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ABSTRACT  
 

This study was carried out during two successive growth seasons 2008/2009 and 2009/2010 on fifteen years 
old of olive trees cv. Picual to investigate the effect of exogenous application of gibberellic acid at different 
concentrations (0, 25, 50 or 75 ppm) on different times (first and mid December and first and mid January) on 
the contents of endogenous hormones, indole acetic acid, gibberellic acid, abscisic acid and cytokinins as 
"zeatin, kinten and benzyl adenine" extracted from treated and untreated new olive buds.  The obtained results 
showed that, spraying gibberellic acid on olive buds at 75 ppm at mid January lead to slight increase in indole 
acetic acid content in both seasons “on” and “off” years. In addition, application of gibberellic acid at 75 or 50 
ppm on the first of December increased the buds endogenous content of gebberllic acid and had a negative 
effect on olive buds content of abscisic acid especially at 75 ppm. Gibberellic acid resulted in reduction in the 
buds contents of cytokinines (as zeatin, kinetin and benzyl adenine) in both “on” and “off” years.   
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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 olive trees, the term “alternate or biennial” 
bearings are used by olive growers 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 the next “off year”. It can affect a large area or just individual 
trees or even part of a tree. 

The function of a plant depends on specific levels of natural endogenous hormones. Generally, auxins, 
gibberellins, and cytokinins are called stimulators, they regulate a number of physiological activities. Abscisic 
acid and ethylene are known as growth inhibitors; they restrict or completely impede some physiological 
activities but hasten ripening. Occurrence, increase, decrease, or interaction of these growth regulators in fruit 
trees change based on months. Moreover, they have been synthesized at different times. In this respect, it has 
been reported that the amount and rates of plant growth regulators in a plant affected the occurrence and severity 
of alternate bearing (Gunes et al., 2010). 

ABA and GA3 have a direct role in the initiation of flower budding while IAA and IAA-like compounds 
promoted annual shoot formation and had an indirect role in the initiation of flower budding (Ulger et al., 1999). 
The balance between gibberellic acid like substances and abscisic acid concentrations of tissues appears to 
exhibit evidence of being a key regulator of floral development and alternate bearing (Baktir et al., 2004). 

High level of GA3 exhibited the inhibitory effect on floral formation during the induction and initiation 
periods. On the other hand, the high concentrations of GA4, ABA and certain cytokinin levels may have a 
positive effect on flower formation (Ulger et al., 2004). 

The main objective of this study was to investigate the effect of exogenous application of gibberellic acid at 
different concentrations as well as at different times on the contents of endogenous phytohormones during both 
"on" and "off" years. 
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Materials and Methods 
 
This study was carried out during two successive seasons 2008/2009 and 2009/2010 on fifteen years old of 

olive trees cv. Picual planted at 3X5 m apart in a sandy soil in a private orchard located at Cairo – Alexandria, 
desert road (about 50 Km from Cairo) to investigate the effect of exogenous application of gibberellic acid 
(GA3) at “on” and “off” years on the endogenous hormonal contents (indole acetic acid, gebberllic acid, abscisic 
acid, cytokinins as zeatin, kinetin and benzyl adenine) of olive buds cv. Picual. The selected trees were uniform 
in shape, vigor, size and normal growth. All the chosen trees were going to an expected "on year" and sprayed to 
the point of run off with one of the flowing treatments:      
 
Treatments:   
 

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

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

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

4- Spraying olive trees with gibberellic acid (GA3) on the mid of January at concentrations, 0, 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.     

The samples were collected randamly from the current growth shoots in the same height around all 
directions of each tree each treatment in both 2008/2009 “on year” and 2009/2010 “off year” then frozen 
immediately with liquid nitrogen and stored in deep freezer at -20 º C until the time of hormonal extraction.    
 
