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ABSTRACT 
 

The present study was carried out for three successive seasons 2008/2009, 2009/2010 and 2010/2011 on 
fifteen years old of olive trees cv. Picual to reduce the degree of alternate bearing of olive through spraying 
gibberellic acid (GA3) on first or mid of December or on first or mid of January at concentrations, 0, 25, 50 and 
75 ppm. The results showed that, spraying the olive trees with GA3 at 75 ppm on first December impact on 
reducing the density of flowering, fruit set, decreased the yield of 2009 season as compared with most GA3 
concentrations, while control gave the highest yield. On the contrary, in 2010 season GA3 at 75 ppm on first 
December gave the highest yield, while control gave the lowest yield. In 2011 season, the control gave the 
highest yield while the lowest yield was observed when trees were sprayed with GA3 at 75 ppm at mid January. 
Spraying the olive trees with GA3 at 75 ppm on first December reduced the alternate bearing index (ABI) in 
comparison with other GA3 concentrations in different times. Spraying the olive trees with GA3 at 75 ppm on 
first December led to an increase in vegetative growth and to improve in fruit characteristics and increase the oil 
percentage. 
 
Key words: alternate bearing, flowering, fruit set, fruit characteristics, gibberellic acid (GA3), oil content,  
                     Olive, vegetative growth, yield. 
 
Introduction 

     
Olive (Olea europaea L.) is an evergreen tree belongs to family Oleaceae, one of the oldest cultivated trees 

in the history of the world about 8000 years ago. Olive tree is mentioned in several verses of the Quran and holy 
books. It is a widely distributed tree grown in many arid zones of the world, native to all the countries around 
the Mediterranean region 

Alternate bearing is a widespread problem for growers of fruit trees, occurring in both evergreen and 
deciduous trees. The term “alternate or biennial” bearings are used by horticulturists to designate the production 
of a heavy fruit crop “on” year followed by a light fruit crop or trees may not bear a crop at all the next “off” 
year. It can affect a large area or just individual trees or even part of a tree. Alternate bearing is more 
pronounced in old productive trees (more than 10 years) in comparison with the young productive trees (about 
3–5 years).  

Tree that have become biennial flower profusely and carry a heavy crop in the “on” year, and flower 
sparsely or not at all and carry little or no crop the following year, the “off” year. Fruit in the “on” year tend to 
be small and low quality, while the few fruit in the “off” year are usually too large, become susceptible to 
physiological disorders, and also are of poor quality. Without intervention, the crops in both the “on” and “off” 
years are undesirable and uneconomical. Olive has a very marked alternate bearing pattern (Barone et al., 1994).  

Spray olive trees with GA3 before an expected “on” year decreased the percentage of opened flower buds 
per shoot, number of flowers per inflorescence in the subsequent year. Hassan (1987), Lavee and Haskal (1994) 
and El-Iraqy (2001) or GA3 succeeded in inhibition of olive tree blooming in the following season El-Sharkawy 
(1999).  

However, Fernandez-Escobar et al. (1993) injected non bearing olive trees with GA3 at 1000 ppm between 
May and November and mentioned that flowering was inhibited when GAз was injected into olive trees and this 
inhibitory effect varied with timing.  

Also, Boulouha et al. (1993) found that, spray olive trees with GA3 increase the annual vegetative growth in 
long and short fruit bearing branches. Also, the treatment of olive trees with GA3 in July increase the vegetative 
growth in both the treatment year and the following year Proietti and Tombesi (1996).  

In spite of GA3 application decreased the following yield and reduced the fruiting, Hassan (1987) and 
Lavee and Haskal (1994) but it increase fruit yield of the following year and appeared to stabilize fruit 
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production over two years period and reduce the degree of alternate bearing, Boulouha et al. (1993). It also, 
reduced the tendency towards alternate bearing as compared with control El-Iraqy (2001). 

GA3 treatments increase the weight, length, width of olive fruits, stone weight and flesh weight than 
untreated ones, Rotundo and Gioffre (1984) and Hassan (1987) and improvement fruit weight and flesh: seed 
ratio, Barut and Eris (1995), El-Iraqy (2001) and Ramezani and Shekafandeh (2009). 

The main objective of this study was to reduce the alternate bearing severity for Picual olive cv. by 
gibberellic acid (GA3) on first or mid of December or on first or mid of January at concentrations, 0 (control) 
25, 50 and 75 ppm. 
 
Materials and Methods 

 
This study was carried out during three successive seasons, (2008/2009, 2009/2010 and 2010/2011) in a 

private orchard located at Cairo – Alexandria, desert road (about 50 Km from Cairo). The study was conducted 
on fifteen years old of olive trees cv. Picual planted at 3X5 m apart in a sandy soil. The selected trees were 
uniform in shape, vigor, size and normal growth. All the chosen trees were going to an expected “on” year and 
received regular horticultural practices such as fertilization, pruning, hoeing, pest and fungi control management 
that were carried out in the olive orchards. Irrigation was through drip system.   
 
Treatments:  
 

1- Spraying olive trees with gibberellic acid (GA3) on first of December at concentrations, 0 (control) 25, 50 
and 75 ppm.  

2-  Spraying olive trees with gibberellic acid (GA3) on mid of December at concentrations, 0 (control) 25, 
50 and 75 ppm. 

3- Spraying olive trees with gibberellic acid (GA3) on first of January at concentrations, 0 (control) 25, 50 
and 75 ppm. 

4- Spraying olive trees with gibberellic acid (GA3) on mid of January at concentrations, 0 (control) 25, 50 
and 75 ppm.  

The experiment was set in a completely randomized block, each treatment contains three replicates, each 
replicate represented by one tree. 
 
