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ABSTRACT  
 

 The experiment was conducted during two successive winter seasons of 2010/011 and 2011/012, at 
the vegetables research farm of Kaha, Kalyoubia Gov. Egypt, to investigate the performance comparison of 
three alternatives for gibberellic acid (GA3), i.e., Silicon (Si), Citric acid (CA) and vitamin E (VE) as a solo or 
mixture with others on growth characters, chemical constituents, each of early, late and total yield and its 
components of globe artichoke (Cynara scolymus L.) cv. French. Obtained results indicated that, different 
sprayed treatments, i.e. Si, VE and CA each of them at 50 ppm added separately or in a combination, 
significantly improved all measured growth aspects, early and late yield and its quality compared with untreated 
control. On the other hand, the GA3 produced the highest values in shoots height aspect. Whereas, foliar spray 
of Si either solo or in combined with VE, significantly increased number of leaves/plant, leaf area, number of 
offshoots/plant and dry weight of leaves. The maximum early heads number per plant, average head weight and 
total early yield were obtained due to foliar spray of GA3 at 50 ppm with no significant differences in head 
length, head weight and receptacle weight compared with the (Si +VE) treatment. On the other hand, foliar 
spray of silicon either alone or mixed with vitamin E led to the highest stimulation on the total heads/plant, total 
yield/fed, each of N, P and K contents in plant leaves and both inulin and total sugars contents. However, GA3 
gave the lowest inulin content and the highest fiber content in receptacle. 

 
Key words: Globe artichoke, Silicon, Citric acid, Vitamin E, gibberellic acid, foliar spray, vegetative growth, Early 

yield, late yield, NPK, Inulin, Total sugars. 