Extraction, separation and determination of endogenous hormones using GLC and HPLC: 

 
The method of hormones extraction was essentially similar to that adopted by Wasfy et al. (1975). The buds 

were immersed in cold ethanol 85% in glass stopper brown jars which were kept in deep freezer till extraction. 
The frozen buds were homogenized in cold 85% ethanol by an electric automix, then extracted by an electric 
stirrer with 85% ethanol at 0 ºC. The solvent was changed three times during the extraction period of six hours. 
The three extracts after filtration were combined together and concentrated under vacuum at 30-35 ºC and kept 
in deep freezer till required. The residue, after extraction was dried at 100 ºC.  
 
Fractionation of plant hormones extract:  

 
The concentrated aqueous phase was adjusted to pH 8.8 using Na OH (1%). The alkaline aqueous residue 

was shaken three times with equal amount of ethyl acetate using separation funnel. The combined ethyl acetate 
fraction was evaporated to dryness and held for purification. The aqueous phase was acidified to pH 2.8 with 
1% HCL and shaken three times with equal volumes of ethyl acetate. The remaining aqueous phase was 
discarded. Ethyl acetate phase was reduced in volume (Fraction I) to be used for GLC determination of acidic 
hormones such as IAA, GA3 and ABA. The dried basic ethyl acetate fraction was dissolved in 80% methanol, 
evaporated methanol under vacuum leaving an aqueous phase which was adjusted to pH 2.8 with 1% HCl and 
partitioned three times with ethyl acetate. The ethyl acetate phases were combined (Fraction II), reduced to 5 ml 
volume and stored at -20º C for GLC analysis of endogenous auxins. The remaining aqueous phase was adjusted 
to pH 5.5 with 1% Na OH and partitioned three times with water-saturated n-butanol. All n-butanol phases were 
combined (Fraction III) and reduced to 5 ml volume then stored at -20º C for cytokinins analysis using HPLC. 
 
Methylation of plant hormones:  

 
Methylation of plant hormones was carried out with diazomethane which was prepared from methylamine 

hydrochloride according to the method described by Vogel (1975). Plant hormones fractions and standard were 
dissolved in a little anhydrous ether and the ethereal solution of diazomethane was added in a small portion until 
gas evaluation ceased. The mixture acquired a pole yellow color indicated the addition of excess diazomethane. 
The reaction mixture was left for 10 minutes and ether was distilled of using heat water bath. The residue was 
dissolved in minimal amount of acetate and used for Gas-Liquid Chromatography (GLC) analysis. 
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Separation of methyl ester of plant hormones by GLC:  
 
Analysis of methyl ester of organic acids was performed using Helwett puckered gas chromatography 

(5890) with flame ionization detector. The conditions of gas-liquid chromatographic for isothermal work was as 
follows: The chromatograph was fitted and equipped with HP-130 mm X 0.32 X 0.25 µm capillary column 
coated with methyl silicon. The column oven temperature was programmed at 10 ºC/min from 200 ºC (5 min) to 
260 ºC and kept finally to 10 min. Injection and detector temperatures were 260 and 300 ºC, respectively. The 
flow rate of gases were 30, 30, 300 cm/Sec for N2, H2 and air, respectively. The flow rate inside column was 
adjusted at 2 ml/min. Standards of authentic IAA, GA3 and ABA were used.  
 
Identification and determination of IAA, GA3 and ABA: 

 
The retention time (RT) of peaks of authentic samples were used in identification and characterization of 

peaks of the samples under investigation (Wasfy et al. 1975). Peak identification was performed by comparing 
the relative retention time (RRT) of each peak with those of IAA, GA3 and ABA standards. The relative 
properties of different individual components were therefore obtained at various retention times of the samples.  
 
HPLC of cytokinin substances:  

 
Cytokinin fractions (zeatin, kinten and benzyl adenine) were detected by HPLC isocratic UV analyzer ODS 

Hyparisl C18 column, 20 min gradient from 0.1 N acetic acid pH 2.8 to 0.1 N acetic acid in 95% aqueous 
ethanol, pH 4.0. the flow rate: 1 ml/min, detection: UV 254 nm. Standards of authentic zeatin, kinten and benzyl 
adenine were used (Muller and Hilgenberg, 1986). 
 
Statistical analysis: 
 

All obtained data were subjected to analysis of variances (ANOVA) according to (Snedecor and Cochran, 
1982).  
 
