODC and ADC activities was measured in GA3-treated plants. Vines 

treated with GA3 at pre-bloom stage, presented increased ODC activity levels, approximately 
3 folds, whereas ADC activity levels increased in less extent, approximately 1.5 fold (Table 2). 
In general, our results showed a very low ADC activity level, compared with the 
corresponding ODC activity. These results show that ODC seems to be the main enzyme 
involved in putrescine biosynthesis, while ADC contributes less. Concerning the sub-cellular 
localization of these enzymes, it was remarked that both enzymes were unequally distributed 
between soluble (supernatant) and particulate fraction (pellets) and they are mainly localized 
in the particulate fraction (Table 2).  

 
Cluster samples of GA3-treated plants collected at the end of all treatments exhibited 

higher activities for both enzymes, with respect to control (Table 3). ODC was the main 
enzyme in this stage, too. In addition, both enzymes showed a decreasing activity from the 
flowering stage to the post blooming stage in all cases tested (Tables 2, 3).   

 
Comparing the enzyme activities between rachis and berries, it was found a higher 

activity in rachis than in berries for both enzymes (Table 4).  
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Table 2: Localization of ODC and ADC activities in soluble (supernatant) and 
particulate (pellet) fraction after the first spray (pre-bloom stage) with GA3 

 
 

Treatments 
Particulate fraction Soluble fraction 
ODC 
(U/ml) 

ADC 
(U/ml) 

ODC 
(U/ml) 

ADC 
(U/ml) 

 
GA3 

 

 
10.60 

 
1.68 

 
0.20 

 
0.06 

Control 3.74 1.09 0.24 0.08 
 

LSD(P<0.05) 
       

         2.06 
 
0.30 

 
0.04 

 
0.04 

    
Table 3: ODC and ADC activities (particulate fraction) in the whole clusters, four days 

after the end of all treatments (post bloom stage) with GA3 
 

Treatments 
 
ODC 
(U/ml) 

 
    ADC 
   (U/ml) 

 
GA3 

 
4.08 
 

 
0.76 

 
Control 

 
1.11 

 
0.45 

LSD(P<0.05) 0.34 0.20 
 

Table 4: Distribution of ODC and ADC activities (particulate fraction) among rachis 
and berries after the end of all treatments (post bloom stage) with GA3 
 

Treatments Rachis Berries 
ODC 
(U/ml) 

ADC 
(U/ml) 

ODC 
(U/ml) 

ADC 
(U/ml) 

 
GA3 

 
9.26 

 
1.90 

 
0.30 

 
0.11 

Control 1.90 0.50 0.12 0.25 
 

LSD (P<0.05) 
 

          1.4  
 
0.28 

 
0.05 

 
0.05 
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4. Discussion 
         
 As it was expected, GA3 treatments significantly improved cluster appearance of 

‘Thompson seedless’, increasing berry mass and rachis length. Apart from cluster thinning 
caused by GA3 treatment, the elongation of rachis resulted in less compact clusters, thus 
improving the grape appearance. Similar results have been reported also by other researchers 
(Harell and Williams, 1987; Ben-Tal, 1990; Marzouk & Kassem, 2011). Multiple applications 
of GA3 (6-7 in total) are currently used in Greece and other countries to increase the berry 
size of ‘Thompson seedless’ (Ben-Tal, 1990). However, we were able to obtain satisfactory 
results with only five GA3 applications. In addition, the reduced number of GA3 applications 
maintained berries drop to control levels. 