 
Introduction 
 

Gibberellic acid (GA3), a plant growth regulator, is widely used in agriculture of many countries 
including Egypt. However, its potential hazardous effects on human health were relatively unexplored (Wafaa et 
al., 2011). Gibberellic acid (GA3) is one of the most active hormones of gibberellins. It affects many 
mechanisms of plant growth including stem elongation by stimulating cell division and elongation, flowering, 
fruit development and breaking dormancy (Neil and Reece, 2002). However, Saber et al. (2003) mentioned that 
gibberellic acid (GA3) is used extensively in Egypt and other countries, to increase the growth of many fruits 
(such as strawberries and grapes) and vegetables (such as tomatoes, globe artichoke, cabbages and cauliflower). 
The early harvest period from December to February for globe artichoke in Egypt is economically interesting 
for export, because there is no production in most European countries during these months (Abd El-Hameid et 
al, 2008). In order to accelerate the early production of heads and obtain increased benefits from higher prices, 
exogenous gibberellic acid (GA3) application is proposed. Applications of GA3 is a common practice to achieve 
earliness (Abd El-Hameid et al, 2008). In this way, cold requirements can be substituted by GA3 for early 
triggering of the flowering process. Additionally, the best quality is achieved prior to the hotter months of the 
year (Sharaf-Eldin, 2002, Sałata et al. 2012 and 2013). On the other hand, Gibberellic acid (GA3) is highly 
persistent and bioactive in soil for months. The Environmental Protection Agency has determined its use to be 
only allowed in low doses (Schwechheimer and Willige, 2009). People may be exposed to residues of GA3 in 
diet derived from consumption of different types of fruits and vegetables treated with GA3. Exposure to residues 
may also be through drinking water (Tomlin, 2004). Occupational exposure of the agricultural workers to GA3 
may occur through inhalation of powder and dermal contact with this compound at work places where GA3 is 
produced or used giving the picture of acute toxicity (Arteca, 1996). GA3-treated cells lose their ability to 
scavenge reactive oxygen species and this loss ultimately results in oxidative damage and cell death (Fath et al., 
2001). A growing amount of evidence indicates that GA3 alters the antioxidative systems in the rat's tissues. 
Antioxidant enzyme activities were significantly decreased in the erythrocyte, liver, and brain tissues of rats 
treated with GA3 (Tuluce and Celik, 2006). The World Health Organization (1990) classified Gibberellic acid-
A3 as a plant growth regulators related to pesticides. Moreover, it was showed that Gibberellic acid A3 induced 
breast and lung adenocarcinomas in mice (El-Mofty and Sakr, 1988). Gibberellic acid was found to induce 
chromosomal aberrations in human lymphocytes (Zalinian et al., 1990) and mice (Bakr et al., 1999). 
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Silicon, citric acids and Vitamin E playing important role on growth and flowering of plant without side 
effect on the plant and humans. However, vitamins could be considered as bio-regulator compounds which in 
relatively low concentrations exerted profound influences on plant growth regulating factors that influence many 
physiological processes, such as synthesis of enzymes, act as co-enzymes and affects plant growth (Nahed et al., 
2009; Reda et al., 2005). Also, vitamin E is a small molecule that is synthesized in plants (Fryer, 1992). 
Furthermore, α-Tocopherols appear to be universal constituents of all higher plants (Bafeel and Ibrahim, 2008) 
and it is a strong antioxidant that assists the transport of electrons in photosystem-II protein complex 
(Mohammad, 2011). Soltani et al. (2012), on Calendula officinalis, reported that foliar application of α-
tocopherol at 100 ppm and concentration of pyridoxine at 50 and 100 ppm significantly increased leaf area 
compared with application of 50-ppm α-tocopherol and untreated plants. Maximum leaf area obtained with 
application of pyridoxine at 100 ppm and α-tocopherol at 100-ppm lead to increasing (11.9 and 9.48%) leaf 
area, respectively. El-Zohiri (2009) suggested that spraying globe artichoke plants with salicylic acids at 100 
ppm reflected higher values during both seasons of study followed by using ascorbic acid at the same 
concentration compared with the control treatment. With respect to leaf area and dry matter percentage of leaves 
data showed that salicylic acid application at 100 ppm and (50 ppm salicylic acid+ 50 ppm ascorbic acid) 
surpassed the other studied treatments. Application of salicylic or ascorbic acid, at 50 or 100 ppm increased 
early yield than the control with no significant difference between both treatments. In addition, both salicylic 
acid and VE increased endogenous gibberellins and cytokinins level in tomato shoots whereas, Auxins and 
abscisic acid were decreased (Mady, 2009). Where, El-Quesni et al. (2009) on Hibiscus rosa sineses L. and 
Soltani et al., 2012 on Calendula officinalis L plant, mentioned that Si and vitamin E, separately or in 
combination, significant increased the most of growth characters i.e. shoot height, leaves area and number of 
leaves. 

The aim of this study was to investigate the performance comparison of three alternatives (Si, CA and VE) 
as a solo or mixture with others for GA3 on the vegetative growth, early and late yield as well as total yield and 
chemical constituents of globe artichoke. 

 
Material and Methods 

Site description: 
The experiment was conducted during two successive winter seasons of 2010/011 and 2011/012, at the 

Experimental Research Farm of Kaha Kalubia Governorate, Egypt, to investigate the performance comparison 
of three alternatives (Silicon, Citric and Vitamin E) and their combination for gibberellic acid (GA3) on 
vegetative growth characters, early and late yield and its components, total yield and chemical constituents of 
globe artichoke (Cynara scolymus L.) cv. French. The site is located at an altitude of 21.1 m above sea level, 
latitude 30°16' N and longitude 31°12' E. Chemical analysis and physical properties of soils (Table 1) 
determined according to methods reported by Jackson (1973). The soil type of the experimental area was clay 
loamy. 
 
Experimental design:  

This experiment was set out in a randomized complete blocks design with three replicates in both seasons 
of study. Each experimental plot included fife ridges, 1.0 m width and 3.50 m length with an area of 17.50 m2 
where 4 ridges were planted and the fifth one was left without planting as a guard ridge between plots. 
  
