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ABSTRACT  
 

The present experiment was conducted during two successive seasons of 2016 and 2017, at the 
Nursery of Ornamental Horticulture Department, Faculty of Agriculture, Cairo University, Giza, 
Egypt, to investigate the influence of gibberellic acid and different silicon sources as well as their 
interaction on some growth characters and chemical constituents of Cupressus macrocarpa 'Goldcrest 
Wilma'. The plants were monthly sprayed with gibberellic acid (GA3) treatments at 100, 150 or 250 
ppm and different silicon sources including potassium silicate as source of silicon (Si) or Nano- 
silicon (NSi) at the concentration of 50 and 100 ppm for each one, in addition to the control plants 
which sprayed with the distilled water. The results showed that, most of the vegetative growth 
measurements expressed as plant height, stem diameter, number of branches/plant, root length, fresh 
and dry weights of shoots and roots as well as chemical constituents i.e. total chlorophylls (a + b), 
carotenoids content, N, P and K % in shoots, total indoles and total soluble phenols content were 
increased significantly as a result of foliar application of GA3 treatments as compared to control. 
Application of GA3 at 250 ppm was the only treatment caused significant reduction in total 
carbohydrates % (in the second seasons) and significant increase in shoots Si content (in the two 
seasons) as compared to control. Foliar application of Si or NSi treatments significantly increased all 
the tested vegetative growth parameters and chemical constituents as compared to control. Under the 
same concentration of different silicon sources, NSi was superior in its significant effect, however no 
significant differences detected between the two NSi in most cases. 

In both seasons, the combination treatment of GA3 at 250 ppm and NSi at 100 ppm resulted in 
the highest values for the different growth parameters, content of total chlorophylls and carotenoids, 
P, K% and Si content in shoots. While the highest values of total carbohydrates % and N% were 
obtained from the plants received the combination of GA3 at 150 ppm and NSi at 100 ppm.   
 From the obtained results it is possible to recommend that, for the economic production of 
Cupressus macrocarpa 'Goldcrest Wilma' with the best growth and good quality, it is preferable to 
spray the plants monthly with GA3 at 250 ppm combined with potassium silicate at 100 ppm or nano-
silicon at 50 ppm.    
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Introduction 

 
Chemical growth regulators particularly gibberellins play an important role in the plants growth 

and development. Gibberellins (GAs) are one of plant growth substances that regulate plant growth 
through their effect on different physiological or biochemical processes in plants.  It has been proven 
that, GA3 has the ability of modifying the growth pattern by affecting the cell expansion and cell 
division, biosynthesis of enzymes, protein, photosynthetic pigments and carbohydrates contents 
(Devlin, 1975, Hauvermale et al., 2012, Gupta and Chakrabarty, 2013). The favorable impact of GA3 

at the range of 50-300 ppm was reported on different ornamental plants including Araucaria 
hetrophylla (Gul et al., 2006), Codiaeum variegatum (Eid and Abou-Leila, 2006 and Ibrahim et al., 
2010), Cryptostegia grandiflora (Hussein, 2009), Schefflera arboricola  (Mazher et al., 2014), and  
Delonix regia (Beura  and  Khare, 2016)  and they revealed that GA3 able to improve plant vegetative 
growth attributes (such as plant height, leaf area, number of leaves, stem diameter and fresh and dry 
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weights of plant organs), increase the uptake and accumulation of nutrients, stimulate photosynthetic 
pigments, and increase the contents of total indoles, total soluble phenols as well as they concluded 
that the regulation of plant growth by GA3 mainly attributed to the  increase in cell division and cell 
elongation. 

Silicon (Si) is the second most abundant element in the earth crust next to oxygen.  Although, it 
is not recognized as an essential plant nutrient, its beneficial effects on plant growth and development 
have been reported in an enormous variety of horticultural crops. Its positive effects included 
enhancing mechanical strength, rigidity and alleviation of biotic and abiotic stresses (Epstein, 1999 
and Zhao et al., 2013). Si can increase the integrity or mechanical strength of stems by increasing cell 
wall thickness of sclerenchyma cells, increasing lignin content or providing more stable lipids 
involved in cell membrane (Sahebi et al., 2015 and Neto, 2015). Si able to alter morphological traits 
and enhancing growth, quality and appearance of ornamentals plants, however its influence depends 
on the applied Si form, concentration and method of application, also its effects may differ according 
to the species and cultivar (Park et al., 2016). The sources of Si are water-soluble chemical 
compounds, such as silicic acids and silicates of potassium, sodium, calcium and ammonium or 
organic compounds, such as rice husk ash. In addition, Si is also present in specific fertilizers like 
Actisil or choline contained ortho-silicic acid. Si is the only element safe to plants in case of excessive 
uptake and it may be applied in the nutrition of plants as a soil drenching or foliar spray (Dębicz et al., 
2017).  Application of potassium silicate (K2SiO3) as one of Si source has been investigated and its 
positive effect on different ornamental plants was reported in many researches. Its application at 200 
ppm increased stem diameter, number of branches, dry matter, and shoot fresh and dry weights of 
Rosa hybrida 'Pinocchio'(Hwang et al., 2005), and  produced ornamental sunflower plants 
(Helianthus annuus ‘Ring of Fire’)  with thicker stems and more compact statues (Kamenidou et al., 
2008). Application of potassium silicate at 0.5% and 1.0% increased fresh and dry weights of roots 
and shoots of phalaenopsis orchid, and the treated plants had darker green leaves, while the 
application at 2.0% increased Si concentration in leaves (Vendrame et al., 2010).  On cultivars of 
Dendranthema grandiflorum its application at 50, or 100 ppm enhanced vegetative growth and 
flowering parameters, increased chlorophyll content and had a significant impact on the accumulation 
of macro, micro elements and Si consent in leaves (Sivanesan et al., 2013). Similar results were 
obtained by Soundararajan et al. (2014) on Salvia splendens. Furthermore, resent finding reported 
increase in shoot length and shoot diameter of gerbera plants as a result of application of potassium 
silicate at 140 ppm (Aghajani and Jafarpour, 2016). However, the focus of most previous studies has 
been done on herbaceous plants.   