Results and Discussion 
 
Endogenous hormones: 
 
a- Indole acetic acid (IAA): 

 
Results illustrated in Fig (1) show gradual increases in the amounts of IAA in 2008/2009 extracted from the 

untreated olive buds during (on year), while in 2009/2010 during (off year) the trend was toward to the 
reduction. It can be noted from the same Fig (1) that the difference between the amounts of IAA extracted from 
the untreated olive buds in both two years “on” and “off” was small in comparison with that obtained from other 
hormones under the study. This means that the hormone IAA might not be involved in flower bud 
differentiation in olive trees. 

 
 

 
Fig. 1: Effect of spraying olive trees with gibberellic acid on the indole acetic acid content of olive buds in 

2008/2009 season. 
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Concerning the effect of spraying with GA3, results represented in Fig (1) reveal that, spraying GA3 on olive 

buds at all the used levels lead to increase in IAA content in 2008/2009. The highest value of increment was 
obtained from the application of GA3 at 75 ppm at mid of January as compared with other treatments and times. 
In addition, spraying GA3 at 50 or 75 ppm on olive buds in 2009/2010 season caused increase in the amount of 
IAA at all the studied times as compared to the control. The highest value of these increment was obtained from 
the application of GA3 at 75 ppm in the first December (Fig. 2). 

 

 
Fig. 2: Effect of spraying olive trees with gibberellic acid on the endogenous content of IAA of olive buds in 

2009/2010 season. 
 

b- Gibberellic acid (GA3): 
 
Results represented in Fig (3) show gradual reduction in the amount of endogenous GA3 extracted from the 

untreated olive buds in 2008/2009 (on year), this reduction was correlated with the time whereas the highest 
value of decrement was observed at mid January. On the other hand,  Fig (4) show gradual increase in the 
amount of  endogenous GA3 in 2009/2010 extracted from the untreated buds, the highest value of increment was 
obtained at mid of January.         

It is clear from the results represented in Fig (3) that spraying olive trees with GA3 at all the used treatments 
in both seasons 2008/2009 and 2009/2010 “on” and “off” years, respectively lead to increase in the endogenous 
content of GA3 at all the studied times. The highest value of increment in two seasons was obtained from the 
application of GA3 at 75 or 50 ppm on the first of December in 2008/2009 (on year) as compared with other 
used concentrations and times. The increments in endogenous amount of GA3 indicated that GA3 may have a 
positive effect on flower formation in olive trees during the induction and initiation period (Ulger et al., 2004).  

 

 
Fig. 3: Effect of spraying olive trees with gibberellic acid on the endogenous content of gibberellic acid of olive 

buds in 2008/2009 season.  
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c- Abscisic acid (ABA): 
 
Fig (5) indicate gradual reduction in the amounts endogenous content of ABA extracted from the untreated 

olive buds during 2008/2009 season (on year). On the other hand, Fig (6) shows gradual increase in the 
endogenous content of ABA extracted from untreated olive buds in season 2009/2010 during (off year). The 
highest values of increment were recorded at the first of December and mid of January in both seasons 
2008/2009 and 2009/2010 during “on” and “off” years, respectively.   

 

 
Fig. 4: Effect of spraying olive trees with gibberellic acid on the endogenous content of gibberellic acid of olive 

buds in  2009/2010 season. 
 
Regarding the effect of spraying with GA3, Fig (5) clears that, spraying olive trees with GA3 had a negative 

effect on olive buds content of ABA especially at 75 ppm. However, using GA3 in 2009/2010 season (off year) 
had an impact on reducing the buds content of ABA and that the effect was noticeable in the first and mid of 
December times compared to the first and mid January times. The lowest level of ABA was observed when the 
trees were sprayed with GA3 at 75 ppm on first December in 2009/2010 season (Fig 6).      

These results are in agreement with El-Hammady et al. (2000). They reported that, spraying GA3 had a 
slight effect on the auxins level of mandarin cv. Balady while gibberellins levels was greatly affected positively 
however there was a reduction in ABA level as affected with GA3.  