Measurements and Analysis:  
 
1- Flowering characteristics:  

 
On early February of each season, twenty healthy one year old shoots, well distributed around periphery of 

each tree were randomly selected and labeled (5 shoots toward each direction) for carrying out the following 
measurements. 
 
a. Flowering density: 
 

Number of inflorescences per meter on the labeled twenty shoots/tree were calculated. 
 
b. Inflorescence length: 
 

Inflorescence length in (cm) was estimated as average of inflorescences length.  
 
c. Number of total flowers per inflorescence: 
 

Sample of inflorescences was taken from every tree and total number of flowers per inflorescences was 
counted. 
 
d. Number of perfect flowers per inflorescence: 
 

Average number of perfect flowers per inflorescence was recorded from the previous inflorescence sample.  
 
e. Sex ratio: 
 

The percentage of perfect flowers to total flowers was calculated for every replicate. 
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2. Fruit set: 
 
Fruit set percentage was calculated as number of fruits/meter at two times: the first: after 21 days from full 

bloom (first week of April) as initial fruit set and, the second: 60 days after full bloom as final fruit set.  
 
Vegetative growth: 

 
At the end of each growing season during first week of September the following characteristics were 

measured.  
a. Number of new shoots (current season growth)   
b. Number of leaves per shoot  
c. Leaf area (cm²) according to (Ahmed and Morsy, 1999) using the following equilibration: Leaf area = 

0.53 (length x width) + 1.66.                                                                       
 
Yield: 

 
Olives were harvested at mid October every season when about 75% of the olives reached purple color, 

fruits of each tree were separately harvested, then weighed and yield as Kg/tree was estimated. The average two 
seasons of yield was calculated to avoiding the influence of alternate bearing on yield. 
 
Fruit characteristics: 
 

Thirty fruit per each tree were randomly selected for carrying out the fruit quality measurements:  
a. Fruit length L (cm), fruit diameter D (cm) then fruit shape (L/D) ratio was calculated.  
b. Average weights of fruit, flesh and seed in (g).   
c. The weights ratio of flesh or seed to fruit were calculated.  
d. Flesh dry weight (%): samples were dried at 60ºC in electrical air oven until constant weight then dry 

weight percentage was calculated according to A.O.A.C. (1995).                                
e. Flesh oil content (%): was determined according to Woodman (1941) by extraction the oil from the dried 

flesh with Soxhelt using petroleum ether 60-80°C of boiling point. 
 
Statistical analysis: 
 

All obtained data were subjected to analysis of variances (ANOVA) according to Snedecor and Cochran 
(1982) using MSTAT-C program. Least significant range (LSR) was used to compare between means of 
treatments according to Duncan (1955) at probability of 5%. 
 
Results and Discussion 

 
1- Effect of spraying with GA3 on flowering characteristics:  
 
(a) Flowering density (number of inflorescences per meter):  

 
Results presented in Table (1) indicate that number of inflorescences per meter were significantly decreased 

by different applications of GA3 in the three seasons in comparing with control (untreated trees). In addition, 
control gave the highest number of inflorescences per meter in the three seasons while spraying GA3 at 75 ppm 
on first December significantly gave the lowest number of inflorescences per meter with no significant 
differences with 50 ppm GA3 at the same time in comparison with other applications times.       
 
(b) Inflorescence length (cm): 

 
Concerning the results in Table (1), inflorescence length was affected by different times and concentrations 

of GA3 in the three seasons. Spraying olive trees with GA3 at 75 or 50 ppm on first December and 75 ppm at 
mid December significantly increased inflorescence length, while control gave the lowest inflorescence length 
in the three seasons of the study.  
 
(c)  Number of total flowers per inflorescence: 

 
Table (1) shows that number of total flowers per inflorescence were significantly affected by different times 

and concentrations of GA3 in the three seasons. In addition the lowest number of total flowers per inflorescence 
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was observed when olive trees were sprayed with 75 ppm on first December. However, control (untreated trees) 
gave the highest number of total flowers per inflorescence in the three seasons of the study.   
 
(d) Number of perfect flowers per inflorescence:  
 

Table (2) shows that number of perfect flowers per inflorescence were significantly affected by date and 
concentrations of GA3 only in 2010 and 2011 seasons. In addition, the highest perfect flowers per inflorescence 
were observed in 2010 season when trees sprayed with 75 ppm on first December with no significant differences 
with other GA3 treatments, while control gave the lowest number of perfect flowers per inflorescence. In 2011 
seasons, the control gave the highest number of perfect flowers per inflorescence with no significant differences 
with 25, 50 and 75 ppm GA3 on first December or 25 ppm at mid December or 25, 50 and 75 ppm on first and 
mid January.  
 
(e) Number of male flowers per inflorescence: 

 
Concerning the results in Table (2), number of male flowers per inflorescence were significantly affected by 

different times and concentrations of GA3 in the three seasons. The highest number of male flowers per 
inflorescence was observed in the three seasons with control and spraying GA3 at mid January in 2011 season, 
while spraying olive trees with GA3 at 75 ppm on first and mid December in the three seasons gave the lowest 
number of male flowers per inflorescence.     
 
(f) Sex ratio: 

 
As shown in Table (2), sex ratio was significantly affected by different times and concentrations of GA3 in 

the three seasons. Spraying olive trees with GA3 at 75 ppm on first December significantly increased sex ratio in 
the three seasons of the study, while the lowest sex ratio was observed in the three seasons with control and 25 
ppm GA3 on first and mid January.  

The obtained results of GA3 on tree blooming are in accordance with the findings of Badr et al., (1970), 
Hassan (1987), Boulouha et al. (1993) Fernandez-Escobar et al. (1993), El-Sharkawy (1999) and El-Iraqy 
(2001) on olive trees. They reported that GA3 sprays on olive tree at different concentrations and different times 
decreased the percentage of opened flower buds per shoot, number of flowers per inflorescence in the 
subsequent years to spray, as well as, increasing the average percentage of perfect flowers.  