Table 1: The physical and chemical properties of the soil 

 Season Clay (%) Silt (%) Sand (%) Soil type pH Available (ppm)  

 

      
 

      N  P  K 
 

            

2011 63.7 22.4 17.6 Clay loam 7.4 87.9  26.2  85.2 
 

            

2012 63.8 22.6 17.4 Clay loam 7.6 64.2  28.2  77.0 
 

            

 

Planting technique: 
Old crowns of Globe artichoke cv. French were taken from the previous plants and divided longitudinally to 

suitable equal pieces. The pieces were transplanted at a distance of 1 m apart on one side of the ridge on 10th and 
9th August of 2010 and 2011, respectively. Farmyard manure at 30 m3/fed. Plus 300 kg/fed. calcium 
superphosphate (15.5 % P2O5) was broadcasted during soil preparation. Moreover, other agricultural practices, 
i.e., fertilization, irrigation, insects and diseases control were carried out according to the agriculture ministry 
recommendations. 

 
Experimental treatments:  

Globe artichoke plants were sprayed with the solutions of GA3, Silicon (in the form of sodium 
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metasilicate), Citric acid and vitamin E. 45 and 60 days after transplanting, the plants were treated with the 
concentrations and the treatments as a foliar spray. 
 
The treatments used:  

1- Control (sprayed with tap water). 2- GA3 at 50 ppm. 3- Citric acid at 50 ppm. 4- Vitamin E at 50 ppm. 
5-Silicon at 50 ppm. 6- Citric acid at 50 ppm + vitamin E at 50 ppm. 7- Vitamin E at 50 ppm + silicon at 50 
ppm. 8- Silicon at 50 ppm + citric acid at 50 ppm. 9- Silicon at 50 ppm + citric at 50 ppm + vitamin E at 50 
ppm. 
 
Data recorded:  
Vegetative growth characters.  

A random sample of six plants was taken from each experimental plot at 95 days after transplanting in both 
seasons of study for measuring the growth characters i.e., Plant height (cm), number of leaves per plant, leaf 
area using plan meter, number of offshoots at the end of harvesting and dry weight of leaves. 
 
Early and late yield and its components.  

Early yield was calculated through the period from the beginning of the harvest season till the end of 
February. While, the late yield was estimated during the period from the first March till the end of harvest 
season. In addition, ten heads from both early and late yield were randomly taken from each plot to estimate the 
following characters: Average head weight (g.), head diameter (cm), head length (cm), average the receptacle 
weight (g.) and number of heads per plant. 
 
Chemical constituents of leaves and receptacles.  

Samples of leaves and heads edible part were taken at the beginning of flowering stage and oven dried at 70 
oC, then fine ground and wet digested. N, P and K were estimated in the leaves, total nitrogen was determined 
by Nesslar method according to A.O.A.C. (1990), phosphorus was determined according to Troug and Meyer 
(1939), and potassium was estimated according to Brown and Lilliland (1946). Total sugars were determined by 
using the phenol sulphoric acid reagent (Dubois et al., 1956). Inulin concentration was determined according to 
Winton and Winton, (1958), while the fibers were determined according to A.O.A.C., (1990). 
 
Statistical analysis:  

All data were subjected to analysis of variance (ANOVA) to test treatment effects for significance using 
Statistix 10 software package. Least significant differences (LSD) test was used for treatments mean separation. 
 
Results and Discussion  
 
Vegetative growth characteristics: 