In the last few years, Nano-particles materials have a great interest by investigators in 
agricultural fields owing to their unique properties such as tiny size, high surface area, great wide 
spread in area, high solubility and high reactivity which accompanied by faster absorption and unique 
physiological, morphological and biochemical change compared to bulk particles (Ruffini and 
Cremonini, 2009, Siddiqui et al., 2015 and Saxena et al., 2016). Nano-silicon (NSi) is one of the 
beneficial inorganic nano-materials that are reported to have a valuable impact on different 
agricultural plants. In the case of ornamental plants, it has been reported that, the positive effect of 
NSi on enhancing the plant growth and development was attributed to promote net photosynthetic 
rate, gas exchange, stomatal conductance, boosting the accumulation of free amino acids, nutrients 
content, soluble protein, antioxidant enzymes activity and increase the nutritional function in 
Indocalamus barbatus (Xie et al., 2012 and Li et al., 2012). NSi treatments showed increase in plant 
height, root collar diameter, root length lateral roots number and increased chlorophylls concentration 
in Larix olgensis seedlings (Bao-shan et al., 2004). Pre-treating Crataegus aronia seedlings with NSi 
especially at 100 ppm increased leaves, stems and roots dry weights, improved photosynthetic rate 
and stomatal conductance (Ashkavand et al., 2015). Moreover, recent studies revealed that, foliar 
application of NSi at 10 or 20 Mm on Carthamus tinctorius increased plant height, stem diameter, leaf 
fresh mass, leaf area, canopy spread, ground cover, improved leaf water status and chlorophyll 
content (Janmohammadi et al., 2016 and Janmohammadi et al., 2017). However, studies on the effect 
of NSi on the performance of different ornamental trees are still lacking. 

Cupressus macrocarpa 'Goldcrest Wilma' is an evergreen tree belongs to family Cupressaceae. 
It is commonly known as Monterey cypress or Lemon cypress, while native to California it is widely 
distributed in warm temperature and tropical regions around the world. The tree grows to 25- 27 m in 
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height and 9-12 m spreading especially on exposed headlands. It is straight narrow and pyramid-
shaped when young, the leaves are blunt, 2-5 mm long, bright green color, the foliage grows in dense 
and releases a deep lemony aroma when crushed. The bark is gray, rough and fibrous becoming 
furrowed with age. The tree survive best in full sunlight and shade intolerant, it prefers well drained 
soil and can tolerate drought and maritime exposure ( Graf, 1992 and Thukral et al., 2014).   

Monterey cypress is one of the best desired trees in Egypt for landscape activates of touristic 
villages, coastal regions and gardens of new cities due to its beautiful form of pyramidal shape and 
golden foliage, it is usually used as hedge, excellent individual specimen plant or as pot plants.  
However, its growth is very slow especially at the seedling stage, so the nursery growers wait for a 
several months for its commercial production in marketable size, which render the plants required for 
landscape practices are insufficient. Therefore, the present study is an attempt to enhance the growth 
rapidly and quality of such plant by using GA3 treatments as well as comparing the effect of two 
different sources of silicon and their interaction with GA3 treatments on vegetative growth and 
chemical constituents on lemon cypress.  Taking into account that according to my knowledge, this is 
the first research study the effect of GA3 in combined with Si on lemon cypress tree.  

 
Materials and Methods 

 
This investigation was carried out at the Nursery of Ornamental Horticulture Department, 

Faculty of Agriculture, Cairo University, Giza, Egypt during the two successive seasons of 2016 and 
2017. The present experiment was aimed to study the influence of gibberellic acid and silicon with 
different sources as well as their interaction on some vegetative growth and chemical constituents of 
lemon cypress (Cupressus macrocarpa 'Goldcrest Wilma'). 

 
Plant material and growing media: 
  

The seedlings of lemon cypress (with 20-25 cm height and 3-5 branches/ plantlets in average) 
were obtained from a commercial nursery and on 15th February, in both seasons, they were planted 
singly in 30 cm plastic pots filled with clay+ sand (1:1: v/v), and the pots were placed in sunny area until 
the end of the experiment.  The physical and chemical properties of soil mixture used in the study were 
carried out as described by Jackson (1973) and presented in Table 1.  

  
Table 1: The physical and chemical properties of soil mixture used for growing Cupressus macrocarpa 'Goldcrest 

Wilma' during 2016 and 2017 seasons.  

Physical  properties 

Coarse sand (%) Fine sand (%) Silt (%) Clay (%) 
 

Soil texture 
 

Field capacity (% V) 
17.3 27.7 16.7 38.3 sandy clay 48.8 

Chemical  properties 
pH Organic 

matter (%) 
CEC 

(meq/100 g) 
CaCO3 

(%) 
EC 

(dS/m) 
Macro and micro-elements (ppm) 

N P K Zn Fe Mn 

7.30 1.22 30.64 1.95 1.61 139.8 16.56 165.7 4.11 12.14 8.13 

 
Experimental procedures: 
 

On 1 st March, in both seasons, the treatments were initiated and the plants received the 
following treatments; 

 
Gibberellic acid treatments: 
 

The plants were subjected to foliar spray of GA3 (Berlex tablets) at the concentrations of 100, 
150 and 250 ppm applied every month, 9 times starting from 1st March till 1st November. In addition 
to the control plants which sprayed with tap water. 

 



Middle East J. Agric. Res., 7(1): 210-226, 2018 
ISSN: 2077-4605 

213 

Silicon treatments: 
 

On 15th March the plants were received Si with different sources including potassium silicate 
(K2SiO3) as source of Si or silicon nano-particles (NSi, with size ranged from 3-10 nm, spherical 
shape, white and density of 2.3 g cm-3) purchased from Sigma-Aldrich Company with a purity of 
99.5% . Fig.1. shows a Scanning Electron Microscope (SEM) image of the tested nano-SiO2. The 
different sources of silicon were applied monthly as a foliar application at the concentrations of 50 
and 100 ppm for each one, while the control plants were sprayed with distilled water. Each 
concentration of Si or nano-SiO2 was prepared separately by suspending the weight directly in 
distilled water and dispersed by ultrasonic vibration (100W, 40 kHz) for 30 min. For the best 
dispersion the suspensions were sufficiently shaken before use to avoid aggregation and precipitation 
of particles. 