Moreover, many investigators worked on other fruit species have emphasized the same results, such as 
Iwahori and Oohata (1982) on Satsuma mandarin, Moustafa (1985) on Balady and selected Malawi mandarin, 
El-Hammady et al. (1990) on Balady mandarin, Das et al. (1992) on mango, Turnbull et al. (1997) and Taylor 
and Geisler (1998) on peach. They mentioned that application of gibberellic acid (GA3) can be used to 
overcome the alternate bearing habit. They attributed these results to the minimization of the total flower buds 
density in the “on” year. 
 
(4) Effect of spraying with GA3 on fruit set: 
 
(a) Initial fruit set: 

 
Results in Table (3) indicate that, initial fruit set was significantly affected by different times and 

concentrations of GA3 in the three seasons. In addition spraying olive trees with 75 ppm GA3 at mid December 
in 2009 or on first December in 2010 and 2011 significantly decreased the initial fruit set.  
 
(b) Final fruit set:  

Table (3) shows that, final fruit set was significantly affected by different times and concentrations of GA3 
in the three seasons. In addition, spraying olive trees with GA3 at 75 ppm on first December significantly 
decreased the final fruit set in the three seasons of the study. However, the control gave the highest final fruit set 
in the three seasons. Also, this was on a par with GA3 at 25 ppm at mid December, first & mid January in 2010 
season and 25 ppm at mid January in season 2011.      

The role of GA3 in reducing fruit set during “on” years and consequently enhances tree blooming and 
fruiting in “off” years and reduces alternation of bearing, may be due to the fact that gibberellins decreased the 
percentage of opened flower buds per shoot through acting on the undifferentiated buds causing the 
development towards vegetative buds and through decreasing RNA content and RNA: DNA ratio in the leaves 
during the period of physiological differentiation. Also, gibberellins decreased the number of flowers per 
inflorescence in the following year to spray (Iwahori and Oohata, 1982).  
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(5)Effect of spraying with GA3 on vegetative growth characteristics: 
 
(a) Number of new shoots: 

 
Results presented in Table (4) indicate that, numbers of new shoots were significantly affected by GA3 

spray in the three seasons. Spraying olive trees with GA3 at 75 ppm on first December significantly increased 
number of new shoots in the three seasons of the study with no significant differences with 75 ppm at mid 
December or first and mid January in 2010 and 2011 seasons in comparison with other times and 
concentrations, while control trees gave the lowest number of new shoots in the three seasons of the study.     
 
(b) Number of leaves/shoot: 

 
Results in Table (4) show that, numbers of leaves/shoot were significantly affected by different times and 

concentrations of GA3 in the three seasons. In addition, spraying olive trees with GA3 at 75 ppm on first 
December significantly increased number of leaves/shoot. However, the lowest number of leaves/shoot was 
observed with control trees in the three seasons and at 25 ppm on first December of 2009, at 25 ppm at mid 
December and 25, 50 ppm at mid January of 2010, 25 ppm on first, mid December and mid January and 50 and 
75 ppm at mid January in season 2011.    
 
(c) Leaf area (cm²): 

 
As shown in Table (4) leaf area was significantly affected by different times and concentrations of GA3 in 

the three seasons. Spraying olive trees with GA3 significantly increased leaf area. However, GA3 at 75 ppm on 
first December gave the highest leaf area, while the control trees gave the lowest leaf area in the three seasons of 
the study and GA3 at 25 ppm at mid December in 2011.  

It is well known that foliar application of gibberellic acid has the ability to stimulate plant growth and 
development in a variety of test systems. This may be due to the increment of photosynthetic rates or due to 
more efficient utilization of photosynthetic products. In this respect, there are many different reports on the 
involvement of gibberellins with photosynthetic processes.  

Borzenkova (1976) reported that foliar sprays of GA3 stimulated photosynthetic rates of fully expanded 
leaves.  

The obtained results of GA3 on vegetative growth are in accordance with the findings of Boulouha et al. 
(1993) and Proietti and Tombesi (1996) in olive, Das et al. (1992) in mango, Mizutani et al. (1998) in peach and 
Mostafa and Saleh (2006) in apple. They reported that spraying fruit trees with gibberellic acid increased the 
annual vegetative growth in long and short fruit-bearing branches. 
 
(6)Effect of spraying with GA3 on yield and alternate bearing index: 

 
Table (5) shows that, yield was significantly affected by different times and concentrations of GA3 in the 

three seasons of the study. Spraying olive trees with GA3 at 75 ppm on first December significantly decreased 
the yield of 2009 season as compared with most GA3 concentrations, while control gave the highest yield. On 
the contrary, in 2010 season GA3 at 75 ppm on first December gave the highest yield, while control gave the 
lowest yield. In 2011 season, the control gave the highest yield while the lowest yield was observed when trees 
were sprayed with GA3 at 75 ppm at mid January.     

Concerning the average two seasons of yield Table (5) shows that, in 2009 and 2010 seasons spraying olive 
trees with GA3 significantly reduced the yield especially when it sprayed at 50 or 75 ppm on first December or 
25 and75 ppm at mid December or 25 ppm in first January. However in 2010 and 2011 seasons, spraying olive 
trees with GA3 at 50 ppm on first December significantly increased the yield with no significant differences with 
control, GA3 at 50 ppm at mid December, GA3 at 25 and 75 ppm on first December and GA3 at 75 ppm at mid 
December.  