Data in Table (2) indicated that all the vegetative growth characteristics were significantly effected by the 
different stimulants. In this regard, different sprayed treatments i.e. Silicon (Si), vitamin E (VE) and Citric acid 
(CA) separately or in their combinations; in most cases, significantly improved the estimated growth 
characteristics. However, plants sprayed with gibberellic acid at 50 ppm twice significantly less affected in each 
of the number of leaves per plant, number of offshoots, leaf area and dry weight of leaves except the shoot 
height compared with other treatments. The stimulating effect of GA3 on shoot height is due to its effect on cell 
elongation and cell division (Abd El-Hameid et al., 2008). Similar results were obtained by Sharaf-Eldin (2002), 
El-Bassiouny and Hassan (2003), Abd El-Hameid et al., (2008) and Wafaa et al., (2011). Since, each of the 
number of leaves per plant, number of offshoots/ plant, leaf area and dry weight of leaves increased to reach its 
maximum with the combination of (Si at 50 ppm + VE at 50 ppm). However, the lowermost values of all growth 
parameters were detected as a result of using untreated control followed, in ascending order by using GA3 
treatment in cases of No. of offshoots /plant and leaf area. The other treatments occupied an intermediate 
position between the untreated control and the treatment which containing (Silicon + vitamin E) in both seasons. 
With regard to the stimulatory effect of Si and VE on different estimated characteristics of globe artichoke 
growth, it could be attributed to the effect of this components upon the effect of Si and VE in enhancing the 
tolerance of the plant to all stresses, uptake and transport of water and different nutrients, root development and 
antioxidant defense systems (Hattori et al, 2005). In addition, both salicylic acid (SA) and VE increased 
endogenous gibberellins and cytokinins level in tomato shoots whereas, Auxins and abscisic acid were 
decreased (Mady, 2009). In agreement with our results are Mohamed (2010) on globe artichoke, El-Quesni et al. 
(2009) on Hibiscus rosa sineses L. and Soltani et al., 2012) on Calendula officinalis L plant, they mentioned 
that Si and vitamin E separately or in combination significant increase in the most of growth characters i.e. 
shoot height, leaf area and number of leaves/plant. 
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Table 2: Performance comparison of Si, CA and VE and their combinations with GA3 on growth parameters during 
2010/2011 and 2011/2012 seasons. 

Treatments 
Plant height (cm) No. of leaves /plant 

No. of offshoots 
/plant Leaf area (cm2) 

DM of leaves 
(g/plant) 

2010/2011 

Control 80.81f 29.68e 0.96h 4.45e 89.66h 

GA3 98.06a 33.35cd 1.25g 4.70de 108.67d 

Citric acid (CA) 85.41e 34.02c 2.11e 4.97cd 96.58f 

Vitamin E (VE) 87.74cd 36.65ab 2.27d 5.52b 103.00e 

Silicon (Si) 89.52c 35.03bc 2.71c 5.63b 114.67c 

CA + VE 92.11b 36.24ab 2.96b 5.78b 122.33b 

VE + Si 96.37a 37.65a 3.70a 6.18a 145.33a 

Si + CA 85.56e 32.15d 1.80f 5.18c 94.27fg 

Si + CA +VE 87.00de 33.69cd 1.35g 4.94cd 91.66gh 

L.S.D at 0.05 1.90 1.81 0.15 0.30 3.30 

 2011/2012 

Control 81.51f 30.36e 0.94g 4.34f 91.01e 

GA3 98.66a 32.36d 1.23f 4.63e 116.33c 

Citric acid (CA) 83.58ef 34.44c 2.00de 5.17cd 95.00e 

Vitamin E (VE) 87.43cd 35.40a-d 2.22d 5.40c 99.41d 

Silicon (Si) 89.85c 35.94ab 2.50c 5.68b 114.00c 

CA + VE 92.97b 35.73a-c 2.99b 5.82b 123.67b 

VE + Si 96.48a 36.84a 3.56a 6.20a 144.00a 

Si + CA 84.54e 34.81bc 1.86e 5.13d 93.81e 

Si + CA +VE 85.55de 35.69a-c 1.31f 5.05d 92.59e 

L.S.D at 0.05 2.58 1.45 0.22 0.26 4.23 
 

Early yield and its quality: 
Data illustrated in Table (3), show obviously that, different sprayed treatments, i.e. GA3, VE, Si and CA 

each of them at 50 ppm, separately or in their combination were significantly affected on early yield number per 
plant, head length and diameter as well as average head weight and early yield as compared with control. 
However, the maximum early head numbers per plant (4.27 & 4.38), average head weight (253&263 g/ head), 
total early yield ton/ fed (3.137& 3.342 ton/fed.) were obtained by foliar spraying of GA3 at 50 ppm on globe 
artichoke plant followed by the (VE + Si) treatment, where the increase percentage by using GA3 was 11.19 and 
20.00 % in case of number of early heads/plant than spraying VE + Si in both seasons, respectively; 2.43 and 
6.91 % in average early head weight and 16.49 and 30.54 % in case of early yield ton/fed. On the other hand, no 
significant differences were observed between treatments on head length and average head weight in the first 
season and head diameter in both seasons. The positive effect of GA3 on early yield may be attributed to its 
effect on inducing blooming earliness (Afaf et al., 2007). These results agree with those obtained by El-Greadly, 
(1994), Schrader (1994), Garcia et al., (1999) and Afaf et al., (2007). 