The prepared solution of gibberellic acid, silicon or nano-SiO2 were foliar applied using a small 
pressure pump after adding Bio-new film at 1 ml /L as wetting agent and the foliage of plants were 
sprayed until run off point (100 ml of solution/ plant).  Also, through  each season all the plants were 
fertilized  monthly with kristalon (NPK 19:19:19) at the rate of 5 g/pot and common agricultural 
practices such as regular irrigation and hand picking of weeds were also performed.   

 
Experimental layout: 
 

The experiment design in the two seasons was factorial in randomized complete block design 
with 20 treatments [4 GA3 concentrations (including the control) X 5 different silicon treatments 
(including the control)] each treatment consisting of 9 plants arranged in 3 replicates, 3 plants from 
each replicate. 

 
Data recorded: 
 

On 15th December in the two seasons, the experiment was finished and various vegetative 
growth parameters were recorded, including plant height (cm), stem diameter (mm, at 5 cm from soil 
surface), number of branches/plant , root length (cm), fresh and dry weights of shoots (stems and 
leaves) as well as fresh and dry weights of roots/plant. Dry weights were measured after 72 h of 
drying at 70 0C in dry oven. In addition, chemical constituents including total chlorophylls (a + b) and 
carotenoids contents (mg/g fresh matter) in fresh leaf samples were determined according to the 
method of Lichtenthaler (1987), total carbohydrates (% of dry matter) determined in dried shoots 
samples using the procedure described by Dubois et al., (1956).  The concentration of N, P and K 
were estimated according to the methods recommended by Cottenie et al., (1982), Si content ((mg/kg 
dry matter) was determined according to the methods achieved by Estefan et al., (2013). Also, total 
indoles and total soluble phenols in fresh leaves (mg/100g fresh matter) were determined 
calorimetrically by using Folin Ciocalte a reagent A.O.A.C. (1990). 

 
Statistical analysis:  
 

The collected data of vegetative growth and chemical constituents were subjected to 
an analysis of variance (ANOVA) according to Steel et al., (1997), and the differences 
between treatments were compared using the "Least Significant Difference (LSD)" test at 
5% level.  
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Fig.1: Scanning Electron Microscope (SEM) image of nano-silicon structure 

Results and Discussion 
 
A. Vegetative growth measurements 
 
Effect of Gibberellic Acid Treatments: 
 

 The data recoded in two seasons' (Tables 2 and 3) revealed that, GA3 treatments had a 
beneficial effect on various growth measurements of Cupressus macrocarpa 'Goldcrest Wilma' plants. 
In both seasons, in most cases, spraying the plants with any concentration of GA3 resulted in steady 
significant increase in the growth parameters viz plant height, stem diameter, number of 
branches/plant, root length, fresh and dry weights of shoots and roots as compared to untreated control 
plants (sprayed with tap water). The only one exception to this general trend was detected in the two 
seasons with spraying the lowest GA3 concentration (100 ppm) which caused slight (insignificant) 
increase in dry weight of shoots as compared to control.  The effect of GA3 treatments on increasing 
the tested vegetative traits are in good accordance with those recorded by El-Sallami and  Makary 
(1997) on Cupressus sempervirens, Ilango et al.,  (2003) on Albizia lebbeck, Hussein, (2009) on 
Cryptostegia grandiflora, El-Khateeb et al., (2010) on Calia secundiflora,  Mansour et al.,  (2010)  on 
Conocarpus erectus, El-Keltawi et al., (2012) on Cupressus macrocarpa, Vasantha et al., (2014) on 
Tamarindus indica and Beura  and  Khare (2016) on Delonix regia. 

The marked influence of GA3 on increasing the plant growth parameters may be attributed to its 
impact on stimulating enzymes and proteins biosynthesis, cambial activity cell division and cell 
elongation (Devlin, 1975 and Hauvermale et al., 2012) which in turn leading to increase in internode 
length, stem thickness and fresh and dray masse of studied plants.  
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Table 2: Effect of gibberellic acid, silicon treatments and their interactions on plant height, number of 
branches/plant, stem diameter and root length of Cupressus macrocarpa 'Goldcrest Wilma' during the 
2016 and 2017 seasons. 

 

*Silicon Treatments 
(S) 

First season (2016) Second season (2017) 
GA3 concentration (G), ppm GA3 concentration (G), ppm 

0 100 150 250 Mean (S) 0 100 150 250 Mean (S) 
Plant height (cm)  

Control 45.57 53.03 54.40 54.43 51.86 54.25 57.37 60.99 62.69 58.83 

Si (1) 53.37 63.37 67.13 65.00 62.22 67.28 72.87 74.59 71.50 71.56 

Si (2) 50.90 67.37 64.07 70.20 63.13 72.19 74.85 74.52 77.51 74.77 

NSi (1) 73.57 76.27 76.53 76.80 75.79 69.23 88.17 74.04 83.21 78.66 

NSi (2) 78.93 90.00 92.60 101.1 90.65 84.19 104.4 107.1 117.5 103.3 

Mean (G) 60.47 70.01 70.95 73.50 ---- 69.43 79.53 78.25 82.49 ---- 

L.S.D. (0.05)  

G 8.87 9.80 

S 9.92 10.96 

G X S 19.84 21.92 

Stem diameter (mm)  
Control 5.23 6.86 7.34 6.51 6.48 5.62 6.63 6.61 6.79 6.41 

Si (1) 5.63 8.65 8.49 9.56 8.08 7.36 10.38 9.75 10.99 9.62 

Si (2) 6.19 9.32 9.26 9.49 8.56 8.80 10.61 11.68 12.68 10.94 

NSi (1) 9.23 11.03 11.05 11.09 10.60 7.93 12.42 13.21 10.57 11.03 

NSi (2) 11.64 13.00 13.38 14.60 13.16 11.77 11.49 12.60 13.48 12.33 

Mean (G) 7.58 9.77 9.90 10.25 ---- 8.29 10.30 10.77 10.90 ---- 

L.S.D. (0.05)  