Regarding alternate bearing index, Wood (1989) reported that alternate bearing index (ABI) ranged from 0 
to 1.0. If ABI = 0, there is no alternate bearing and if ABI = 1.0, there is a complete alternate bearing. Therefore, 
if the alternate bearing index would be close to 1, the differences in crop production between two years are very 
high. Results of this study showed that, GA3 at 75 ppm on first December reduced the alternate bearing index 
(ABI) in comparison with other GA3 concentrations in different times. However, the control gave the highest 
alternate bearing index (ABI).    

The role of GA3 in reducing the yield during “on” years may be due to the fact that gibberellins decreased 
trees blooming in the “on” year and thus reduces competition between flowers and fruits on the nutritional and 
hormonal contents of the trees and consequently enhances tree production and fruiting in “off” years and 
reduces alternate bearing. The balance between the amount of developing fruit and the vegetative growth in any 
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given growing season will affect and control the potential fruit production for the following season (Lavee, 
2007).  
 
Table 1: Effect of gibberellic acid spraying on some flowering characteristics of olive trees cv. Picual from 2009 to 2011 seasons. 

Treatment 
Spraying 
time 

Conc. 
Flowering density
(No. Inflorescences/m) 

Inflorescence length
 (cm)  

No. total flowers / inflorescence 

2009 2010 2011 2009 2010 2011 2009 2010 2011
Control (spraying with water)   0 ppm 22.42 a 20.75 a 54.29 a 1.55 b 2.00 b 1.62 c 9.75 a 7.61 a 13.87 a 

GA3 spraying 1/12 
25 ppm 21.53 ab 18.73 ab 49.78 b 1.84 ab 2.35 ab 1.95 b 8.08 b 6.98a b 10.57 c 
  50 ppm 18.67 cd 14.42 cd 43.67 d 2.08 a 2.61 a  2.12 ab 7.51 b 6.01 bc  9.08 cd
75 ppm 16.95 d 12.83 d 42.09 d 2.15 a 2.70 a 2.25 a 6.93 b 5.61 c  8.49 d 

GA3 spraying 15/12 
25 ppm 21.42 ab 17.22 bc 52.41 ab 1.88 ab 2.43 ab 1.95 b 8.88 ab 6.60 b 11.19 bc 
50 ppm 19.67 b 17.09 bc 45.45 cd 2.00 ab 2.47 ab 2.04 b 7.24 b 6.09 bc   8.48 d 
75 ppm 19.80 ab 18.28 b 43.78 d 2.07 a 2.65 a  2.15 ab 7.18 b 5.91 bc   8.12 d

GA3 spraying 1/1 
25 ppm 20.33 ab 15.66 c 51.56 ab 1.80 ab 2.40 ab 1.97 b 8.97 ab 6.55 b 13.10 ab 
50 ppm 19.58 b 15.18 cd 50.71 ab 1.93 ab 2.53 ab   2.07 ab 8.80 ab 6.42 bc 12.10 bc 
75 ppm 19.08 b 14.68 cd 49.04 bc 1.77 ab 2.33 ab 1.95 b 8.50 ab 6.01 bc 11.22 bc

GA3 spraying 15/1 
25 ppm 21.17 ab 15.02 cd 52.11 ab 1.87 ab 2.43 ab 2.03 b 9.00 ab 6.29 bc 13.15 ab 
50 ppm 21.00 ab 14.66 cd 53.85 a 1.85 ab 2.40 ab 1.98 b 8.96 ab 6.53 b 13.65 ab 
75 ppm 20.33 ab 14.95 cd 52.24 ab 1.82 ab 2.37 ab 1.97 b 8.83 ab 6.30 bc 13.25 ab

Means followed by a letter in common in the same column are not significantly different at 0.05 level of probability 
 
Table 2: Effect of gibberellic acid spraying on some flowering characteristics of olive trees cv. Picual from 2009 to 2011 seasons. 

Treatment 
Spraying 
time 

Conc. 
No. perfect flowers / inflorescence No. male flowers / inflorescence Sex ratio 
2009 2010 2011 2009 2010 2011 2009 2010 2011 

Control  
(spraying with water) 

  0 ppm 2.41 a 1.04 b 5.62 a 7.34 a 6.57 a 8.25 a 24.72 c 13.67 c 40.52 cd 

GA3 spraying 1/12 
25 ppm 2.22 a 1.41 ab 4.58 ab 5.86 bc 5.57 ab 5.99 abc 27.48 bc 20.20 bc 43.33 bcd 
  50 ppm 2.34 a 1.65 ab 4.12 ab 5.17 cd 4.36 b 4.96 bcd 31.16 ab 27.45 a 45.37 abc
75 ppm 2.32 a 1.75 a 4.25 ab 4.61 d 3.86 b 4.24 cd 33.48 a 31.19 a 50.06 a 

GA3 spraying 15/12 
25 ppm 2.41 a 1.58 ab 4.69 ab 6.47 ab 5.02 ab 6.50 abc 27.14 bc 23.94 abc 41.91 bcd 
50 ppm 2.01 a 1.52 ab 3.76 b 5.23 cd 4.57 b 4.72 bcd 27.76 bc 24.96 abc 44.34 bcd
75 ppm 2.28 a 1.54 ab 3.84 b 4.90 cd 4.37 b 4.28 cd 31.75 ab 26.06  ab 47.29 abc 

GA3 spraying 1/1 
25 ppm 2.23 a 1.16 ab 5.49 a 6.74 ab 5.39 ab 7.61 a 24.86 c 17.71 c 41.91 bcd 
50 ppm 2.33 a 1.35 ab 5.19 ab 6.47 ab 5.07 ab 6.91 ab 26.48 bc 21.03 abc 42.89 bcd 
75 ppm 2.30 a 1.53 ab 4.97 ab 6.20 b 4.48 b 6.25 abc 27.06 bc 25.46 ab 44.30 bcd 

GA3 spraying 15/1 
25 ppm 2.27 a 1.18 ab 5.32 ab 6.73 ab 5.11 ab 7.83 a 25.22 c 18.76 bc 40.46 cd 
50 ppm 2.41 a 1.45 ab 5.73 a 6.55 ab 5.08 ab 7.92 a 26.90 bc 22.21 abc 41.98 bcd 
75 ppm 2.43 a 1.56 ab 5.58 a 6.40 ab 4.74 ab 7.67 a 27.52 bc 24.76 abc 42.11 bcd

Means followed by a letter in common in the same column are not significantly different at 0.05 level of probability 

 
Table 3: Effect of gibberellic acid spraying on fruit set of olive trees cv. Picual from 2009 to 2011 seasons. 