Concerning the positive effect of Silicon and VE on the early heads yield it may be attributed to its role in 
regulate the endogenous gibberellins content of plants (Sun-Joo et al., 2004). Lee et al (2010) on soybean 
reported that foliar spraying of Si at 2.5 mM improved the endogenous gibberellins in plant tissues. The 
obtained data agree with that reported by Mohamed (2010) on globe artichoke he reported that, foliar 
applications of silicon were caused a significant increase in the early and total yield especially the highest level 
(1000 ppm SiO2 ) of the two successive seasons. 
 
Late yield and its quality: 

Data presented in Table (4) revealed that there were significant differences in late yield and its 
components by using GA3, Si, VE and CA each of them at 50 ppm added separately or in their combination 
compared with untreated control. In this concern, spraying of GA3 alone at 50 ppm reduced the number of late 
heads per plant in both seasons, may be due to increase the number of early inflorescences probably reduced the 
plant's ability to produce sufficient late flowering, in addition that the lowest number of heads/plant in early 
yield (table 3) by control treatment the demonstration of that. This result is in agreement with the result reported 
by Sharaf-Eldin (2002) and Afaf et al. (2007). They found that, GA3 application was insignificantly effective on 
the number of heads per plant and total late yield of globe artichoke. The foliar spray of (Si at 50 ppm and VE at 
50 ppm) resulted in the highest head length, head diameter; average fresh weight of receptacle and head fresh 
weight with, no significant differences among foliar spray of Si alone or mixture with VE on total late yield/fed 
in both seasons. Similar results have been reported in Dendrobium sp. flowers (Weerahewa, 2013) The highest 
length and diameter of flowers (9.0 cm, 7.4 cm) was observed in the plants provided with silicon at weekly 
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intervals compared to the plants received silicon biweekly (diameter of flowers-8.2 cm, 6.2 cm) or in non-
treated controls(diameter of flowers-8.5 cm, 6.0 cm). 
 
Table 3: Performance comparison of Si, CA and VE and their combinations with GA3 on Early yield and its  quality of 

globe artichoke during 2010/2011 and 2011/2012 seasons. 

Treatments 

Early yield and its quality  

 

No. of 
heads/plant 

Head Length 
(cm) 

Head 
diameter 

(cm) 
Receptacle 
weight (g) 

Head weight 
(cm) 

Total yield 
(ton/fed) 

 

 

 

 

 

 

2010/2011 
 

       
 

Control 0.79f 8.13d 7.25d  66.19e 215f 0.511e 
 

GA3 4.27a 9.26a 7.60a  75.86a 253a 3.137a 
 

Citric acid (CA) 1.79d 8.33cd 7.33c  68.55d 232c-e 1.665c 
 

Vitamin E (VE) 2.03d 8.38cd 7.44b  70.22d 237cd 1.825c 
 

Silicon (Si) 2.80c 8.56bc 7.59a  73.30bc 240bc 2.518b 
 

CA + VE 2.49c 8.58bc 7.58a  72.60c 231de 2.392b 
 

VE + Si 3.84b 8.92ab 7.56a  75.44ab 247ab 2.693b 
 

Si + CA 1.96d 8.47cd 7.31cd  69.15d 233c-e 1.829c 
 

Si + CA +VE 1.23e 8.35cd 7.27cd  64.29e 227e 1.117d 
 

L.S.D at 0.05 0.38 0.36 0.08  2.32 8.38 0.39 
 

 2011/2012 
 

Control 0.75f 8.57c 7.49ab  64.44cd 220f 0.498g 
 

GA3 4.38a 9.23a 7.60a  77.76a 263a 3.342a 
 

Citric acid (CA) 1.80d 8.42de 7.35c  68.31b 238c 1.712e 
 

Vitamin E (VE) 1.94d 8.38de 7.47b  69.86b 236c 1.734e 
 

Silicon (Si) 2.49c 8.57c 7.58ab  73.96a 239c 2.560b 
 

CA + VE 2.49c 8.52cd 7.50ab  69.88b 225ef 2.178cd 
 

VE + Si 3.65b 8.82b 7.60a  74.83a 246b 2.873bc 
 

Si + CA 2.04d 8.46cd 7.35c  68.50b 234cd 1.909de 
 

Si + CA +VE 1.28f 8.31e 7.27c  63.60c 229ef 1.176f 
 

L.S.D at 0.05 0.26 0.14 0.12  3.91 6.31 0.31 
 

 
Table 4: Performance comparison of Si, CA and VE and their combinations with GA3 on late yield of globe artichoke 