G 1.58 1.72 

S 1.76 1.92 

G X S 3.52 3.84 

Number of branches/plant  
Control 16.51 20.50 22.19 23.78 20.75 20.67 18.87 25.11 30.22 23.72 

Si (1) 22.10 29.76 33.85 32.73 29.61 27.25 33.88 32.00 36.06 32.30 

Si (2) 28.33 26.92 31.53 33.31 30.02 24.19 35.00 38.34 41.39 34.73 

NSi (1) 29.40 32.69 33.94 37.96 33.50 31.68 40.75 43.33 34.71 37.62 

NSi (2) 32.52 39.03 36.01 39.72 36.82 31.70 37.29 41.33 47.04 39.34 

Mean (G) 25.77 29.78 31.50 33.50 ---- 27.10 33.16 36.02 37.88 ---- 

L.S.D. (0.05)  

G 3.56 5.55 

S 3.98 6.21 

G X S 7.96 12.42 

Root length (cm)  
Control 22.42 23.23 24.87 25.34 23.97 19.69 24.09 25.57 23.15 23.12 

Si (1) 22.95 24.25 27.60 30.62 26.35 21.99 27.26 27.12 30.28 26.66 

Si (2) 22.10 25.32 27.90 30.17 26.37 25.65 29.39 30.80 32.62 29.62 

NSi (1) 25.52 26.50 24.27 29.69 26.50 27.42 31.72 33.44 27.10 29.92 

NSi (2) 23.79 28.79 27.05 31.94 27.89 30.06 28.44 31.79 33.91 31.05 

Mean (G) 23.35 25.62 26.34 29.55 ---- 24.96 28.18 29.74 29.41 ---- 

L.S.D. (0.05)  

G 2.04 2.02 

S 2.28 2.26 

G X S 4.548 4.52 
*Si= silicon               Si (1) = 50 ppm        Si (2) = 100 ppm         
NS=Nanao silicon   NS (1) = 50 ppm       NS (2) = 100 ppm                 
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Table 3: Effect of gibberellic acid, silicon treatments and their interactions on fresh and dry weights of shoots 
and roots of Cupressus macrocarpa 'Goldcrest Wilma' during the 2016 and 2017 seasons. 

 

*Silicon Treatments 
(S) 

First season (2016) Second season (2017) 
GA3 concentration (G), ppm GA3 concentration (G), ppm 

0 100 150 250 Mean (S) 0 100 150 250 Mean (S) 
Fresh weight of shoots (g/plant)  

Control 87.6 96.6 105.0 104.5 98.4 90.4 109.7 116.6 120.0 109.2 

Si (1) 96.6 121.5 121.0 139.5 119.6 112.5 123.6 127.7 137.1 125.2 

Si (2) 94.9 127.4 133.0 121.0 119.1 116.3 133.1 120.5 132.3 125.6 

NSi (1) 111.7 127.2 127.9 144.9 127.9 118.6 132.3 132.2 138.4 130.4 

NSi (2) 121.8 156.8 154.0 158.2 147.7 126.4 153.3 154.7 167.2 150.4 

Mean (G) 102.5 125.9 128.2 133.6 ---- 112.8 130.4 130.3 139.0 ---- 

L.S.D. (0.05)  

G 18.4 13.5 

S 20.6 15.1 

G X S 41.2 30.1 

Dry weight of shoots (g/plant)  
Control 44.2 48.3 54.2 49.0 48.9 45.7 51.0 54.8 58.4 52.5 

Si (1) 51.6 58.7 61.5 62.0 58.5 55.4 64.1 63.2 69.3 63.0 

Si (2) 52.6 59.9 65.9 59.6 59.5 62.0 61.5 70.4 65.3 64.8 

NSi (1) 66.9 71.2 73.0 81.5 73.1 55.2 69.9 64.6 73.8 65.9 

NSi (2) 72.5 80.5 87.8 87.4 82.0 70.0 69.2 88.9 89.6 79.4 

Mean (G) 57.6 63.7 68.5 67.9 ---- 57.7 63.2 68.4 71.3 ---- 

L.S.D. (0.05)  

G 8.6 10.0 

S 9.6 11.2 

G X S 19.2 22.4 

Fresh weight of roots (g/plant)  
Control 30.8 34.4 42.5 47.3 38.7 27.1 42.6 35.4 45.0 37.5 

Si (1) 35.2 40.7 47.5 50.7 43.5 34.0 41.7 43.9 53.8 43.4 

Si (2) 41.8 50.7 46.8 51.9 47.8 51.2 53.4 48.6 59.5 53.2 

NSi (1) 45.4 51.8 46.5 62.2 51.5 44.1 56.1 52.2 45.7 49.5 

NSi (2) 53.4 57.9 52.9 63.9 57.0 57.7 56.9 61.8 74.8 62.8 

Mean (G) 41.3 47.1 47.3 55.2 ---- 42.8 50.1 48.4 55.7 ---- 

L.S.D. (0.05)  

G 5.4 5.2 

S 6.0 5.8 

G X S 12.0 11.7 

Dry weight of roots (g/plant)  
Control 13.42 14.63 13.62 15.98 14.41 12.90 15.12 15.56 16.41 15.00 

Si (1) 15.64 15.98 17.97 20.73 17.58 14.56 16.11 17.57 21.22 17.36 

Si (2) 13.23 17.99 17.90 18.04 16.79 18.29 22.07 19.90 23.09 20.84 

NSi (1) 15.99 16.87 15.93 23.14 17.98 19.21 22.13 19.87 15.55 19.19 

NSi (2) 18.52 20.61 17.01 18.06 18.55 19.06 18.87 22.23 24.38 21.14 

Mean (G) 15.36 17.22 16.49 19.19 ---- 16.80 18.86 19.03 20.13 ---- 

L.S.D. (0.05)  