Treatment 
Spraying 
time 

Conc. 
Initial fruit set Final fruit set 
2009 2010 2011  2009   2010   2011 

Control  
(spraying with water) 

  0 ppm 30.12 a 21.00 ab 44.18 a 16.72 a 14.18 a 27.04 a 

GA3 spraying 1/12 
25 ppm 28.40 ab 20.88 ab 40.63 abc 16.04 ab 13.54 abc 25.70 abc 
  50 ppm 26.20 bc 18.90 bc 39.37 bcd 14.33 abc 12.35 bcd 23.56 bcd 
75 ppm 24.33 cd 16.35 c 35.60 d 13.25 c 11.26 d 21.48 d 

GA3 spraying 15/12 
25 ppm 29.03 ab 21.52 ab 41.53 abc 16.35 ab 13.90 a 26.50 ab 
50 ppm 27.74 ab 19.58 b 40.77 abc 14.92 abc 12.97 abc 24.73 abc 
75 ppm 21.94 d 19.05 b 38.99 cd 14.26 bc 12.12 cd 23.12 cd 

GA3 spraying 1/1 
25 ppm 29.45 a 20.90 ab 42.67 abc 16.41 ab 13.95 a 26.60 ab 
50 ppm 27.84 ab 19. 81 b 40.98 abc 15.41 abc 13.10 abc 24.98 abc 
75 ppm 23.62 cd 19.37 b 40.33 abc 15.16 abc 12.89 abc 24.58 abcd 

GA3 spraying 15/1 
25 ppm 30.21 a 22.62 a 41.95 abc 16.62 ab 14.12 a 26.93 a 
50 ppm 29.62 a 21.08 ab 42.05 abc 16.29 ab 13.85 a 26.41 ab 
75 ppm 27.92 ab 21.14 ab 43.23 ab 16.19 ab 13.76 ab 26.25 ab 

Means followed by a letter in common in the same column are not significantly different at 0.05 level of probability 
 
Table 4: Effect of gibberellic acid spraying on some vegetative characteristics of olive cv. Picual from 2009 to 2011 seasons. 

Treatment 
Spraying 
time 

Conc. 
No. New shoots No. Leaves/shoot Leaf area (cm2) 
2009 2010 2011 2009 2010 2011 2009 2010 2011

Control  (spraying with water)   0 ppm 6.32 c  8.00 b 6.00 b 20.67 d 26.17 c 19.29 c 3.49 b 4.21 b 3.56 c 

GA3 spraying 1/12 
25 ppm 7.60 abc 9.50 ab 7.13 ab 24.27 c 30.33 bc 21.35 c 3.75 ab 4.52 ab 4.00 abc 
  50 ppm 8.66 abc 10.77 ab 8.08 ab 29.03 ab 34.67 ab 24.90 b 3.89 ab 5.15 a 4.35 ab
75 ppm 10.30 a 12.72 a 9.54 a 30.11 a 37.17 a 29.93 a 4.10 a 5.21 a 4.41 a 

GA3 spraying 15/12 
25 ppm 7.43 abc 9.35 ab 7.01 ab 22.89 cd 28.78 bc 20.97 c 3.62 ab 4.38 ab  3.85 abc 
50 ppm 8.26 abc 10.32 ab 7.74 ab 28.09 ab 32.33 abc 23.88 bc 3.80 ab 4.93 ab 4.26 ab 
75 ppm 10.03 ab 12.50 a 9.38 a 28.24 ab 35.01 ab 24.06 bc 4.00 ab 5.07 ab 4.31 ab

GA3 spraying 1/1 
25 ppm 7.29 bc 9.17 ab 6.88 ab 21.56 d 27.12 c 20.34 ab 3.57 ab 4.31 ab 3.56 c 
50 ppm 8.11 abc 10.15 ab 7.62 ab 23.02 cd 28.81 bc 22.35 bc 3.57 ab 4.72 ab 4.17 ab 
75 ppm 9.77 ab 12.21 a 9.16 a 27.08 b 32.08 abc 23.78 bc 3.85 ab 4.79 ab 4.25 ab

GA3 spraying 15/1 
25 ppm 7.11 bc 9.00 ab 6.75 ab 25.33 bc 26.11 c 19.58 c 3.56 ab 4.21 b 3.80 bc 
50 ppm 7.98 abc 10.10 ab 7.58 ab 25.87 bc  27.92 c 21.35 c 3.67 ab 4.60 ab 4.00 abc 
75 ppm 9.59 ab 12.14 a 9.11 a 25.67 bc 29.03 ab 21.61 c 3.85 ab 4.67 ab 4.05 abc

Means followed by a letter in common in the same column are not significantly different at 0.05 level of probability 
 

The obtained results of GA3 and the related discussion are in accordance with the findings of Hassan 
(1987), Boulouha et al. (1993), Lavee and Haskal (1994), El-Sharkawy (1999) and El-Iraqy (2001) on olive, 
besides, El-Hammady et al. (1990) and El-Kassas et al. (1996) on Balady mandarin and Farmahan (1997) on 
Kinnow mandarin. They mentioned that GA3 sprays before an expected heavy crop year reduced yield for that 
season and increased the yield in the following year.  
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On contrast, Proietti and Tombesi (1996) reported that application of GA3 on olive trees did not 
significantly influence fruit production in the following year. 
 