during 2010/2011 and 2011/2012 seasons. 

Treatments 

Late yield and its quality  

 

No. of 
heads/plant 

Head 
Length 
(cm) 

Head 
diameter 

(cm) 

Receptacle 
weight 

(g) 

Head 
weight 
(cm) 

Yield (ton/fed) 

 

 

 

 

 

2010/2011 
 

        
 

Control 12.21a 7.46e 7.15fg 55.86f  152d 6.589c 
 

GA3 10.77b 8.19bc 7.48c 69.32b  184c 6.193cd 
 

Citric acid (CA) 10.21c 7.94d 7.26e 64.39d  147d 5.837de 
 

Vitamin E (VE) 10.97b 8.06cd 7.35d 67.79bc  153d 5.782de 
 

Silicon (Si) 11.15b 8.18bc 7.43c 70.32ab  212ab 8.094ab 
 

CA + VE 9.51d 8.27b 7.56b 69.54ab  176c 5.638e 
 

VE + Si 10.84b 8.57a 7.69a 72.56a  214a 8.282a 
 

Si + CA 11.04b 8.62a 7.21ef 66.11cd  204b 7.855b 
 

Si + CA +VE 9.01e 8.47a 7.12g 60.24e  174c 6.466c 
 

L.S.D at 0.05 0.40 0.17 0.07 3.12  9.75 0.41 
 

 2011/2012 
 

Control 12.25a 7.52e 7.12e 57.46d  146e 7.203c 
 

GA3 11.20b 8.22c 7.48bc 67.93b  180c 6.166de 
 

Citric acid (CA) 10.83b 7.95d 7.28d 64.29c  156e 5.825e 
 

Vitamin E (VE) 11.01b 8.12cd 7.32d 66.89bc  149e 5.700e 
 

Silicon (Si) 11.34b 8.73a 7.56b 71.86a  212ab 8.283ab 
 

CA + VE 9.80c 8.27bc 7.41c 68.70b  172cd 5.647e 
 

VE + Si 10.98b 8.62a 7.78a 71.86a  219a 8.399a 
 

Si + CA 10.13c 8.19c 7.18e 65.89bc  205b 7.764bc 
 

Si + CA +VE 10.81b 8.42b 7.13e 58.04d  169d 6.408d 
 

L.S.D at 0.05 0.63 0.19 0.09 2.87  11.13 0.57 
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Heads number and total yield: 
Results of the present work (Table 5) show the comparative between gibralline effects and each of 

Silicon, Citric acid, vitamin E and their mixtures on total number of heads per plant and both early and late yield 
percentage relative to the untreated control for globe artichoke plants. Spraying of silicon alone or combined 
with VE significantly increased the total number of heads/plant compared with other tested and control 
treatment. Such trend was true during both seasons of study. Moreover, foliar spraying of GA3 resulted in the 
highest percentage of early yield relative to the untreated control (614 and 671%) followed by (Si + VE) 
combination (527 and 577 %) then Si alone (493 and 514%). Whereas, GA3 reduced the percentage of late yield 
by 14.0 % and 22.0 % in both seasons, respectively. However, the total yield was significantly increased due to 
spraying of Silicon alone or in mixture with vitamin E while, the significant decrease in cases of using GA3, 
citric acid and vitamin E applications. Mohamad (2010) reported that, foliar sprayed of silicon were caused a 
significant increase in early and total yield especially the highest level (1000 ppm SiO2) of the two successive 
seasons. 
 
Table 5: Performance comparison of Si, CA and VE and their combinations with GA3 on total number of heads/plant and 

total yield of globe artichoke during 2010/2011 and 2011/2012 seasons. 