G 1.81 2.01 

S 2.02 2.25 

G X S 4.04 4.50 
*Si = silicon               Si (1) = 50 ppm        Si (2) = 100 ppm         
NS=Nanao silicon   NS (1) = 50 ppm       NS (2) = 100 ppm                 
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Effect of silicon treatments:  
 

The obtained data in Tables (2 and 3) indicated that the measured growth traits of Cupressus 
macrocarpa 'Goldcrest Wilma' plants were conspicuously improved by different sources of silicon 
treatments. In both seasons, the recorded values for all of studied growth parameters were 
significantly higher in plants receiving any concentration of either Si or NSi than those sprayed with 
distilled water (control). The only exceptions to the obtained trend were registered with spraying Si at 
concentration of 50 ppm which gave insignificantly higher values for stem diameter and fresh weight 
of roots in the first season as well as dry weight of shoots in the second one. The data in Tables (2 and 
4) also indicated that in most cases, raising the application rate of the two types of silicon sources 
resulted in a steady increase in the mean values. Additionally, when different sources of silicon were 
applied at the same concentration, NSi treatments were more effective than Si one without significant 
differences recorded between the two concentrations of NSi in most cases. The results of increasing 
vegetative growth parameters as a result of Si treatments in form of potassium silicate are in 
agreement with the results of Hwang et al., (2005) on Rosa hybrida 'Pinocchio', Mattson and 
Leatherwood (2010) on floriculture species, Sivanesan et al., (2013) on Chrysanthemum cultivars, 
Soundararajan et al., (2014) on Salvia splendens cultivars, Vendrame et al., (2010) on phalaenopsis 
orchid, Gengmao et al., (2015) on Lonicera japonica, Aghajani and Jafarpour (2016) on 
gerbera,Whereas increasing vegetative growth parameters due to application of NSi treatments 
confirmed the results of Bao-shan et al., (2004) on Larix olgensis, Kalteh et al., (2014) on Ocimum 
basilicum, Ashkavand et al., (2015) on Crataegus aronia, Janmohammadi et al., (2016 and 2017) on 
Carthamus tinctorius, Sharifi-Rad et al., (2016) on Hyssopus officinalis. Nigella sativa, Amaranthus 
retroflexus and Taraxacum officinale plants, Khalaki et al., (2016) on Thymus kotschyanus and 
Ashour and Abdel Wahab (2017) on Jatropha integerrima. 

The superior influence of NSi treatments on stimulating the vegetative growth parameters 
(compared to Si in bulk materials) may be due to the best and fast absorption of nanoparticles since 
have greater spread in wide area thus they can be immediately used by plants to consummate their 
growth needs. Also, Nano- silicon may be enhancing the uptake and transport of water and minerals 
in xylem sap, increasing antioxidant activity, concentration of IAA hormone and improving the 
function of photosynthetic apparatus and photo-assimilate translocation (Lu et al., 2002; Le et al., 
2014 and Janmohammadi et al., 2017), thus leading to augmentation of plant growth parameters. 

   
Effect of the interaction between the studied factors: 
  

Regarding the interaction between the effects of spraying of Cupressus macrocarpa 'Goldcrest 
Wilma' plants with GA3 concentrations and silicon treatments, the data in Tables (2 and 3) showed 
that, within each concentration of GA3 applying silicon treatments improved vegetative growth 
parameters, also, at the same rate of different silicon sources, NSi treatments resulted in better results 
than those of Si one.  Within each treatment of Si or NSi raising GA3 concentration improved 
vegetative parameters in most cases. In both seasons, the highest values of the different growth 
measurements were attained by applying the combination of GA3 at 250 ppm and NSi at 100 ppm. On 
the other hand, the lowest values were obtained from control plants (received no treatments).  

 
B. Chemical constituents 
 
1. Total chlorophylls and carotenoids content  
 

It is obvious from data recorded in both seasons (Table 4) that GA3 treatments had a valuable 
effect on the pigments synthesis in leaves of Cupressus macrocarpa 'Goldcrest Wilma' plants. In most 
cases, the values of total chlorophylls and carotenoids were significantly higher in leaves of plants 
sprayed with all of the tested GA3 concentrations as compared to untreated control plants. The only 
one exception to this trend was recorded in the first season with plants sprayed with GA3 at 100 ppm 
which had insignificantly higher total chlorophylls than those of control. The results of increasing 
total chlorophylls or carotenoids contents in plants receiving GA3 treatments are in agreement with 
those reported by Ilango et al.,  (2003) on Albizia lebbeck, Eid and Mazher (2004) on Casuarina 
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gluca, Eid and Abou-Leila (2006) and Ibrahim et al., (2010) on croton plants, El-Khateeb et al., 
(2010) on Calia secundiflora , Mazher et al., (2014) on Schefflera arboricola and AbdelKader et al., 
(2016) on Magnolia grandiflora, while the results are disagreement with the findings of Lee and 
Kwack (1995) and  Hussein (2009) who reported decreases in the chlorophylls content in plants 
received GA3 treatments. 

 
Table 4: Effect of gibberellic acid, silicon treatments and their interactions on total chlorophylls and carotenoids 

content in leaves as well as total carbohydrates in shoots of Cupressus macrocarpa 'Goldcrest Wilma' 
during the 2016 and 2017 seasons. 