(7) Effect of spraying with GA3 on fruit characteristics: 
 
(a) Fruit length: 

 
Results presented in Table (6) shows that fruit length was significantly affected by different times and 

concentrations of GA3. Spraying olive trees with GA3 at 75 ppm in first December significantly increased fruit 
length in the three seasons of the study. However, the lowest fruit length was observed with control in 2009 
season and GA3 spray at 25 ppm in all times and 50 ppm at mid January in 2010 and 2011 seasons.        
 
(b) Fruit diameter: 

 
As shown in Table (6) fruit diameter was significantly affected by different times and concentrations of 

GA3. Spraying olive trees with GA3 at 75 ppm in first December significantly increased fruit diameter in the 
three seasons of the study. However, the lowest fruit length was observed with control trees and sprays GA3 at 
25 ppm in all times in the three seasons.  
 
(c) Fruit shape index  (L/D): 

 
Results presented in Table (6) indicate that, there were no significant differences between treatments in fruit 

shape index in the three seasons of the study. 
 (d) Fruit weight   
Fruit weight was significantly affected by different times and concentrations of GA3 (Table 7). The highest 

fruit weight was observed when olive trees were sprayed with GA3 at 75 ppm on first December in the three 
seasons and 75 ppm at mid December in 2009 serason while the control gave the lowest fruit weight in the three 
seasons of the study and 25 ppm in all times in 2009 season.     
 
(e) Flesh weight: 

 
Table (7) shows that, flesh weight was significantly affected by different times and concentrations of GA3. 

In addition, the highest flesh weight was observed in the three seasons when olive trees were sprayed with GA3 
at 75 ppm on first December, while the lowest flesh weight was observed when trees were sprayed with GA3 at 
25 ppm on first and mid January in 2009 season and control in 2010 and 2011 seasons.        
 
(f) Seed weight: 

 
Results in Table (7) indicate that, seed weight was significantly affected by different times and 

concentrations of GA3 only in 2009 season. The lowest seed weight was observed with control and 25 ppm GA3 
in all times. However, the highest seed weight was observed when trees were sprayed with GA3 at 50 and 75 
ppm in all times.   
 
(g) Flesh/fruit percentage:  

 
As shown in Table (8), flesh/fruit percentage was significantly affected by different times and 

concentrations of GA3. Flesh/fruit percentage was significantly higher in the three seasons when the trees 
sprayed with GA3 at 75 ppm on first December in 2010 season which these were on a par in 2010 season with 
50 ppm on first December, mid January and 75 ppm at mid December and mid January. While, the lowest 
flesh/fruit percentage was observed when the trees were sprayed with GA3 at 25 ppm in mid December and first 
January in 2009 season and the control in 2010 and 2011 seasons.    
 
(h) Seed/fruit percentage:  

As shown in Table (8), seed/fruit percentage was significantly affected by different times and 
concentrations of GA3. Seed/fruit percentage was significantly lower in the three seasons when the trees sprayed 
with GA3 at 75 ppm on first and mid December, 50 ppm on first December and 50, 75 ppm at mid January in 
2010 season. While, the higher seed/fruit percentage was observed when the trees sprayed with GA3 at 25 ppm 
at first and mid  January in 2009 and the control in all seasons.  
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Table 5: Effect of gibberellic acid spraying on yield and alternate bearing index of olive trees cv. Picual from 2009 to 2011 seasons. 

Treatment Spraying time Conc. 
Yield (Kg/tree) Average two seasons of yield Alternate Bearing Index 

(ABI) 2009 2010 2011 2009&2010 2010&2011 
Control (spraying with water) 0 ppm 28.33 a 15.25 c 50.00 a 21.79 ab 32.63 ab 0.416 

GA3 spraying 1/12 
25 ppm 26.33 ab 16.50 bc 46.21 ab 21.42 ab 31.36 ab 0.352 
50 ppm 22.00 bc 19.75 ab 45.92 ab 20.88 c 32.84 a 0.226 
75 ppm 20.33 c 21.25 a 43.75 b 20.79 c 32.50 ab 0.184 

GA3 spraying 15/12 
25 ppm 24.33 abc 17.00 abc 43.03 bc 20.67 c 30.02 b 0.305 
50 ppm 24.25 abc 18.19 abc 43.00 bc 21.22 ab 30.60 ab 0.274 
75 ppm 22.67 bc 19.00 abc 43.00 bc 20.84 c 31.00 ab 0.238 

GA3 spraying 1/1 
25 ppm 25.75 ab 15.88 bc 42.50 bc 20.82 c 29.19 b 0.343 
50 ppm 24.42 abc 17.42 abc 41.25 bc 20.92 bc 29.34 b 0.227 
75 ppm 24.38 abc 18.31 abc 41.25 bc 21.35 ab 29.78 b 0.264 

GA3 spraying 15/1 
25 ppm 26.50 ab 18.96 abc 40.63bc 22.73 a 29.80 b 0.265 
50 ppm 25.92 ab 19.44 abc 36.96 bc 22.68 a 29.70 b 0.227 
75 ppm 25.28 ab 19.88 ab 39.00 c 22.58 ab 29.44 b 0.222 

Means followed by a letter in common in the same column are not significantly different at 0.05 level of probability 

 
Table 6: Effect of gibberellic acid spraying on some fruit characteristics of olive cv. Picual from 2009 to 2011 seasons. 