Treatments 
Total No. of 
heads/plant 

Yield % relative to the control 
Total yield 
(ton/fed.) 

 

 

Early Late  

 

 

2010/2011 
 

       
 

Control 11.79cd 100 % 100 % 7.100d 
 

GA3 13.27b 614 94.0 8.775c 
 

Citric acid (CA) 11.79cd 326 88.6 7.502d 
 

Vitamin E (VE) 13.03b 357 87.8 7.608d 
 

Silicon (Si) 14.45a 493 122.8 10.799a 
 

CA + VE 12.49bc 468 85.6 8.585c 
 

VE + Si 14.68a 527 125.7 10.787a 
 

Si + CA 12.96b 358 119.2 9.684b 
 

Si + CA +VE 11.23d 219 98.1 7.583d 
 

L.S.D at 0.05 1.11   0.51 
 

 2011/2012 
 

Control 12.75bc 100 100 7.701d 
 

GA3 15.43a 671 78 8.989bc 
 

Citric acid (CA) 12.63bc 344 81 7.537d 
 

Vitamin E (VE) 11.52c 348 79 7.434d 
 

Silicon (Si) 13.83a-c 514 117 10.577a 
 

CA + VE 12.29bc 437 86 8.554c 
 

VE + Si 14.63ab 577 115 10.842a 
 

Si + CA 11.20c 383 108 9.674b 
 

Si + CA +VE 12.09bc 236 89 7.584d 
 

L.S.D at 0.05 2.64   0.73 
 

 
Chemical Constituents: 
Mineral compounds. 

Data presented in Table (6) show that, in general the percentage of nitrogen, phosphorus and potassium 
in the leaves of globe artichoke plants significantly increased due to foliar sprays of GA3, silicon, Vitamin E and 
citric acid treatments each of them at 50 ppm. However, nitrogen and potassium contents were decreased 
whereas; the phosphorus recorded the highest values as a result of foliar spray of GA3 at 50 ppm twice on plant 
foliage. This result was similarly with the results were obtained by Afaf et al., (2007) they found that total 
nitrogen and potassium was not be affected by GA3 in globe artichoke plants. In the other said, the same 
treatment of GA3 enhanced phosphorus content in both seasons. Castro et al., (1977) and Afaf et al., (2007) 
observed that GA3 treatments increased phosphorous accumulation in both leaves and stems of tomato and globe 
artichoke plants. 

Contra result was obtained by El-Greadly (1994), reported that GA3 treatments increased potassium 
percentage in leaves of globe artichoke plants. In addition, data showed also that, silicon alone or with a mixture 
with vitamin E produced the highest results in cases of nitrogen and potassium contents of plant leaves. 
Moreover, there were no significant differences between VE, Si and (Si+VE) in case of nitrogen in the first 
season only and between GA3 and Si+VE on phosphorus in both seasons. Mohamed (2010) found that silicon 
led to significant increased in NPK contents in both leaves and receptacle. However, found that, in nutrient 
culture experiments, P concentration on cucumber leaves had a markedly decreased when used silicon solution. 
Who suggested that, Si had no direct effect on P uptake or translocation to the shoots. Gharibe and Hanafy 
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(2005) on peas found that, spraying sodium meta-silicate twice at, 40 and 60 days after sowing was caused a 
significant increased in K concentration of pea seeds. As well as Kaya et al. (2006) on maize who reported that, 
silicon application led to increased in K concentration on leaves. 
 
Table 6: Performance comparison of Si, CA and VE and their combinations with GA3 on nitrogen, phosphorus and 

potassium contents of globe artichoke leaves during 2010/2011 and 2011/2012 seasons. 