 

*Silicon Treatments (S)
First season (2016) Second season (2017) 

GA3 concentration (G), ppm GA3 concentration (G), ppm 
0 100 150 250 Mean (S) 0 100 150 250 Mean (S) 

Total chlorophylls content (mg/g fresh matter) 
Control 0.81 0.84 0.92 0.84 0.85 0.96 0.96 1.01 1.04 0.99 

Si (1) 0.91 0.97 1.07 1.12 1.02 0.93 1.03 1.09 1.04 1.02 

Si (2) 0.89 1.06 0.96 1.19 1.03 1.03 1.34 1.20 1.32 1.22 

NSi (1) 0.86 1.18 1.42 1.38 1.21 1.15 1.29 1.11 1.44 1.25 

NSi (2) 0.99 1.14 1.51 1.63 1.32 0.93 1.25 1.34 1.51 1.26 

Mean (G) 0.89 1.04 1.18 1.23 ---- 1.00 1.17 1.15 1.27 ---- 

L.S.D. (0.05)  

G 0.17 0.14 

S 0.19 0.16 

G X S 0.38 0.32 

Carotenoids content (mg/g fresh matter)  
Control 0.09 0.11 0.12 0.14 0.12 0.12 0.14 0.15 0.20 0.15 

Si (1) 0.16 0.21 0.18 0.26 0.20 0.23 0.22 0.28 0.22 0.24 

Si (2) 0.17 0.21 0.24 0.23 0.21 0.23 0.26 0.38 0.35 0.30 

NSi (1) 0.20 0.25 0.37 0.36 0.30 0.23 0.37 0.30 0.33 0.31 

NSi (2) 0.22 0.26 0.40 0.42 0.33 0.22 0.32 0.33 0.46 0.33 

Mean (G) 0.17 0.21 0.26 0.28 ---- 0.21 0.26 0.29 0.31 ---- 

L.S.D. (0.05)  

G 0.04 0.03 

S 0.04 0.04 

G X S 0.08 0.07 

Total carbohydrates (% of dry matter)  
Control 25.97 24.62 25.75 21.04 24.34 27.43 22.33 22.43 19.83 23.01 

Si (1) 29.35 26.62 32.60 34.04 30.65 30.46 26.67 26.23 23.23 26.65 

Si (2) 30.79 25.67 37.66 32.47 31.65 29.83 24.00 29.00 24.73 26.89 

NSi (1) 32.96 36.46 34.95 37.09 35.36 32.40 29.87 30.60 30.47 30.83 

NSi (2) 31.22 39.03 39.44 39.11 37.20 30.10 33.90 36.87 33.73 33.65 

Mean (G) 30.06 30.48 34.08 32.75 ---- 30.05 27.35 29.03 26.40 ---- 

L.S.D. (0.05)  

G 4.11 3.40 

S 4.60 3.80 

G X S 9.20 7.61 
*Si= silicon               Si (1) = 50 ppm        Si (2) = 100 ppm         
NS=Nanao silicon   NS (1) = 50 ppm       NS (2) = 100 ppm                 

 
The data in Table (4) showed that, the total chlorophylls and carotenoids content were 

considerably affected by the different treatments of silicon. In both seasons, applying any 
concentration of the two different silicon sources (Si or NSi) caused significant increase in the values 
of total chlorophylls and carotenoids content, in most cases, as compared to the control plants. The 
only one exception was detected in the second season with the plants sprayed with Si at 50 ppm that 
resulted in insignificant increase in total chlorophylls content compared to the control. The data in 
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Table (4) also indicated that with any type of silicon sources, increasing the application rate 
progressively increased in the mean values compared to control. When the two types of silicon 
sources were applied at the same concentration, NSi treatments were generally more effective than Si 
one; however no significant differences were recorded between the two NSi concentrations in both 
seasons. The results of increasing total chlorophylls content owing to Si treatments in form of 
potassium silicate are in line with the findings of Sivanesan et al., (2013) on Chrysanthemum 
cultivars, Soundararajan et al., (2014) on Salvia splendens,while such increase in total chlorophylls or 
carotenoids content in plants receiving NSi treatments are in harmony with those reported by Bao-
shan et al., (2004) on Larix olgensis, Kalteh et al., (2014) on Ocimum basilicum, Sharifi-Rad et al., 
(2016) on Hyssopus officinalis. Nigella sativa, Amaranthus retroflexus  and Taraxacum officinale 
plants, Ashour and Abdel Wahab (2017) on Jatropha integerrima and  Janmohammadi et al., (2017) 
on Carthamus tinctorius. 

The role of Si in augmentation of chlorophylls content was explained by Soundararajan et al., 
(2014) who reported that, deposition of Si in leaves alters its position and increase leaf area which 
enhance the light interception, Si reduces activities of chlorophyll-degrading enzymes (guaiacol 
peroxidase and ascorbate peroxidase) which accompanied by increasing the chlorophyll production in 
Si treated plants as compared to the control.  In this concern, Sharifi-Rad et al., (2016) stated that  the 
main role of Si in increasing the chlorophylls content arises from its conservation of the chloroplast 
ultrastructure which in turn improving biosynthetic of chlorophyll enzymes or decreasing of 
chlorophyll-degrading enzymes.  

Regarding the interaction between the effects of GA3 concentrations and silicon treatments, it is 
clear from the results presented in Table (4) that the plants received the different combinations 
treatments had higher values than those of control ( not received any treatment).  In both seasons, the 
lowest mean values were obtained from untreated control plants, meanwhile the highest values were 
obtained from applying the combination of GA3 at 250 ppm and NSi at 100 ppm.  

 
2. Total carbohydrates (% of dry matter) 
 

The data obtained in Table (4) revealed that the effect of GA3 treatments on the accumulation 
of total carbohydrates percentage in shoots of Cupressus macrocarpa 'Goldcrest Wilma' plants was 
differed from one season to others. In the first season, spraying any concentration of GA3 increased 
the recorded mean values, however such increase was statistically insignificant as compared to the 
control, whereas in the second one the percentage of total carbohydrates was generally reduced in 
response to GA3 treatments and spraying the highest concentration (250 ppm) was the only treatment 
caused significant reduction compared to the control. In this regard, previous studies including Eid 
and Mazher (2004) on Casuarina gluca, Eid and Abou-Leila (2006) and Ibrahim et al., (2010) on 
croton plants, El-Khateeb et al., (2010) on Calia secundiflora, Mazher et al., (2014) on Schefflera 
arboricola and AbdelKader et al., (2016) on Magnolia grandiflora reported increase in the 
carbohydrates content as a result of applying GA3 treatments. While studies by other authors (Hussein, 
2009 and El-Keltawi et al., 2012), reported reducing in the content of carbohydrates in plants received 
GA3treatments. 