 
Fig. 5: Effect of spraying olive trees with gibberellic acid on the endogenous content of  abscisic acid of olive 

buds in 2008/2009 season. 
 

d- Zeatin (Z): 
 
Results illustrated in Fig (7) show gradual increase in the endogenous content of Zeatin extracted from the 

untreated olive buds during 2008/2009 season. The highest level of (Z) was obtained from untreated olive buds 
at mid of January. On the other hand, Fig (8) indicates a gradual reduction in the amount of (Z) extracted from 
the control in 2009/2010 season. The highest value of reduction was recorded in this season at mid of January as 
compared to other studied concentrations and times. 
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Concerning the effect of spraying with GA3, Fig (7) reveals that GA3 had slightly effect on reducing buds 
content of Z in 2008/2009 season (on year). The highest value of Z was recorded from the buds of control and 
those sprayed with GA3 at 25 ppm at mid January while the lowest level of Z was observed when the trees were 
sprayed with GA3 at 75 ppm on the first of December. However, in 2009/2010 season spraying olive trees with 
GA3 at 75 ppm had a remarkable effect on reducing the olive buds content from Z in all the times of application 
whereas the lowest level of Z was observed when the trees were sprayed with GA3 at 75 ppm at mid January.     

 

 
Fig. 6: Effect of spraying olive trees with gibberellic acid on the endogenous content of abscisic acid of olive 

buds in 2009/2010 season. 
  

 
Fig. 7: Effect of spraying olive trees with gibberellic acid on the endogenous content of  zeatin of olive buds in 

2008/2009 season. 
 
e- Kinetin (K): 

 
Results recorded in Fig (9) reveal gradual increase in the endogenous contents of kinetin extracted from the 

untreated olive buds during 2008/2009. The highest value of increment was obtained at mid January in 
comparison with that obtained from other times. On the other hand, Fig (10) shows gradual reduction in the 
endogenous content of K in 2009/2010 season. The more value of decrement was recorded in this season on first 
December.      

Regarding the effect of spraying with GA3, Figs (9 and 10) indicate obvious reduction in the endogenous 
amount of K extracted during 2008/2009 and 2009/2010 seasons. The highest levels of these decrements were 
recorded from the application of GA3 at 50 or 75 ppm at the first and mid of December times. 
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Fig. 8: Effect of spraying olive trees with gibberellic acid on the endogenous content of  zeatin of olive buds in 
2009/2010 season. 

 

 
 

Fig. 9: Effect of spraying gibberellic acid on the endogenous content of  kinetin of olive buds in 2008/2009  
            season. 

 

 
Fig. 10: Effect of spraying gibberellic acid on the endogenous content of  kinetin of olive buds in 2009/2010  
              season. 
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(f) Benzyl adenine (BA): 
 
Results represented in Fig (11) indicate obvious increase in the endogenous contents of BA extracted from 

the untreated olive buds during 2008/2009. The highest level of this increment was recorded at mid January in 
comparison with that recorded from other times. On the other hands, Fig. (12) show reduction in the endogenous 
contents of BA during 2009/2010 season.   

It is clear from the data illustrated in Figs (11 and 12) that application of GA3 on olive buds at all the used 
concentrations and times lead to reduction in the endogenous contents of BA during the second season “off” 
year. The highest values were recorded from the application of GA3 at 75 ppm at mid January during “on” year 
and in first of December during “off” year. 

 Alternate bearing is built - in character of olive trees. It is over all controlled by an interaction between 
vegetative growth and fruit load as previously noted by (El- Sonbaty et al.,2012 & Hegazy et al.,2012). The 
Expression of alternate bearing involves a wide range of changes in activation and depression of endogenous 
metabolic pathway.  So the obtained results demonstrated that foliar application of GA3 can play an important 
role on the olive tree vegetative growth as well as on flower bud formation as reported by ( Abd El-Naby et 
al.,2012) 

 

 
 

Fig. 11: Effect of spraying gibberellic acid on the endogenous content of  benzyl adenine of olive buds in  
              2008/2009 season. 

 

 
Fig. 12: Effect of spraying gibberellic acid on the endogenous content of  benzyl adenine of olive buds in  
              2009/2010 season. 
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