Treatment 
Spraying 
time 

Conc. 
Fruit length "L"  
(cm) 

Fruit diameter "D"  
(cm) 

Fruit shape index (L/D) 

2009 2010 2011 2009 2010 2011 2009 2010 2011 
Control  (spraying with water)   0 ppm 2.30 b 2.80 b 2.20 b 1.83 b 2.20 b 1.70 b 1.26 a 1.27 a 1.29 a

GA3 spraying 1/12 
25 ppm 2.45 ab 2.80 b  2.30 b 2.00 b 2.30 ab 1.80 b 1.23 a 1.22 a 1.28 a 
  50 ppm 2.70 ab 2.90 ab 2.50 ab 2.30 ab 2.45 ab 1.92 ab 1.17 a 1.18 a 1.30 a 
75 ppm 2.95 a 3.10 a 2.70 a 2.48 a 2.66 a 2.10 a 1.19 a 1.17 a 1.29 a 

GA3 spraying 15/12 
25 ppm 2.40 ab 2.80 b 2.28 b 1.95 b 2.27 b 1.77 b 1.23 a 1.23 a 1.29 a
50 ppm 2.50 ab 2.90 ab 2.45 ab 2.20 ab 2.40 ab 1.87 ab 1.14 a 1.21 a 1.31 a 
75 ppm 2.70 ab 3.00 ab 2.60 ab 2.43 a 2.56 ab 2.00 ab 1.11 a 1.17 a 1.30 a 

GA3 spraying 1/1 
25 ppm 2.38 ab 2.82 b 2.25 b 1.90 b 2.23 b 1.75 b 1.25 a 1.26 a 1.29 a
50 ppm 2.47 ab 2.87 ab 2.41 ab 2.10 b 2.37 ab 1.85 ab 1.18 a 1.21 a 1.30 a 
75 ppm 2.60 ab 2.95 ab 2.57 ab 2.38 ab 2.48 ab 1.95 ab 1.09 a 1.19 a 1.32 a 

GA3 spraying 15/1 
25 ppm 2.35 ab 2.80 b 2.22 b 1.88 b 2.22 b 1.73 b 1.25 a 1.26 a 1.28 a
50 ppm 2.45 ab 2.80 b 2.40 ab 2.00 b 2.30 ab 1.83 ab 1.23 a 1.22 a 1.31 a 
75 ppm 2.50 ab 2.90 ab 2.52 ab 2.27 ab 2.40 ab  1.95 ab 1.10 a 1.21 a 1.29 a 

Means followed by a letter in common in the same column are not significantly different at 0.05 level of probability 

 
Table 7: Effect of gibberellic acid spraying on some fruit characteristics of olive cv. Picual from 2009 to 2011 seasons. 

Treatment 
Spraying 
time 

Conc. 
Fruit weight (gm) Flesh weight (gm) Seed weight (gm) 
2009 2010 2011 2009 2010 2011 2009 2010 2011 

Control  (spraying with water)   0 ppm 5.97 d 7.03 c 5.62 c 5.02 d 5.97 c 4.68 c 0.95 b 1.06 a 0.95 a 

GA3 spraying 1/12 
25 ppm 6.76 cd 8.85 ab 7.49 b 5.79 bcd 7.64 ab 6.41 ab 0.97 b 1.21 a 1.08 a 
  50 ppm 8.02 ab 9.25 ab 8.27 ab 6.94 ab 8.03 ab 7.15 ab 1.08 a 1.22 a 1.12 a 
75 ppm 8.50 a 9.77 a 8.88 a 7.40 a 8.51 a 7.73 a 1.10 a 1.26 a 1.15 a 

GA3 spraying 15/12 
25 ppm 6.35 d 8.50 abc 7.30 b 5.38 cd 7.29 abc 6.22 abc 0.97 b 1.21 a 1.08 a 
50 ppm 7.88 ab 9.00 ab 8.07 ab 6.80 ab 7.78 ab 6.96 ab 1.08 a 1.22 a 1.11 a
75 ppm 8.20 a 9.10 ab 8.60 ab 7.10 ab 7.89 ab 7.43 ab 1.10 a 1.21 a 1.17 a 

GA3 spraying 1/1 
25 ppm 6.00 d 8.10 bc 7.00 bc 5.04 d 6.93 abc 5.94 bc 0.96 b 1.17 a 1.06 a 
50 ppm 7.50 abc 8.80 ab 7.87 ab 6.43 abc 7.61 ab 6.77 ab 1.07 a 1.19 a 1.10 a
75 ppm 8.00 ab 9.00 ab 8.45 ab 6.91 ab 7.76 ab 7.31 ab 1.09 a 1.24 a 1.14 a 

GA3 spraying 15/1 
25 ppm 5.95 d 7.90 bc 6.85 bc 4.99 d 6.80 bc 5.83 bc 0.96 b 1.10 a 1.02 a 
50 ppm 7.00 bcd 8.65 ab 7.80 ab 5.94 bcd 7.50 abc 6.71 ab 1.06 a 1.15 a 1.09 a 
75 ppm 7.75 abc 8.85 ab 8.25 ab 6.67 abc 7.67 ab 7.13 ab 1.08 a 1.18 a 1.12 a

Means followed by a letter in common in the same column are not significantly different at 0.05 level of probability 
 
Table 8: Effect of gibberellic acid spraying on flesh and seed weight percentage of olive cv. Picual from 2009 to 2011 seasons. 