The results in Table (4) also showed that the effect of silicon sources treatments on the 
carbohydrates percentage was similar to their effect on total chlorophylls and carotenoids, i.e. in most 
cases; the recorded mean values were increased significantly as a result of applying any concentration 
of the different silicon sources as compared to the control plants. In the second season, applying the 
lowest Si concentration (50 ppm) was only exception caused insignificant increase in the recorded 
values compared to the control. In both seasons, with the same concentration of Si and NSi, the values 
recorded with NSi treatments were higher than those of Si, without significant differences detected 
between the two NSi concentrations in both seasons. The results of increasing total carbohydrates 
content as a result of NSi treatments confirmed the reports of Sharifi-Rad et al., (2016) on 
Amaranthus retroflexus and Ashour and Abdel Wahab (2017) on Jatropha integerrima. 

Photosynthesis is a plant’s main metabolic pathway in which sugars are synthesized from 
carbon dioxide and water via photosynthesis. These sugars or carbohydrates serve as the energy for 
the plant’s metabolic process. Therefore, increasing photosynthetic pigments caused by the different 
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Si treatments directly leading to increase carbohydrates content which in turn causing plant growth 
attributes to be increased. 

Concerning the interaction between the effects of GA3 concentrations and silicon treatments the 
data in Table (4) indicated that. In both seasons, the lowest values of carbohydrates percentages 
(21.04 and 19.83 % in the first and second seasons, respectively) were obtained from plants sprayed 
only with GA3 at 250 ppm without silicon treatments. On the other hand, the highest percentage 
(39.44 and 36.87 % in the two seasons, respectively) were obtained from plants received the 
combination of GA3 at 150 ppm and NSi at 100 ppm. 

 
3. Contents of N, P and K (% of dry matter) 
 

Evidently data in Table (5) showed that absorption and accumulation of the tested nutrients (N, 
P and K %) in shoots of Cupressus macrocarpa 'Goldcrest Wilma' plants were conspicuously affected 
by foliar spraying of GA3 treatments. In most cases, the recorded values of N, P and K % were 
augmented gradually as GA3concentrations increased from 100 to 150 or 250 ppm as compared to 
untreated control plants. In both seasons, this increase in the nutrients values was statistically 
significant with only exception obtained in both seasons with applying GA3 at 100 ppm which caused 
insignificant increase in P% as compared to the control. Such increases in N, P or K % owing to foliar 
application of GA3 treatments are similar to those obtained by Eid and Mazher (2004) on Casuarina 
gluca, Eid and Abou-Leila (2006) and Ibrahim et al., (2010) on croton plants, El-Keltawi et al., 
(2012) on Cupressus macrocarpa, Mazher et al., (2014) on Schefflera arboricola, and AbdelKader et 
al., (2016) on Magnolia grandiflora. 

The increase in such three nutrients in shoots of plants receiving GA3 treatments may be 
attributed to the role played by GA3 in stimulating the protein synthesis that  reflecting the remarkable 
augmentation of vegetative growth, and consequently augmentation the uptake and accumulation of 
elements in plant tissues.  

The data in Table (5) also revealed that the different treatments of silicon sources had a 
beneficial effect on uptake and accumulation of the tested nutrients in shoots of Cupressus 
macrocarpa 'Goldcrest Wilma' plants. In most cases, the plants receiving either Si in bulk material or 
NSi treatments had significantly higher values of N, P and K % in their shoots than the control plants. 
The only one exception to the obtained trend was registered with the plants sprayed with the lowest Si 
concentration (50 ppm) which gave insignificantly higher values of K% in the second season than the 
control. It is clear from data in Table (5) that, when the two different types of silicon sources were 
applied at the same concentration, NSi treatments resulted in higher values than Si one, with no 
significant differences detected between the two concentrations of NSi for accumulation of N and 
K%.  
 The increase in N, P or K percentages in plants receiving Si treatments in forms of K2SiO3 are in 
agreement with those reported by Kamenidou et al (2008) on Helianthus annuus ‘Ring of Fire’ and 
Sivanesan et al., (2013) on Chrysanthemum cultivars, whereas the augmentations of N, P or K 
percentages due to application of NSi treatments in accordance with findings of Li et al.,  (2012) on 
Indocalamus barbatus and Ashour and Abdel Wahab (2017) on Jatropha integerrima. 

 Respecting the interaction between the effects of GA3 concentrations and silicon treatments 
the data in Table (5) indicated that the plants received the different combinations treatments had 
significantly higher values of the tested element than those of control (not received any treatment).  In 
both seasons, the highest values of N% were formed in shoots of plants receiving the combination of 
GA3 at 150 ppm and NSi at 100 ppm, while the lowest values were formed in shoots of plants 
receiving GA3 at 100 ppm only without silicon treatments. Concerning P and K%, the highest values 
were attained by applying the combination of GA3 at 250 ppm and NSi at 100 ppm, whereas the 
lowest mean values were obtained from plants not received any treatment (control). 

 
4. Content of silicon (Si) 
 

The data presented in Table (5) indicated that Si content in shoots of plants was increased as 
result of GA3 treatments, however the only treatment caused significant increase in the mean values 
was spraying the plants with the highest concentration (250 ppm) as compared to the control. 
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Table 5: Effect of gibberellic acid, silicon treatments and their interactions on N, P, and K% as well as Si 
contents in shoots of Cupressus macrocarpa 'Goldcrest Wilma' during the 2016 and 2017 seasons. 