 
The vines treated with 10 mg L-1 Put produced clusters similar in weight to those 

treated with GA3. Spray with Put one month before bloom, when clusters were 8 - 10 cm 
long, caused a significant rachis elongation which did not differ from that observed in GA3-
treated clusters. However, berry mass and berry dimensions were greater in putrescine 
treatments than in GA3 ones, while berry drop was significantly lower. Delay in ripening was 
also induced by both compounds (data not shown) and it was more pronounced by 
putrescine treatment. It has been reported that PAs have a positive effect on fruit set and size. 
Geny (1997) demonstrated that exogenous PAs application during fruit set, increased the 
number and the size of the berry. Marzouk & Kassem (2011) found that Put increased quality 
characters of Thompson seedless berries and Shiozaki et al. (1998) measured an increase in the 
growth rate of ‘Delaware’ berries but with very high concentration of exogenous Put (500 
ppm). Costa and Bagni (1983) also found that PAs cause an increase in fruit growth of apples 
by stimulating cell division. Furthermore, Martin-Tanguy et al. (1993) reported the 
accumulation of conjugated and wall-bound PAs (especially wall-bound putrescine) in the 
flowers of grapevine.  

 
The activities of ODC and ADC, the main biosynthetic enzymes of PAs, were higher 

in GA3-treated vines than in the control, leading presumably to higher polyamine content. 
Several investigators found a high correlation between GA3 and the two enzymes (especially 
ODC) and they suggested that growth regulators, such as auxins, gibberellins and cytokinins 
induce the activities of both enzymes and raise the polyamine levels in plants (Alabadi et al., 
1996; Foudouli & Kyriakidis, 1990; Perez-Amador & Carbonell, 1995; Shiozaki et al., 1998). 
The enzyme activities showed a decrease at post-bloom stage. This was in agreement with the 
decrease of wall-bound PAs after anthesis observed by Martin-Tanguy et al. (1993).  

 
Both enzymes were unequally distributed between soluble and particulate fraction 

mainly being localized in the latter. This has also been reported by Tassoni et al. (2000), but 
only for ODC.  
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Although, ODC and ADC appear to be ubiquitous in plants, their tissue and sub-

cellular localization has not been definitely determined. Polyamines and their biosynthetic 
enzymes have been found mainly in the cell wall fraction and vacuole, but they are also 
present in mitochondria and chloroplasts (Slocum, 1991). Our findings supported the 
hypothesis that ODC is tightly bound to chromatin in different plant cell extracts 
(Panagiotidis et al., 1982; Foudouli & Kyriakidis, 1989). 

 
Significant differences in enzyme activity were also found between rachis and berries. 

Increased activities were observed in rachis in comparison with berries which were present 
only in trace amounts. The increased rachis length caused by GA3 treatments may be due to 
an increased polyamine content of this tissue of the grapevine clusters, as it happens in the 
internodes of other plants. It is well known that polyamine content increases in the 
internodes, when GA3 is applied to increase the stem length. There are many reports on GA3 
effect on stem polyamine content and plant growth (Dai et al., 1982; Foudouli & Kyriakidis, 
1990; Smith et al., 1985; Venis, 1985). In these reports, it has been mentioned that the increase 
of the stem length is due to the increase in the polyamines that act as secondary messengers 
and promote plant growth and development. 

 
ODC seems to be the main enzyme involved in PAs biosynthesis. In tomato and 

peaches the ODC activity increased during fruit development, whereas the activity of ADC 
was relatively low and almost constant (Cohen et al., 1982; Kushad, 1998). Martin-Tanguy 
(1997) concluded that PAs formed via ODC pathway have a particular role in floral 
development, whereas those derived from ADC are mainly involved in vegetative 
development.  

 
 In conclusion, reduced applications of GA3 improved the appearance of clusters and 

kept berry drop in normal levels. Exogenous Put treatments on ‘Thompson seedless’ grapes 
can improve the quality of the fruit by increasing the rachis length and the berry mass and 
may be used alternatively to GA3, since it maintained berry drop in lower levels than GA3 and 
control. However, further research is needed, particularly with combined treatments of GA3 

and PAs in order to define an improved protocol with even fewer applications. GA3 increases 
both ODC and ADC activities in the grapevine clusters. This may indicate that GA3 act 
probably via increased polyamine biosynthesis in the grapes. This possibility is enhanced by 
the effect of exogenous Put found in the present work.     
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