Treatment Spraying time Conc. 
Flesh/fruit weight (%) Seed/fruit weight (%) 
2009 2010 2011 2009 2010 2011 

Control  (spraying with water) 0 ppm 84.09 c 84.92 b 83.27 c 15.91 a 15.08 a 16.90 a 

GA3 spraying 1/12 
25 ppm 85.65 abc 86.33 ab 85.58 ab 14.35 abc 13.67 ab 14.42 bc 
50 ppm 86.53 ab 86.81 a 86.46 ab 13.47 bc 13.19 b 13.54 bc 
75 ppm 87.06 a 87.10 a 87.05 a 12.94 c 12.92 b 12.90 c 

GA3 spraying 15/12 
25 ppm 84.72 bc 85.76 ab 85.21 b 15.28 ab 14.24 ab 14.79 b 
50 ppm 86.29 ab 86.44 ab 86.25 ab 13.71 bc 13.56 ab 13.75 bc 
75 ppm 86.59 ab 86.70 a 86.40 ab 13.41 bc 13.30  b 13.60 bc 

GA3 spraying 1/1 
25 ppm 84.00 c 85.56 ab 84.86 b 16.00 a 14.44 ab 15.14 b 
50 ppm 85.73 abc 86.48 ab 86.02 ab 14.27 abc 13.52 ab 13.98 bc 
75 ppm 86.38 ab 86.22 ab 86.51 ab 13.63 bc 13.78 ab 13.49 bc 

GA3 spraying 15/1 
25 ppm 83.87 c 86.08 ab 85.11 b 16.13 a  13.92 ab 14.89 b 
50 ppm 84.86 bc 86.71 a 86.03 ab 15.14 ab 13.29 b 13.97 bc 
75 ppm 86.06 ab 86.67 a 86.42 ab 13.94 bc 11.33 b 13.58 bc 

Means followed by a letter in common in the same column are not significantly different at 0.05 level of probability 

  

(i) Flesh dry weight (%): 
 
Results presented in Table (9) indicate that, flesh dry weight percentage was significantly affected by 

different times and concentrations of GA3. In addition, the highest flesh dry weight was observed when the trees 
were sprayed with GA3 at 75 ppm on first December in 2009 and 2011 seasons and the control in 2010 season. 
While lowest flesh dry weight was observed with the control in 2009 and 2011 seasons which these were on a 
par with 25 ppm in all times and 50 ppm at mid January and GA3 at 50 and 75 ppm on first December and 75 
ppm at mid December in 2010 season.  
 
(j) Flesh oil content (%): 

 
As shown in Table (9), flesh oil content was significantly affected by different times and concentrations of 

GA3. In the three seasons of the study, spraying olive trees with GA3 at 75 ppm on first December significantly 
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increased flesh oil content. However, the control and spray GA3 at 25 ppm in more times gave the lowest flesh 
oil content.    

The role of GA3 in improving fruit quality may be due to its role in elongation of the primary cell in the 
young tissues and growth centers or may be attributed to simulative influence of bioregulator on cell extension 
and/or on cell division (Ramezani and Shekafandeh, 2009).   

The obtained results of GA3 sprays are in line with those reported by Rotundo and Gioffre (1984), Hassan 
(1987), Barut and Eris (1995), El-Sharkawy (1999), El-Iraqy (2001) and Ramezani and Shekafandeh (2009) on 
olive. They mentioned that GA3 sprayed at different times improved fruit weight, dimensions, flesh thickness, 
flesh/stone ratio and fruit oil content.   
 
Table 9: Effect of gibberellic acid spraying on flesh dry weight and flesh oil content percentage of olive cv. Picual from 2009 to 2011  
              seasons. 

Treatment 
Spraying 
time 

Conc. 
Flesh dry weight (%) Flesh oil content (%) 
2009 2010 2011 2009 2010 2011 

Control  (spraying with water) 0 ppm 26.98 c 35.08 a 24.93 c 38.40 c 41.13 c 35.29 c 

GA3 spraying 1/12 
25 ppm 28.35 c 34.93 ab 26.20 c 41.05 bc 44.50 bc 37.30 c 
50 ppm 32.65 abc 30.66 c 30.17 abc 43.67 abc 47.62 ab 41.64 abc 
75 ppm 37.95 a 29.79 c 35.06 a 49.63 a 51.61 a 47.78 a 

GA3 spraying 15/12 
25 ppm 28.12 c 34.87 ab 25.98 c 39.45 c 43.87 bc 36.51 c 
50 ppm 30.70 bc 33.24 b 28.37 bc 42.29 abc 45.54 abc 38.50 bc 
75 ppm 34.85 ab 31.10 c 32.20 ab 48.00 ab  48.40 ab 44.75 ab 

GA3 spraying 1/1 
25 ppm 27.50 c 33.37 ab  25.49 c 39.29 c 42.00 bc 36.00 c 
50 ppm 30.00 bc 33.30 b    27.81 bc 40.62 bc 42.66 bc 37.00 c 
75 ppm 33.22 abc 32.92 b 30.79 abc 46.35 abc 47.25 abc 41.80 abc 

GA3 spraying 15/1 
25 ppm 27.00 c 34.91 ab 25.03 c 38.82 c 42.30 bc 35.50 c 
50 ppm 28.25 c 33.65 ab 26.19 c 40.00 bc 44.32 bc 37.07 c 
75 ppm 32.10 abc 33.99 ab 29.75 abc 44.83 abc 46.11 abc 40.30 bc 

Means followed by a letter in common in the same column are not significantly different at 0.05 level of probability 

 
Conclusion: 

 
From the proved results it could conclude that, GA3 spraying promotes vegetative growth through its effect 

of inhibiting flowering and increases the hormones responsible for vegetative growth suggests that the balance 
between endogenous inhibitors and gibberellins may be one of the factors associated with flower induction and 
differentiation in the olive. Therefore, the possibility of transition from floral to vegetative buds or retard the 
floral transition by exogenous GA3 in “on” year may be useful to overcoming on alternate bearing phenomenon. 
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