 

*Silicon Treatments (S) 
First season (2016) Second season (2017) 
GA3 concentration (G), ppm GA3 concentration (G), ppm 

0 100 150 250 Mean (S) 0 100 150 250 Mean (S) 
N (% dry matter)  

Control 0.92 0.88 0.95 1.55 1.07 1.13 0.95 1.21 1.40 1.17 

Si (1) 1.33 1.95 1.75 1.79 1.71 1.20 1.59 1.61 1.46 1.47 

Si (2) 1.93 2.23 2.27 2.54 2.24 1.42 1.81 1.62 1.24 1.52 

NSi (1) 2.12 2.45 2.67 2.31 2.39 1.50 2.03 1.94 2.08 1.89 

NSi (2) 2.06 2.79 2.94 2.72 2.63 1.79 2.04 2.33 2.30 2.12 

Mean (G) 1.67 2.06 2.12 2.18 ---- 1.41 1.68 1.74 1.70 ---- 

L.S.D. (0.05)  

G 0.32 0.26 

S 0.35 0.29 

G X S 0.70 0.58 

P (% dry matter)  
Control 0.24 0.32 0.26 0.27 0.27 0.20 0.27 0.27 0.30 0.26 

Si (1) 0.34 0.58 0.34 0.42 0.42 0.33 0.37 0.38 0.39 0.37 

Si (2) 0.38 0.45 0.50 0.84 0.54 0.52 0.45 0.37 0.48 0.46 

NSi (1) 0.37 0.36 0.55 0.54 0.45 0.34 0.46 0.54 0.36 0.42 

NSi (2) 0.53 0.64 0.77 0.90 0.71 0.61 0.48 0.58 0.70 0.59 

Mean (G) 0.37 0.47 0.48 0.59 ---- 0.40 0.41 0.43 0.45 ---- 

L.S.D. (0.05)  

G 0.11 0.03 

S 0.12 0.04 

G X S 0.24 0.08 

K (% dry matter)  
Control 1.19 1.19 1.28 1.56 1.31 1.20 1.26 1.23 1.29 1.25 

Si (1) 1.42 1.60 1.59 1.78 1.60 1.22 1.60 1.53 1.41 1.44 

Si (2) 1.53 1.71 1.82 1.68 1.69 1.38 1.47 1.53 1.62 1.50 

NSi (1) 1.46 1.80 1.78 1.77 1.70 1.46 1.74 1.80 1.86 1.71 

NSi (2) 1.45 1.92 1.76 1.94 1.77 1.51 1.81 1.84 1.92 1.77 

Mean (G) 1.41 1.64 1.65 1.75 ---- 1.35 1.58 1.59 1.62 ---- 

L.S.D. (0.05)  

G 0.22 0.19 

S 0.24 0.21 

G X S 0.49 0.42 

Si (mg/Kg dry matter)  
Control 11.30 21.40 28.67 23.10 21.12 7.33 13.47 14.80 15.67 12.82 

Si (1) 21.90 28.47 25.10 40.63 29.03 23.77 41.20 33.80 30.73 32.38 

Si (2) 27.13 33.23 44.13 31.77 34.07 39.40 49.43 58.33 87.43 58.65 

NSi (1) 37.97 26.43 38.17 45.57 37.03 25.47 37.57 39.67 31.23 33.48 

NSi (2) 68.92 72.37 64.37 73.15 69.70 77.70 57.80 63.07 87.80 71.59 

Mean (G) 33.44 36.38 40.09 42.84 ---- 34.73 39.89 41.93 50.57 ---- 

L.S.D. (0.05)  

G 6.99 8.58 

S 7.82 9.59 

G X S 15.63 19.18 
*Si = silicon               Si (1) = 50 ppm        Si (2) = 100 ppm         
NS=Nanao silicon   NS (1) = 50 ppm       NS (2) = 100 ppm                 
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The data also in Table (5) revealed that Si content was significantly increased in shoots of 
plants foliar sprayed with Si or NSi treatments as compared to the control. In spite of Si or NSi were 
applied at the same concentration, NSi was superior in its significant effect. 

The accumulation of Si in plant tissues depend primary on the applied Si form, concentration 
and application method (Soundararajan et al., 2014). In accordance with the obtained results, 
although, the accumulation of Si in shoots was lower than the Si accumulators plants (Hodson et al., 
2005), however its accumulation in these rates was enough to cause a noticeable effect on growth 
parameters of  Cupressus macrocarpa 'Goldcrest Wilma' plants. The obtained increases in Si as a 
result of Si treatments in forms of K2SiO3 are in harmony with those obtained by Kamenidou et al., 
(2008) Helianthus annuus ‘Ring of Fire’ Kamenidou et al., (2010) on Gerbera hybrid, Mattson and 
Leatherwood (2010) on some floriculture species, Vendrame et al., (2010) on phalaenopsis orchid, 
Sivanesan et al., (2013) on Chrysanthemum cultivars, Soundararajan et al., (2014) on Salvia 
splendens and Babalar et al., (2016) on Gerbera jamesonii. 

As for the interaction between the effects of GA3 concentrations and silicon treatments the data 
in Table (5) indicated that the highest Si content (73.15 and 87.80 mg/kg in the first and second 
seasons, respectively) were obtained from applying the combination of GA3 at 250 ppm and NSi at 
100 ppm, whereas the lowest content (11.30and 7.33 mg/kg in the two seasons, respectively) were 
obtained from plants not received any treatment (control).  

 
5. Total  indoles and phenols   

It is evident from data illustrated in Fig. 2 that total indoles and phenols content were generally 
increased in response to GA3 and silicon different sources treatments as compared to the control. 
These results are in agreement with findings of Ibrahim et al., (2010) on croton plants who indicated 
that using GA3 at 200 ppm increased the endogenous level of total indoles and total soluble phenols. 
The data also revealed that the highest content were obtained from applying the combination of GA3 
at 250 ppm and NSi at 50 ppm, whereas the lowest values were obtained from untreated plants 
(control).  

 

 

 

Fig. 2: Effect of gibberellic acid and silicon treatments on total indoles and phenols contents in 
leaves of Cupressus macrocarpa 'Goldcrest Wilma' during the 2016 and 2017 seasons. 
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Conclusion  
 
 From the   aforementioned results it is possible to recommend that, in order to the economic 
production of Cupressus macrocarpa 'Goldcrest Wilma' with the best growth and good quality, it is 
preferable to spray the plants monthly with GA3 at 250 ppm in combined with  potassium silicate at 
100 ppm or nano-silicon at 50 ppm.  
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