Treatments 
Nitrogen (%) Phosphorus (%) Potassium (%)  

 

 

2010/011 2011/012 2010/011 2011/012 2010/011 2011/012  

 

Control 2.15f 2.17c 0.18f 0.20f 5.25c 5.33c  

 

GA3 2.29bc 2.27b 0.38a 0.38a 6.18a 6.27a  

 

Citric acid (CA) 2.22de 2.19c 0.27de 0.29cd 5.75a-c 5.81b  

 

Vitamin E (VE) 2.25cd 2.32a 0.33b 0.31bc 5.82ab 5.92ab  

 

Silicon (Si) 2.34ab 2.31a 0.32bc 0.35ab 6.15a 6.22a  

 

CA + VE 2.17ef 2.18c 0.24e 0.26de 5.95ab 5.79b  

 

VE + Si 2.35a 2.32a 0.36ab 0.36a 6.15a 6.28a  

 

Si + CA 2.17ef 2.18c 0.29cd 0.27c-e 5.68a-c 5.73b  

 

Si + CA +VE 2.16f 2.19c 0.26de 0.24ef 5.59bc 5.62bc  

 

L.S.D at 0.05 0.05 0.04 0.04 0.05 0.51 0.37  

 

 

 
Organic compounds: 

Concerning the effect of GA3, Si, VE and CA on inulin, total sugars and fibers contents in receptacle of 
globe artichoke. Data presented in table (7) show that, all treatments significantly decreased inulin content in 
edible part of heads except the treatment which received Si+VE in the first season only while, the control 
treatment produced the highest values in both seasons. This variation may be due to a complex metabolic 
process occurring during the growth and development of the plant and its flowers (Abd El-Hameid et al., 
(2008). This result was inconformity with Sharaf-Eldin (2002) who suggested that application of GA3 had a 
negative effect on inulin contents in edible part of globe artichoke. However, all treatments enhanced total 
sugars percentage without any significant important between the treatments. On the other hand, foliar spray of 
GA3 had the highest values on fibers content in the heads compared with other treatment in the same time the 
application of Si +VE gave the lowest one.. Abd El-Hameid et al., (2008) found that the highest concentration 
(40 ppm) of GA3 gave the highest values on fiber content during both seasons of study. 
 
Table 7: Performance comparison of Si, CA and VE and their combinations with GA3 on inulin, total sugars and fibers 

contents of globe artichoke edible part during 2010/2011 and 2011/2012 seasons. 

Treatments 
Inulin content in the edible 

part (mg/g DW) Total sugars (%) Fibers (%) 
 

 

 

 

        

2010/011 2011/012 2010/011 2011/012 2010/011 2011/012 
 

         
 

Control 1.43a 1.52a 18.11b 17.96c 10.94b 11.00b 
 

          

GA3 0.75e 0.91ef 19.75ab 20.17ab 12.42a 12.35a 
 

          

Citric acid (CA) 0.85de 0.99d-f 19.11ab 19.13a-c 11.28ab 11.27b 
 

          

Vitamin E (VE) 0.87de 1.02c-e 18.75ab 18.68bc 11.09ab 11.17b 
 

          

Silicon (Si) 1.18bc 1.15bc 19.68a 19.98ab 10.71b 10.45bc 
 

          

CA + VE 0.97d 0.96ef 19.58ab 19.61ab 11.14ab 11.19b 
 

          

VE + Si 1.31ab 1.18b 19.88ab 20.25a 10.52b 9.79c 
 

          

Si + CA 1.15c 1.12b-d 19.42ab 19.37a-c 10.98b 10.93bc 
 

          

Si + CA +VE 0.88de 0.86f 18.85 18.75a-c 11.22ab 11.25b 
 

          

L.S.D at 0.05     0.16         0.14        1.79 1.52     1.34     0.98 
 

          

 
Conclusion 

In conclusion, the results of this study highlight the role of Si, VE, CA as alternatives for GA3 in 
improving early, late and total heads yield as well as its quality of globe artichoke plants under clay loam soil 
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conditions either alone or in its combinations. Although, GA3 produced some increases in the early yield, it was 
not effective in the most important crop traits such as late heads number per plant, average head weight, 
receptacle weight and total yield/fed as well as the receptacle contents of inulin and total sugars. In addition, the 
serious risks that may result from the bad influence of the human body as a result of its use. Finally, to obtained 
the best growth and high yield with good quality without any risk of globe artichoke crop, foliar spray of Silicon 
alone at 50 ppm or mixed with vitamin E at 50 ppm for each two times (45 and 60 days after transplanting). 
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